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ABSTRACT

This paper is intended to acquaint home builders with techniques to design 
conventional exterior wood-frame stud walls with higher thermal resistance 
without resorting to the use of larger-size studs. To illustrate, the paper 
suggests 22 sample wall assemblies developed at the EFPL that will meet the 
spectrum of thermal resistance levels recommended by a Canadian model code on 
energy conservation for new buildings. Comparative cost data are given.
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RESUME

On peut concevoir un mur extérieur traditionnel à ossature de bois dont la 
résistance thermique est supérieure à celle connue jusque là, cela sans 
augmenter les dimensions des poteaux. Le Laboratoire des produits forestiers 
de l'Est a mis au point 22 exemples de murs extérieurs qui répondent aux 
exigences variées de résistance thermique recommandées et proposées dans le 
code modèle canadien pour la conservation de 1'énergie dans les constructions 
nouvelles. Les coûts des divers types de murs sont donnés.
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INTRODUCTION

Reducing the amount of energy used to heat the Canadian home is a major aim of 
the national energy conservation program. Almost 22 percent of Canada's total 
energy consumption is used to heat our homes; this is roughly 70 percent of 
the total energy consumption of a typical home [3, 10].

Increasing the thermal resistance of the envelope of a house is economically 
desirable in the light of the escalating world price of fossil fuels [11]. In 
fact, the Standing Committee on Energy Conservation in Buildings (SCECB) of 
the National Building Code (NBC) suggests that thermal resistance in building 
codes be increased in "Measures for Energy Conservation in New Buildings" 
(MECNB) [1, 2].

Builder's reaction has been centered around the thermal resistance recommenda-
tions for exterior walls of this model code (Figure 1). They are apprehensive 
that the increased thermal resistance recommendations will require larger 
studs to accommodate the thicker insulation. Wood frame stud walls with 38 mm 
X 140 mm ( 2 X 6 )  lumber may be structurally overdesigned and its use may dis-
locate the market because of the short supply of the larger studs [2]. More-
over, diminishing the market for 38 mm X 89 mm (2 X 4) lumber might precipi-
tate the closing of some stud mills in eastern Canada which can produce only 
smaller studs because of the small trees available.

The minimum thermal resistance of our building codes should, ideally, be the 
resistance that will minimize the sum of the annual cost to produce the heat 
lost through the building components that form the thermal envelope plus the 
cost of insulation. Theoretical determination of this optimum relies on 
assumptions of fuel costs, inflation, and the economic life of the materials 
used [11]. This has been a continuing subject of discussion, but will not be 
pursued in this paper other than to indicate that the basis for the derivation 
of the minimum thermal resistance provisions of the MECNB is economics.

The new set of thermal regulations does not attain legal status until its 
adoption by our regulating agencies. The minimum thermal resistances for 
ceilings, floors, and foundation walls in the MECNB are already part of 
Builders' Bulletin No. 267 [6] of the Canada Mortgage and Housing Corporation 
(CMHC) since October 1977 and hence are already a requirement for all housing 
financed under the National Housing Act (NHA). Except for the requirements 
for exterior walls the thermal resistances in MECNB are the same as those in 
CMHC Builders' Bulletin No. 267. The bulletin merely recommends one thermal 
resistance value RSI 2.5 (R 14.2) 1 for all regions of Canada, but only up to 
June 30, 1981, when CMHC Technical Builders' Bulletin Nos. 332 (which will 
supersede No. 267) and T-l will implement all the recommendations of MECNB.

1 Metric thermal resistance in m 2 °C/W follows the RSI symbol. Imperial
units in hr. sq. ft. °F/Btu in parenthesis.
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Because of the implications of the coming regulations this paper presents and 
examines some wall constructions which meet the new requirements, and presents 
relative cost data on these walls.

THE EXTERIOR WALL

The implication that the MECNB thermal resistance recommendation for walls 
will require thicker wall cavities than are now provided by the 38 mm X 89^mm 
( 2 X 4 )  wood frame stud wall is the primary concern of home builders. Thicker 
walls will require wider door and window frames, and larger studs. All these 
represent additional material costs over and above the extra cost of the 
thicker insulation for the whole thermal envelope of the house.

