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Effective Thermal Resistance Calculations

» Above Grade Wall Assemblies
» Foundation Wall / Frost Wall
* Roof / Ceiling/ Attic
Also Pertaining To:

* Rim Joists

* Floors Over Unheated Spaces




Above Grade Walls

ALBERTA BUILDING CODE 2014 _ A-9.36.2.4(1)



Process Overview

« Wall Analysis
* Data Collection/ Input
* Blended Calculations

» Total Effective RSI Calculation



WallSampEees Wall Analysis

 Exterior Air Film

 Vinyl Siding
* Building Paper
* (OSB Sheathing

« 2x6 Wood Framing 16” O.C.
w/ R24 Batt Insulation

* Polyethylene Sheet
* Gypsum Board

 Interior Air Film




Wall Sample # 1

EFFECTIVE THERMAL RESISTANCE CALCULATIONS

FRAMED WALL

Blended RSI Calculations
2X6 Wall (140mm X 0.0085 RSI/mm) 16" O.C.
R24 Batt. Insulation ( 140mm = RSI 4.23)

EXTERIOR AIR FILM

VINYL SIDING

100

% AREA OF FRAMING + % AREA OF CAVITY
RS, RSIc

|

BUILDING PAPER

OSB (9.525mm)

100

[ 23 :l +[
140 X 0.0085

RSI =

BLENDED RSI CALCULATION

VAPOUR BARRIER

100

[Nl

GYPSUM (12.7mm)

INTERIOR AIR FILM

100

19.33 :|+

100
37.53

RSlparatLer = 2.66




Data Collection / Input

Alberta Building Code 2014 _ A.9.36.2.4
* Page A-249 — A-256 RSI Values

Division B A-9.36.2.4.(1)

Table A-9.36.2.4,(1)D.
Thermal Resistance Values of Common Building Materialsi'

Thermal Resistance
Alr Films {RSIJ [mﬂ(lM' (ST}, (me-K)W for
per mm thickness listed

wnng fioors and walls wind 6.7 mis (winter)
Interior:

cailing (heat fiow up)

fioar {heat fiow down)

walls (heat flow horizontal)

Thermal Resistanca | Thermal Resistance
Air Cavities® m‘*"“””" (RSI), (mEK)W | (RSY), (meK)W for
per mm thickness listed
13 mm

Ceiing (heat flow up) faced with non-reflective material®

Floors (heat flow down) taced with non-reflective material!

Walls (heat flow horizontal) kaced with non-reflective material




Wall Sample # 1

EFFECTIVE THERMAL RESISTANCE CALCULATIONS

FRAMED WALL

Blended RSI Calculations
2X6 Wall (140mm X 0.0085 RSI/mm) 16" O.C.
R24 Batt. Insulation ( 140mm = RSI1 4.23 )

EXTERIOR AIR FILM

VINYL SIDING

100

% AREA OF FRAMING + % AREA OF CAVITY
RS, RSIc

|

BUILDING PAPER

OSB (9.525mm)

100

[ 23 :l +[
140 X 0.0085

RSI =

BLENDED RSI CALCULATION

VAPOUR BARRIER

100

[Nl

GYPSUM (12.7mm)

INTERIOR AIR FILM

100

19.33 :|+

100
37.53

RSlparatLer = 2.66




Blended Wall Calculation

* Alberta Building Code 2014 _ A.9.36.2.4 Page A-244

A-9.36.2.4.(1) Division B

Calculating the Effective Thermal Resistance of a Wood-frame Assembly: Isothermal-Planes and
Parallel-Path Flow Methods

To calculate the effective thermal resistance of a building envelope assembly containing wood framing,

RSI.;;, add up the results of the following calculations:
A, calculate the effective thermal resistance of all layers with continuous materials using the

isothermal-planes method, and
B. calculate the effective thermal resistance of the framing portion, RSI,, i, using the following equation,
which is taken from the parallel-path flow method described in the ASHRAE 2009, “ASHRAE

Handbook - Fundamentals”:

100
RSIP“’“"‘-" = Thareaof framing + % area of cavity h
R5Ip RSIe

where
RSIg = thermal resistance of the framing member obtained from Table A-9.36.2.4.(1)D.,

RSI¢ = thermal resistance of the cavity (usually filled with insulation) obtained from
Table A-9.36.2.4.(1)D.,
% area of framing = value between 0 and 100 obtained from Table A-9.36.2.4.(1)A. or by calculation, and
% area of cavity = value between (0 and 100 obtained from Table A-9.36.2.4.(1)A. or by calculation.

