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Building Enclosures * Focus on the building enclosure
* Changes in the industry

* Now and coming up ..

University of

b sc Waloo

== @

Building Functions Building Components
* Human needs... more than shelter * Buildings are made of several large systems
(e.g. Location, Shelter, Utility, Comfort & Delight) * The systems that make up a a building can be
¢ ...function of a building: grouped in four categories
“Provide the desired environment — Superstructure
for human use and occupancy” [ — Enclosure }

— Service Systems
“Durability, Convenience, and Beauty” — Fabric
Vitruvius, 70 BC

www.BuildingScience.com



The Enclosure: An Environmental BUKog EAKIogs Compoi
1. Basement Floor System(s)
Separator 3. Above Grade Wal Systents)
s
* The part of the building that physically 5. s vt
separates the interior and exterior g o
environments. (Part 5 of OBC) 5.
* Includes all of the parts that make up the wall, ,
window, roof, floor, etc... from the innermost w0 a5 " R |
to the outermost layer. RN = PO ) - a.
* Sometimes, interior partition also are environmental /
separators (pools, rinks, etc.) e 7 -
backfill
1 2.
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Five Fundamental Changes

Increasing Thermal Resistance

Changing Permeance of Enclosure Linings
Water/Mold Sensitivity of Materials
Hygric Buffer Capacity

3-D Airflow Networks

vk W E

Enclosure Failures
* Problem causes:
— 1. Material/system does not fill function

— 2. Functionality not designed for
— 3. Not built according to design (workmanship)

* Avoidance requires understanding each

Building Science 2008
- Enclos

ures  No. 10
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1. Thermal

* Old buildings used energy leakage to dry
materials and assemblies
* Increased airtightness
— Reduces drying, interior RH increases
* Increased insulation = less drying
— Colder exterior, colder interior
— Wider swings

Building Science.com
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2. Permeability

* Low permeance exteriors

— Metal panels, precast concrete

— OSB and foam vs skip wood sheathing
* Low permeance interiors

— Polyethylene, vinyl wall paper

— Vinyl sheet flooring

Building Science.com

3. Water/Mold Sensitivity

* Moisture= mold growth

* Wood products
— New growth vs old

— Processing: plywood, OSB, :
particle board

— Paper, Veneers
* Finishes
— Drywall, ceiling tile

4. Hygric Buffer Capacity

* Changing moisture storage
— Concrete block / terra cotta
— Rough cut wood / skip sheat
— Steel stud with exterior gyps

* Orders of magnitude!

* But .. lightweight often
low environmental impact

Building Science.com
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* Hollow walls, partition

* Hollow floors




Hollow Walls, Floors etc

Five Fundamental Changes Basic Functions of the Enclosure
1. Increasing Thermal Resistance « 1. Support
2. Changing Permeance of Enclosure Linings — Resist and transfer physical forces from inside and out
3. Water/Mold Sensitivity of Materials * 2. Control Functional Layers
. . — Control mass and energy flows
4. Hygric Buffer Capacity « 3. Finish |
5. 3-D Airflow Networks — Interior and exterior 1 e
surfaces for people || B
* The code cant keep up | SN
* CCMC cant protect, but they could help + Distribution — a building function
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Basic Enclosure Functions

* Support

— Resist & transfer physical forces from inside and out

« Lateral (wind, earthquake)
¢ Gravity (snow, dead, use)
* Rheological (shrink, swell)
* Impact, wear, abrasion

* Control
— Control mass and energy flows
* Finish

— Interior and exterior surfaces for people

Building Science 2008

Functional Layers

SUPPORT

CONTROL

= FINISH

Basic Enclosure Functions

Support

— Resist & transfer physical forces from inside and out

Control
— Control mass and energy flows
* Rain (and soil moisture)
— Drainage plane, capillary break, etc.
* Air
— Continuous air barrier
* Heat
— Continuous layer of insulation
* Vapor
— Balance of wetting/drying
Finish
— Interior and exterior surfaces for people

Building Science 2008

Functional Layers

[~ CONTROL
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Other Control . .

