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Course Outline

Building Enclosures for the Future - Building Tomorrow’s Buildings Today
(3 AIA/CES HSW CREDIT)

This half-day educational session will cover the latest in building enclosure
technology for energy efficient buildings. Presented by one of North America’s
leading building science research engineers, Graham Finch of RDH Building
Sciences will provide an in-depth discussion of emerging wall and roof assemblies
that provide durable, cost effective and thermally efficient performance.

Recent building and energy code changes will be reviewed including an opportunity
to discuss solutions to meet these more stringent requirements. Current building
science research and field monitoring information will be presented, demonstrating
how insulation materials perform under different climatic conditions and how R-
values change with time and season. Strategies to construct highly insulated wall
and roof assemblies and avoid thermal bridging will be presented, along with
several case studies to illustrate how these emerging technologies have been
utilized in new and existing buildings.

The seminar will cover all building types and construction materials, with a few
highlights and lessons learned from the construction of building enclosures for new
5&6 storey wood-frame buildings.

Learning Objectives

At the end of this program, participants will be able to:

1. Review and understand recent changes to local building and
energy codes that impact building enclosure design
strategies and whole building energy efficiency.

2. Understand the building enclosure design requirements for
wall and roof assemblies and how the selection of the right
materials are critical to reliable long-term performance.

3. Learn about several emerging design strategies including
various cladding attachment systems are being used for the
construction of highly insulated wall assemblies and how to
apply these technologies to projects.

4. Learn how different conventional roofing membrane
combinations and insulation strategies can affect in-situ
thermal performance and resulting heating and cooling
energy consumption in buildings.

G.Finch - RDH - gfinch@rdh.com 3
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The Building Enclosure

> The building enclosure separates
indoors from outdoors by
controlling:

Water penetration

Condensation

Air flow

Vapor diffusion (wetting & drying)

Heat flow

N 2 2 N N

Light and solar radiation
> Noise, fire, and smoke

> While at the same time:
> Transferring structural loads
> Being durable and maintainable
> Being economical & constructible
> Looking good!

Building Enclosure Control Functions & Critical

. RDH
Barriers

Building Form & Features

Water Shedding Surface (WSS)

Air Barrier System

Thermal Insulation

Vapor Retarder/Barrier

)
)
Water-Resistive Barrier (WRE) |
)
)
)

Primary Relationship = ====== Secondary Relationship

1 — Water is defined here as precipitation (rain, snow, hail, etc.) and ground water
2— Vapor is separately defined here as the water vapor in air, as well as condensate moisture

G.Finch - RDH - gfinch@rdh.com 6
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Industry Trends in Building Enclosure Designs

>

> Trend towards more efficiently insulated
building enclosures due to higher energy
code targets and uptake of passive design
strategies

At a point where traditional wall/roof
designs are being replaced with new ones

Seeing many new building materials,
enclosure assemblies and construction
techniques

Greater attention paid to reducing thermal
bridging & use of effective R-values instead
of nominal insulation R-values

Optimization of cladding attachments for
both structural and thermal performance

More & more insulation is being used

Highly Insulated Building Enclosure Considerations RDH

>

> Highly insulated building enclosures require
more careful design and detailing to ensure
durability

More insulation = less heat flow to dry

out incidental moisture

moisture control

detailing considerations

airtightness

the weakest links first

> Amount, type & placement of insulation
materials matter for air, vapour and

> Art of balancing material, cost, and

> Well insulated buildings require balancing
thermal performance of all components &

> No point super-insulating walls or roofs if
you have large thermal bridges - address

G.Finch - RDH - gfinch@rdh.com
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Code Shift to Effective R-values

> US Codes now require consideration
of Effective R-values

> Nominal R-values are the rated
R-values of insulation materials
which do not include impacts of how
they are installed

> For example 5.5” R-20 batt insulation
or 2” R-10 rigid foam insulation

> Effective R-values are the actual
R-values of assemblies which
include for the impacts thermal
bridging through the insulation
> For example nominal R-20 batts
within 2x6 steel studs 16” o.c.

becoming ~R-9 effective, or in wood
studs ~R-15

Understanding Thermal Bridging

> Thermal Bridging occurs when a
conductive material (e.g. aluminum, steel,
concrete, wood etc.) provides a path for
heat to bypass or short-circuit the installed
insulation - reducing overall effectiveness
of the entire system

> Heat flow finds the path of least resistance

> A disproportionate amount of heat flow
occurs through thermal bridges even if
small in area

> Often adding more/thicker insulation to
assemblies doesn’t help much as a result

> Effective R-values account for the
additional heat loss due to thermal bridges
and represent actual heat flow through
enclosure assemblies and details

G.Finch - RDH - gfinch@rdh.com 8
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Understanding Thermal Bridging

> Examples of Thermal Bridges in Buildings:
> Wood framing or steel framing (studs, plates)
in insulated wall
> Conductive cladding attachments through
insulation (metal girts, clips, anchors, screws
etc.)
> Concrete slab edge (balcony, exposed slab
edge) through a wall
> Windows & installation details through
insulated walls
> Energy code compliance has historically
focused on assembly R-values - however
more importance is now being placed on
details and interfaces & included thermal
bridges

> Comfort implications

The Engineer’s Solution to Thermal Bridging?! RDH

G.Finch - RDH - gfinch@rdh.com 9
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From Code Minimum to Next Generation

> Energy codes outline minimum

thermal performance criteria [ E
based on general climate zone .i
classifications = :

> Energy Standards & International :
Codes: ASHRAE 90.1, IECC H:

|

> Municipal & State Adoptions
w/ Modifications
> Green Building Codes (ASHRAE
189.1, IGCC) and Voluntary
Programs (Passive House, LEED)
raise the bar

> Building Enclosure Effective R-
value/U-values are an integral
part of energy code compliance

Energy Code/Standard Compliance Options

> General Energy Code/Standard compliance options

> Prescriptive

> Install minimum insulation R-values within standard assemblies
(i.e. stud walls) and meet code

> Continuous Insulation (ci) required for some assemblies when
following minimum R-value tables

> Building Enclosure Trade-off
> Evaluate effective R-values of assemblies & areas
> UXA calculation & trade-off insulation levels
> Whole Building Modeling & Trade-off
» Building enclosure inputs
> HVAC and other equipment considered

G.Finch - RDH - gfinch@rdh.com 10
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Energy Codes Targets for Commercial Buildings - DH

IECC 2012 - Minnesota

Above Grade Walls: | Roofs:
Zone Mass, Steel, Wood Sloped, Flat

Min. Eff. R-value Min. Eff. R-value
g
6 12.8,15.6,19.6
4A/B 9.6, 15.6, 15.6 37.0, 25.6
5 | onwems | wos |
> | romoms | woms |

ST VS R N ¥ - R |

IECC 2012

(1 | 70130156 37.0,20.8

Based on Maximum Effective Assembly U-value
Tables.

