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Mechanical Systems
Wind
Stack Effect

Rain
Humidity
Body Moisture
Equipment
Plumbing

10









Hair
stratum cornaum

tratum lucidum

vratum granulosum

tratum spinosum

Stratum basale

shaceous glands

wrector pili

Dearmis



To Manage
W.AV.T
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Shed Water
Retard Air
Control Vapor
Keep Heat on one side
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water = air o« vapor = thermal
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water o« alr = vapor = thermal




4x8 sheet of
mg‘ gypsum board
Interior at 70°F

and 40% RH

L

1/3 quart
of water

2

AR

4x8 sheet of
gypsum board
with a 1 in2 hole

Interior at 70°F
and 40% RH

[images courtesy of Building Science Corporation]
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LOCATION OF INSULATION CAN IMPACT LOCATION OF DEW POINT
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STRUCTURE

2> STRUCTURE
RAINSCREEN
VENTILATION
WATER CONTROL
AIR CONTROL
VAPOR CONTROL

THERMAL LAYER

v
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WATER CONTROL
AIR CONTROL
VAPOR CONTROL
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STRUCTURE

2" STRUCTURE
RAINSCREEN
VENTILATION
WATER CONTROL
AIR CONTROL
VAPOR CONTROL
THERMAL LAYER

N\

35



STRUCTURE
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RAINSCREEN
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WATER CONTROL
AIR CONTROL
VAPOR CONTROL
THERMAL LAYER
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STRUCTURE

2N STRUCTURE
RAINSCREEN
VENTILATION
WATER CONTROL
AIR CONTROL
VAPOR CONTROL
THERMAL LAYER
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AIR CAVITY PROMOTES
VENTILATION & DRYING

CONDENSATION MAY
OCCUR WITHIN RIGID

INSULATION ~

R

SUMMER
VAPOR/TEMP
DRIVE

WINTER
VAPOR/TEMP
DRIVE

Y

~—— LESSHUMID INTERIOR ENVIRONMENT
PROMOTES DRYING

— WATER/AIR BARRIER ALLOWS VAPOR TO
PASS, BUT PROTECTS SHEATHING
AGAINST MOISTURE THAT MIGHT FORM
WITHIN THE INSULATION
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| +——— CONDENSATION MAY OCCUR WITHIN
aa RIGID INSULATION. WET INSULATION
WITHIN CAVITY MAY GET WOQOD
STRUCTURE WET AND LEAD TO
MOLD GROWTH & DAMAGE

AIR CAVITY PROMOTES ol

VENTILATION & DRYING — N

_—{—— VAPOR PERMEABLE MEMBRANE HELPS
PROMOTE DRYINIG TO BOTH DIRECTIONS.
A VB MIGHT HELP STOP VAPOR FLOW IN
THE SUMMER INTO THE CAVITY, BUT IT
WILL DECREASE DRYING POTENTIAL.
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Click to Solve for:

® Temperature ® %RrRH O Dew Point

714, 50| 54
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Temperature Scale: O°'F @°C

[images courtesy of www.dpcalc.org]
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AIRTIGHT BOUNDARY
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AIRTIGHT BOUNDARY: SECTION DETAIL

RAISED HEEL ROOF TRUSS
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Cathedral Ceiling Conditioned Attic Vented Attic

Details courtesy of 475 High Performance Building Supplies
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Mass wall with no insulation
How does it manage WAVT



1

Inherently sheds water
but...

[images courtesy of Building Science Corporation] 47






Figure 3 - Progression of moisture absorption.

[images courtesy of Chris Crissinger]
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Permeability vs. Permeance

[images courtesy of Daniel Overbey]
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PERMEABILITY

PERMEANCE

(PERMS)

THICKNESS OF
MATERIAL

54



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



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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Method A

desiccant/dry cup o

/”

)

Method B

= wet cup




Method A [Method B

measures permeance of | measures permeance of
material when itis dry [ material when it is damp

Lab, 50% RH Lab, 50% RH
0% RH, Desiccant 1009 RH, water

DRY CUP — WETCUP —
Average RH = 25% Average RH = 75%

[image courtesy of Graham Finch at RDH]
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For many materials...

