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ENCLOSURE: SIMPLE LAYERS 
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THE BEST RESIDENTIAL WALL ASSEMBLY  
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• Brick Face/ cavity/
impermeable membrane as 
drainage plane 

• Impermeable foam as 
insulation
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Moisture Movement through Air Leakage vs. Diffusion

1/3 quart
of water

30 quarts
of water

4x8 sheet of
gypsum board

with a 1 in2 hole

Interior at 70 F
and 40% RH

4x8 sheet of
gypsum board

Interior at 70 F
 and 40% RH

In most cold climates over 

an entire heating season, 1/3 

quart of water can be 

collected by diffusion, 30 

quarts of water can be 

collected by air leakage
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Vapor Diffusion Control

•  Diffusion

•  Migration of moisture by means of 

vapor pressure differential

•  Occurs in either direction based on 

climate conditions and interior levels 

of humidity
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House and Barn Renovation, Westford, MA  1997 
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Barn Renovation, Westford, MA  1996 
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Barn Renovation, Westford, MA  1996 
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Barn Renovation, Westford, MA  1996 
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House Renovation, Westford, MA  1997 
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House Renovation, Westford, MA  1997 
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House Renovation, Westford, MA  1997 
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Duplex Renovation, Somerville, MA  2001 
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Duplex Renovation, Somerville, MA  2001 

© buildingscience.com



 

5 

©2009

Building Science 
Corporation 

Duplex Renovation, Somerville, MA  2001 
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Duplex Renovation, Somerville, MA  2001 
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Duplex Renovation, Somerville, MA  2001 
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Single Family Home Renovation, Concord, MA  2007 
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Single Family Home Renovation, Concord, MA  2007 
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Single Family Home Renovation, Concord, MA  2007 
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Single Family Home Renovation, Concord, MA  2007 
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Single Family Home Renovation, Concord, MA  2007 
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Single Family Home Renovation, Concord, MA  2007 
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Single Family Home Renovation, Concord, MA  2007 
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Duplex Exterior Retrofit – Arlington, MA, 2009 
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Duplex Exterior Retrofit – Arlington, MA, 2009 
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Duplex Exterior Retrofit – Arlington, MA, 2009 
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Duplex Exterior Retrofit – Arlington, MA, 2009 
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Duplex Exterior Retrofit – Arlington, MA, 2009 
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Duplex Exterior Retrofit – Arlington, MA, 2009 
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43% heating energy savings projected 

14% domestic hot water savings projected (only one unit) 

~$1500/year savings heating ($3/gallon oil) 

$275/year savings domestic hot water ($1.65/therm gas) 

Duplex Exterior Retrofit – Arlington, MA, 2009 
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Retrofit of Existing Farmhouse into a 2 Story Single Family Home with  
 3 Bedrooms and 2.5 Baths 

The Farmhouse is located in a Cold Climate, Climate Zone 5A (5596 
HDD, 5358 CDH) 

Existing Farmhouse 

Single Family Home Renovation, Bedford, MA  2009 
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Single Family Home Renovation, Bedford, MA  2009 
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Single Family Home Renovation, Bedford, MA  2009 
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Basement Wall Section Perimeter Drain 

Basement Details 
Capillary Break installed under 
new sill beam 

2”-3” High Density Spray Foam 
(~R13 – R19.5) applied to 
Rubble Stone Foundation 

Intumescent Paint fire 
protection for spray foam 

R-10 XPS under New Slab 

©2009

Building Science 
Corporation 

47 

Typical Wall Section 

Wall Details 

4” Cellulose in Walls (R-14)  

2” – 4” Foil-Faced Polyiso Insulating 
Sheathing (R-13 to R-26)  

Joints staggered horizontally 
and vertically 

All joints taped and sealed 

Wood furring strips, vinyl siding 

High Performance Windows 
U = 0.31, SHGC = 0.32 

Double pane, vinyl-framed, low-e, 
argon fill 
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• Window installation 
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Basement Wall Section 

Roof Details 

High Density Spray Foam Air Seal 
at Roof Perimeter 

Spray Foam Flash Coat 
1”-2” (~R6-12) to underside of Roof 
Sheathing and at Gable Walls  

Cellulose Netted and Blown 
2”-4” (~R7-14) between Roof 
Rafters and Gable Framing 

4” (R26) Foil-Face Polyiso 
Insulating Sheathing, in (2) Layers 

Joints staggered horizontally 
and vertically 

All joints taped and sealed 

Nail base, Ice and Water 
Membrane, Asphalt Shingles 
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Projected Energy Use 

All 

Fuels 
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Allowable Interior Vapor Resistance Requirements by Class

Climate Zone
Sheathing

Marine 4 5 6 7

OSB Class I, II Class I, II Class I, II Class I, II

Plywood Class I, II Class I, II Class I, II Class I, II

Gypsum
4

Class I, II Class I, II Class I, II Class I, II

Insulating

Sheathing
2

Class I, II, III

(R-2.5 or greater)
3

Class I, II, III

(R-5 or greater)
3

Class  I, II, III

(R-7.5 or greater)
3

Class I, II, III

(R-10 or greater)
3

Fiberboard Class I, II Class I, II Class I, II Class I, II

Exterior Covering

Unentilated
5

Other Class I, II Class I, II Class I, II Class I, II

Notes:
(2) When insulating sheathing is installed over other sheathing, requirements for insulating sheathing shall govern

(3) Insulating sheathing R-values shown in parenthesis are for 2x4 wall construction.  2x6 walls require insulating sheathing R-values to be
increased 50%.

(4) When insulating sheathing has a vapor permeance of greater than Class III, requirements for gypsum sheathing shall govern
When insulating sheathing having a vapor permeance of greater than Class III is installed over other sheathing, requirements for
insulating sheathing shall govern

(5) Stucco
Brick/Stone/Masonry Veneer

Wood/Wood Based/Fiber Cement
Panel
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Case Description  R-value Rim Joist R-value Top Plate Fraction 

Whole Wall Clear Wall Framing 

2x4, 16"oc, R13FG + OSB (25%ff) 10.0 

11.1 

2x6, 16"oc, R19FG + OSB (25%ff) 13.7 

6a SIPs (3.5" EPS) 14.1 

15.2 

16.4 

16.5 

7c 17.4 

17.5 

19.1 

2x6 OVE, 24"oc R19FG + 1" R5 XPS  20.2 

20.6 

21.5 

30.1 

2x6 OVE, 24"oc, EIFS - 4" EPS 30.1 

Double stud with 2" 2.0 pcf foam, 10" FG  32.4 

2x6 OVE, 24"oc R19FG + 4" R20 XPS  34.5 

6b SIPs (11.25" EPS) 36.2 

36.5 

modified Larsen Truss with ext. spray foam  37.1 
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