Climate Zone

Residential Building R-values similar or in
some cases slightly higher

Some state by state & municipal differences depending on year of
energy code adoption.

R-15.6 Steel Stud Wall?

s

Ly

ot —atl

7 cn—

—

As bad (here), or as good as you can practically build - you just can’t
get an effective R-15.6 (or even lower R-13) out of stuffing insulation
between steel studs - no matter what depth the studs may be.

G.Finch - RDH - gfinch@rdh.com
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Also not a R-15.6 Steel Framed Wall

No matter the insulation type, you also cannot practically get to >R-15.6
with continuous steel girts through exterior insulation

New Things to Consider with Insulation RDH

> Recent industry research has re-highlighted the fact that
the R-value of insulation products is not constant (and
often not as published)

> Renewed understanding of Aged R-values (Long-term
Thermal Resistance) & Temperature Dependant R-values

G.Finch - RDH - gfinch@rdh.com 12
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Varying Insulation R-value with Temperature
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Recent Research by BSL
& RDH - data may not
representative of all
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It Gets Even More Complicated with Polyiso
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Other Considerations - NFPA 285

9

Full-scale fire test
developed initially by foam
plastic insulation industry
in late 1970s in response to
non-combustible
construction requirements
within the IBC

Intent is to prevent fire
propagation up the outside
of a tall building

EIFS, combustible claddings
and WRBS added to test
requirements in addition to
foam plastic insulation
requirements between 2000
and 2012

> Foam Plastics in the wall assembly

>

all buildings (any height)

Combustible claddings in buildings

over 40 feet

High Pressure Laminates

2 2 N 7

EIFS

Combustible WRBs in buildings over

40 feet

Industry Response = NFPA 285
Tested Assemblies or Non-
Combustible Insulation, Claddings

& WRBs

Fiber Reinforced Polymers

Metal Composite Materials

Passing test with mineral wool &
fiberglass clips

G.Finch - RDH - gfinch@rdh.com
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New Performance Targets & Project Expectations RDH

> In US Climate Zones 4-7 minimum
effective R-value design targets are in
range of:

> R-15 to R-30 effective for walls
> R-25 to R-50 effective for roofs

> Green or more energy efficient
building programs including Passive
House, R-value targets in range of:

> R-25 to R-50+ effective for walls
> R-40 to R-80+ effective for roofs

> Plus other drivers - air-tight, thermal
comfort, passive design, mold-free

Strategies for More Highly
Insulated Walls

G.Finch - RDH - gfinch@rdh.com 15
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Where to Add More Insulation in Walls?

Stuff It?

Wrap It?

G.Finch - RDH - gfinch@rdh.com
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Getting to Higher Insulation Levels in Exterior Walls

Base 2x6
Framed

Wall <R-76j |

Issues: cladding attachment, thickness

Exterior Insulation
R-20 to R-60+

= | 1 R80+

Issues: thermal bridging, thickness, durability

] Split Insulation
R-20 to R-60+

AT

Interior Insulation
R-20 to R-30+

4

Design Considerations for Highly Insulated Walls RDH

sl

N2 2 7

N2 2 2 N N 2 2

Durability
Material & Labour Cost
Ease of Construction

Wood vs Steel vs Concrete
Backup

Pre-fabrication vs Site-Built
Thickness & Floor Area

Air Barrier System & Detailing
Insulation type(s)

Water & Vapour control
Environmental aspects/materials
Cladding Attachment
Combustibility

and Others...

G.Finch - RDH - gfinch@rdh.com
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There is Way More than One Way to Get There... RDH

Deep Stud & Double Stud Wall Considerations

TJI Stud

Wi
il A

2x8 to 2x12 Deep Double Stud w/
Stud w/ Interior Interior Service
Service Wall Wall

Key design

considerations: |

air barrier
details, vapour
control, overall
thickness,
reducing
potential for
wetting

Double Stud w/ or w/o
interior service wall

G.Finch - RDH - gfinch@rdh.com
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Interior Insulated Wall Considerations

?;
|

—— |
2x6 w/ x-strapped 2x4s on

interior and filled with fibrous
or sprayfoam insulation

Key design
considerations:
air & vapour
barrier selection,
interior services

2x6 w/ interior

rigid foam insulation

details

2x6 wall w/ 2x4 X-framing
or rigid insulation at interior

Structurally Insulated Panels (SIPs) Considerations

SIPs wall pane
|

/

SIPs wall pane

l_ w)

interior service wall

Key design

considerations:

detailing &
sealing of joints
& interfaces,
protection of
panels from
wetting

RDH

SIPs Panel w/
EPS insulation

G.Finch - RDH - gfinch@rdh.com
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Exterior Insulated Wall Considerations

CLT wall panel with semi-
rigid exterior Insulation
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Steel stud or wood frame wall
with rigid exterior insulation

Key design
considerations:
attachment of
cladding through
exterior
insulation, air
barrier/WRB
details

Fully exterior insulated 2x4
wall with rigid insulation

Split Insulated Wall Considerations

L

Semi-rigid or sprayfoam insulation
with intermittent thermally
improved cladding attachments

12” EPS over
2x4 wall

Larsen truss
over 2x4 wall

Key design
considerations:
type of exterior
insulation,
cladding
attachment
through exterior
insulation,
air/vapour
barrier placement

Split insulated 2x4 wall with rigid or

semi-rigid insulation

G.Finch - RDH - gfinch@rdh.com
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G.Finch - RDH -

Cladding Attachment & Exterior Insulation

> Exterior insulation is only as good as
the cladding attachment strategy

> What attachment systems work best?

> What is and how to achieve true
continuous insulation (ci)
performance?

> What type of insulation?

Drivers for Exterior Insulation Innovation

gfinch@rdh.com

2015-09-22
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Drivers for Exterior Insulation Innovation

Pre-Rehabilitation - Stud Insulated, Lots of Thermal Bridging

¥

Exterior Insulation with Continuous Girts - 1990s RDH

IIIT‘I’I'-I.-IIiI.]«

sy
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Exterior Insulation with Continuous Girts

Nice and dry walls

—Wall 1 - cavity RH ——Wall 2 - cavity RH
90 —Wall 3 - cavity RH ——Wall 4 - cavity RH
——Wall § - cavity RH

Relative Humidity (%)

Trial Wood-frame Exterior Insulation Rehab - 1990s

G.Finch - RDH - gfinch@rdh.com 23
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Trial Wood-frame Exterior Insulation Rehab - 1990s RDH

Trial Split Insulated Assembly - Early 2000s

..S..

