Residential Buildings

Building Envelope

Goal
Upon completion of this module the participant will have a
greater understanding of the purpose and performance of the
building envelope and how to inspect it.
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Goals
Upon completion participant will be able to:
• understand the function of the building envelope
• understand the factors and principles affecting the building
envelope
• recognize the components of the building envelope
• know the function of each component and different materials
used
• appreciate the importance of an inspection of the building
envelope components

Objectives
Upon completion participant will be able to:
• explain the function of the building envelope
• explain the factors and principles affecting the building
envelope
• identify the external and internal components of the building
envelope
• state the functions of each of the components of the building
envelope and different materials used
• conduct an inspection of the building envelope components

2

FACTORS & PRINCIPLES
The following factors and principles affecting the building
envelope will be examined individually:
1.
2.
3.
4.
5.
6.
7.

Conduction/convection/radiation of heat
Humidity, relative humidity, migration of water vapour and
condensation problems
Ventilation control
Entry of wind-driven cold air
Entry of wind- or gravity-driven water
Climatic changes
The occupant

FACTORS & PRINCIPLES
1. Conduction/convection/radiation of heat
– These terms are associated with heat loss
– Heat travels from warm areas to cold areas
– Heat loss by conduction occurs when heat flows through a
material (e.g., through walls, ceilings, windows and doors)
– Heat loss by convection occurs when heat is carried out to the
exterior by air movement through leaks in the building envelope
(e.g. around the window perimeter)
– Heat loss by radiation is minimal compared to heat loss by
conduction and convection, and is not discussed here
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FACTORS & PRINCIPLES
2. Humidity, relative humidity, migration of water vapour and
condensation problems
– Humidity is water vapour in the air, and is created by boiling
water, evaporation and air movement
– Relative Humidity is used when referring to the measurement of
water vapour in the air. Formula is: R.H. = Amount of water in the
air
F.C. Maximum amount of water the air can contain at a
specific temperature
– Cold air holds less water than warm air

Write the relative humidity formula on a flip chart and, with
arrows, explain that as the temperature falls, humidity rises
until it reaches 100%, or the dew point. At 100%, the water
vapour changes into water (condensation), or frost, depending
on the temperature

FACTORS & PRINCIPLES
Migration of water vapour
– heat travels from warm areas to cold areas, and creates air
movements called convection currents, which transport the
humid air
– Example: Warm air in the house hits the window, the
temperature of the air falls, the relative humidity rises and
condensation occurs.
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FACTORS & PRINCIPLES
Condensation problems - Students must be able to distinguish
types of condensation to find the cause and a solution:
– surface condensation is caused by living conditions, and is
seen on walls, in closets, on windows and on ceilings
– interstitial condensation is caused by air leaks and lack of a
vapour barrier, and is found in wall cavities or the
underside of roof sheathing.
Note: "interstitial" - meaning between two surfaces.
The magnitude of both types of condensation problems will be
discussed later.

FACTORS & PRINCIPLES
3. Ventilation control
– The house must "breathe" to maintain a habitable
environment, and to remove pollutants and surface
condensation
– The house must "breathe", but not by air leaks through its
envelope. These cannot be controlled and are not an
acceptable form of ventilation.
– Remember - that if air leaks through the building envelope,
interstitial condensation problems will be created.
– Non-habitable spaces must also be ventilated to remove
humidity.
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FACTORS & PRINCIPLES
4. Entry of wind-driven cold air. If wind-driven air enters the
house, it will:
– impair insulation efficiency
– increase the relative humidity level in the house and create
moisture problems
– cause discomfort to the occupants.

Cold air currents can disrupt the heating, ventilation and air
conditioning system.
Cold air which enters the house will displace the same amount of
warm air to the outside because air in the house is in a
balanced system.
Cold air coming into the house cannot be treated or controlled
and, therefore, it is important to have an air or wind barrier of a
breather type.

FACTORS & PRINCIPLES
5. Entry of wind- or gravity-driven water
– As buildings are designed to be as airtight as possible,
water that has penetrated the envelope will not dry,
because of insufficient air or ventilation
– Water penetration will lead to rotting and deterioration
– Finding and eliminating water penetration from the outside
is a priority when determining work to be done on the
building envelope.
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FACTORS & PRINCIPLES
6. Climatic changes
– The building envelope must go through different climatic cycles,
(freeze/thaw, wet/dry, hot/cold, rain/snow).
– The inspector must realize what effect these cycles will have on
the building envelope.

