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Building Science

Adventures In Building Science



IECC 5
New Construction - Easy
Retrofit — Not so easy...but doable
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Conservation — IECC 5
5-30-60-1.5
Windows, Wall, Roof
1.5 ach@50 with ERV
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Renewables — IECC 5

PV...need a bunch....but where to put
them...
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Joints....Should Be “"Two-Stage” Joints
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Sealant
backer rod

/ Inner seal

. -— Pressure

Baffle
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Inner, protected seal > Outer, exposed
seal

Drain and vent
opening
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Drainage space

Backer rod
Sealant
Sealant

Backer
rod

Exterior face of
cladding

—— Drainage opening
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Sealant
backer rod

/ Inner seal

—— Wind | pressurlzes [
«{ |+ chamber between -
| ~ inner and outer

Sealant / \ Outer seal

backer rod

Vent tube
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Danger Will Robinson...Danger...
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+—— Combustible Cladding

A 2"Vented Air Space
6" Iscocyanurate Insulation
T~ = L.
> e
| T
2"Vented Air Space
6" Iscocyanurate Insulation
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— — > N
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1x4 wood furring attached through
rigid insulation to 2x4 wood furring

2x4 wood furring mechanically

attached to masonry wall Cladding

Fluid-applied water control Joints offset horizontally

layer and air control layer R and vertically with each
layer taped

Masonry wall

O o 00 O OO

O O O O OO O 0O OO0 OO O

O\OOO O OO OO O LB A @)

1\7 Interior plaster and lath
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2” semi-rigid mineral fiber insulation;
seams offset horizontally and vertically

2x4 wood furring mechanically

attached to masonry wall

Fluid-applied water control
layer and air control layer

Metal hat
channel

-

o o0 O 0O O O 0O O
>
O OO o 00 o 00 OO0 O OO O
O\OOO O OO OO O LI O

Fiber cement panel

“Reveal” in panel joint
Spacer/joint backer

11/,” semi-rigid mineral
fiber insulation

Masonry wall

‘L Interior plaster and lath
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Plywood or OSB

Metal cap flashing

Fully-adhered membrane
Plywood or OSB

Metal counter flashing

New roof membrane

Plywood or OSB

Fluid-applied water control
layer and air control layer [

L%,

- % /y/ Existing roof membrane
N2,

7/
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Mechanical Systems
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Mechanical Systems
Cooling System To Make It Cold
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Mechanical Systems
Cooling System To Make It Cold
Dehumidification System To Make It Dry
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Mechanical Systems

Cooling System To Make It Cold
Dehumidification System To Make It Dry
Heating System To Make It Warm
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Mechanical Systems

Cooling System To Make It Cold
Dehumidification System To Make It Dry
Heating System To Make It Warm

Energy Recovery System To Keep It Cold
and Dry and Warm and Comfortable
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Mechanical Systems

Cooling System To Make It Cold
Dehumidification System To Make It Dry
Heating System To Make It Warm

Energy Recovery System To Keep It Cold
and Dry and Warm and Comfortable

Distribution System To Make It Uniform
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Mechanical Systems

Cooling System To Make It Cold
Dehumidification System To Make It Dry
Heating System To Make It Warm

Energy Recovery System To Keep It Cold
and Dry and Warm and Comfortable

Distribution System To Make It Uniform
Range Hoods Are A Special Kind of Hell
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Don’t Try to Combine Them......
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Outside

* J \ air
Supply Exhaust

air * H air
Bath * Exhaust

.

Return
air

air
Kitchen

=i e
Dehumidifier

Interlocked
kitchen hood
make-up air
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Heat recovery
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Over ventilation...The IAQ Cult
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PV’s...
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Carbon...




Mass Timber
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The Perfect Wall




Water Control Layer
Air Control Layer
Vapor Control Layer
Thermal Control Layer
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Cladding >

Control layers >

Structure >
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Slab

Wall

]!

Roof
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, Ballast
25 99O og 9SO aog g o8- 4

RYAYE EXVAZRYAYE DY) Ky 4 Fllter fabriC
<— Control layers

<+ Roof structure
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<«— Slab

<«— Control layers

SR RIIRIRICIILES «—— Stones
e Eam
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Wall
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Roof

= Wall
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Roof

Slab

Wall
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Parapet
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<—— Control layer

<«—— Control layer
<—— Roof structure
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Roof
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Configurations of the Perfect Wall
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Brick veneer/stone veneer / bl L
Y
Drained cavity A // A w
Exterior rigid insulation — extruded '/ s IV <
polystyrene, expanded polystyrene, / 41 Pt
isocyanurate, rock wool, fiberglass L L
y g / CT L
d 2
Membrane or trowel-on or spray G /' % Pa
applied drainage plane, air barrier

and vapor retarder ] |
Al W 7
Concrete block < /’ { f
d ke
Metal channel or wood furring L 4 /i[
Gypsum board = |
_ 7 ] d

Latex paint or vapor semi- »
permeable textured wall fiinish “ 7
% % %

-

v

Vapor Profile
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Brick veneer/stone veneer

Drained cavity

SAN|

F

Y
[~
¥

Exterior rigid insulation — extruded
polystyrene, expanded polystyrene,
isocyanurate, rock wool, fiberglass

Membrane or trowel-on or spray
applied drainage plane, air barrier
and vapor retarder

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

N
e () ) ([ I [ () [
.