EXTERIOR @®p

.
=== = Ly rs ==
INTERIOR @ P
= 4 g 2

T\ Pran View

L/ Building 3 — Exterior Wall Assembly

G.Finch - RDH - gfinch@rdh.com 24
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Trial Split Insulated Assembly

Trial Split Insulated Wall Assembly - Moisture RDH

Relathve Humidity %

Relative Humidity (%)

G.Finch - RDH - gfinch@rdh.com
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Lessons Learned About Indoor Humidity Vapor
Control

EXTERIOR @

e

m“‘%“ﬂj *

INTERIN W

Evolution of Exterior Girts & Insulation - 2000s RDH

Girt shape, gauge and installation
sequencing matters

Rigidity & Fit of Insulation is
Important & Consider Sequencing

G.Finch - RDH - gfinch@rdh.com
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Trial Thermally Improved Cladding Attachments

Trial Thermally Improved Cladding Attachments RDH

G.Finch - RDH - gfinch@rdh.com
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Low-Conductivity Cladding Supports

Thermally Improved Performance

Continuous metal
Z-girts

Fiberglass Clips &
Hat-Tracks

G.Finch - RDH - gfinch@rdh.com

2015-09-22
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Little Nuances & Details to Resolve

OPTIMIZE
CLIPS &
OTHER
METALWORK?

. PENETRATIONS
AND DETAILS?

AIN
SULATION?
CORNER
SUPPORTS?

Further Evolution: Bullitt Center Walls

> 5-storey hybrid heavy timber,
steel and concrete structure

> Tst Living Building Challenge
building in US

> R-value design target up to R-25
effective for steel framed wall
assembly (Minimum code R-18.2)
> Within a 6” steel stud frame wall

structure

> Tasked with coming up with
innovative cladding attachment to
meet ambitious target

G.Finch - RDH - gfinch@rdh.com 29
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Bullitt Center - Exterior Wall Design

> Expectation to be cost effective,
buildable and minimize wall
thickness

> Available various Z-Girt & Metal
Clip options evaluated with
thermal modeling

> None could achieve R-25
target, closest was to use
expensive stainless steel
clips

> Modeling identified
opportunity to improve
performance with non-
conductive fiberglass clip

RDH

Bullitt Center - Exterior Wall Assembly

Metal panel cladding

1”7 horizontal metal hat tracks

3 4” semi-rigid mineral fiber
(R-14.7) between 3 4" fiberglass
clips (16” x 48” spacing)

Fluid applied vapor permeable
WRB/air barrier on gypsum
sheathing

6” mineral fiber batts (R-19)
between 6” steel studs (outboard of
slab edge)

Gypsum drywall

Effective R-value R-26.6

G.Finch - RDH - gfinch@rdh.com
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Bullitt Center - Exterior Wall Construction

Beyond Clips - Minimizing Claddings Supports

— = Y-

PROTYPING IDEA%
WITH INTERN
STUDENTS

G.Finch - RDH - gfinch@rdh.com
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Evolving Detailing Considerations

Choosing a Cladding Attachment
System

G.Finch - RDH - gfinch@rdh.com 32
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Exterior Insulation & Cladding Attachment

Considerations

> Cladding weight & gravity loads
> Wind & seismic loads
> Back-up wall construction (wood, concrete, steel)

> Attachment from clip/girt back into structure (studs, sheathing, or slab
edge)

Thickness of exterior insulation

%

> Use of rigid, semi-rigid or spray-applied insulation
> Ability to fasten cladding supports through face
> Ability to ft insulation tightly around cladding supports
R-value target, tolerable thermal loss from supports

9

> Cladding orientation (panel, vertical, horizontal)

> Ease of attachment of cladding - returns, corners, returns etc.
9

Combustibility requirements

Galvanized/Stainless
Clip & Rail

Vertical Z-girts Crossing Z-girts

_"q_“"\ |

-

Aluminum Clip & Rail Thermally Improved Non-Conductive Long Screws through
Clip & Rail Clip & Rail Insulation

G.Finch - RDH - gfinch@rdh.com
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Types of Insulation & Cladding Attachment RDH

- > Continuous Girts - Rigid or

Semi-rigid boards or spray-foam
(i.e. almost anything works)

> Intermittent Clip & Rail

Systems - Semi-rigid boards or
spray-foam (i.e. flexibility & ease
of installation is key)

> Screws through Insulation -

rigid insulation boards (i.e. stiff
enough to support compression
load)

il

~15-30% loss in R-value

G.Finch - RDH - gfinch@rdh.com
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Cladding Attachment: Vertical Steel Z-Girts

~60-80%+ loss in R-value

Cladding Attachment: Horizontal Steel Z-Girts RDH

~50-70%+ loss in R-value

G.Finch - RDH - gfinch@rdh.com 35
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Cladding Attachment: Horizontal Steel Z-Girts RDH

Cladding Attachment: Crossing Steel Z-Girts

~40-60%+ loss in R-value

G.Finch - RDH - gfinch@rdh.com
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Cladding Attachment: Crossing Z-Girts

Cladding Attachment: Clip & Rail, Steel

~25-50% loss in R-value for galvanized, 15-35% for stain

|- PR T

! B L30

- L
s e

less steel (4x less conductivity)

G.Finch - RDH - gfinch@rdh.com
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Cladding Attachment: Clip & Rail, Steel

Cladding Attachment: Clip & Rail, Stainless Steel RDH

G.Finch - RDH - gfinch@rdh.com

2015-09-22
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Cladding Attachment: Clips w/ Diagonal Z-Girts  RDH

Cladding Attachment: Metal Panel Clips (Steel) RDH

G.Finch - RDH - gfinch@rdh.com

2015-09-22
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Cladding Attachment: Metal Panel Clips (Aluminum)

Cladding Attachment: Adjustable Steel Clip & Rail RDH

1
i~
T

N
In

WL

G.Finch - RDH - gfinch@rdh.com
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Cladding Attachment: Adjustable Steel Clip & Rail RDH

1

Other Steel & Aluminum Cladding Clip & Rail
Technologies

G.Finch - RDH - gfinch@rdh.com
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Cladding Attachment: Aluminum Clip & Dual Girt RDH

|

~30-50% loss in R-value (spacing dependant)

Cladding Attachment: Clip & Rail, Isolated Galvanized RDHH

> lIsolate the metal, improve
the performance

~10-40% loss in R-value (spacing dependant)

G.Finch - RDH - gfinch@rdh.com 42
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Cladding Attachment: Clip & Rail, Isolated Galvanized

Cladding Attachment: Clip & Rail, Fiberglass

> Remove the metal -
maximize the
performance

~5-30% loss in R-value (spacing & fastener type dependant)

G.Finch - RDH - gfinch@rdh.com 43
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Structural & Thermal Calculator -
http://www.cascadiawindows.com/cascadia-clip-calculator

Clip & Rail and Cladding Panel Orientation

G.Finch - RDH - gfinch@rdh.com
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Clip & Rail and Stucco Considerations RDH

3 coat stucco application over
reinforcing mesh and rigid
backerboard (3ply asphalt board
or cement board) to span
rainscreen cavity

Intermediate stucco backer
board support

Clip & Rail and Cladding/Flashing Details

G.Finch - RDH - gfinch@rdh.com 45
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Cladding Attachment: Clip & Rail Fiberglass (No Screws) RDH