FACTORS & PRINCIPLES
7. The occupant
– The occupant's lifestyle is a major factor the building envelope
must accommodate
– The inspector must explain to the occupants the problems that
exist in the house due to their living conditions and the measures
required to correct them
– The occupants may have to change their living habits if
necessary.
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FACTORS & PRINCIPLES
The factors and principles just discussed are the major ones
affecting the building envelope.
1. Conduction/convection/radiation of heat
2. Humidity, relative humidity, migration of water vapour and
condensation problems
3. Ventilation control
4. Entry of wind-driven cold air
5. Entry of wind- or gravity-driven water
6. Climatic changes
7. The occupant

Components of the Envelope
There are two major groups – external components and internal
components
External Components:
• Foundation
dampproofing
• Exterior wall finishes
• Windows
• Doors
• Joint protection
• Roof

Internal Components:
• Insulation
• Air/vapour barriers
• Interior finishes
• Doors
• Ventilation/ventilation
equipment
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Components of the Envelope

Function of Components
1.

Foundation dampproofing:
used to prevent moisture or
water migration into the crawl
space or basement
– It does not add strength to
the foundation wall
– Tar or asphalt compound
are used for foundation
walls;
foundation
wall
drain clad sheeting is often
used today
– Polyethylene is used for
basement floors. It should
be covered with 50 mm of
sand or poured concrete.
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Function of Components
2. Exterior wall finish: used to
repel wind and water, and to
provide a skin for other
systems such as plumbing,
electrical and structure.
–
It must be protected from
deterioration
–
The exterior wall finish
may be composed of one
or
more
types
of
material, including siding,
sheathing and building
paper
–
Siding materials that may
be found during the
inspection
include
lumber, wood shingles,
asbestos
cement
shingles,
asphalt
shingles, particleboard,
metal, brick, and stucco.

Function of Components
2. Exterior wall finish - continued
–
Sheathing materials include
lumber,
plywood,
rigid
insulation,
particleboard,
gypsum lath
–
Building paper is usually No.
15 construction paper. It must
be a breather type
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Function of Components
3. Windows: provide light and
ventilation
–
Windows are composed
of three parts, namely:
the frame or jamb, which
contains the sash; the
sash, which contains the
glass; and the glass
itself
–
Examples are: fixed,
double-hung, horizontal
sliders, sash-less, and
casement

Function of Components
4. Doors: permit entry and exit points
from a building
–
Doors are composed of
three parts, namely: the
frame, which is solid wood
or
metal
around
the
perimeter of the door; the
leaf, which is the interior
and exterior side finish; and
the
hardware,
which
includes the hinges, locks
and handle.
–
Sample materials: wood and
metal.
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Function of Components
5. Joint protection - There are three
types of joint protection material:
–
Weather
stripping,
which
reduces air leaks and cold
drafts, is applied where two
surfaces meet and move
relative to each other.
–
Caulking is used to seal and is
applied where two surfaces
meet and do not move.
Sample
material:
latex,
silicone
–
Flashing is used to shed water
over joints. Sample materials:
copper, aluminum, steel

Function of Components
6. Roofs: prevent water penetration
into the unit, and to carry
water away.
–
Sample materials are:
asphalt or wood shingles,
rolled asphalt, tar and
gravel, rubber based
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Function of Components
1. Insulation: used to prevent heat loss
by conduction.
–
explain the phrase "heat loss
by
conduction"
(it was
previously explained in the
factors and principles section)
–
R-value (RSI) - it determines
the thermal efficiency of the
house - the higher the Rvalue, the better insulated are
the walls
–
Insulation materials include
glass fibre, mineral wool,
wood chips, clay, straw,
bricks, foam, polystyrene,
polyurethane, (UFFI) urea
formaldehyde, and vermiculite

Function of Components
2. Air/vapour barrier:
Air barrier is used to control
humid air, water vapour or
warm air entering the
building envelope by air
leaks. Sample materials for
air barriers are polyethylene
and sealers
Vapour barrier is used to control
water vapour entering the
building
envelope
by
diffusion. Sample materials
for vapour barriers are
polyethylene, different types
of paints, kraft paper and
aluminum foil
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Function of Components
3. Interior finishes:
Interior finishes in the context of the building envelope include
construction material, (but not decorating material) for exterior
wall finishes (interior side), ceiling finishes and the finish on floors
located above or below an unheated space
Interior finish materials include gypsum wallboards, lath and plaster,
pre-finished materials for walls and ceilings, and wood, linoleum,
carpet and ceramic for floors
The following elements are not directly related to the building envelope
but should be considered when conducting the inspection for
completeness: interior partitions, closets, floors located over
heated space, stairs, handrails, finish carpentry and kitchen
cupboards. These are not discussed here.

