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Figure 2.6 Insulation Placed on Interior




What Is the R-value?

« R-value Is an assessment of resistance to heat flow through a
wall; ie. it is @ measure of the wall or material’s ability to RESIST
heat movement

« speaks about insulation merit of the wall/material
 The higher the r-value, the better the material
« expressed as m? * °C/W

 heat flow is driven by temperature difference from the interior to
the exterior (higher the difference, more tendency for heat to
move)

* also a function of the area (m?) of the building envelope - more
envelope, more area for heat to escape through

 opague building elements are usually expressed in terms of their
R-value



What Is the U-value?

 U-value is the rate of heat flow through a wall - conductance

* |tis a measure of the wall or material’'s ability to PROMOTE heat
flow.

* The lower the U-value, the better the material
o expressed as W/ m?*°C

 heat flow is driven by temperature difference from the interior to
the exterior (higher the difference, more tendency for heat to
move)

« also a function of the area (m?) of the building envelope - more
envelope, more area for heat to escape through

* glazing materials usually speak in terms of U-values



PR s e Insulation materials need
to be tightly packed in the
wall to prevent airflow
within the cavity. This
kind of convection/air
movement can decrease
i the insulation merit of the
wall, in spite of the actual
r-value that might
“‘appear” to be accurate.
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Figure 4.1 Loose Fitting Insulation Resulting in

Conve=tion Currents
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The R-value for a wall is the sum of all of the R-values for all of the individual
components PLUS values for inside/outside air films and air spaces.

Exterior g 7/ Interior
g “FH— interior air film
— == 13mmgypsum board
—¥ <4h— 100 mm concrete
——1-~ ‘|]| Dblock
== f 75 mm extruded component R value (m%.°C/W)
= A polystyrene
L= : — 25 mm air space interior air film — 0120
— _ gypsum board —  0.081
“H{— 100 mm clay brick concrete block — 0125
_ exterior air film ext. polystyrene — 2.603
7 e air space = A A
= clay brick —  0.074
‘J////A = exterior air film — 0.030
= SR =320 ma°C/W
== Figure 2.3 Calculation of the Thermal Resistance of a
e Building Assembly.



This diagram shows the calculation of the temperature profile across the assembly. Changes are calculated as a
proportion of the overall temperature difference from interior to exterior.

2% -8 9= So what you need to calculate here is the amount
3 O = D Ll =
66 S an OGS of temperature drop across the envelope that
[} ] | 1] | . . .
rr ro @oo each material is responsible for!
20— — W
-1 —
4 ] -1
15_2 R. (m2°C/W) 0120 0.201 0.326 2.929 3100 3.174
. Rn 0.037 0.063 0.102 0913 0968 0991
10— R
: R,
= T. = T, = {=DJAT
5 : e
- ; (°C) 183 172 154 -211 -235 -246
E 0 Exi Int.
% - Ol =1, - 1, =453°C
5 hE : R, = 3.20 m&*C/W
11 | d
& = ' where R, — total thermal resistance to outer edge of
E 2] n'th component
| R, — total thermal resistance of wall
- T, — temperalure of outer edge of nlh
3 component
15— , T, — inside temperature
- T, — outside temperature
20 — : Figure 2.4 Calculation of Temperature Profile in a
= Building Assembly
.25 =