When the values in Table A-9.36.2.4.(1)D. are used in the calculation of effective thermal resistance of
assemblies, they must not be rounded; only the final result, RS, can be rounded to the nearest significant

digit.




Blended Wall Calculation

* Alberta Building Code 2014 _ A.9.36.2.4 Page A-246
Framing and Cavity Percentages

Table A-9.36.2.4.(1)A.
Framing and Cavity Percentages for Typical Wood-frame Assemblies(!)

Frame Spacing, mm o.c.
488 610

% Area | % Area | % Area | % Area
Cavity | Framing | Cavity |Framing

lumber joists 87 1.5 885
I-joists and truss a1 75 925
ceilings with typical trusses 86 125 875

ceilings with raised heel
trusses %0 85

roofs with lumber rafters and a7 15
ceilings with lumber joists ’

S e o PP 16”0.C. spacing

ceilings with Hoists

roofs with structural insulated 16 X 25.4 = 406mm

panels (SIPs)
typical wood-frame

advanced wood-frame with
double top platet

SIPs

basement wood-frame inside
concrete foundation wall

Wood-frame Assemblies




Wall Sample # 1

EFFECTIVE THERMAL RESISTANCE CALCULATIONS

FRAMED WALL

Blended RSI Calculations
2X6 Wall (140mm X 0.0085 RSI/mm) 16" O.C.
R24 Batt. Insulation ( 140mm = RSI1 4.23 )

EXTERIOR AIR FILM

VINYL SIDING

100

[ % AREA OF FRAMING :|+ I: % AREA OF CAVITY ]

RS, RSIc

BUILDING PAPER

OSB (9.525mm)

100

BLENDED RSI CALCULATION

']

[ r———

140X 0.0085 J L 4.23

VAPOUR BARRIER

100

GYPSUM (12.7mm)

INTERIOR AIR FILM

RSlparavteL =




Required RSI Comparison

* Alberta Building Code 2014 _ 9.36.2.6
Page 9-227 — Table 9.36.2.6.A

* Above-ground Assemblies w/out HRV

Table 9.36.2.6.A.
Effective Thermal Resistance of Above-ground Opaque Assemblies in Buildings without a Heat-Recovery Ventilator
Forming Part of Sentence 9.36.2.6.(1)

Above-ground Opaque Building Zone 5
Assembly 3000 to 3999 | 4000 to 4999 ) 6000 to 6999

Minimum Effective Thermal Resistance (RSI), (m2-K)/W
Ceilings below attics 8.67 8.67 10.43 10.43
Cathedral ceilings and flat roofs 4,67 467 5.02 5.02

Walls® 308 3.08 3.5

Floors over unheated spaces : 4,67 4,67 .0 5.02




Required RSI Comparison

Required Effective Thermal Resistance RSI of Above-
ground Opaque Wall Assembly (Zone 7A) w/out HRV

RSI - 3.08

Effective Thermal Resistance
Sample #1 Wall -2x6 16” o.c. R24

RSI - 3.09

Prescriptive Path Compliant (Zone 7A) No HRV



Wall Sarip S Wall Analysis

* Exterior Air Film
* Vinyl Siding
* Building Paper
 Type1EPS
* Metal let-in bracing

* 2x6 Wood Framing at 16” o.c.
w/R20 Batt insulation

* Polyethylene Sheet
e Gypsum Board

 Interior Air Film




Wall Sample # 2

EFFECTIVE THERMAL RESISTANCE CALCULATIONS

FRAMED WALL

2X6 Wall (140mm x 0.0085 RSI/mm)
16”0.c. w/ R20 Batt. Insulation.

Exterior Air Film

Vinyl Siding

100

% AREA OF FRAMING + % AREA OF CAVITY ]
RS, RSIc

Building Paper

Type 1 EPS (1 %4”- 38mm)

100

[ — ][ — ]

RSI =

Metal let-in bracing

Blended RSI Calculation

100

7}

Polyethylene Sheet

Gypsum Board

Interior Air Film

RSlparavteL =




Blended Wall Calculation

* Alberta Building Code 2014 _ A.9.36.2.4 Page A-246
Framing and Cavity Percentages

Table A-9.36.2.4.(1)A.
Framing and Cavity Percentages for Typical Wood-frame Assemblies(!)