Cladding Attachment: Improved Metal Panel

G.Finch - RDH - gfinch@rdh.com
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Cladding Attachment: Other Discrete Engineered RDH

Cladding Attachment: Screws through Insulation

Longer cladding
Fasteners directly
through rigid
insulation (up to
2” for light
claddings)

Long screws through
vertical strapping and
rigid insulation creates
truss - short cladding
fasteners into vertical
strapping

{Screw)
—
Service 1 l
G
Load State | |1 i
P,
Compression
finsulation)
Fricticn
{Insularicn’
f Sheathing)
Ultimate l
i Gi
J Load State Fﬂsl'_r = i}

|

Rigid shear block type connection
through insulation, short cladding
fasteners into vertical strapping

G.Finch - RDH - gfinch@rdh.com
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Cladding Attachment: Screws through Insulation RDH

12

—— 4 FBE0
—&—4EP5

o A" Tharmim €1

Loud {psf)

—PS

o 0015 003 0045 006 0075 009 0105 01 0135 015 0165 018 0195 021 0225 024

deflection {in) UW/BSC

Figure 9: Short term deflection testing results (4” thick insulation)

Cladding Attachment: Screws Through Insulation RDH

~5-25% loss in R-value (back-up wall, spacing & fastene? type dependant)

G.Finch - RDH - gfinch@rdh.com 48
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Cladding Attachment: Screws through Insulation

Really Thick Insulation = Really Long Screws

>

G.Finch - RDH - gfinch@rdh.com
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Prefabrication & Cladding Attachment RDH

Pre-fabricated Remote 6-plex

Prefabrication & Cladding Attachment

G.Finch - RDH - gfinch@rdh.com
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G.Finch - RDH -

Other Systems & Technologies - No Clips

Insulated Metal Panels
Fiberglass Girts
Insulated Concrete Forms

v v v

Structurally Insulated Panels &
Insulated Sheathing Panels

Precast Concrete Sandwich Panels

v

Autoclaved Aerated Concrete

v

=

=

Adhered & Mechanically Attached EIFS

y

Ve

——

12” EPS insulation
boards (blocks?) R-54

gfinch@rdh.com
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Cladding Attachment: Masonry Ties & Shelf Angles RDH

Continuous shelf angles
~50% R-value loss

Brick ties - 10-30% loss for
galvanized ties, 5-10% loss

for stainless steel
Shelf angle on stand-offs

only ~15% R-value loss

Efficient Masonry Attachments
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Insulation Retainment/Attachment Fasteners

Why You Need to Mechanically Retain Exterior
Insulation
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Effective R-value Summary of Various Cladding

RDH

Support Systems

50
=)
8 40
=
=
e
E 30
v
3
S
Z 20
v
2
=
]
= 10
Ll

0

Base backup wall is 3 5/8” steel stud (empty) + exterior insulation

No Penetrations

Stainless Screws

Stainless Clips
Galvanized Screws
Thermally Isolated
Galvanized Clips
Galvanized Clips
Aluminum T-Clip

Horizontal Z-Girts
Vertical Z-Girts

& 6" 8"
Nominal R-4.2/Inch Exterior Insulation Thickness
[inches]

Percent Effectiveness of Exterior Insulation with

Various Cladding Support Systems

100%

80%

60%

40%

20%

Percent Effectiveness of Exterior Insulation

RDH

Stainless Screws

Stainless Clips
Galvanized Screws

Thermally Isolated
Galvanized Clips

Galvanized Clips
Aluminum T-Clip
Horizontal Z-Girts

Vertical Z-Girts

& 6" 8"
Nominal R-4.2/Inch Exterior Insulation Thickness
[inches]
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Percent Effectiveness of Exterior Insulation with

Various Cladding Support Systems

Continuous Vertical Z-Girt

RDH

Continuous Horizontal Z-Girt _
Aluminum T-Clip _
Intermittent Galvanized Clip
Isolated Galvanized Clip _
Stainless Steel Clip _
Fiberglass Clip
Galvanized Screws -
Stainless Steel Screws .
0% 10% 20% 30% 40% 50% 60% 70% 80% 90%

Percent Effectiveness of Exterior Insulation (Typical Range)

100%

Effective R-Value vs Structural Capacity for Clips

35

w
o

N
[,]
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°F+hr/Btu]
N
)

v
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o

(V]

0 2 4 6 8 10
Exterior Insulation Depth / Clip Size [in]

| hitp //www.cascadiawindows.com/cascadia-clip-calculator.
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et 26
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Cladding Attachment Recommendations

Steel Stud
Backup

Substrate Wood Backup

(OSB/Plywood)

Cladding Type

Light weight Clip & Rail good Clip & Rail good
(up to fiber
cement panels,

<10psf)

Screws good Screws okay, but

difficult to hit stud

Medium weight Clip & Rail good Clip & Rail good

(stucco, cultured ) .
stone, 10-30 psf) Screws with shear Screws with shear

block or engineered block or engineered

Gravity supports,
anchors &
engineered
connections only

Gravity supports,
anchors &
engineered
connections only

Heavy weight
(Masonry, Stone
Panels, >30 psf)

Concrete or
Concrete Block
Backup

Clip & Rail good

Screws can be
difficult to install

Clip & Rail good

Screws can be
difficult to install

Gravity supports,
anchors &
engineered
connections only

Further Information

> Cladding Attachment System
Videos:

> http://www.roxul.com/products/comm
ercial/products/roxul+cavityrock

> Exterior Insulation
Installation Guide

> http://www.roxul.com/products/reside
ntial/products/roxul+comfortboard+is

> Commercial Installation Guide
Coming Very Soon

G.Finch - RDH - gfinch@rdh.com
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Commercial Exterior Insulation - Installation Guide RDH

Discussion:
Exterior Insulation and Cladding Attachments

G.Finch - RDH - gfinch@rdh.com
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Mid-rise Wood-frame Buildings -
Trends in Building Enclosure
Designs & Materials

G.Finch - RDH - gfinch@rdh.com
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Building Enclosure Design Guidance

> Wood Frame Envelopes in the
Coastal Climate of British
Columbia - Best Practice Guide
(CMHC, 1999/2001)

> Emphasis on moisture control in
Pacific Northwest
> Building Enclosure Design Guide - — m 1
Wood-frame Multi-Unit Residential , gaans®e™™ g
Buildings (HPO, 2011) b
> Emphasis on best practices,
moisture and new energy codes

> Currently being updated to reflect
recent code changes & energy
efficient requirements

Highly Insulated Wood-frame Guide

> Guide for Designing Energy-Efficient
Wood-Frame Building Enclosures (FP
Innovations, 2013)

> For up to 6-storey Wood-frame
Buildings

> Focus on highly insulated wood-
frame assemblies to meet current
and upcoming energy codes

> Strategies, assemblies & many
building enclosure details provided
for passive design and “green”
buildings