APPENDIX E
DEGREE-DAY VALUES FOR VARIOUS LOCATIONS

WEATHER DATA AND JANUARY DESIGN TEMPERA-
TURES FOR 100 CANMADIAN COMMUMNITIES

Degres  Design lemperatures

days

¥ i
Provinee and below  ° 1—? » t-.;
Station ° 18 ’
Sewfoundlamd
Comer Braok 4 K] ] 22
Candber 3 034 - 18 -1
s Bay f 522 =11 -1
51, kohin's 4 B4 -14 —-16
Stephenville 4783 =17 ~
Northwest Territories
Far Smith T A52 -43 —id5f
Frobisher Bay 4 Ad5 -0 -4 2
fnuvik 1174 i ]
Resaslue 12 349 L ]
Yellowknife 0598 —43 =45
Mowva Scotia
Armherst I 580 -1 -24
Halitax 4123 ~-16 -18
Ernivills 4 M0 -18 —
Mow Glasgow 4 3 =] ot £ !
Sydney 4 450 - 16 - 18
Trumo 4 704 =21 -13
Yammoutn 4024 -13 15
Ormlario
Belleyille 4 190 -22 =24
Chatham 1330 =16 - 18
Cormwall + 470 =23 =25
Hamilton i710 =17 = 14
Kapuskasing i 3ish =313 =15
Remuta 5032 — -6
Kirgsion 3 266 —I2 - 24
Kitg hwnpr 3110 -19 -1
London 1 (68 -18 -2
Marth Bay Fae -28 — b
Lasnawa 4130 =149 -1
Ditlawa 4 b7 3 =15 =17
[rveen Sound 4 220 =149 =11
Peterborough 4 520 —23 — 1%
St Catharines 1550 16 &
Sarmia 1 840 =16 -18
Sl Ste Adarue 5 TRO -5 ]

Temperalure obeervations o aipons andior kel weather oifices
wwrre wrmed ey e ve o deslgn dlasa,
Foar ackifibiiral data fsdes o The Sippwwsmerd by bhe Aaticeal Fuding

Dok ! el 1S

Degree  Design temperatunes
dave . —

Provwince and R T . !.,_."?"" 1;
Station 18°C )
Sudbuiry 5 447 =28 =30
Timmins G109 34 kLT
Tearerrificn 4 DE2 -18 -20
Windsar 3 580 ot 1] =18
Prince Edward Island
Charlotiedown 4 b3 -2 -22
Summerside 4 B0 =20 =22
O b
Bagoville 5776 -3 —-33
Chicosutirm 5310 —34 -12
Drummoncdyille 4 74l -25 - 28
Crantw 4 380 -25 =27
Hul 4730 23 20
Mbgantic 5 280 -3 25
Mhontrial 4471 -213 =26
Chidhee 5 NAD —J5 — 28
Rimenski 5 4040 25 =¥ I
5. [ean 4 630 w ~16
S |ardme 5 Didl -2% —~2F
Sepr Hes 6135 =30 —32
Shawinigan 5110 —-2h —19
Shorbrooke h 242 -2H - i
Thestford Mines 5 350 -2y -8
Triais Rivatres 5070 -15 —28
Vald'Or b 146 i3 i6
Valloylicld 4 520 -23 25
Saskatchewan
Estevan 5542 -12 -34
Moose faw b 4040 -2 -4
MNorth Battleford G 050 -34 -356
Prince Alber 6 562 7 ~41
Regina 5910 - 34 1]
Saskaloon bury =15 =37
St Curmem 3482 32 - 34
Yorkion 6219 - 34 - 37
Yukon Territory
Drawsen B274 =50 =51
Whitehorse & Aarg =41 -43

Wall design and
mandatory R-values for
assemblies are
determined based on the
severity of local climates,
expressed in degree-
days. The more severe
the climate, the more
Insulating value required
by the code.
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The psychrometric chart can be used to determine the dewpoint as a function of the indoor
dry bulb temperature and the relative humidity of the space.