Uninsulated steel stud cavity /[ e
Gypsum board "" »
L U

Latex paint or vapor semi-
permeable textured wall fiinish

\ =

Vapor Profile
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Brick veneer/stone veneer

Drained cavity / /

A4

Exterior rigid insulation — extruded
polystyrene, expanded polystyrene,
isocyanurate, rock wool, fiberglass

Membrane or trowel-on or spray T B
applied drainage plane, air barrier
and vapor retarder

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

NINN

Insulated wood stud cavity

Gypsum board = 7
Vi

Latex paint or vapor semi- L
permeable textured wall fiinish /

- =

Vapor Profile
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The Myth of the Dew Point
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Outside Inside

70°F

\ Dewpoint

(50% RH, 70°F)

WY

W

[/

X

g

0°F

Location of
condensation
and frost

Exterior —>r
sheathing

WAL

i
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1 Btu — 1lb water 1 F. degree
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1 Btu — 1lb water 1 F. degree
144 Btu's — water to ice
970 Btu's — vapor to water
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Energy

Sensible Heat 14.2 JIg/K f

Vapor

Latent Heat

Sensible Heat 7142 Jigk  Liquid

Latent Heat 333 J/g
2.1 JigiK Solid
| T >
0 273 373

Temperature (K)

Simple linearized energy-temperature relation for water

From Straube & Burnett, 2005

Building Science Corporation

Joseph Lstiburek 103



The inside face of the
exterior sheathing is
the condensing surface
of interest

Wood-based siding

Building paper

Exterior sheathing

R-19 cavity insulation in wood =
frame wall

wall covering

Gypsum board with any paint or ‘n

Temperature (°F)

80

70

60

50

40

30

20

10

0

/

/

Dew point temp.
at 50% R.H., 70°F

/

Mean monthly outdoor —

tem

perature

Dew point temp.

Potential for
condensation 4

IM---I---

at35% R.H., 70°F _= =

Dew point temp.

at 20% R.H., 70°F
| I I

APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR APR MAY

Month
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The inside face of the
insulating sheathing is
the condensing surface

of interest 80 | | | | |
7 P - [~ Insulation/sheathing interface |
v 0 / temperature (R-7.5 sheathing,
o 4 R-13 cavity insulation as

Wood-based siding > 60 // J shown |n adjacent drawing) —

o /

L . o Mean monthly outdoor |

R-7.5 rigid insulation 5 0 / temperature ¥ \ 7

L

=

® 40 - _ -
R-13 cavity insulation in wood g_ Potent|a| for
frame wall g 30 condensatlon y

’ IS

_——
20
Dew point temp
0, o
Gypsum board with any paint or 10 R R R
wall covering II
0
APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR APR MAY
Month
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VAPOUR PRESSURE KILOPASCALS
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Figure 8-7.
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WINNIPEG

WETTING POTENTIAL &7
DRYING POTENTIAL TO

SATURATED VP FOR MEAN
cUTDOOR AR TE.M’F!a

V.P INSIDE BUILDING
FOR 20°C TEMP. f
AND 40% R.H.

V.B [NSIDE
FoR WELL
NENTILATED
BUILDING

QUTSIDE V. P

1 v 1 { 1 1 1 | |

JOF M A M J A0S O N B
TIME MONTHS OF & YEAR

Outside vapour pressure, saturated vapour pressure
and inside vapour pressure for Winnipeg.
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WUFI& 2.3 Pro. IBP
Run

Temperature [°C]

40 40
20 20 -
9 R 0
-20 -20
Water Content [kg/m?] Rel. Humidity [%]
L I3 a &

500

400 80

300 60

200 40

-

100 20

% 5 10 5 20

Brick [old) Orented Strand Board Gypaurn Bosrd
Air Laysr 25 mm [NA) Fibre Glass
&0 minute Bullding Saper PE-Membrang [MA)

Cross section [em]

0
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Climate

Zone

4c

Insulation for Condensation Control*

Rigid Board
or Air
Impermeable

Insulation

R-2.5

R-3.75

R-5

R-7.5

R-7.5

R-11.25

R-10

Total
Cavity

Insulation

R-13

R-20

R-13

R-20

R-13

R-20

R-13

Total Wall
Assembly

Insulation

R-15.5

R-23.75

R-18

R-27.5

R-20.5

R-31.25

R-28

R-40

Ratio of Rigid

Board

Insulation or

Air

Impermeable

R-Value to

Total

Insulation R-

Value

15%

15%

30%

30%

35%

35%

45%

45%

50%

50%

*Adapted from Table R 702.1 2015 International Residential Code
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\
s ———

Cladding

Furring

Rigid Insulation Lg’—
Air Control Layer (air barrier) >
Sheathing »

\/

Air permeable insulation
(fiberglass batts, netted blown
cellulose, netted blown fiberglass,
spray applied fiberglass)

Gypsum board
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Cladding

\

Furring

Water Control Layer

Sheathing

Air impermeable insulation
("closed cell” spray polyurethane foam)

Air permeable insulation
(fiberglass batts, netted blown
cellulose, netted blown fiberglass,
spray applied fiberglass,

stone wool / mineral wool batts )

A\

Gypsum board
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