¢ Support

* Control
— Fire
* Penetration
* Propagation
— Sound
* Penetration
* Reflection
— Light
* Diffuse/glare
* View

¢ Finish

Building Science 2008

Functional Layers

- SUPPORT

~~ CONTROL

—So FINISH
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Basic Enclosure Functions

Support

— Resist & transfer physical forces from inside and out

Control

— Control mass and energy flows

Finish

— Interior & exterior surfaces for people

* Color, speculance
* Pattern, texture

Building Science 2008

Functional Layers

"S- SUPPORT
- CONTROL

FiNaSH




CMU infill assembly

Brick veneer

Concrete frame/slab

Finish vs. Control
Confusion

Airflow

Suspended ceiling

From CCMC

Sealant

Sill plate gasket

~

o

Flashing

— TN

Sill plate gasket

Air Barrier
or Rain
Control?

* What is the
sealed poly
for?

Flashing
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| 1C
I | - Drywall
"‘ ] Vapor retarder
Q ClL ! Insulation
FLOOR
1/2" GYPSUM BOARD TYPICAL WALL
WOOD JOISTS MASONRY VENEER
5/8" TONGUE & GROOVE Ve — 1* AIR SPACE
PLYWOOD SUB-FLOOR ] TYVEK= HOMEWRAP=
 — 7/16" 0SB SHEATHING
B ) “ ™= 2'x6" WOOD STUDS
b w/ R-19 BATT INSULATION
) VAPOR RETARDER
- ] 1/2" GYPSUM BOARD
! ==
14 il LAP 6" AND TAPE OR CAULK TYVEK«
2 i ] OVER THROUGH-WALL FLASHING
4 SILL GASKET
1 ANCHOR BOLT
I CAULK THROUGH-WALL FLASHING
AT i [ : TO CONCRETE FOUNDATION WALL
I / DAMPPROOFING & DRAINAGE LAYER
STAPLE VAPOR RETARDER I 1 CONGRETE FOUNDATION WALL
BETWEEN JOISTS AND I T - X; :’;’%g%ﬁzlé%i et
TO U/S OF FLOOR SHEATHING [ Wiks
: o VAPOR RETARDER

Figure 2 - Brick veneer base detail (heating climate) from Tyvek website
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FLOOR

WOOD JOISTS

58" TONGUE & GROOVE
PLYWOOD SUB-FLOOR

TYPICAL WALL
VINYL SIDING
TYVEKs HOMEWRAP=

BATT INSULATION

STAPLE VAPOR RETARDER
BETWEEN JOISTS & TO
WS OF SUBFLOOR

7/16" 0SB SHEATHING
2"x6" WOOD STUDS

wi R-19 BATT INSULATION
VAPOR RETARDER

1/2" GYPSUM BOARD

SILL GASKET

CAULK TYVEK®
TO CONCRETE
FOUNDATION WALL

ANCHOR BOLT

PARGING & DRAINAGE LAYER
CONCRETE FOUNDATION WALL
2"x4" WOOD STUDS

w/ R-13 BATT INSULATION
VAPOR RETARDER

Figure 3 - Vinyl siding base detail (heating climate) from Tyvek website




History of

Distribution Control Functions
* A Building Function imposed on enclosure « Older Buildings
* Distribute services or utilities to from through, — One layer does
within, the enclosure, €.8., everything

— Power

— Communication o
* Newer Building

— Water (Potable, sewage, etc.)
— Separate layers,

— Gas
— Conditioned air ~— €——— ... separate functions
— Cold or hot water €=

Building Science 2008 . Building Science 20(
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Enclosure Design Principles 1 Enclosure Design Principles 2

* Design a complete structural load transfer path * Provide a continuous plane of insulation

— Structure, windows, ties, etc — ldeally separate structure from enclosure

— All loads go to ground — Avoid thermal bridges
* Respect the site and climate * Provide a moisture tolerant design

— Rain, sun, wind, hill, valley, high rise or low-rise — Balance wetting, drying, and storage (matl’s, climate)
* Continuous rain control plane — Use appropriate levels of vapour control

— Control with surface features and detailing * No cold vapor barriers, allow drying

— Drained, storage, or perfect barrier strategy * Accommodate movements and tolerances
* Continuous plane of air barrier tightness « Draw all of the Details!

— Fastidious attention to detail 3-D

Building Science 2008 N Building Science 2008
g sure: 0.3 .
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Design Checklist & Functions

Building Enclosure Concept Design Stage Checklist
SUPPORT

1. Support mechanical loads

. Sufficient strength and stiffness (from structural engineer)

CONTROL

2. Heat Flow Control (Temperature and Energy)

. avoid thermal bridges, reasonable insulation: HVAC energy
+ capital cost savings

«  control air leakage,

. excessive glazing = winter discomfort and summer
overheating (esp. west glass)

3. Condensation Control

. surface condensation, i.e. thermal bridges, corners, etc.

