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Background

= Function of building envelope:

Control of conduction heat loss (or gain)
Control of air penetration

Control of water penetration

Control of sound transmission

Control of solar heat
Others ....




Functions and Regulations

= Some of the these functions are regulated by
National or Provincial/Territorial Building Codes
(e.qg., structural, fire,... etc.)

= Currently, energy codes and some provincial
building codes have requirements related to
the thermal performance as related to
conduction heat loss (e.g., U-factor or R-value)
and air leakage performance of the envelope



Code Requirements

= These Codes may call up separate
requirements on components or systems

- Material air tightness (as related to NBC Part 5)

« System or assembly air tightness (CCMC Air Barrier
Guide 07272)

 Building air tightness (e.g., R-2000)



Codes and Standards Dilemma

= |t is difficult to incorporate the effect of air
leakage through the envelope on the overall
thermal performance of the wall systems of the
Building Codes and related Standards




Causes of Failure

= How does the thermal
performance of a system
vary with the existence of air leakage?

= Air leakage through the system has a negative
Impact on the overall performance and durability
of the assemblies

= Current research work
confirms this claim as
will be seen later




System Characteristics

= The material requirements may
be sufficient to characterize the
material, but may not be enough
when it is incorporated in a system

= Meeting the requirements in
Isolation may lead to improper
system performance
(e.g., a perfect glazing
system in a badly designed
sash or frame)




Systems Performing Multiple Functions

= Some products and systems address
multiple functions

Spray Polyurethane Foam (SPF)
Vacuum Insulation Panels (VIP)
Insulated Concrete Forms (ICF)
Structural Insulation Panels (SIP)

High performance roofing systems



Efficient Use of Energy in Buildings

= Requires knowing the system performance

= Requires tools to assess these performance
for both large and small buildings
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What do we need? ‘

= Energy rating systems (e.g., for windows and
walls) to account for the overall performance
(specifically thermal and air leakage)

= This will provide a yard stick to measure the
overall performance of the system

= |t will encourage system
designers to promote superior
energy efficient systems
including high quality joints
and around components
interface
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The Status-quo

= There exist a few energy rating schemes to
determine the energy performance of building
components (e.g., CSA A-440.2 for windows
ER, and CCMC Air Barrier Guide)

= No similar standard for wall assemblies
(opaque or with penetrations)

= Foam insulation industry and NRC-IRC joint
project on wall energy rating (WER)
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Brief Review of CSA A-440.2 Standard '*

= Setting the stage for the rest of the presentation

= The purpose is to determine the average
energy rating (ER) of window assembly
that includes: -

- Heat gain due to solar energy
- Heat loss due to air leakage
» Heat loss due to conduction




CSA A-440.2 Standard Approach

= ER_.,; Window Energy Rating
Solar heat gain Conduction heat loss Air leakage heat loss
Always +ve Always -ve Always -ve

14



ENERGY STAR®

= Voluntary arrangement between NRCan’s
Office of Energy Efficiency and organizations
that build, manufacture, sell or promote
products or new homes

= ENERGY STAR® symbol for consumers
= Over 90,000 labelled window products

h ENERGY STAR
HIGH EFFICIENCY
.‘g’ = ’ HAUTE EFFICACITE
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Window ENERGY STAR® Requirements &

] Maximum Minimum
Zone Eglaot ‘lﬂ?gad%gree days, U-factor® Energy Rating
W/(m?3K) (ER) Value*
A | <=3500 HDDs 2.0 17
B
- >3500 to <=5500 HDDs 1.8 D1 “
C | >5500 to <=8000 HDDs 1.6 25
D |>8000 HDDs 1.4 29

« Windows can qualify by either their U-factor or their ER value

« *Conventional double pane clear glass air-filled window,
only used in modeling
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What is Wall Energy Rating (WER)?

= A tool for energy rating of wall assemblies
that addresses the building physics and
accounts for:

» Heat loss due to thermal conduction through
the system

» Heat loss due to air leakage through the system

* Interaction between the two modes of heat loss.
Provides a means to assess the overall
performance of the system

18



WER Project Objective

= To determine Wall Energy Rating (WER) of
walls constructed, according to field practices,
with spray polyurethane foam insulation (with
different blowing agent), by combining heat
losses due to conduction and air leakage

= Walls with poly-wrapped and sealed insulation
were also evaluated as reference walls
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Overview of the WER Project

= Wall samples built to common
construction practices

= Testing for thermal resistance
and air leakage

= Material characterization
= Computer simulation
= Final results

20



Wall Samples

= Six 2" x 6” spruce stud walls, 16” spacing (nominal)

