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Module Two

ACreating building enclosures that work for healthy, safe durable, efficient
and sustainable homes.

AFoundation systems
AAbove grade wall systems
AWindows

ARoof and attic systems




NOW THAT WE KNOW THE BUILDING SCIENCE BASICS....

We can begin to create walls, roofs and
foundation systems that work
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Managing the elements

First we .h'eepl topro
our building-system f
wa

WA ANAGEMENT




From the Ground Up

AManage water

AManage thermal
AManage air

Graphics from EEBA Water Management Guide
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When below grade....

ARemember the rules:
AMoisture is present
Alnsects are close by
ASoil gas can enter
A Surfaces can be cool
AConcrete wicks water
AFoundations can be very challenging




Basements: Are they meant
to be lived in?

Ponding due 1o

KEY NOTE IN COLD poor drainage
/] [La!¢9{ XD

@ Tia-rod holes

> Summer Vapour
diffusion

ABelow Grade Walls
primarily DRY TO The

INSIDE <

AAbove Grade Walls
primarily DRY TO The
OUTSIDE s slaion

Winter Vapour
diffusion

ST\ /.

o Cracks

\ I Tie-rod holes
-': \_\.] Wicking up

through footing

Common leakage points




Basements: The Design
Priorities In New Homes

Liquid waterRain or
ground water

Soil dampnes$Vet POy Bebinage
and Humid (Water

vapourdiffusion) o |:1::::] —— Tio-rod holes
Construction moisture '\> P
Air leakage(and soil L1 Aen
ga.S) <Nl Winter Vapour
Cool surfaces (and f affusien
surface condensation oy

control) Sp———
Space Conditioning: e oS T
Humidity (and temp) \ Tie-rod holes
control

O

through footing

Common leakage points



Liquid waterRain or
ground water

Drain the rain
Drain the ground water
Drain EVERYTHING

During construction
Keep water away from
foundations

nain waser anng
on roof is collected
In gutters

Overhang protects
the ground around
the foundation from
getting saturated

Flash roof =SS
into gutter

Down spouts carry -
rainwater from the

roof away from the
foundation

Ground slopes away - —
from the foundation age Counesy o

——4 )| 2006

v C—_;.—,.i\ﬂ———-"‘” T
1? i Concrete foundation wiggesss

: o
Impermeable top e
layer of backfill (ciay S o Groundwater flow is 2
cap) prevents downward (not horizont s
m to under the influence of S,
gravity 10 the perimetergeasy
getting saturated drainage system

Capillary break over foca .l

Slab isolation
joint
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AThe ground is heat
sink

A
Predominant heat loss is
at edge of slab OR at
slab /foundation/footing
Interface

Heat loss below grade is
a function of:

Depth of the
foundation

Presence of water
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Below grade: Heat loss

AGround temperatures
0o0oQbuUu | NB I[|L
5 months behind above

grade temperature
conditions e.g. May/June
cfoundation walls the
coldest.

+ Soil Relative Humidity

* Liquid water may be

Exterior Temperature & Moisture Conditions

i

Above-grade design

almosi always =100

present

Temperature

32 50 10



Drain the Building

Drain
Material

Drain
Component

Drain
Opening

Graphics from EEBA Water Management Guide






It starts with proper grading & drainage

4| T&G subfioor

Building wrap

Sl audu n Q u 2 Sealant, adhesive

or gasket (typ.)
2x4

Capillary break

1'/;5" rigid insulation

QT

For insect protection provide
» 3'-0" of mulch and then
drought-resistant plants




Landscape too close to the foundation




Capillary break applied between

footing and foundation wall

ARequired whenever one porous
component meets another

AFooting/slab to foundation wall
AFoundation wall to framing
AUnder slabsn grade

Footing to foundation connection









The LEAK equation

Liquid Water How
doesitgetin?

Hydrostatic PreSSlE
liquid leaks through
HOLES

Capillarityc a a LJ2
action ; concrete
sucking up water
hrough surface
ension.

Q2.
.

v

Water penetratgs

the cawty created
by the dimpled*

membrane O
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Foundation type, climate and soil conditions all affect performance

Internally Insulated Externally Insulated Insulated inside the w



Exterior Insulation
IS the best option

2 XPS rigid insulation (R-10)



Basement Slab
Insulation




Interior insulation Is
possible

+Foam based solutions
are best

Adhesive

Furring

Sealant, adhesive or gasket

Ground slopes
away fro

e g ———

Insulation “pillow”
— Sealant
—— Wood filler (draftstop)

.
A .4"(

Sealant, adhesive or gasket

%

"

Sill gasket

AN

Treated wood frame wall

Gypsum board with semi-
vapc:r permeable (latex)
pain

Unfaced batt insulation
Concrete foundation wall

Extruded or expanded
polystyrene rigid insulation

o

s,
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(taped or sealed joints)

~

Treated wood bottom plate
Sealant, adhesive or gasket

Sealant or gasket under
bottom plate

Concrete slab
Expanded
/7, polystyrene rigid
; insulation or

: mineral
~ fiberboard

: iffG,ranular capillary
break and drainage
pad (no fines)

- Extruded polystyrene rigid
insulation as bond break




Air leakage(and
soil gas)

Building Science Rule: Air OUT =
Air IN

AlLeaky house = cold, drafty
basement

AlLeaky House = humid
basement(humid soil and
water vapor)

ALeaky house = soil gas
concerns.