Dry Damp

lower permeance

!

permeance rises

4




Some people refer to materials
with a variable permeance as
“smart retarders.”
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[images courtesy of Building Science Corporation]

properties to

Typical  Water Vapor Permeability Other Web Link
) Relevant (perm-inch)’ Water Relevant for More
Material Dimension Absorption® R-Value Properties Comments Information
Dry Cup Wet Cup
Plywood (CDX) 38" 0.75 3.9 na 0.5 Fs=76- At saturation, More
200 =D factor of 10 Information
=130 increase in
permeability -
14 - 20.5 perms
0OsB 3/8" 0.75 2 na 0.5 FS5=148 At saturation, More
SD=137  marginal Information
increase in
permeability -
2.8 -3.4 perms
Fiberboard - 7me" 14.5 15 23-T% 12 F5=>75 Among the most  More
asphalt AP=0.82 vapor permeable [nformation
impregnated of exterior More
sheathings Information
Thin profile 07g" - 137 05-06 0.5-06 na 02-34 R-value More
structural dependent on air Information
sheathing space; this
sheathing is
essentially an
exterior vapor
barrier
Foil-faced PIR 1" 0.01 0.03 0% T FS=35 Combined More
insulation SD =165 thermal, vapor | Information
transmission &
combustion
properties must
be used
appropriately
XPS rigid 1" 1 1 0.10% 5] FS=35 Comparefcontra More
insulation SD =165 st moisture Information
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Vapor Retarder Classifications (IECC)

Class |
O.1perm > X
impermeable

Class I
lperm > x > 0.1perm
Semi-impermeable

Class Il
10perm > x > 1perm

: X >10perm
Semi-permeable

permeable




Exterior

+1°F

+1 inHg

Total Assembly R-Values

i —

=3

NE

T

for Thermal and Water Vapor Transmission Resistance

8\

NE

'> 0.046 Btu

s el O

'> 0.065 Grains

T

Interior

Carigdiiiit H:-Ualue" P?ﬂﬁ:::_“ Ry-Value Classification
(= °F » ft2/Btu) gr/h e ft2 win.Hg) (1/perms) (based on perms)
Inside air film 0.68 e - -
Interior latex paint s 7.00 0.14 Vapor semi-permeable
Gypsum board, 1/2 in. 0.45 50.00 0.02 Vapor permeable
Polyethylene film vapor retarder, 4 mil 0.08 12.50 Vapor impermeable
Fiberglass batt insulation, kraft-faced, nominal & in. 19.00 1.00 1.00 Vapor semi-impermeable
Plywood, Douglas Fir, exterior glue, 1/2in, 0.62 0.70 143 Vapor semi-permeable
Weather-resistant barrier (air and water), 6.1 mil *** e 48.00 0.02 Vapor permeable
Wood siding, 1/2 in. x 8in., lapped 0.81 10.00 0.10 Vapor semi-permeable
Exterior acrylic paint, dry film thickness s 5.47 0.18 Vapor semi-permeable
Outside air film 0.17 e s e
Total resistance (ZR,) 21.73 Total resistance (IR,) 15.40
U-factor [thermal transmission rate) = 1/2R, 0.046 Permeance = 1/IR, 0.085

* Source: Grondzk, Wolter T, Alison Kwok. Mechanicel and Electricel Equipment for Buildings, 12th Edition. John Wiley & Sons (2014), unless noted otherwise,
** Source; Nash, Art,, Richard Seifert. Permeability of Commen Building Moterial to Water Vapor, Cooperative Extension Service, University of Alaske Fairbonks, 2013,

*** WRE in this example is single bonded polyethylene.

[images courtesy of Daniel Overbey]
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4" of brick is about 0.8 perm.
Considered semi-impermeable.
Equivalent to Class Il vapor retarder
(By comparison GWB is 50 perms)




3 wythes of 4” of brick is about 0.27
perm
1/(1/0.8+1/0.8+1/0.8)




Permeability of cement
mortar joint is higher
than that of brick



Masonry
property
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MASS INSULATION

Retains Heat Impedes Heat

69



MASS WALL

What happens when you insulate it?
How does the location of the insulation impact the wall’s
performance?

