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« Continuous exterior insulation
« Evaluating building systems
« Example of new innovation



Continuous Insulation

Exterior insulation becoming more
Important

Many advantages:
— improved thermal performance,
— protection of more sensitive components

Many existing products can be used

Some new products being developed to
respond
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More than One Way to Get There.
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RO
Exterior Air Barriers

« Many more penetrations and details with interior
air barrier approach

« Exterior is preferred today

Interior Air Barrier Approach Exterior Air Barrier Approach
Transition from outside to inside

Interior connection to at vented attic; Low-slope roof
air barrier at ceiling/attic floor all exterior connection

No interruption at floor and
interior walls

I

Complex transition at
floor and interior walls

Connection to below-grade Connection to below-grade
air barrier components air barrier components




Why Exterior Air Barriers? ROH

= Vapor permeable
P air barriers )
™ developed in the "

e " 19805

Membrane strip

Building wrap with
taped joints

~ Building wrap laps exterior of
~ membrane strip “shingle fashion”,
bottom edge taped to membrane

== sirip

©~——— Membrane strip over primed
concrete

— Polyethylene

— Caulking / sealant

,— Polyethylene

Caulking / sealant

e n

| - ~ Vapor permeable housew
H— wrapped around floor assy

" Caulking / sealant

— Polyethylene

Caulking / sealant

— Vapor permeable housewrap
wrapped around floor assembly

Sill plate installed over sill
gaskel and air flow retarder

Vapor barrier air
barriers first
deployed in
1960s

NOT IN HOT-

HUMID CLIMES!
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Development Process

« Many methods for evaluation of building
product and systems
— ... each has its place

level of realism

level of control
N AN AN AN I
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Modeling and Material and Environmental Field Exposure

Analysis Assembly Testing  Chamber Studies Studies Field Experience
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Development Process

Examples Field Surveys
Field -
) C O m m O n M et h Od S Exposure Test Buildings
— Lab material tests Test Huts
— Hygrothermal modeling Evironmental Dynamic
. Chambers _
— Environmental chambers Static
- Te St h UtS Drainage, Drying
Assembly

— Test buildings Testing

Airflow, Heatflow

) Hygrothermal
Material
Testin

9 Mechanical

Dynamic Heat &
Moisture
Modeling & Building Energy and

Analysis Indoor Environment

(1101 (1)

Climate



What does c.i. need to do

Design requirement for c.i. vary
Much more than just insulation!

All must

— Provide thermal control
Optional properties

— Vapor open or vapor resistant

— Moisture tolerant or protected
— Fire resistant or combustible

RDH



RDH
Emerging products

« Some c.i. products perform additional
functions
— Part of cladding attachment?
— Rain Control System (WRB)
— Air Barrier System
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Case Study

* Innovative, polymer-based fibre insulation
with integrated permeable air-water barrier

« Lightweight, comes on a roll!
« Accessories of tape and battens



2x6 stud wall at 16" o.c. 4

Gypsum board interior sheathing;
paint interior finish; vapor control as needed

Cavity fill insulation

OSB or plywood structural sheathing

Insulated Batten (DIB)

taped joints for water and air control

Furring (optional; depends on cladding)

Wood, vinyl or fiber cement lapped siding

Rim joist insulation
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Evaluation

« Standard ASTM testing
— thermal resistance (C518),
— air tightness (E2178)
— Vapor permeance (E96)
— Water control (E331)
— Compressive Strength (D1621)
« No standard system level evaluation
— Cladding support
— Thermal performance
— Field hygorthermal



RDH

Cladding Weights

« Most cladding for housing is light-weight
« Stucco and Adhered Veneer are heavy

Typical Mass Equivalent Weight
Cladding Type Density, for 4 x 8 ft Test Panel,
psf 1b
Vinyl siding 0.6-1.0 20-32
Wood siding 1.0-1.5 3248
Fiber cement siding 3-5 96-160
Cement stucco 10-12 320-384
Adhered stone veneer 17-25 544-800




Dial gauges measuring maovement

9 ? ? ?‘ of framing relative to wall —? ? ? (E

. ' .~ 16in. (406 mm) oc framing .
el T
0SB sheathing o
Battens — installed over sheathing )
Fibrous insulation with exterior

SBPO membrane adhered

B 2in. (81 mm) x % in. (13 mm)
plywood strapping

KPS insulation

Steel "straps” )
screwed to cladding e |

A4ftx8f{1.2mx 2.4 m)wood _
e cladding panel .

Dial gauges, measuring claddin

gli==g— ™ —Fl==¢

T Spreader bar, distributing T :
Ry load to straps P
- Load cell T



Cladding Support Structural Testing:
Comparison to successful alternate system
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Cladding Deflection Tests

1100

. 1000 -
900 iz /

800

700

600
500 d

400 Performance is very similar to

300 atum wall

Very small movements

Measured Total Load Applied (lbs)

200

100

0 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04

Measured Cladding Deflection (inches) (1/32")
Note - 1/16" = 0.0625"

—-Wall4-1 -=-Wall5-1 -+Wall5-2 ——Wall6 (XPS)
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Long-term creep testing

f76




Environmental
Chamber

« 20C warm,
-10C cold

« AIr pressure
— 0or 10 Pa
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Infra-Red

 Part Demonstration, Part Validation
— 2x4 with R5 insulation wrap on right
— 2X6 on left

« 2x4 w/R5 slightly warmer
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Test Hut Details

* Roof top test hut: Coquitlam, British Columbia
e 7 wall panels per orientation
* Full weather station, driving rain, solar
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Wall Instrumentation
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Assembly

Layer Function Description

A Interior Finish Painted gypsum board

B Vapor Control Kraft Facing

C Studspace R21 FG batt

D Framing 2x6

E Sheathing OSB/DIBs
Membrane/Insulation Facer on ThermaWrap

F Cl RS ThermaWrap

G Drainage ¥2" thick 2" wide plywood

H Cladding HardiePlank

O Relative Humidity and Temperature Sensor Package

O Moisture Content Pins and Temperature Sensor Package
A Temperature Sensor

= Moisture Content Pins

RDH
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Ire corntent pins

Relative humidity sensor




Reproducible Leak

“S_Interior storage media for
intentional wetting

\ Moisture content pins x2

>Moisture content pins
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No Exterior Insulation
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North Wall D1 MEEL - Ext. Edge of OSB sheathing
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North Wall D1 Ext. Strapping

North Wall D1 MENM - Mid-height OSB sheathing
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R5 Semi-Permeable Insulation
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Measured Moisture Content [%]
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North Wall D3 MEEL - Ext. Edge of OSB sheathing
North Wall D3 MDEB - Ext. Edge of the Bottom Plate
North Wall D3 MENU - Upper OSB sheathing

== == Exterior Intentional Wetting
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North Wall D3 MEIL - Int. Edge of OSB Sheathing
North Wall D3 Ext. Strapping
North Wall D3 MENM - Mid-height OSB sheathing
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R5 Continuous Insulation: Permeable vs Semi-permeable
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Conclusions

Continuous insulation product innovation
will continue

Standard testing useful, but custom system-
level testing often required

Load testing demonstrates even flexible
insulation can be effective as cladding
support

Permeable exterior insulation is very
forgiving of moisture events