> Sequential detailing for windows and
other complicated details

e
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Mid-rise Wood-frame Building Enclosures

> Greater exposure to driving rain &
surface water run-off
> Need for better water control & details
> Increased wind pressures
> Need for more robust air barrier
systems, higher performance
windows, cladding attachments, roof
uplift
> More structural framing & mass
> Less space for insulation within stud
cavities - need for exterior insulation
> Hybrid wood/steel/concrete interfaces
and connections
> Often different energy code
requirements than low-rise wood-
frame buildings

Trends in Mid-rise Storey Wood-frame Buildings  RDH

> More than a decade of experience with 5&6 storey
wood-frame buildings on the west coast

> Have seen an evolution in building enclosure design

practices resulting from:

> Building code changes (State requirements for whole
building air-tightness testing & improved air-barriers)

> Energy code changes (wall R-values beyond standard 2x6
stud frame w/ batt insulation)

> Construction practices including pre-fabrication of walls,
balconies and other components to speed-up construction

> Unique details to accommodate or minimize the impacts of
wood shrinkage

> Reconsidered material, assembly, & detailing choices
appropriate for increased exposure

G.Finch - RDH - gfinch@rdh.com 61
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Wood-Framing & Energy in Taller Wood Buildings RDH

> 5&6 storey wood-frame buildings will
typically have less room for stud space \/ AN
insulation (studs, tie-downs, services etc.) SMONL LYY L LV NL

__,_<\ .
=k

==

> Creates challenges to meeting
prescriptive R-value requirements
without exterior insulation

Water Control - 5&6 Storey Wood-frame

> Increased height = increased rain
deposition at upper floors and
cumulative run-down at lower
levels

> Water shedding features become
more critical - continuity, drip
edges, flashings etc.

> Need for more robust water
penetration control strategy -
good practice: drained &
ventilated rainscreen

> Increased exposure to moisture
during construction (severity &
length of time)
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Managing Exposure - Rainscreen Walls

> Drained & ventilated rainscreen

clad walls have been standard on
essentially all mid-rise wood-
frame buildings in Pacific
Northwest for more than the past
decade

> Code requirement for most

jurisdictions - good practice in
all climates for this height &
exposure of building

Why Rainscreen?

> Rainscreen claddings

significantly improve wall
assembly & cladding
durability

Rainscreen cavity (3/8” to %"
typical) allows for framing
and construction tolerances
to be concealed behind
cladding

Strapping also helps keep
WRB/AB membrane in place
during construction & in-
service

G.Finch - RDH - gfinch@rdh.com
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Rainscreen Claddings RDH

Exterior Insulated Rainscreen Claddings

G.Finch - RDH - gfinch@rdh.com
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Water Resistive Barriers for Mid-rise Wood-frame

sheathing membrane)

> Secondary plane of moisture
protection & innermost plane

and drain & dry it back out

> Many different products
available (mechanically

applied)

> Many products can also be
taped/sealed/applied as air
barrier - discussed later

> Both vapour permeable &

- choice depends on insulation
placement & wall design

> Water Resistive Barrier, WRB (aka

that can safely manage moisture

fastened, self-adhered, & liquid

impermeable products available

RDH

Care with Impermeable Materials and Wet Wood

G.Finch - RDH - gfinch@rdh.com

> Need to be careful with

the use of vapor
impermeable materials
over wood that is wet or
could get wet in service
> Self adhered membranes
> Metal flashings

> Foam plastic insulation*

> Vapor diffusion wetting &

drying ability for
assemblies & details
should always be
assessed - ensure balance

RDH
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Vapour Control with Wood-frame Exterior Walls RDH

> Use of polyethyelene,
polyamide “smart vapour
retarder” or vapour retarder
paint most common for
standard framed walls

> Canada - tends to be Poly
> US - tends to be VR paint or
smart vapour retarder
> Vapour control strategies are
re-assessed in walls with
exterior or split insulation

Air Barriers for Mid-rise Wood Buildings

> Air Barrier Systems must:
> Be Continuous
> Be Durable

> Resist Structural Loads -
Sufficient Stiffness & Strength
for Design Wind Load

> Be Airtight

> Not negatively affect durability
or vapor diffusion drying ability

> Wind loads on mid-rise

buildings can be significant and

approaches used for low-rise

wood-frame may not be

appropriate

G.Finch - RDH - gfinch@rdh.com
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Wood-frame Mid-rise Air Barrier Trends

> Trend towards exterior air barrier
approaches (at sheathing plane) relying
on rigidity of wood/gypsum sheathing
> Sealed sheathing membrane approach
> Self-adhered Membrane, $$$
> Liquid/Fluid Applied, $$$
> Mechanically Attached (Taped & Sealed), $
> Sealed sheathing approach
(plywood/OSB/gypsum)
> Sealed joints (good sealant or tapes), $$
> Use of interior approaches not common

> Sealed poly not appropriate for exposure
> Airtight drywall not widely used

Challenges with Mechanically Attached
Air Barriers & Wind During Construction
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Rigid Support for Mechanically Attached Air
Barriers During Construction & In-Service

Exterior Insulation Sandwich Support for
Mechanically Attached Air Barriers

G.Finch - RDH - gfinch@rdh.com
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Sealed Sheathing Approach RDH

> Joints in sheathing (Plywood, OSB, Gypsum) are air-
sealed with good sealant (usually silicone), strips of self-
adhered membrane, and/or high-quality tapes

Sealed Sheathing Approach

- ™

L. * -‘P, - =

'j'_-‘-rw!rf" "

p— |
|
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Sealed Sheathing Approach RDH

> Mechanically attached Water Resistive Barrier (WRB)
loosely installed over top of sealed sheathing, but not

Mechanically Attached Air Barrier Membrane RDH

> Loose sheet mechanically attached to wall with cap
staples/nails and sealed with tapes, self-adhered membrane
and sealants

G.Finch - RDH - gfinch@rdh.com
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Mechanical Attached Air Barriers & Masonry

T
iy el

Airtightness Does Not Happen By Accident
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Interfaces & Challenges - Balconies & Roofs

Interfaces & Challenges - Parapets
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Interfaces & Challenges - Pre-stripping RDH

> Pre-stripping AB membrane is often recommended at
framing interfaces & roof-wall transitions - but usually
forgotten!