70






Masonry freeze thaw
deterlorahon '




More of the brick gets cold,
and has less drying potential

Cold Outside A Warm Inside Cold Outside | Warm Inside
A
- 70 - 70
o i
o L
5 S
45 5 g
] 45 @
3 8
5 :
|_
- 32 =
20 20
. < ,
Distance Through Wall Distance Through Wall

[images courtesy of Building Science Corporation] 73



Thickness of insulation is critical.
Thicker is not necessarily better

Cold Outside

A Warm Inside Cold Qutside | Warm Inside
A

=70 = 70
N o
- I —
5 g

45 E E
QO 45
a 8
3 5
|_

o 32 =
20 20
R

Distance Through Wall Distance Through Wall

[images courtesy of Building Science Corporation] 24



Embedded steel corrosion




Interior plaster finish deterioration




Wood joist rot




Mold growth
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s 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

iIsn’t concentrated

on the surfaces,”
- J Lstiburek
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Mechanical
systems can help
promote drying

83









- 1950’s

- Exterior: 3 wythes load bearing

brick

- Interior: hollow clay tiles & painted
plaster finish

Straube et al, 2009 .6



4 test conditions
(2 on each facade):

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



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 .8



Low freeze-thaw risk,
and minor increase in
steel corrosion.

Straube et al, 2009 .



Exterior insulation
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Vertical Z-girts Horizontal Z-girts Crossing Z-girts Galvanized,/Stainless
 Clip & Rail

Aluminum Clip & Rail ~ Thermally Improved Non- Long Screws through
Clip & Rail Conductive Clip Insulation

[images courtesy of Lorne Ricketts, RDH] 6



Climate Zones

oS

“’ Z
5uba?5tic/Arctic
N .

o~

It gets cold
and wet... but not
as bad as New
England, or
Canada.

& -



Zone4, IRC IECC 2009 IECC 2012 IECC 2015 I[ECC 2018
Ceiling R-38 R-49 R-49 R-49
Wood frame wall R-13 R-20 or 13+57 R-20 or 13+5# R-20 or 13+5~
Mass wall * R-5/10 R-8/13 R-8/13 R-8/13
Floor R-19 R-19 R-19 R-19
Basementwall ** R-10/13 R-10/13 R-10/13 R-10/13
Slab *** R-10, 2 ft R-10, 2 ft R-20, 2 ft R-20, 2 ft
Crawlspace wall ** R-10/13 R-10/13 R-10/13 R-10/13
Abbreviations : ci = continuous insulation [ NR = no requirement [ LS = liner system

* Second R-value applies when more than half the insulation is on the interior of the mass wall

** R-10/13 means R-10 ci on interior or exterior or R-13 cavity insulation at the interior of the basement wall

* * ¥ p-5 shall be added to the required slab edge R-value for heated slabs.

A First value is cavity insulation, second is ¢i or insulated siding.
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Effective Insulation/Framing Layer R-Values
Steel-framed wall information adapted from ANSI/ASHRAE/IESNA Standard 90.1-2007 Table A9.2B.

Stud Wall Nominal Cavity  Actual Cavity  Rated R-Value Effective R-Value % Change Effective R-Value % Change
Framing Type Depth (inches)  Depth (inches) at16in.on Center'  (Rated vs Effective) at24in. on Center’  (Rated vs Effective)