Examination of the conventional 38 mm X 89 mm (2 X 4) stud wall in Figure 2 
and the thermal requirements of MECNB for exterior walls show that the lowest 
thermal resistance value RSI 2.5 (R14.2) can easily be met by normal construc-
tion methods with no change in the structural frame. With judicious selection 
"5f thermally efficient cladding and sheathing, even RSI 2.6 (R 15) thermal 
resistance may easily be achieved. The examples of wall sections described 
below show that it is not necessary to use larger studs to meet any of the 
requirements of the MECNB.

BUILDING UP THERMAL RESISTANCE IN A WALL

There are two ways by which one can provide increased thermal resistance to a 
wood frame exterior stud wall: (1) by selecting sheathing or cladding that is
of higher thermal efficiency, or thicker interior gypsum board finish; or (2) 
by using more insulation in the stud cavity. The latter is limited by the 
size of the stud and insulation material. It requires some judicious juggling 
of material types, their costs and the labor required to put them together, to 
arrive at the most efficient combination to provide the required thermal

resistance.

There are many limitations which reduce the choice of materials, such as 
architectural demands for a specific cladding material and finish, or a con-
struction technique favoring the use of strong sheathing for component 
transport. This may narrow down the selection process to fewer materials. The 
thermal calculations are simple, and examples (the CMHC suggested method is 
shown in Figure 2) are available in a number of government and trade publica 
tions cited at the end of this paper [4]. CMHC's Acceptable Builders 
Materials Systems and Equipment Manual", or their Builders' Bulletin No. 28 
[7] give the thermal resistances of various construction materials and those

of the surface air films.

The total thermal resistance for the commonly used materials for cladding, 
building paper, sheathing and interior finish in walls plus the interior and 
exterior surface air films is roughly RSI 0.5 (R 3). So, if the required 
thermal resistance for any given locality is RSI 3.0 (R 17), the difference in 
thermal resistance RSI 2.5 (R 14) has to be provided by the insulation m  the 
stud cavity. Conventional mineral wool fiber of the thickness provided y a 
38 mm X 89 mm (2 X 4) stud wall will have a thermal resistance lower than that 
required. The difference can be made up by either increasing the thickness of
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the other panel materials, using mineral wool fiber that has higher thermal 
resistance per unit thickness, or by building up the necessary cavity 
thickness as indicated for the wall sections illustrated in this paper. In 
this instance, a cavity increase of 13 mm (or half an inch) is all that is 
really necessary to contain the RSI 2.5 (R 14) mineral wool insulation.

In response to a request of the building industry, glass fiber insulation 
manufacturers are now marketing a batt insulation with a thermal resistance of 
RSI 2.5 (R 14) that will fit into the 89 mm (3-1/2 inch) thick cavity of the 
38 mm X 89 mm (2 X 4) stud wall. This makes the solution to the preceding 
problem simpler.

NEW WALL SECTIONS

The Eastern Forest Products Laboratory (EFPL) has developed a number of wall 
sections that will meet the requirements of MECNB for thermal resistance. 
Some of them are not the most efficient construction but were selected to 
illustrate how to achieve various thermal resistances.

STUD OPTIONS

The 22 wall sections given in this paper incorporate only eight stud sections 
(Figure 3). The studs may be classified into three general types: (1)
standard (St), (2) built-up (Bu),and (3) special (Sp).

The standard studs are those listed in grading rules: 38 mm X 89 mm (2 X 4),
38 mm X 114 mm (2 X 5), and 38 mm X 140 mm (2 X 6).

Built-up studs are modified 38 mm X 89 mm ( 2 X 4 )  studs, made wider through 
the addition of "spacers” fastened to one of the stud's narrow faces. The 
spacers do not serve any structural function and could be made of scrap 
material nailed, stapled, or glued to the studs. Spacers act as a nailing 
medium, primarily, and increase the cavity thickness for insulation. These 
studs are used in wall sections 3, 3a, 5 and 5a (Figure 4).