Self-Adhered Air Barrier Membranes

> Self-adhered membrane sheets (typically vapour
permeable) applied to sheathing along with tapes/self-
adhered membranes at interfaces

G.Finch - RDH - gfinch@rdh.com
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Liquid/Fluid Applied Air Barrier Membranes RDH

> Liquid/Fluid applied membranes (roller, brush or spray)
applied to sheathing with joint/gap fillers or reinforcing

Applying Liquid Applied Air Barrier Membranes RDH

G.Finch - RDH - gfinch@rdh.com
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Joints in Liquid Applied Air Barrier Membranes RDH

Joints in Liquid Applied Membranes
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Hybrid Approaches RDH

> Liquid applied membrane window rough openings
becoming common approach with various air barrier
approaches - cost effective & simpler than SAM

Airtightness Trends in Mid-Rise Construction

m Residential

> Whole building airtightness
dataset of 31 mid-rise buildings
in Washington State

Commercial
® [nstitutional

> Air tightness of whole building
compared by wall air barrier
approach

m Liquid Applied
Curtain Wall/Window
Wwall

m Sealed Sheathing

m Sheet Applied

m Storefront

G.Finch - RDH - gfinch@rdh.com
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Air Barrier System Performance & Variability

0.60
Modern Wall Air Barrier Strategies - RDH Seattle
Test Data, >30 buildings, mid- to high-rise
0.50
N
E 0.40 -
s
(3
E’ = 0.34
= 0.30
]
.i<:
0.21 = 0.22
E 0.20 019
=
E
o 0.10
z
0.00 . . |
Liquid Applied Curtain Sealed Sheet Applied
Wall/Window Sheathing
Wall

Code minimum
not that tight

Seattle & WA State
Requirement =
0.40 cfm/ft2 @75Pa

tight

very tight

New Products in a Growing Market

> Many new self-adhered
and liquid applied vapour
permeable sheathing
membranes available on
the market

> Fills a niche of a
combined vapour
permeable WRB/
air-barrier on exterior of
sheathing in mid-rise
wood-frame buildings

> Current test standards

slowly adapting to this
class of materials

G.Finch - RDH - gfinch@rdh.com
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Lessons Learned So Far with New Membranes

> Not all products are created
equal nor suitable for all
substrates/applications

> Key considerations & potential
issues include:

> Longevity, durability, exposure to
UV & heat

> Compatibility & adhesion with
other materials

> Flexibility and gap/crack bridging
ability

> Curing or adhering in cold
weather

> Important properties negatively
changing with time

Wet Weather Challenges

By A v

A R LR
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Cold Weather Application Challenges

Crack Bridging Challenges

G.Finch - RDH - gfinch@rdh.com

2015-09-22

79



Minnesota BEC

What about Penetrations from Cladding
Attachment & Insulation Fasteners?

Measuring The Impact of Very Small Holes

G.Finch - RDH - gfinch@rdh.com
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Impact of Fasteners on Membrane Airtightness?  RDH

Impact of Exterior Insulation Fasteners on the Airtightness of Liquid
& Self-Adhered Membranes
0.006
0.005
< Maximum allowable air leakage rate for air-barrier material
2 0.004
n
~
S]
o
£ 0.003
£
=
G
0.002
Negligible
0.001 g g
mCMU - self-adhered membrane - Insulfast CMU - self-adhered membrane - Screws
mCMU - liquid applied membrane - Insulfast CMU - liquid applied membrane - Screws
mSteel stud - self-adhered membrane - InsulFast Steel Stud - self-adhered membrane - Screws
m Steel stud - liquid applied membrane - Insulfast Steel stud - liquid applied membrane - Screws

Impact of Exterior Insulation on Watertightness RDH

Air/water testing of Selective insulation Extreme exposure testing -
exposed insulation removal & re- no insulation w/ missed
covered membranes measurement fasteners

G.Finch - RDH - gfinch@rdh.com
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Impact of Fasteners on Loose Sheet Membranes RDH

Impact of Fasteners through Loose Sheet
Air Barrier Membranes

0.002
*Air barrier material requirement <0.004cfm/ft2 @ 75Pa
0.001
©
a
2 Well below
® .
< . T material
£ { requirement
< [ so okay!
o
-0.001
-0.002
Tyvek with wrapcaps Tyvek with nailed Mineral wool with
(untaped) rainscreen strapping @ strapping and #10 screws
16" o.c. (6d nails @ 16" through insulation
o.c.)
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More Importantly - Impact of Unsealed Fastener Holes RDH

0.01 *
© Air barrier material requirement <0.004cfm/ft2 @ 75Pa MUSt not
a
R 0 = * remove
I
® . .
= . mis-fired
£ fasteners
= -0.01
3
o
[
-0.02
T
-0.03
Tyvek with nailed Tyvek with one nail hole, Tyvek with 6 nail holes
rainscreen strapping @ no tape and strapping removed

16" o.c. (nails at 16" o.c.)

What Does Matter?

> Airtightness of adhered/liquid membranes is negligibly impacted by
fasteners into structure or even misfired (as long as left in place)

> Net impact is well below 0.004 cfm/ft2 @ 75Pa target (typically in
0.001 cfm/ft2 range)

> Water tightness not practically impacted

> Some fasteners could leak where membrane exposed to full
ASTM E1105 water load applied to WRB

> Not a real world scenario (why we clad)

> Cladding buffers 95% water, insulation buffers remaining 4%, possibly

1% getting behind/through insulation

> No anecdotal evidence to suggest a problem and lots of buildings built

this way for decades without exterior insulation

> Insulation pins did not leak in this scenario where screws did, mis-fires

had much higher percentage of leakage.
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Discussion:
Mid-rise Wood-frame Building Enclosure
Trends

High Performance Roofs:
Re-thinking Insulation and Roof
Membrane Selection

G.Finch - RDH - gfinch@rdh.com
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Roofing - What We Usually Think About
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Roofing - What We May Not Consider

Insulation & Roofing - It Sure Isn't Getting Any Easier RDH

Code Minimum
Insulated Low-
Slope Roofs

Exterior Insulated+
(conventional or
inverted/PMR)

« Best durability but

most expensive
« Some challenges with
more layers of

insulation & detailing
« Simple design

E Deeper Joist/Truss -
(vented or unvented)
Least durable but least
expensive
E «  Simple design
— A} ——-—— «  Standard details with
deeper structure

Split Insulated

(unvented)

« Decent durability

* Moderate cost

«  More complex
design

G.Finch - RDH - gfinch@rdh.com
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Considerations for Vented/Unvented Roofs - What 2DH
Type of Insulation & Venting?

To vent or not to vent? That
is the question...

Considerations for Inverted/PMR Roofs - Keeping
Insulation Dry & Membrane Durability

How to keep
insulation from
becoming
saturated below
pavers, ballast
or soil/green
roofs

G.Finch - RDH - gfinch@rdh.com
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G.Finch - RDH -

Considerations for Conventional Insulated Roofs - 20DH
How Much Insulation & What Type(s)?

8” of polyiso (R-44)

T T Ttk
e R T

How much more insulation
can be added, what type(s)?

