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Building Enclosures: 
Science & Pathology
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A Building Is An 
Environmental 

Separator
-Joe Lstiburek
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The Science of Separation

Science:
A systematically 
organized body of 
knowledge on a 
particular subject
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To control the separation of elements, it helps to know the science of 
how the elements move…
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TEMPERATURE
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AIR
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VAPOR
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TEMPERATURE

Mechanical Systems
Body heat
Equipment

Solar

 
AIR 

Mechanical Systems
Wind

Stack Effect

VAPOR

Rain
Humidity

Body Moisture
Equipment
Plumbing
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What happens when the 
building science is not 

followed…
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Another type of science comes into play - Pathology:
the science of the causes and effects of disease
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Purpose of Control Layers
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To Manage
W.A.V.T
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Shed Water
Retard Air

Control Vapor
Keep Heat on one side



16

water ¤ air ¤ vapor ¤ thermal



17

water ¤ air ¤ vapor ¤ thermal
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water ¤ air ¤ vapor ¤ thermal
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water ¤ air ¤ vapor ¤ thermal
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water ¤ air ¤ vapor ¤ thermal
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water ¤ air ¤ vapor ¤ thermal
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water ¤ air ¤ vapor ¤ thermal

LOCATION OF INSULATION CAN IMPACT LOCATION OF DEW POINT
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STRUCTURE
2ND STRUCTURE

RAINSCREEN
VENTILATION

WATER CONTROL
AIR CONTROL

VAPOR CONTROL
THERMAL LAYER
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STRUCTURE
2ND STRUCTURE

RAINSCREEN
VENTILATION

WATER CONTROL
AIR CONTROL

VAPOR CONTROL
THERMAL LAYER
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AIRTIGHT BOUNDARY
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Cathedral Ceiling Conditioned Attic Vented Attic

Details courtesy of 475 High Performance Building Supplies

AIRTIGHT BOUNDARY: SECTION DETAIL
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Mass wall with no insulation 
How does it manage WAVT
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Inherently sheds water 
but…

[images courtesy of Building Science Corporation]
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Also Absorbs It- bricks are 
porous (to varying degree 

depending on when they were 
made)
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[images courtesy of Chris Crissinger]
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Hygroscopic salts within 
brick also attract 

moisture
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Fortunately solid masonry             
buildings have a high drying 
potential
(hmmm – how does insulating the wall effect that drying potential…)
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Masonry walls are permeable
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Permeability vs. Permeance

[images courtesy of Daniel Overbey]
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PERMEABILITY

THICKNESS OF 
MATERIAL

PERMEANCE 
(PERMS)
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PERMEABILITY 
A material property

 [not dependent on thickness]
Measure of the ease with which 
water vapor passes through 1”of 

material

The unit is perm-inch
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PERMEANCE
A layer value

 [per specific thickness of material] 
One perm equals the transmission of 1 

grain of water vapor per hour per square 
foot of material under a vapor pressure 

difference of 1 inch of mercury

The unit is perm
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ASTM E96 
wet cup vs. dry cup
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Method A
desiccant/dry cup

Method B
wet cup
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Method A
measures permeance of 
material when it is dry

Method B
measures permeance of 
material when it is damp
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Dry 
lower permeance

Damp
permeance rises

For many materials…



61

Some people refer to materials 
with a variable permeance as 

“smart retarders.”
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Vapor Retarder Classifications (IECC)

Class I
0.1perm > x

impermeable

Class II
1perm > x > 0.1perm
Semi-impermeable

Class III
10perm > x > 1perm

Semi-permeable
X >10perm
permeable
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4” of brick is about 0.8 perm. 
Considered semi-impermeable. 

Equivalent to Class II vapor retarder
(By comparison GWB is 50 perms)
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3 wythes of 4” of brick is about 0.27 
perm 

1/(1/0.8+1/0.8+1/0.8)
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Permeability of cement 
mortar joint is higher 

than that of brick
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thermal

Masonry 
property
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MASS
Retains Heat

INSULATION
Impedes Heat
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MASS WALL
What happens when you insulate it? 
How does the location of the insulation impact the wall’s 
performance?
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Interior insulation
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Masonry freeze thaw 
deterioration
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More of the brick gets cold, 
and has less drying potential

[images courtesy of Building Science Corporation]
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Thickness of insulation is critical.
Thicker is not necessarily better

[images courtesy of Building Science Corporation]
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Embedded steel corrosion
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Interior plaster finish deterioration
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Wood joist rot
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Mold growth
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Is it better to just 
concentrate on 
W.A.V. and not 

worry about T with 
interior insulation 

strategies?
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“Sometimes you just 
don’t insulate the walls. 
Even if the walls are left 

uninsulated, you can 
often reduce heating 
demand by 50% by 

addressing air sealing, 
the basement, the roof, 

and the windows”
- J. Straube
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Remember… W is 
most important. If 
the brick is pretty 
dry, then freeze-

thaw is less 
damaging
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“You can insulate 
walls to a great 
extent if water 

isn’t concentrated 
on the surfaces,”

- J Lstiburek
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Mechanical 
systems can help 
promote drying
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CASE 
STUDY



85

PRIVATE 
SCHOOL

[TORONTO]

STRAUBE ET AL, 2009
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- 1950’s
- Exterior: 3 wythes load bearing 
brick
- Interior: hollow clay tiles & painted 

  plaster finish

Straube et al, 2009
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A – Masonry wall, hollow clay tile, 
plaster, paint [uninsulated]
B – Masonry wall, SPF (1.9”), air 
space (1”), drywall (1/2”), paint

Straube et al, 2009

4 test conditions 
(2 on each façade):
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Below average winter 
climatic conditions during 
the monitoring period. 
- About half the expected 
rain wetting
- below average number of 
32 degree crossings.

Straube et al, 2009
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Low freeze-thaw risk, 
and minor increase in 
steel corrosion. 

Straube et al, 2009
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Exterior insulation



91



92



93



94



95
[images courtesy of HTFlux.com]



96[images courtesy of Lorne Ricketts, RDH]



97

Climate Zones

It gets cold 
and wet… but not 

as bad as New 
England, or 

Canada. 
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