= |nsulation materials
« Poly-wrapped and sealed glass fibre insulation
« Spray polyurethane foam, HCFC-141b blowing agent
« Spray polyurethane foam, HFC-245fa blowing agent

 All foam products (medium and light density)
meet ULC S705.1-2001 Standard

P P | -
] 'Y |
: = b b 11
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NCCNIC

Cross-section of typical wall samples

Glass Fiber  SPF (closed cell)
insulation insulation

OSB Sheathing

= Wit
- &
11 mm E

k Spruce top plate
Insulation,
/ polyurethane spray foam,

1 thickness 75 mm nominal

i / Air space

/ Gypsum, 12 mm

2400 x 2400 mm
wall sample

Insulation, glass fiber,
stud thickness 140 mm

Weather resistive
barrier membrane

Spruce bottom plate
and studs

//
%
i
2
%

N

Polyethylene sheet, 6-mil
air/vapour barrier 29



Cross-section of typical wall samples

OSB sheathing
11 mm

Poly Wrapped
Insulation

SPF (open cell)
Insulation

|

A

o
%

|

\
A

Insulation,

stud thickness 140 mm

Weather resistive
barrier membrane

Spruce bottom
plate & studs

}

R

N

Polyethylene sheet, 6 mil
air/vapour barrier

NCCNIC

Spruce top plate

__—"Insulation, polyurethane

spray foam, 140 mm

| —— Gypsum, 12 mm

2400 x 2400 mm
wall sample
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Wall Description Stage li
Light density (open cell) foam

Poly-wrapped
glass fibre batts

Start with
wood frame

Foaming
and finishing I

Final foamed wall
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Penetrations Layout
(CCMC Air Barrier Guide 07272)

96.00
Typical gap
1/4-1/2in  —
(6.35 - 12.5 mm)
115 in PVC
(38 mm) |

Galvanized duct

3.94 in (100 mm)

s
]

0.50in gap
(12.5 mm)

96.00 Hexagonal and rectangular
external junction boxes
installed in accordance
with construction practice

window
47.2x23.6in
(600 x 1200 mm)

49.75

Double Top
Header

Top Header Fastening;
3 in spiral nails on 16 in
centers, 2 minimum
per spacing

5.91

19.51

2X6 in Economy Grade SPF 3/4 in hole bored 2 1/2 in
Studs, 16 in on Center from weatherside surface
for 14-2 electrical wire

Stud Fastening: 3 1/2 in
Spiral Nails, 2 minimum
per stud-plate interface
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Test Procedures

= Air leakage (ASTM E283)

= Wall thermal resistance (ASTM C1199 and
ASTM E1423)

= Material characterization (ASTM C518-98)
using heat flow metre

= Sample conditioning according to CCMC
Technical Guide (Masterformat Section 07272,
section 6.62, page 14 )
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Pressure difference, Pa

AIC-CNIC ‘2

Pressure Cycle for Sample Conditioning

1600
1s 3s 1s Repeated negative P3
P, > b« pressure n times
2 < >
800 /
0
a0 | Dreaedre | 5
< > 2
P';
-1600 — _ J
'l Y
Cyclic loads Gust loads

Time, s
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New aluminum
frame holder

Data acquisition
and control PC

Air leakage and :
conditioning unit |




Guarded Hot Box Apparatus  '_"-‘-1'.~'?~
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Resulis

Test results

 Air leakage

- Thermal resistance, R-value

« Material characterization of foam(s)

Simulation results
Comparison of testing and simulation
Development of WER
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Air Leakage Test Results

Air Leakage Characteristics (NET), Wall Specimen Conditioned, Top Plate Sealed, Infiltration

0.10 | l : :
-["® ccmcLimit /
0.09 H 2¢WER-2 a
| ~-WER-3A /
0.08 :_'."WER-3B .
[ | -+~ WER-4 /
0.07 F | - WER-AA, polyethylene stapled
' | =*~WER-BB, polyethylene stapled
= [ | —WER-CC, polyethylene stapled
- 0.06 F| —— WER-DD, polyethylene stapled
@ :
= 0.05 |
g :
8 0.04 [
|
o= 0.03 :
0.02 |
0.01 |
0.00 £
0 25 50 75 100 125 150 175 200

Differential pressure, Pa 31



Test Results: R-value (cont’d)

RSI, m2 K/IW

4.5

4.0

3.5

3.0 -

2.5 1

2.0 1

1.5 1

1.0

0.5 -

R20 = 3,5 RSI

WER Project Measured RSI @ -20 and -35°C

1
8 Unconditioned (-20)
& Conditioned (-20)