Frame Spacing, mm o.c.
488 610

% Area | % Area | % Area | % Area
Cavity | Framing | Cavity |Framing

lumber joists 87 1.5 885
I-joists and truss a1 75 925
ceilings with typical trusses 86 125 875

ceilings with raised heel
trusses %0 85

roofs with lumber rafters and a7 15
ceilings with lumber joists ’

S e o PP 16”0.C. spacing

ceilings with Hoists

roofs with structural insulated 16 X 25.4 = 406mm

panels (SIPs)
typical wood-frame

advanced wood-frame with
double top platet

SIPs

basement wood-frame inside
concrete foundation wall

Wood-frame Assemblies




Wall Sample # > EFFECTIVE THERMAL RESISTANCE CALCULATIONS
. FRAMED WALL

2X6 Wall (140mm x 0.0085 RSI/mm) Exterior Air Film
16”0.c. w/ R20 Batt. Insulation.

Vinyl Siding

i Building Paper
[ %AREAE:;FFRAMING :|+|: %ARE&RE::CCAVITY ] Type 1 EPS

100 Metal let-in bracing

23 77
[ 140X0.0085 ]*[ 334 J Blended RSI Calculation

100 Polyethylene Sheet

:|+ i Gypsum Board

Interior Air Film

RSlparavteL =




* Alberta Building Code 2014 _ A.9.36.2.6(1) Page A-265

Division B A-9.36.2.6.(1)

Table A-9.36.2.6.(1)B.

Effective Thermal Resistance (RSI) Values of the Framing/Cavity Portion of Above-G rglm;l Assemblies 1 6 ) O . C . Sp a C ing

Nominal Thermal Size, mm, and Spacing, mm o.c., of Above-ground Wood-fral embly

Hesisﬁ:gﬁahg;ncavity 38 x 89 by 140 16 X 25,4 = 406mm

06 | a8 | 610 04 | a0 | 488
[“Eﬁ;w - Efiective Thermal Resistance of Framing/Cavity Poriian, ) (meK)W

1.04 1 1.43 1.45 1.48 - -
21 1.49 1.52 1.55 - -
229 1.56 1.59 1.63 - -
247 1.62 1.66 1.70 1.95 1.98
264 1.68 1.72 1.76 203 206
2.82 J 1.73 1.78 1.82
299 1.78 1.83 1.88 222
1.83 1.88 1.4 2.29
R20 Compressed o4 i | w | w | e e
”» = 3.52 203

Ina 5 %" Cavity = Rig e
3.87
4.05
423
4.40
458
4.76
493
511
5.28

Notes to Table A-9.36.2.6.(1)B.:
{1 These RS values are valid where the cavity is completely filled with insulation and they do not account for air space in the cavity. A dash (—) means
that it is not feasible to install the cavity insulation listed within the frame configuration in question.




Wall Sample # 2

EFFECTIVE THERMAL RESISTANCE CALCULATIONS

FRAMED WALL

2X6 Wall (140mm x 0.0085 RSI/mm)
16”0.c. w/ R20 Batt. Insulation.

Exterior Air Film

Vinyl Siding

100

% AREA OF FRAMING + % AREA OF CAVITY
RS, RSIc

|

Building Paper

Type 1 EPS

100
[ 23 [ 77
140X0.0085 3.34

|

Metal let-in bracing

Blended RSI Calculation

100

)+

Polyethylene Sheet

Gypsum Board

Interior Air Film

RSlparavteL =




Required RSI Comparison

Required Effective Thermal Resistance RSI of Above-
ground Opaque Wall Assembly (Zone 7A) w/out HRV

RSI - 3.08

Effective Thermal Resistance Sample
#2 Wall -2x6 16” o.c. R20 w/EPS

RSI - 3.69

Prescriptive Path Compliant (Zone 7A) No HRV



Below Grade Walls

ALBERTA BUILDING CODE 2014 _ A-9.36.2.4(1)



Wall Sample # 3

EFFECTIVE THERMAL RESISTANCE CALCULATIONS

2X4 Wall (89mm x 0.0085 RSI/mm) 24”o.c.
w/ R12 Batt. Insulation.

Exterior Dampproofing

Concrete Wall (8”)

100

% AREA OF FRAMING + % AREA OF CAVITY ]
RS, RSIc

Taped XPS Type 3 (2”)

Blended RSI Calculation

100

[ — [ — |

RSI =

Polyethylene Sheet

Gypsum Board

100

7}

Interior Air Film

RSlparavteL =




Blended Wall Calculation

* Alberta Building Code 2014 _ A.9.36.2.4 Page A-246
Framing and Cavity Percentages

Table A-9.36.2.4.(1)A.
Framing and Cavity Percentages for Typical Wood-frame Assemblies(!)