Insulated Concrete Forms

AAllows for controlled drying
towards the interior

AlnSUlathn and foundatlons In Oneanchorboltscastintowall

system

Alnterior finished can be directly
applied

ARemember the capillary break

Joist hanger

Ledger bolted to wall with

ICF foundation wall

Interior stucco thermal
barrier (or gypsum board
with vapor semi-permeable
latex paint or direct applied
plaster)

Sealant over bond N I ¢
break material il
Concrete slab | '
Polyethylene ——I\

Flashing (also acts as
termite barrier)

Topsoil sloped
away per









|CF versus conventional

floor framing Sl seaier
\ required at
No sill sealer sill plates
required === Builder has to
EE %4 coordinate:
Contir'\uous insulation H[E - Quality control of
and air barrier assembly: || = insulation and
- Greatly simplifies air barrier
E a9" aiiembly during design
easier to achieve :; m::z:: e
- Less skilled labor thermal bridging
;equired to achieve - Installation of air
eSil’Bd lQVQ' Of barﬁer and
energy efficiency insulation at

prefab fireplaces
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— 1.,

at do vou do with an existing basement floor"



Membrane over slab

Carpeter weed ficor (avoid viny flocring
as vinyl flcoring doas not breathe) \

N
;" plywood (T&G — narrow edges \
“Tiscuit” joined) \ \\
Rigid insulaton (estruded po'ystyrene —  ———, \ \
unfaced, no solypropylene or fol facers) \ \
N\

(air tgit anagas tght)

Arspace —————————————————————— \ \\
Dimpled plastic sheet membrana \\ N \ \
e T

Vapor prassiire on top of -
slab and.under slab |
equalizes, thereby stopping
capillary transfer of water
and soluable mineral salls
‘(moisture content in air
““space-and under slab - .
remains the same;
i.e. "wet") 2By




WHY BASMENT MATERIALS & FURNISHINGS

DO9¢ 45!até !'b5 {a9[[
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sat
E: capillary suction stops, pores

can fill with external pressure

wﬂﬁ. -------- Capillary Saturation @ ------

D: water in pores, capillary suction

C: Interconnected layers,
o) alinternal capillary
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.’-"’F‘ H -."o op. 10

B: Mulfi
adsorbed molecu
| | | |

Moisture Content (w)
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| | | . | A: Single-layer of
Waterloo © 20 40 60 80 100  adsorbed molecules

@ Relative Humidity (3)
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Below grade insulation options: EXTERIOR CONTINUOUS INSULATION

9. ¢9wLhw AyadzZ FadAz2y
Thermal Control/Limits thermal bridging
Can act as drainage and hydrostatic con

manufspecifications)

Can act as a Air Barrier (smanuf

specifications) (5% ey N ——
Can act as a vapor control/ throttle, mitig . *‘”
rate of inward vapor drive. piiionaned. Bkt wtutnd
Limits freezethaw cycle damage to concr oo Ly i ——
pore structure and durability. -

Warms first condensing surfageondensa o e B e g sty
control -

Can act as part of Radon barrier when
continuous with under slab(saaanuf
specifications)

Remember :
Edge of slab thermal break Crarusir 4

27 XPS nosd msutation (R-10




Proper Load Calculations (Man J)

rRight Size Equipment selection-Air
conditoonong NOT too big-Just right to enable
DEHUMIDIFICATION. (Man S)

Consider 2 stage OR Modulating AC to enable
optimal humidity control (latent load)

Sealing of supply side duct work AND RETURN
DUCTS in basement, Leaky duct work can turn the
basements I nto a :: meat |

0

(Man D
\

Consider ERV in lieu of HRV for better
removal of humidity in during AC , spring and
summer use.




Space Conditioning: Humidity (and temp) control

[

Every below grade space in N. America needs auxiliary
dehumidification

Every BELOW GRADE space needs one

| 6 BEST I
VERY Important FOR FIRST 5+YEARS of new home DEHUMIDIFIERS
occupation as basement concrete releases un-bund FOR THE
water during curing process. BASEMENT

Give as a ngifto to owner

Cost to run for a year: $75 -$100

DRY basement = better smelling basment

NOTE: Some basements/crawl spaces will ALWAYS need dehumidification e.g. lack of
capillary breaks, high/active water levels under slab , poor drainage condigtins,
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A wall system needs to perform

AProvide strength & rigidity
ABe durable

AControl light & solar gain
AControl noise

AControl rain penetration
AControl air flow

AControl heat flow

AControl water & vapor flow




Flashing & Gutters must effectively redirect water
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membrane

Step flashing

{ Self-adhering #
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Step flashing
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Venting our Cladding




Air Flow assists drying

Create intentional airflow
When using brick
& stone & siding in:
Humid summer climates
Rainy climates Brick veneer back- Clear 1" air space open at both

Drainage plane
ventilated to flush bottom and top

Wood sheathing applications [t

Air Sy
intlet © f

Seat in foundation acting as flashing

© Building Science Press. Reprinted with permission.




Brick veneer back-
ventilated to flush

inward-driven moisture

out of assembly

,]///

Air
outlet

Air

Drainage plane

Clear 1" air space open at both
bottom and top
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Create an intentional gap
between trim and flashing
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