Two special studs are suggested as more desirable lumber sections using a 
thickness of only 32 mm (1.25 inches), instead of 38 mm (1.50 inches). 
Another special proprietary stud being introduced into the market commercially 
is shaped like an I-section with interrupted plywood webs. The 32 mm (1.25 
inch)' studs are 102 mm (4 inches) and 114 mm (4.5 inches) wide and represent 
sections that have less wood volume than 38 mm X 89 mm ( 2 X 4 )  and .38 mm X 114 
mm (2 X 5), respectively. They are used in wall sections 4, 4a, 6, and 6a. 
The I—section stud is a composite wood—plywood assembly with two 38 mm (1-5 
inches) square lumber flanges and 9 mm (3/8 inch) plywood web glued into 
grooves in the flanges. It is used in wall section 11.
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SHEATHING

The sheathing component of the traditional wood frame exterior wall is, 
potentially, a good area for change to improve its thermal resistance through 
the use of new or improved panel products. While the sheathing standards 
differ from province to province, the Residential Standards [2] is silent on 
its use other than "when the exterior cladding requires intermediate fastening 
between supports or if exterior cladding requires solid backing . The most 
commonly used sheathings are 11 mm (7/16 inch) fiberboard (FB), 13 mm (1/2 
inch) gypsum board, 7.9 mm (5/16 inch) plywood, 7.9 mm (5/16 inch) particle-
board (PB) or 7.9 mm (5/16 inch) waferboard (WB) , in descending order of the 
thermal resistance they provide. In the sizes used, gypsum board provides 
only 43 percent, and plywood, particleboard and waferboard only 38 percent of 
the thermal resistance of fiberboard. Using more than one layer of fiberboard 
can supplement the RSI 2.1 (R 12) thermal resistance of mineral wool insula-
tion in the 38 mm (1-1/2 inch) cavity, but it would be more economical if 
thicker sheets were manufactured. The EFPL 38 mm (1—1/2 inch) variable- 
density experimental board used in wall panels 12 and 12a can provide greater 
thermal resistance and adequate strength.

Lightweight cellular plastics are being gradually introduced as wall sheathing 
for Canadian homes. Their potential for causing moisture problems is of con-
cern, but there are no criteria for water vapor permeability for exterior wall 
sheathing at present. These rigid sheets provide excellent thermal resistance 
and permit the construction of a 38 mm X 89 mm (2 X 4) stud wall that meets 
the most extreme weather condition requirements of MECNB. Their use is regu-
lated in CMHC insured housing [5]. They are used in wall panels 10 and 10a.

COST RATIO

To show the effect of using different materials and sizes, a cost estimate of 
the walls was made, based on bulk material prices for builders in Toronto and 
Ottawa, in January 1978. Materials and labor were determined for 9.3 m2 
(100 ft.2) of wall [8, 9]. Material cost included that for lumber, sheath-
ing, insulation, fastenings, and some estimate of extras for oversize window 
and door frames, but excludes that for cladding, building paper, vapor barrier 
and interior drywall. The exclusions were made under the assumption that they 
do not form part of the variable.

Because of the fluctuating prices in the building materials market, only a 
comparative ratio to a conventional wall (taken as 100 percent) is given for 
each wall construction. Two stud spacings: 400 mm and 600 mm (16 inch and 24 
inch) on centers (o.c.) were used. The data are presented in the Table.

SUMMARY

A number of thick wall sections are suggested, with different thermal resis-
tances to illustrate how different insulation levels in walls may be achieved 
in wood-frame construction. Comparative cost data are also given. The use of 
38 mm X 140 mm (2 X 6) studs is shown to be unnecessary to meet the thermal 
resistance requirements of MECNB.
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Table: Summary of thick wall sections data and cost ratio

THER- STUD
No. MAL

RES.
SIZE
(in.)