Conventional Insulated Roofs

> Most common low-slope roof application in North
America

> Insulation installed above structure, protected by
roofing membrane - Insulation is typically foam
plastic (polyiso, EPS), though mineral fiber also
used

> Roofing membrane is exposed to temperature,
UV, traffic - needs to be durable

> Roof slope typically achieved by tapered insulation
unless the structure is sloped

> Attachment of membrane/insulation can be:
adhered, mechanically attached, loose laid
ballasted, or combination to resist wind uplift

> Wood, concrete, or steel structure substrate

> Air barrier and vapor control layer may be placed
below insulation on top of substrate (depending
on climate)

.
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G.Finch - RDH -

Current Issues With Conventional Roofs RDH

> Roofing membrane issues (Details, materials, workmanship)
> Insulation movement - Thermally induced
> Causes membrane ridging and stresses
> More movement with thicker amounts of insulation (becoming more
common) and certain insulation types
> More movement in roofs with darker colored membranes
> Insulation movement - Long term shrinkage, expansion, contraction
> Gaps between insulation boards, induced membrane stresses
> Cover board /protection board failure - delamination, softening,
organic growth, fastener corrosion
> Moisture trapped in insulation and roof assembly from wetting
during construction or from small leaks in-service
> Becoming more common to install leak detection monitoring within
conventional roofs and find this out - what to do about it? How to adjust
monitoring?

Membrane Ridging & Insulation Movement

L |

TPO over gypsum board
and polyiso

gfinch@rdh.com
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Membrane Ridging & Insulation Movement

2 ply SBS over Fiberboard & XPS

Insulation Movement & Membrane Failure

2 ply SBS over EPS

G.Finch - RDH - gfinch@rdh.com
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Insulation Movement & Membrane Failure RDH

2 ply SBS over Polyiso over EPS
taper package

Wood Fiberboard Coverboard Issues

Wood fiberboard cover-board
wetting and delamination
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Gypsum Cover Board Issues

e -~

Wetting, Softening & Facer delamination

=

=4

Wetting & Fungal growth Wetting & accelerated fastener corrosion

Insulation Shrinkage & Heat Loss

2 ply SBS over single layer of mechanically attached Polyiso
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Thermal Expansion & Contraction of Insulation

> All building materials
expand/contract with
temperature

> Rigid insulation
products are also
affected to varying
degrees

> In roofs - movement
can lead to stress on
and damage to
membrane

> Long term shrinkage
also an issue

RDH

Thermal Expansion & Contraction of Insulation

% Change in Dimension

0.6%

0.4%

0.0%

0.2%

-0.4%

-0.6%

Measured Insulation Movement - By Change in Temperature

Irreversible damage to / Polyiso

EPS/XPS above 176F |

e [ PS

w— w=[PS

—XPS
\

- - XPS

Polyiso
Polyiso

Polyiso

RDH

Brand 1

Brand 2

Brand 1

Brand 2

Mineral Wool

0.2% change = 3/32” Mineral Wool

movement in 48” board width

32 68 104 140 176 212
Temperature of Insulation - °F

- Brand 1

- Brand 2

- Brand 3

- Brand 4

Unfaced

Faced

G.Finch - RDH - gfinch@rdh.com
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Roof Membrane Color Considerations

> Roof membrane or ballast color (solar absorptivity)

influences roof surface temperature

> Darker colors (more absorptive, less reflective)
results in higher temperatures, more assembly
movement and membrane stress, higher cooling
loads, lower heating loads

> Lighter colors (less absorptive, more reflective)
results in lower temperatures, less assembly

movement and membrane stress, lower cooling
loads, higher heating loads
> Balance needed between membrane durability,
assembly movement, heating and cooling loads
> Programs such as LEED have points for use of highly | =

x

reflective roofs regardless of energy implication and m
local climate.
> Long term impacts and soiling of light colored roofs?

Membrane Soiling - 5 years, Poor Slope TPO RDH

G.Finch - RDH - gfinch@rdh.com
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Conventional Roofing Field
Monitoring Study

Conventional Roofing Research Study

> Ongoing field monitoring study being
performed in Vancouver (Climate
Zone 4/5) over past 3 years to:

> Quantify performance of different roof
membrane colors (reflective white,
neutral grey, & black) in combination
with different insulation strategies
(polyiso, stone wool, & hybrid)

> Better understand impacts of
insulation movement, membrane
soiling and moisture movement within
conventional roofs
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Why We Did It?

> To resolve the great debate as to
selection of dark vs light colored
roof membranes in moderate
climate zones

> To understand how reasonably long
white colored SBS roofs stay white

> To better understand insulation
movement & how it impacts roofing
durability

> To monitor the performance of
hybrid insulation approaches &

alternate protection boards

What We Have Been Monitoring

Design target: Each Assembly the same ~R-21.5 nominal

Stone wool -R-21.4 i
(2.5” + 3.25”, adhered) Polyiso - R-21.5

(2.0” + 1.5”, adhered)
Weight: 0.9 Ib/ft? 3.5”
Heat Capacity: 6.8 kJ/K/m?

Weight: 5.5 Ib/ft? 5.75"
Heat Capacity: 22.7 kJ/K/m?

Hybrid - R-21.3
(2.5” Stone wool over 2.0” Polyiso, adhered)
Weight 2.9 Ib/ft? 4.5” , Heat Capacity - 13.7 kJ/K/m?

G.Finch - RDH - gfinch@rdh.com
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What Have We Been Monitoring

> 3 different 2-ply SBS roof
membrane cap sheet colors '

(white reflective, grey,
black)

White Reflective Cap She:

SRI 70, Reflectance 0.58, Emittance 0.91
Grey Cap Sheet:

SRI 9, Reflectance 0.14, Emittance 0.85
Black Cap Sheet:

SRI -4, Reflectance 0.04, Emittance 0.85

Where We Have Been Monitoring

> 9 unique roof test areas, each 40’ x 40’ and each behaving
independently

> Similar indoor conditions (room temperature) and building
use (warehouse storage)

Polyiso

Stonewoo N
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How We Have Been Monitoring RDH

> Temperature

> Heat Flux

> Relative Humidity
> Moisture Detection
> Displacement

> Solar Radiation

' : '|, B ‘_."‘

Heat Flux Relative Humidity & Insulation
Moisture Detection Movement

'

#

Solar Radiation

Sensor Positioning

3' Below Q-deck

T - Temperature

N RH - Relative Humidity
':j\T HF - Heat Flux

M - Displacement
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Roof and Sensor Installation

Roof and Sensor Installation
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Roof and Sensor Installation RDH

Measured Insulation Performance
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My Most Common Designer Question Lately:

What R-value is My Insulation?

aTt e
NAL B0 —
THICRIESS e | A-VAL i

we

Laboratory Testing of Insulation R-values

> 31 party ASTM C518 thermal
transmission material testing
performed as part of monitoring study
> Polyiso and stone wool insulation
removed from site + aged 4 year old
polyiso samples from prior research
study
> Wanted to know actual R-value as
installed and temperature impacts
to calibrate sensors
> Testing performed at mean insulation
temperatures from 25, 40, 75, and
110°F to develop R-value vs
temperature relationships
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G.Finch - RDH -

Laboratory Testing of Project Insulation RDH

Installed & Aged Insulation R-values per Inch - Based on Mean Temperature (°F)
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Applying Laboratory Testing to the Field

Stone wool - R-21.4 .
(2.5” + 3.25”, adhered) Polyiso - R-21.5
Weight: 26.7 kg/m? s (2.0" +1.5%, adhered)

S Weight: 4.6 kg/m?
Heat ty: 22.7 kJ/K/m?2
eat Capacity J/K/m Heat Capacity: 6.8 kJ/K/m?