Frame Spacing, mm o.c.
488 610

% Area | % Area | % Area | % Area
Cavity | Framing | Cavity |Framing

lumber joists 87 1.5 885
I-joists and truss a1 75 925
ceilings with typical trusses 86 125 875

ceilings with raised heel
trusses %0 85

roofs with lumber rafters and a7 15
ceilings with lumber joists ’

roofs with I-joist rafters and a1 75
ceilings with I-joists i
roofs with structural insulated
panels (SIPs)

typical wood-frame

advanced wood-frame with

double top plate® ' ‘ 24”0.C . spacing

SIPs

basement wood-frame inside ; 3 24 X 25.4 = 6101'1'11'1'1

concrete foundation wall

Wood-frame Assemblies




Wall Sample # 3

EFFECTIVE THERMAL RESISTANCE CALCULATIONS

2X4 Wall (89mm x 0.0085 RSI/mm) 24”o.c.
w/ R12 Batt. Insulation.

Exterior Dampproofing

Concrete Wall (8”)

100

[ % AREA OF FRAMING ]+|:
RS,

% AREA OF CAVITY
RSIc

|

Taped XPS Type 3 (2”)

Blended RSI Calculation

100

o 'l
89X0.0085

87
2.11

|

Polyethylene Sheet

Gypsum Board

100

13 :l
0.7565

Interior Air Film

RSlparavteL =




* Alberta Building Code 2014 _ A.9.36.2.8(1) Page A-270

A-Tables 9.36.2.8.A. and B.

Table A-9.36.2.8.(1)C.

Division B

Effective Thermal Resistance (RSI) Values of the Fr_amingr'Cavlty Portion of Below-Grade Interior Non-loadbearing Wood-frame

Wall Assemblies

Nominal Thermal
Resistance of Cavity
Insulation

Size, mm, and Spasd bmm o.c., of Below] frade Interior Nen-loadoearing Wood-frame Wall A

38 x 89 A4 38 x 140

203

304

406 208 | G0s |

a5 | 610

RS,
(m KW

R,
f2°F-h/Btu

Effactive Thermal Resistance of Framing/Cavity Portion, 11 (m2K)W

0.00

0

0.20 0.20 = =

141

1.24 127 - -

194

155 = =

211

164 1.71

2.29

1.73 1.81

247

1.81 191

264

1.89 1.99

282

1.96 208

299
317

2.03 2.16
2.10 2.24

3.34

2.16 2.31

352

222 2.39

370

2.28 246

387

233 252

4.05

2.39 2.59

423

265

4.40

458

4.76

4.93

Notes to Table A-8.36.2.8.(1)C.:
(1t Thesa RS values are valid where the cavity is completely filled with insulation and they do not account for air space in the cavity. A dash (—) means
that it is not feasible to install the cavity insulation listed within the frame configuration in question.

24”0.c. spacing
24 X 25.4 = 610mm




Wall Sample # 3

EFFECTIVE THERMAL RESISTANCE CALCULATIONS

2X4 Wall (89mm x 0.0085 RSI/mm) 24”o.c.
w/ R12 Batt. Insulation.

Exterior Dampproofing

Concrete Wall (8”)

100

[ % AREA OF FRAMING ]+|:
RS,

% AREA OF CAVITY
RSIc

|

Taped XPS Type 3 (2”)

Blended RSI Calculation

100

o 'l
89X0.0085

87
2.11

|

Polyethylene Sheet

Gypsum Board

100

13 :l
0.7565

Interior Air Film

RSlparavteL =




Required RSI Comparison

* Alberta Building Code 2014 _ 9.36.2.6
Page 9-230 — Table 9.36.2.8.A

* Below Grade Assemblies w/out HRV

Table 9.36.2.8.A.

Effective Thermal Resistance of Assemblies Below-Grade or in Contact with the Ground in Buildings without a Heat-Recovery

Ventilator

Forming Part of Sentences 9.36.2.8.(1) to (9)

Building Assembly
Below-Grade or in
Contact with the
Ground("

Heating Degree-Days of Building Location, @ in Celsius Degree-Days

Zone 5
3000 to 3999

Zone 6
4000 to 4999

I Zone 7A l

Zone 7B
6000 to 6999

Zone 8
> 7000

Minimum Effective Thermal

Foundation walls

1.99

2.98

2.98

2.K)W

3.46

3.46

3.97

Unheated floors(@
below frost line(®)5)

above frost linet

uninsulated
1.96

uninsulated
1.96

uninsulated
1.96

uninsulated
1.96

uninsulated
1.96

uninsulated
1.96

Heated and unheated
floors on permafrost

nla

n/a

na

nla

4.44

4.44

Heated floors(6

2.84

2.84

2.84

Slabs-on-grade with an
integral footing®

3.72

459




Required RSI Comparison

Required Effective Thermal Resistance RSI of Below-
Grade Wall Assembly (Zone 7A) w/out HRV

RSI - 3.46

Effective Thermal Resistance Sample
#3 Wall - 2x4 24" o.c. R12 w/XPS

RSI - 3.77

Prescriptive Path Compliant (Zone 7A) No HRV



Roof / Ceiling/ Attic

ALBERTA BUILDING CODE 2014 _ A-9.36.2.4(1)



Roof/Ceiling
Sample # 4

24" o.c. Trusses
Flat Ceiling
2x4 Bottom Chord

Total of 17” Blow-in
Cellulose Insulation.