TYPE SPACING

1 RSI 2.6 1.50x3.50 Standard 16"o.c
la (R15) 1.50x3.50 Standard 24"o.c

2 RSI 3.0 1.50x3.50 Standard l6"o. c.
2a (R17) 1.50x3.50 Standard 24"o.c

3 RSI 3.0 1.50x4.00 Built-up 16"o.c
3a “ (R17) 1.50x4.00 Built-up o•o<reg

4 RSI 3.0 1.25x4.00 Special l6"o.c
4a (R17) 1.25x4.00 Special 24"o.c

5 RSI 3.3 1.50x4.50 Built-up 16"o.c
5a (R19) 1.50x4.50 Built-up 24"o.c

6 RSI 3.3 1.25x4.50 Special l6”o.c
6a (R19) 1.25x4.50 Special 24-o.c

7 RSI 3.3 1.50x4.50 Standard 16"o.c
7a (R19) 1.50x4.50 Standard 24"o.c

8 RSI 3.5 1.50.5.50 Standard 24"o.c
8a (R20) 1.50.5.50 Standard 24"o.c

9 RSI 3.5 1.50.3.50 Standard 16"o.c
)9a (R20) 1.50.3.50 Standard 24"o.c

10 RSI 3.7 1.50x3.50 Standard 16"o.c
10a (R21) 1.50x3.50 Standard 24-o.c

11 RSI 3.5 
(R20)

1.50x5.50 Special 24"o.c

12 RSI 3.5 1.50x3.50 Standard 16"o.c
12a (R20) 1.50x3.50 Standard 24-o.c

WALL
SHEATHING CONSTRUCTION COST

0
RATIO
y

7/l6"FB Conventional
/

100
o

7/16"FB Conventional 100

14/16"FB Double Sheathing 115
14/16"FB Double Sheathing 117

f-'
7/16"FB w/0.5xl.5 spacer 104
7/l6"FB w/0.5xl.5 spacer 105

7/16"FB Conventional 103
7/16"FB Conventional 104

7/16"FB w/1.0xl.5 spacer 106
7/16"FB w/1.0xl.5 spacer 106

7/16"FB Conventional 113
7/16"FB Conventional 112

7/16"FB Conventional 113
7/16"FB Conventional 112

7/l6"FB Conventional 111
7/16"FB Conventional 133

7/16"FB w/1.5xl.5 horiz. 138
7/16"FB furring at 16" 133

1.5-Plas- w/foam sheathing 134
tic foam w/foam sheathing 141

7/16"FB Conventional ? ?

1.5"EFPL FB Same as plastic ? 7

1.5"EFPL FB foam ? ?

REMARKS

May be cheaper if FB can be obtained 
as a single thickness.

Spacer has no structural function; 
serves as nailer & increases cavity

Smaller volume than 1.5x3.5 but will 
require standard acceptance.

Spacer has no structural function; 
serves as nailer & increases cavity

Slightly larger than 1.5x3.5 but 
smaller than 1.5x4.5 in volume.

Not easily available in market.

Limited stud supply.

If not for its labor content, the 
most desirable construction.

Questions on sheathing permeability 
to be resolved.

No cost data available.

With cellulose loose fill in-
sulation.
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Figure 1. Minimum thermal resistance requirements for exterior walls of MECNB
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TYPICAL THERMAL
COMPONENT MATERIALS RESISTANCE

USED RSI R

1. Exterior air film - - - 0.03 0.17

2. Cladding 1 x 8  Wood Siding 0.14 0.81

3. Sheathing Paper Building Paper 0.01 0.06

4. Sheathing 11 mm Fibreboard 0.18 1.04

5. Insulation - Reduced 
95% for framing

Mineral Wool - 
RSI 2.1 (R12) 2.01 11.40

6. Vapour Barrier Polyethelene - -

7. Interior Finish 12.7 mm Gyp sum 
Board 0.08 0.45

8. Interior air film - - - 0.12 0.68

TOTAL Thermal Resistance (Net) RSI 2.57 R 14. 61

Figure 2. Typical wood-frame■ vrall cross section, and sample calculation Of i

its thermal resistance



Figure 3. Stud types used in wall constructions
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Figure 4. Thick wall sections utilizing 8 stud types from Figure 3