Batt Insulated Cavity

Steel 4 3.50 R-11 R-5.5 -50% R-6.6 -40%
Steel 4 3.50 R-13 R-6.0 -54% | R-7.2 -45%
steel 4 3.50 R-15 R-6.4 57% W R-7.8 -48%
Steel 6 6.00 R-19 R-7.1 -63% R-8.6 -55%
Steel 6 6.00 R-21 R-7.4 -65% | R-9.0 57%
Steel 8 8.00 R-25 R-7.8 -69% R-9.6 -62%
Wood 4 3.50 R-11 R-9.3 -15% R-9.5 -14%
Wood 4 3.50 R-13 R-10.8 17% & R-11.1 -15%
Wood 4 3.50 R-15 R-12.3 -18% | R-12.7 -15%
Wood 6 5.50 R-19 R-16.0 -16% R-16.3 14%
Wood 6 5.50 R-21 R-17.5 17% R-17.9 -15%
Wood 8 7.50 R-25 R-21.1 -16% & R-21.5 -14%

* Rating for airspace per ANSI/ASHRAE/IESNA Standard 90.1-2007.
! Per the ASHRAE Handbook of Fundamentals, a residential wall framing factor of 25 percent is assumed for conventional framing at 16 in. on center.

2 Per the ASHRAE Handbook of Fundamentals, a residential wall framing factor of 22 percent is assumed for conventional framing at 24 in. on center.

[images courtesy of Daniel Overbey] 99
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BATT INSULATION w/ 2x6 METAL STUDS @ 16" O.C.

RATED EFFECTIVE
R-19 R-7.1

[images courtesy of Daniel Overbey] 100



Wall

11

I

Slab Roof

Figure 4: A Wall Is A Roof Is A Slab

The physics of walls, roofs and slabs are conceptually the
same.

[images courtesy of Building Science Corporation]



WRAPSHIELD SA®

SELF-ADHERED
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W. R. MEADOWS.
GEA[IIGHT,

oA (Family Company Sinee 1926
QUALITY...SERVICE...INTEGRITY

CONCRETE BLOCK

MEL-PRJME -
AIR-SHIELD -
POINTING MASTIC
BRICK TIE

AR SPACE

BRICK VENEER

CAVITY INSULATION

CONCRETE BLOCK

ARSSHELD LW

AR SPACE

BRICK VENEER
CAVITY INSULATION

BRICK TIE

AIR-SHIELD..
self-adhering air/vapor and liquid moisture barrier is a

part of a total system to complete the building envelope.

It is a roll-type product that is nominally 40 mils thick. This
unique, self-adhesive membrane, protected by a special re-
lease paper, is strong and durable. It remains flexible when
surface mounted and will adhere to most primed surfaces
at minimum temperatures of 40° F (4° C). [A low tempera-
ture version for applications between 20° F (-7° C} and 60°
F (16° C) is also available.]

AIR-SHIELD.LM

is a liquid applied, water-based, polymer-modified air/vapor
and liquid moisture barrier. AIR-SHIELD LM cures to form

a tough, seamless, elastomeric membrane, which exhibits
excellent resistance to air and moisture transmission. An
ali-season version is available for use in lower temps
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Expanded Polystyrene

Extruded Polystyrene

Polyisocyanurate

EPS is cheap and effective

| EPS is the least expensive and
most vapor-permeable of the

| three types of rigid foam.

One inch of EPS has a permeance
| of 2.0 to 5.8 perms, making it a
semi-permeable material.

R-value: 3.6 to 4.2 per in.,
| depending on density

EXPANDED POLYSTYRENE

XPS is versatile, tough, and

| waterproof

Because of its high compressive
strength and water resistance,

| XPS is often used below grade to |

| insulate slabs and foundation
- walls.

One inch of XPS has a
permeance of 1.1, while 2 inches
have a permeance of 0.55,
making XPS a semi-impermeable
material.

| R-value: R-5 per in.

EXTRUDED POLYSTYRENE

' Polyiso has a higher R-value
Polyiso doesn't use ozone- |
depleting blowing agents; it uses
pentane. :

Because it can absorb water,
polyiso is not recommended for
use under slabs or on the
exterior of foundation walls. The
foil facing, however, makes it an |
 excellent exterior drainage plane
for above-grade walls, as long as
seams are taped. 5

R-value: R-6 to R-6.5 per in.
| (lower in cold temperatures)

POLYISOCYANURATE

[images courtesy of Green Building Advisor]
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