8 Unconditioned (-35)
@ Conditioned (-35)

WER1 WER 2 WER3a WER3b WER4 WERS
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Computer Modelling

= The goal is to benchmark hygIRC (2-D model)
and hyglRC-C (3-D model)

= Use hyglRC-C to predict the R-values for the
10 walls with no air leakage and compare its
prediction with measured results

= Use hyglRC-C to predict the R-values at
different leakage rates for the 10 walls

= Provide a simple correlation to be used for
determining the R-values at different
leakage rates

33



hygIRC 2-D model | Drywall

hygIRC-C 3-D model
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Sample of 3D Results (cont’d)

, AP =75 Pa
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WER
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R-value Results (cont’d)

Comparison of predicted R-values
with the measurements at AP = 0 Pa for the 10 Walls

4.0
B Measured
Bl Predicted |

WER-1 WER-2 WER-3a WER-3b WER-4 WER-5 WER-AA WER-BB WER-CC WER-DD 36

R-Value (m2K/W)




Introduction of R-value Ration

R, (R-value with air leakage)
R (R-value without air leakage)

B=

This factor shows the impact of
air leakage on the wall R-value
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Determination of WER

= Need
- R-value WITHOUT air leakage (GHB), m2.K/W
- Air leakage rate, €, at AP = 75 Pa, I/(s.m?)

= Determine wall R-value with air leakage at
different AP values

= Determine the R-value ratio, [3
= Develop an expression for WER
= Calculate WER

38



mcﬁcf
Solution: Ratio of R-values Correlates Well

Curve fit is based on the B-values at 75 Pa
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Calculation Procedure of Apparent RSI

@—b For a given wall | —» i

Obtain R-value at no leakage, RSI, p
experimentally in the GHB
+ 1.0
Conduct leakage test to obtain the 993 N T B
leakage rate, at AP = 75 Pa, I/(s.m?) | & N/ -
v £ ol E
Calculate the B-value using: - CEirpme
B = exp(a*?®),a=-1.53,b =0.89 | T
s o bulusuluslulullulund

Leakage Rate, & (L/(s.m?))

Calculate R-value with leakage, RSI| as:
RSI, = B * RS, e @




WER Calculation: he W
New Proposal for Standardization !
RSI, = Guarded hot box test result @ AT = 40°C
¢ = Air leakage test result, I/(s.m?) @ 75 Pa
B = exp (-1.53*£9-89) or use the graph

* N
RSl =B * RS, PN T
WER = -AT/ RSI,, W/(m?) el N T
W oaTAy] R | N
C =1, m2/W to normalize WER 0 ::ll ||||::
WER,.,, is dimensionless %0 01 02 05 04 05 06 07 08

Leakage Rate, ¢ (L/(s.m?))
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ARCCAIC
CSA A-440.2 Standard Approach

= ER__, Window Energy Rating (W/m?)

Solar heat gain Conduction heat loss  Air leakage heat loss

cal

Always +ve Always -ve Always -ve
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WER: A tool for wall energy rating

= WER Wall Energy Rating (W/m?)

Conduction heat loss Air leakage heat loss

Always -ve Always -ve
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Effect of Air Leakage on WER - Ca.Se‘ I L

50

40

30

WER

20

10

Effect of High Air Leakage on WER
Conventional Wall with Penetrations — Lapped Poly

Accounting for
Air Leakage

No airleakage

I

Measured air leakage
=0.62 |/s.m2 @75 PA
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A

Effect of Air Leakage on WER - Case II_ . ; *

Effect of High Air Leakage on WER
SPF Wall with Pentration — New Blowing Agent

50 :
Accounting for

Air Leakage

i \.\_
30

WER

20

10

0 u u
No air leakage Measured air leakage



Effect of Air Leakage on WER - Case III 4 * '

WER

50

40

30

20

10

Effect of High Air Leakage on WER
SPF Open Cell Foam Wall with Pentration

Accounting for
Air Leakage \

No air leakage Measured air leakage
=0.022 |/s.m2 @75 PA
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Closing Remarks

= A new procedure is now available to
determine the energy performance of
iInsulated wall assembly, with and
without penetration

= The procedure requires a minimum
laboratory testing

= Computer simulation proven to be very
useful and accurate in predicting the
R-value of the wall, with and without
air leakage
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Closing Remarks (cont’d)

= |t is necessary to include additional materials
and construction practices to generate
comprehensive correlation

= Efforts are underway to invite others to join
this project

= Next step is to develop national (and
international) standards for that purpose
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