. interstitial condensation (summer & winter) by vapour
diffusion and air leakage

4. Air Flow Control

. air barrier systems, compartmentalization, convection loops
in batts

. IAQ, control of stack effect, HVAC,and wind-induced air
flows, odor, dust

5. Rain Control

. climate, site, building orientation, shape

+  deflection, surface drainage, drying, and enclosure rain
control strategies

6. Crack/Movement control

+ control of cracking and movement are complementary

. consider creep, sag, shrinkage, swelling, both moisture and
temperature movement

7. Fire and Smoke Control

. fire resistance rating, flame spread, smoke produced, toxins
generated

. special situations, often involved in design decisions (e.g.,
combustible vs non-combustible)

8. Sound and Vibration Control

. airborne sound reflection, transmission, and impact borne
sound transmission

. special situations are sometimes important, always needs
some consideration

FINISH

9. Finish

. colour, pattern, texture, etc of interior and exterior
interfaces

+  architecture and interior designers

Design Checklist & Functions

Building Enclosure Concept Design Stage Checklist
SUPPORT

1. Support mechanical loads

. N . control strategies
. Sufficient strength and stiffness (from structural engineer) ;E-C_W_{_fg
. Crack/Movement control

CONTROL

hermal bridges, reasonable insulation: HVAC energy'
+ capital cost savings

+  control air leakage,

. excessive glazing = winter discomfort and summer
overheating (esp. west glass)

3. Condensation Control

. surface condensation, i.e. thermal bridges, corners, etc.

. interstitial condensation (summer & winter) by vapour
diffusion and air leakage

4. Air Flow Control

. air barrier systems, compartmentalization, convection loops
in batts

. IAQ, control of stack effect, HVAC,and wind-induced air
flows, odor, dust

7
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Continuous Air Barrier

Continuous Insulation

5. Rain Control
. climate, site, building orientation, shape
+  deflection, surface drainage, drying, and enclosure rain

+ control of cracking and movement are complementary

. consider creep, sag, shrinkage, swelling, both moisture and
temperature movement

7. Fire and Smoke Control

. fire resistance rating, flame spread, smoke produced, toxins
generated

. special situations, often involved in design decisions (e.g.,
combustible vs non-combustible)

8. Sound and Vibration Control

. airborne sound reflection, transmission, and impact borne
sound transmission

. special situations are sometimes important, always needs
some consideration

FINISH
9. Finish

. colour, pattern, texture, etc of interior and exterior
interfaces

+  architecture and interior designers

Continuous Rain Control Layers

Framed Enclosures:
Adding the Layers

Structure

Air Flow
Control
Insulation
Rain
Control
Finish

www.BuildingScience.com
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WATER THAT PENETRATES
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Cladding > A
Control layers = |» i
Structure e (=
— [ ] f TT T T
: 10 1l 10 } [

Slab Roof
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4 Ballast

“ Filter fabric
« Control layers

« Roof structure

* Rain
* Heat

Cladding - e Air
Control layers &>

Structure 11 | >

« Slab
"« Control layers

= Stones

« Earth

- o
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Building Science 2008 Enclosures  No. 42

Brick one veneer
Drained cavity

Enclosure Design:
Details

Exterior rigid —_
polystyrene, expanded polystyrene,
isocyanurate, rock wool, fiberglass

e or t l-on or spray
applied drainage plane, air barrier
and vapor retarder

Non paper-faced exterior gypsum
sheathing, plywood or oriented strand
board (OSB)

Insulated wood stud cavity

* Details demand the same
approach as the enclosure.

* Scaled drawings required

at ()

Gypsum board

Latex paint or vapor semi-
permeable textured wall fiinish ﬁ

- »

Vapor Profile

The Wood Frame High R-value wall

s Science 2008
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Issues

Rain Control - constant effort
— Leaks, rot, stain, peeling paint

Air Control — new products

— Rot and mold, Comfort, noise, health

* Vapor Control — new walls, new challenges
— Condensation, rot and mold

Heat Flow Control — new products
— cold spots, comfort

Building Science 2008

Enclosures

No. 45

www.BuildingScience.com

12



High R-value Walls

Case Studies

Building Science 2008

www.BuildingScience.com

Lowell Habitat for Humanity Bedford, MA
1400 sq. ft. @ $80/sq. ft.