Function of Components
4.Ventilation/ventilation
equipment: provide and
circulate fresh air to
support life, and control
odour and humidity
Natural ventilation is achieved
through periodic opening
of windows, doors, and
roof and eave vents.
Mechanical ventilation is
provided by fans or by
furnace fresh air ducts.
Note: all the components of the
building envelope, their
function
and
some
materials used have been
discussed. Other materials
may be observed during
the inspection.
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Function of Components
What is the purpose of
the Building Envelope?
All factors and principles
influence the efficiency of
the Building Envelope.
Similarly all components of
the B.E. are directly
affected by the factors and
principles that apply to the
separate components.
1. Conduction/convection/radiation
of heat
2. Humidity, relative humidity,
migration of water vapour and
condensation problems
3. Ventilation control
4. Entry of wind-driven cold air
5. Entry of wind- or gravity-driven
water
6. Climatic changes
7. The occupant

Slide Studies

The following slides provide practical applications of conditions
from field inspections for recognition of defects and discussions.
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Comments

Old Siding

Comments

Iced Roof Vents
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Comments

Stucco Siding – Asphalt Shingled Roof

Comments

Rear View of New Townhouse
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Comments

New Construction

Comments

Stucco Siding
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Comments

Wood Siding – Asphalt Roof

Older Wood Sided Home - Refurbished
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Exterior Insulated Finish System

Comments

Lower Wall – Foundation Condition
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Comments

Can you identify this material?

Comments

Tightly Sealed????
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Comments

Wood Siding & Wood Window

Comments

Aluminum Siding & Block Foundations
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Comments

Block Foundation Condition

Comments

Brick to Grade
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Comments

Flashing
Condition

Comments

Lack of Soffit
Vents
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Comments

Brick Chimney

Comments

Asphalt Shingles & Roll Roofing
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Comments

Roofing Issues

Comments

Deteriorated Roof Shingles
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Comments

Roof at Skylight Condition

Comments

Roof at Chimney
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Comments

Built-up Roofing & Asphalt Shingles

Comments

Wall to Roof Condition
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Comments

Wall to Roof Condition

Comments

Flat Roof Condition
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Comments

Insulated Foundation Wall

Comments

The Foundation Repair
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Comments

Seepage at Basement Floor

Comments

Basement Foundation Wall

31

Comments

Attic Moisture

Comments

Poor location of Vapour Barrier
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Comments

Bathroom Fan in Attic

Comments

Insulation
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Comments

Attic Insulation

Comments

Bathroom Exhaust Vent
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Comments

Mould in Attic Space

Comments

Frost in Attic Space
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Back of Insulated Attic Hatch

Comments

Spalling Brickwork on Chimney
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Comments

Ice Damming

Comments

Ceiling Texture
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Comments

White Styrofoam Insulation

Case Study 1
Moisture problems
condensation).

exist

in

the

wall

cavity

(concealed

Almost all cases of wall-cavity (concealed) moisture, problems arise
from rain penetration or from humid indoor air penetrating into the
cavity and condensing into liquid. Condensation caused by air
leakage (exfiltration) is the major contributor. It occurs more often in
the upper storeys of the stack effect (warm air, which is lighter,
pushes on the ceiling, somewhat like hot air rising in a chimney).
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Case Study – cont’d
The amount of concealed condensation caused by air exfiltration
in a wall depends on the relative humidity of the inside air, the
temperature of the sheathing and cladding surfaces in the wall
assembly, and the amount of air moving through the wall.
The total exfiltration depends on the area of the leakage
openings in the wall and ceiling and on the air pressure
difference between the inside and the outside.
Severe concealed condensation problems are more likely to
occur in areas subject to sustained cold temperatures and
extended winter seasons.
Windy regions will promote exfiltration from the leeward side of a
house.

Problems and Related Symptoms
• Rotting of wall framing members and exterior sheathing. (The
deterioration can proceed to the point of structural collapse).
• Staining of exterior siding, warped wood siding, efflorescence or
spalling of brick or stone.
• Peeling of paint on exterior siding.
• Corrosion of metal fasteners.
• Mould and mildew on wall framing members and on exterior
sheathing.
• Wet or damp spots on interior finishes.

Cause
Condensation inside the wall cavity caused by air leakage.

39

Discussion Points
Reduce air leakage through the walls by one or more of the
following actions:
1.
2.
3.
4.
5.
6.
7.