EFFECTIVE THERMAL RESISTANCE CALCULATIONS

2X4 Bottom Chord(89mmx0.0085 RSI/mm) 24”0o.c.
Cellulose Insulation(89mm x 0.025 RSI/mm)

Exterior Air Film

13 %" Cellulose (343mm X 0.025)

100

% AREA OF FRAMING + % AREA OF CAVITY ]
RS, RSIc

Blended RSI Calculation

Polyethylene Sheet

100

[ — ][ — ]

RSI =

Gypsum Board

Interior Air Film

100

7}

RSlparavteL =




Blended Wall Calculation

* Alberta Building Code 2014 _ A.9.36.2.4 Page A-246
Framing and Cavity Percentages

Table A-9.36.2.4.(1)A.
Framing and Cavity Percentages for Typical Wood-frame Assemblies(!)

Frame Spacing, mm o.c.
488

% Area | % Area | % Area | % Area
Cavity | Framing | Cavity |Framing

lumber joists 87 | 115 | e85 I 24”0.C. SPaCing

I-joists and truss a1 75 925

ceilings with typical trusses 8% | 125 | 875 24 X 254 = 610mm

ceilings with raised heel
trusses %0 85

roofs with lumber rafters and a7 15
ceilings with lumber joists ’

roofs with I-joist rafters and of i
ceilings with I-joists ’

roofs with structural insulated
panels (SIPs)

typical wood-frame

advanced wood-frame with
double top platet

SIPs

basement wood-frame inside
concrete foundation wall

Wood-frame Assemblies




EFFECTIVE THERMAL RESISTANCE CALCULATIONS

Roof/Ceiling

Sample # 4 2X4 Bottom Chord(89mmx0.0085 RSI/mm) 24”.c. Exterior Air Film
Cellulose Insulation(89mm x 0.025 RSI/mm)

13 %" Cellulose (343mm X 0.025)

100 Blended RSI Calculation

24” o.c. Trusses [ ramormone ], [ esmoroun || polyethylene Sheet
Flat Ceiling it Gypsum Board

RSI =
2x4 Bottom Chord ’

[89)(0.7W ]"[ 8%%25 J Interior Air Film

100

IE

Total of 17” Blow-in -
Cellulose Insulation. 0.7565

RSlparavteL =




Required RSI Comparison

* Alberta Building Code 2014 _ 9.36.2.6
Page 9-227 — Table 9.36.2.6.A

* Above-ground Assemblies w/out HRV

Table 9.36.2.6.A.
Effective Thermal Resistance of Above-ground Opaque Assemblies in Buildings without a Heat-Recovery Ventilator
Forming Part of Sentence 9.36.2.6.(1)

Above-ground Opaque Building Zone 5
Assembly 3000 to 3999 | 4000 to 4999 ) 6000 to 6999

Minimum Effective Thermal Resistance (RSI), (m2-K)/W
Ceilings below attics 8.67 8.67 10.43 10.43
Cathedral ceilings and flat roofs 4.67 467 5.02 5.02

Walls(@ 3.08 3.08 3.08 3.85
Floors over unheated spaces : 4,67 4,67 5.02 5.02




Required RSI Comparison

Required Effective Thermal Resistance RSI of
Ceilings Below Attics (Zone 7A) w/out HRV

RSI - 10.43

Effective Thermal Resistance Sample #4
24"0.c. Trusses w/ 17” Blow-in Cellulose

RSI - 10.76

Prescriptive Path Compliant (Zone 7A) No HRV



Links & Other Info.



Links and other information.

« COPY OF ALBERTA BUILDING CODE IS ESSENTTAL.
 Purchase at _ http://www.nrc-cnrc.gc.ca
« CHBA Website - http://www.chbaalberta.ca/alberta-codes

» CHBA Illustrated Guide for 9.36 and Zone Map
http://www.chbaalberta.ca/alberta-codes

* Canadian Wood Council Wall Calculator
http://cwc.ca/resources/wall-thermal-design/




Prescriptive Calculation
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