Gas = $50/month @ $1.50 /therm
Electric = $50/month @ $.15/kWh  Average = $3.30 per day

With 4 kW PV and 94 sq. ft. solar hot water $105/sq.1t.
Electric = $0 Gas = $37.50/month Average = $1.25/day
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2x6 stud wall @ 24" o.c

/" gypsum board on inside
face of stud
R-19 celulos insutation in
wall cavity

47 rigd foil-faced polyisocyanurate
insulation (two layers of 27 insulation);
tape horizontal and vertical joints

1x3 wood furring

Furring attached with 6" hot-dipped
galvanized or stainless steel heavy
duty flathead fastener spaced vertically
at24 oc.

Fiber cement siding; 4" coursing; 1/
min, lap; biind nailed into furring at
24" o.c. with &d ring shank hot-dipped
galvanized or stainless steel nails

1x10 water table

%" vented mesh
Insect screen closure at base of wall

Metal fiashing

Bedford
Profile with
crawlspace

Asghat snrges

Froct ) eyt wht 301 acvenad vct eeesan

Grouns sioges oway Yom

Free danng

Darpgecotio 1 gaze

B concm fncon wak

foc advmnced bameg

Sypmum bows weh sarm
[Eetrat)

R 19 b comscne msston

L T npers o 2 XPS g rusution

i poyeee

X% gt nsudatin & vom paceveter

Bedford
Thermal
Insulation
System

Theemal resistance of
the root assembly is

made up of the blown
ceflulose i
and the two layers of
2" polylsocyanuarte

The thermal resistance

cellulose cavity insulation
and the two layers of 2*
polyisocyanurate

|
||
!T The thermal resistance of the

foundation wall is provided by
the two layers of 2" igid XPS

The thermal resistance of the

basement floor is provided by
the 2° of rigid XPS below the slab.

it

Bedford
Air Flow
Retarder
System

The interior plane
of air tightress is

provided by the
interior gypsum
board

Continuity of the air barrier
i maintained at the roof to
wall connection through the

board and the framing
members

The taped and sealed
oxterior polyisicyanarate
provides an exterior plane
of air tightness to minimize
the effects of wind washing
of the insulation

Continuity of the air
barrier is maintained

a1 the wall to foundation
connection through the
use of sealants o gaskets
between the gypsum board
and the framing members

The plane of air tightness is
provided by the taped and sealed
rigid insulstion

The plane of air tightness for the
basement floor i the concrete siab

www.BuildingScience.com
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Airtightness details at penetrations

;" gypsum board

2x4 24" o.c. interior wood
stud wall

;" gypsum board

H088 038
o5

-
-«

v A

&

Continuous bead of sealant by
gypsum board installer at first
stud, typical

Taped gypsum board joint, typical

Drywall clip, typical

OSB provides air barrier
continuity at interior face of
exterior wall at chase

Taped gypsum
board joint, typical

Continuous bead of sealant
by gypsum board installer at
studs along exterior wall,
typical

Bedford
Water

Management

System

Rain wator drains off
roof and away from
the foundation

direct rain water

Rain water drains down over
the vinyl siding (Small
amounts of water that
penetrate past the cladding
are drained on the polyiso
drainage plane back out to
the extarior at the bottom

of the cladding.)

The grade is sloped to drain
water away from the

foundation (Top ayerofthe | ||kl

hard packed clay at
foundation perimater kmits

the smount of rain water
absorbed by the ground.)

L

Dampproofing kenits
moture migration
from the sof into the
concrote wall

Any water up against

drain at the footing

Capillary break between foundation
wall and sill plate provents mossture
magration from the concres
wood structure

0 10 the

Potyethylare
migration from

The sub-slab gravel pad I
connected 1o the per

Bedford
Vapor Retarde
System

winter to reduce the
condensation potertial

Polyisocyanurate limits.
mossture fow from th
during wint

%

Drying primarily
10 the interior

. -
| SN

Polyiso elevates the

condensing surlsce Somi permeable nterior

tomperature during the |—1

terior during summer

et
Exposed portion lT s
of foundation XPS limits moisture
wall able to dry <= NelF' || fiow from the interior
1o the exterior during winter

Dampproofing
limits moisture
flow from soil
moisture

XPS limits molsture
flow from the soil

www.BuildingScience.com
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Advanced
Framing Details

Flanged electrical
outlet

Apply tape to bottom
flange first

Housewrap

Apply tape to top
fange last

Apply tape to side
fianges second

Apply tape o bottom
flange frst

Fianged dryer vent

www.BuildingScience.com
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