The point on the outer curve

100% AH

T
Hurmidity Rato gl waler

is 100% RH — meaning .
liquid water state — or the ALL VNS
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Figure 2.11 Simplified Psychrometric Chart
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THERMAL KETISIANCE VAL UER OF UARIOIL S RUILOVNG BIATERIALY

Thermal Resistance*

Per Unit Foor Thickness
of Thickness®™ Listed
Doscription 51 B B ksl R
Air Surtace Films
Sull Arr-Horzoatal Sumace — Hexl
Flow Up — e irsice of cedlings 0105 (D61
Stll Awr=Horizontal Surface — Heal
Flow Diown — e inslde of Qoo 0,161 {0.92)
Still Air-Vertical Surface — Hoat
Flow Horrontal — e g, inside af walls 1240 {40, bbb

Moving Alr — Any Position &8 caifsichs of any surface D30 (oA

Air Spaces — Faced with Noa-reflective
Materials — 12 mrm (1/27) Minimuim

Hmme s o

Hirngomial Space — Heat Flow Lip (150 (0851
Hionzondal Space — Hivat Flems Dhewieny (P8R0 (.02
Verlical Space — Heat Do | bosizantal 071 D97

Aur spaaces Less than B2 mm (1/I7)

b Airimmnem Chresension o
Air Spaces — Faced with Reilective

Materiale®** — 12 mm (1/27) Minimum

Crimmension

Homzental Space-Faoed 1 Side — Heal Flow Up 0.324 (1.84)
Horizontal Space-Faced 2 Side — Heal Flow Up 0.332 1.849)
Horizomal Space-Faced 1 Side — Hea

Flow Daoawn 059450 (5,50)
Horizontal Space-Faced 2 Side — Heat

Fligw [evwn 1,034 §3.67]
Yerical fpace-Faced 1 Side — Heat Flow

Haortzomtal 0465 (12,64}
Vedical Space-Faced 2 Side — Heat Flosy

Hiamizoantal OAHO [2.73)
Air Spaces Less than 12 mm 1/2% m

Mintmem Dirvsefsaon 0

* Walues are given in m® - 0 inllowed by valees in (5, bro "FIB.T. UL in patonilses

= hhebric values are given per mm af thickress, Imperial values ane given geer inch of thickness.

= These values may not be used in calculations for areis wheee the mean annual 1olal degree devs excoed 3400
Coluws degeee days (8BGO0 Fabrenbel desres days)

The interior and exterior
air film (based on the
texture of the surface,
combined with speed of
air flow over) contribute to
the overall R-value of the
wall. For a piece of single
glazing, the contribution is
very high!

When selecting values for
air spaces, be careful to
note the direction of heat
flow, up or across the
envelope.




THERMAL RESISTANCE VALUES OF VARIOUS BLILDING MATERIALS

D ription
Insulation
Mhinaral Wool and Glass Filbre
Cerllulose Fibre
Vermicul e
W] Fabwas
Wiood Shavings
Sprayed Ashestos
Expanded Polyatyrene Complying
with CGSHE a1.GP-140 (197 2)
— TYPE 1
— TYPE 1
= TYPE 3
— TYPE 4
Rigid Class Filwe Bood Insulation
Matural Cork
Rigid Lirethame o
Isoey amirate Board
Abineral Agpregabe Boand
Comprassed Seaw Board
Fibashwwared
Phenalic Thermal Insulation

Struelural Malerials

Cedar Logs andd Lumber
Onher Softwood Logs and Lumber
Concrete:
— 2400 kafm® (150 lyfcuiv)
— 1760 kgfrre 1110 ko)
B0 kgfm? (30 yfoui)

Concrede Block — 3 Owal Cone

Sand anil Gravel Aggregate
1002 myma | 47)
— 200 mm | &)
300 mm (12"

Linber Apgregate
— 100 mm | 47)
— 200 mm | #7)
— M) mm (127]
Lightweight Aggregate
— 100 mm | &47)
— 200 mm | &7
— AU mm (127

* Values are given in m® CAW followed by values in i, be, “F/BE.T.UL in p.'irunThF--st‘i..