Hybrid - R-21.3
(2.5” Stone wool over 2.0” Polyiso, adhered)
Weight 14.3 kg/m?2, Heat Capacity - 13.7 kJ/K/m?2
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Varying R-value of Field Roof Assemblies RDH

23

22

21

20

19

18

17

Effective Roof Insulation R-value (hr °F ft%Btu)

16

Effective Roof Insulation R-value Based on Roof Surface Temperature

Roof Membrane Surface Temperature (Indoor, 21°C)

-10 -5 1 6 12 17 22 28 33 38 44 49 55 60

=== Stonewool -
Original & Aged

—@— Hybrid -
Original

 +®- « Hybrid - 3-year
Field Aged

=== Polyiso -
Original

« «®e «Polyiso - 3-year
Field Aged

P

10 20 30 40 50 60 70 80 90 100 110 120 130 140
Roof Membrane Surface Temperature (Indoor, 72°F)

Field Monitoring Findings
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Grey membrane ~65F

White membrane ~50F

Air temperature 40F
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White Membrane Soiling & Reflectance
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*Rated reflectance was measured using a different method than was used in the field study.

Apr Annual Rated*

Color - Impact on Surface Temperatures

Temperature for Each Month by Membrane Colour

RDH

Monthly Average of Daily Maximum Membrane Temperatures and Maximum Membrane
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> Increased temperatures influence:
> Membrane degradation/durability

Temperature [°F]

> Heat/Energy Flow through assembly
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G.Finch - RDH -

Color - Differences in Net Heat Flow

Monthly Average Daily Energy Transfer by Membrane Color
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Color & Calculated Membrane Degradation

> Relative degradation rate calculated from measured cap sheet

temperatures
> Further study needed to quantify age and physical property
effects
45000
40000 ‘ . . ==
Black roof with stone wool directly below W50
& 22000 | | the membrane doesn’t get as hot ' ' W-ISO-SW
‘% 30000 ! ! ! | ﬁ W-SW
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Insulation Impact on Peak & Lagging
Membrane & Metal Deck Temperatures
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Heat Flow - Variation with Insulation Strategy  RDH

Heat Flux Sensors
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SENSOR CODING:
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And 3 Years Later...

Heat Flux Sensors
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Heat Flux [W/m?]
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Net Annual Impact of Insulation Strategy  RDH
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Longer Term Trends..
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Optimizing Membrane Color and
Insulation Strategy for Energy
Efficiency

Energy Consumption and Membrane/
Insulation Design

> Energy modeling performed for a
commercial retail building (ASHRAE
building prototype template) to compare
roof membrane color & insulation strategy,
with baseline ‘R-20’ insulated roofs.

> Included more realistic thermal performance of
insulation into energy models

> Stone wool: Lower R-value/inch
Higher heat capacity and mass

> Polyiso: -Higher R-value/inch
(varies with temperature a lot)
Lower heat capacity & Lower mass

> Hybrid: Stone wool on top moderates
temperature extremes of polyiso -
makes polyiso perform better
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Most Energy Efficient Roofing Combination in

Minneapolis, Climate Zone 6
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Most Energy Efficient Roofing Combination? RDH

Commercial Retail Building Heating Energy - kBtu/ft2/yr
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Commercial Retail Building Cooling Energy - kBtu/ft2/yr
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Most Energy Efficient Roofing Combination?

Annual Heating & Cooling Energy Consumption
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Stone Wool Roofing Case Studies
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Stone Wool Insulation in Conventional Roofing RDH

> R-value of stone wool is R-3.7/inch
compared to a R-4 to R-6/inch? for
polyiso and R-4/inch for EPS
> Need thicker stone wool to achieve same

R-value as polyiso in design

> If polyiso kept closer to indoor
temperatures, then it has a higher
effective R/inch (closer to LTTR)

> Insulate the Polyiso!

> Hybrid insulation provides good blend
of material properties and economics

> Tapered insulation packages available:
EPS, Polyiso, or Stone wool

Case Study 1 - High-rise Re-Roof

Assembly: 2-ply SBS torched to 2” asphalt impregnated stone wool
over 2” polyiso (adhered)
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Case Study 2 - Residential Re-Roof

Assembly: 2-ply SBS torched to 2” asphalt impregnated stone wool, over 2”
polyiso, over polyiso tapered package (mechanically attached)

Case Study 3 - Heritage Re-Roof

Assembly: 2-ply SBS torched to 1” stone wool asphalt impregnated cover
board adhered to 2” stone wool, mechanically fastened through EPS taper
package
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Case Study 4 - Super Insulated over Tall Wood RDH
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Case Study 6 - Single Ply PVC & TPO Systems RDH

Feedback from Contractors & Designers  RDH

> Stonewool boards are heavier that foam, but don’t
blow away or need to be held-down during install

> Stonewool fits tighter, takes up uneven surfaces
(re-roof especially), easier to cut and considerably
less gaps between boards

> Thicker insulation build-up for stonewool vs polyiso
- may be issue during re-roof at curbs, parapets
doors etc.

> Stonewool is bit softer and may be damaged during
construction from heavy traffic - address with a
protection board (temporary or permanent)
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Recommended Approaches

> A good roof design balances cost, client
performance expectations, durability and
energy performance
> Hybrid insulation approach improves durability
and energy performance at often little or no
cost increase compared to full polyiso
insulation
> Hybrid blend of 50% R-value in stonewool
depending on climate
> Keep polyiso R-value at its optimum
> Roof membrane color/absorptivity selected
by climate (it matters!)
> Vapor barrier for climate
> Adhered insulation layers preferred over
mechanical fasteners, where possible to
balance cost (especially for top layer of
insulation)

Key Points

> Rated R-values of insulation do not tell the whole story about
actual heat flow through roofs (as well as walls)
> Surface color (solar absorptivity, long-wave emissivity),
insulation type, thermal mass, latent energy transfer all
impact this
> Roofing membrane/assembly durability & whole building
energy consumption impacted by temperature differences
> Optimization of heating and cooling (energy & costs) based
on roof membrane color and insulation strategy is possible
> Consider the insulation strategy as part of your roofing
design
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Discussion

Graham Finch - gfinch@rdh.com - 604 873 1181

> rdh.com

RDH

This concludes The American Institute of
Architects Continuing Education Systems Course

Presentation Created & Delivered by:

Graham Finch , Dipl.T, MASc, P.Eng
I Principal, Building Science Research Specialist
RDH Building Sciences Inc.

Making Buildings Retter dfinch@rdh.com www.rdh.com
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