Seal all drywall boards to the floor using sealant or caulking.
Seal all electrical outlets on the outside walls.
Seal header joist and sill plates at foundation using sealant or
other material suitable for this task, such as gaskets or grout.
Seal air leakage path through exterior frame wall in mansard type
roofs; sheath and seal exterior wall if required.
Seal all window frames to rough openings with sealants or
urethane foam.
Seal all plumbing pipe and/or electrical wire penetrations into or
out of the outside wall.
Install a low-flow exhaust fan set to continuous operation. This
depressurizes the house during the winter season. As a result,
cold air, which is relatively dry, will infiltrate through the cracks
and holes and reduce the potential for moisture problems in walls.

Cause
Condensation caused by vapour diffusion. This is a rare problem but it
may occur if no vapour diffusion protection is present in the wall or
ceiling.

Discussion Points
Install a vapour barrier. This can be done by simply painting the inside
surface of the outside walls or the ceiling with a vapour-barrier paint or
with two to three coats of oil-based paint.
When the materials used for exterior sheathing have a low vapour
permeability (such as polystyrene rigid board insulation, plywood, or
wafer board), a “type I” vapour barrier (such as polyethylene) must be
installed on the warm side of the insulation.
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Cause
Condensation caused by rain penetration.

Discussion Points
Provide a cavity which is drained and vented between impermeable
siding (such as vinyl and aluminum) and sheathing materials.

Cause
Condensation caused by high moisture levels in the dwelling.

Discussion Points
Advise the house owner to:
•
Increase house ventilation using operable windows or fans.
•
Use a dehumidifier.

Review – Building Envelope
Function

Factors/Principles

Components

Ensure a comfortable
environment for occupants

Conduction, convection,
radiation of heat

External components

Exclusion of undesirable
external elements

Humidity, R.H., migration
water vapour, condensation
problems

Permitting some control over
internal conditions

Ventilation control
Entry of wind-driven cold air

Internal components

Entry of gravity-driven water
Climatic change
The occupant
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Questions
1. Explain the function of the Building Envelope.
2. List 5 effects created by the entry of wind-driven cold air into a
building.
3. List 6 external components of the building envelope.
4. List 4 internal components of the building envelope.
5. Give 3 general rules regarding asphalt shingle wear.
6. Give 2 effective solutions to ice damming problems and briefly
explain.
7. List 3 functions of joint protection that should be verified
during the inspection.

Answers
1.

Explain the function of the Building Envelope.

The function of the Building Envelope is to ensure a comfortable environment
for the occupant by excluding undesirable external elements, and permitting
some control over internal conditions.
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Answers
2. List 5 effects created by the entry of wind-driven cold air into a
building.

1. Air movement will impair insulation efficiency in walls and floor structure. Air
will filter through the insulation when no air barrier exists.
2. Cold air current will increase the relative humidity in the house and create
moisture problems.
3. Cold air current will cause discomfort to the occupants.
4. Cold air infiltration through the building envelope can disrupt the intended
operation of heating, ventilation and air conditioning systems.
5. The air in the house is in a balanced system. The volume of cold air entering
the house is equal to the volume of warm air flowing out. The cold air entering
the house will have to be heated which will increase the heating bill.

Answers
3. List 6 external components of the building envelope.

1. Foundation dampproofing
2. Exterior wall finish
3. Windows
4. Doors
5. Joint protection
6. Roof
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Answers
4. List 4 internal components of the building envelope.

1. Insulation
2. Air/Vapour barriers
3. Interior finishes
4. Ventilation/ventilation equipment

Answers
5. Give 3 general rules regarding asphalt shingle wear.

1. Sunlight is one of the biggest enemies of asphalt roofs. Consequently in
many areas the south and west exposures wear out the fastest. Lighter
coloured shingles reflect more light and consequently last longer.
2. The steeper the pitch of the roof, the longer the shingles will last.
3. In costal areas, shingles on the north and east exposures wear out the
fastest, due to poor drying potential and moss accumulation.
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Answers
6. Give 2 effective solutions to ice damming problems and briefly
explain.
1. Increase attic ventilation
2. Reduce interior ceiling to attic space air leakage
Ice dams can be prevented by controlling the heat loss from the home.

Answers
7. List 3 functions of joint protection that should be verified
during the inspection.

1. Reducing air leakage to an acceptable level when dealing with weather
stripping materials.
2. Sealing the joint completely when dealing with caulking materials.
3. Preventing water penetration when dealing with flashing materials.
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Building Envelope - Summary
The building envelope is comprised of the foundation, floors,
exterior walls, soffits and the roof.
The construction and detailing of the building envelope is critical
to ensure that the envelope is airtight and has adequate
insulation levels to reduce construction related problems later
in the life of the home.
Moisture is the primary source of construction problems.
Rain and snow leaking into the envelope coupled with moisture
escaping from the inside of the house creates a host of
problems ranging from structural failure to the deterioration of
cladding and interior finishes.
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