Thermal Resistance®
Per Linil Furr Thinkmiss
of Thickness** Listed
RS R RSl [

0.0208 (3.0d0
4.0253 (165
0144 (2.08)
00231 (333
00169 (244
L0207 [2.90i

0257 (3700
00277 (4,00
u2u8 (4,300
00347 (5,001
O2ZTT (4000
0257 14.700

00420 (6.
L0182 (263
00739 (2,00)
0794 (2.80)
QL0304 (434

0.0092 (1,335
UAOET 11 25

(D04 500 065)
D03 (01
CLDDGE (100

0125 (T
£.1495 (1.11)
0.225 (1,28)

0025 (71
0195 (1.11)
0.225 (1.28)

0264 (1.50
0352 (2.0
0.400 (2.27)

** Metne values are given per mm of thickness. Impenal valises ane given pr inch of thickness

The following pages list
the R-values for various
building materials. Some
are noted per unit
thickness (per mm).
Some are noted for
known manufactured
sizes. If noted per unit
thickness, It Is necessary
to multiply the value by
the thickness of the
material before adding it
Into the listing.




THERMAL RESISTANCE VALUES OF VARIDOUS BUILDING MATERIALS

Thermal Hesistance®

Fer Unit For Thickness
of Thirkness®* Listed
Description R&I R RSI R
Sheathing Materials
sattwiad Plywood ODBET 11.25
Mat-Formed Particle Bodrd 0A08T i1.25
insulating Fibreboard Sheathing k5 12.38)
Cypsum Sheathing 0.0062 (0.90)
Sheathing Paper Q011 (0.06)
Asphal Coated Kralt Paper
Vapour Barricr Megligible
Folyethylone Vapour Barrier Megligible
Cladding Materials
Fibreboard Siding Q0107 {1 541
Soltwend Siding
Diop — 18 = 184 mm (17 % §7) 0139 (0,79
Bevel — 12 = 1H4 mm
2" = W) — Lopped 143 (081
Bevel — 19 = 235 mim
134" w100 — Lapymsd 185 (1,03
Plywood — 9.mm (1/87% — Lapped 0103 {0.59
Brick
Clay or Shalg — 100 mm (47 0074 40,43}
Concrote and Sand/Lime — 100 mim (4%) 0053 10,300
S oo 4 (10 MR
Metal Sucling
Hortzantal Clapdsnard Profike 0,123 {0.700
Hosieomtal Clipboard Prodile
with Backing 0,246 (.40
Vertical VelGmove Profile 0123 [0
Vertical Board and Batten
Prafile Meglgihle
Rowiing Materials
Maphal Roll Rooling (026 (0.15)
Maphalt Shinglis 0.078 i0,44)
Busilt=Lip Rooting O.058 (0.33)
Wi Shimglis (.165 (094

Crosbeg Stone — Mot Dreied QA0 (60,08

* Walues are given i m® OO followed Dy values in 05 e, "FRTLUL inparentheses.
* Metnc values are given per mm of thickness, [miperal valwes are given por inch of thickness,




THERMAL RESISTANCE VALUES OF VARIOUS BUILDING MATERIALS
Thermal Resistance®
Per Unit For Thickmiess
ol Thickness** Listed
Description RSl R RS R
Interior Finish Materials
Cavpsum Board, Cypaurn Lath QG2 10.90)
Cypsum Flaster — Sand Aggrogate 00014 .20
Coypstatny Plaster — | ighnsweigh
Aggregate N044 0. 6Ga)
Plywood 0.0087 11.25)
Hard-Pressed Fibreboard 0.0a50 0.72)
Insulating Fibeeboard 0.0165 (2.38)
Mat-Formed Partic leboard 0.0087 11.25)
L arpet Fibrous Underiay GG [2.08)
Carpet Rubiber Uncdolay 0.226 (1.28)
Resillent Floor Coverings 0014 ([D.08)
Tedrazeon — 25 mm {17) 014 (008
Hardwood Flooring — 9.5 mm (8% 0,060 (0,34}
T roam (50470 0,1 20 (.68
Wl Filbae Tales — 13 mm {1/2%) 2 (1.715)
® Values are given in m®-SCAV ollawed by valuis in % hr, “FIET.U, in parentheses,
= Muotric values are given per mm of thickness. Impenal values are given per inch of thickness,
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