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BUILDING SCIENCE

Course
Description

The current building codes include provisions for
moisture-safe unvented roofs using spray foam or
exterior rigid foam, and for eliminating Class | or
Class Il vapor barriers/retarders in cold climates, if
vapor permeable exteriors and/or exterior insulation
are used. Where did these code provisions come
from? There is a wealth of building science research
and simulations that provided the basis of the
finalized code language. Participants will be able to
understand the logic behind cold weather interstitial
condensation problems and how the modern codes
address them.
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Learning
Objectives

At the end of this course, participants will be able to answer:

1.
2.

Explain the role of cladding ventilation in drying of
assemblies

Calculate or estimate ratios of interior vs. exterior wall
insulation to minimize condensation risks under various
conditions

Provide details for walls to avoid issues with inward vapor
drive condensation/accumulation.

Explain the potential risks of vapor-impermeable exterior
insulating sheathing, and how to control the risks

AIA
Continuing
Education
Provider
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About BSC

» Massachusetts-based consulting firm
Founded by Joseph Lstiburek (“Dr. Joe”)
Forensics

Design reviews

Construction admin

Research

Website resources
= https://buildingscience.com/

B s
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Vapor Retarders, Exterior
Insulation & Building Codes

Building

Science North Central BS - How Do We Really Even Know What We Know? ©bui|dingscience.com5
Vapor Retarder History Lessons (Pre 2007)
. - VAPOR RETARDER. A vapor resistant material, membrane
. 2006 IRC Vapor retarder - or covering such as foil,_plastic sheeting, or insulation facing
having #permeance rating of 1 perm¥5.7- 10""kg/Pa-s-m?) or
1 perm or less less, \""]L-I'J-IL?SE:(Tﬁ'l-il-{.‘ﬁi?[mll-l:g-\\"lllh the dessicant method

using Procedure A of ASTM E 96. Vapor retarders limit the

" VapOr retarderS reqU|red |n Wa”S, amount of moisture vapor that passes through a material or wall
o assembly.

ﬂoors’ and Celllngs N1102.5 Moisture control. The building design shall not cre-

= Not required CZ1,2,3,4A, 4B e conditions of accelerated dereriomion £row MOISIIE coo -

Idensation. Above-grade frame walls, floors and ceilings not

i Z i entilated to allow moisture to escape shall be provided with ¢
- NOt requ”.ed Where Other means tO aVOld :\Llll IIIL( 1.01 [.}\\ mfmt.uu. tm.\u !|1I..\ll. 11.. provided with an
approved vapor retarder. The vapor retarder shall be installed

condensation are prOVided" :nn the warm-in-winter side of the thermal insulation.

= 2007 Supplement to the IRC: added Exceptions:

I. Inconstruction where moisture or its freezing will not

Class I/lI/lll and more information damage the materisls.
2. Frame walls, floors and ceilings in jurisdictions in
= “Do we a|Ways need a sheet of Zones 1, 2, 3. 4A, and 4B. (Crawl space floor vapor

. retarders are not exempled.)
pOIyethylene? (OI’ Kraft) 3. Where other approved means to avoid condensation
are provided.
Building
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Wall w/o Insulated Sheathing

Cold = Condensation

B b
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Vapor
Diffusion
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Wall with Insulated Sheathing

Warm = no condensation

B s

e | Air leakage

/
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B /// | Vapor Diffusion
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Ratio of Exterior-to-Interior Insulation
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Distance Through Wall
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Code Tables-Class lll: Exterior Insulation

TABLE N1102.5.1
CLASS Il VAPOR RETARDERS

Zone

Class lll vapor retarders permitted for:

Marine 4

Vented cladding over OSB

Vented cladding over plywood

Vented cladding over fiberboard

insulated sheathing with R-value = 2.5 over 2x4 wall |
Insulated sheathing with R-value = 3.75 over 2x6 wall

Vented cladding over OSB
Vented cladding over plywood
Vented cladding over fiberboard

"insulated sheathing with R-value = 5 over 2x4 wail !
Insulated sheathing with R-value = 7.5 over 2x6 wall _ |

Vented cladding over fiberboard

L Vented cladding OVer QYpSUM _ o o e e e e e e

Insulated sheathing with R-value = 7.5 over 2x4 wall -:

7and 8

Insulated sheathing with R-value = 10 over 2x4 wall

Insulated sheathing with R-value = 15 gver 2x6 wall 1

Building
Science

North Central BS - How Do We Really Even Know What We Know?
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What Are the Ratios (% Exterior)?

= Original calculations & code change by BSC
(Lstiburek, Straube, Schumacher)

» Ratios apply to higher-R walls (e.g., flash and batt, double stud wall)
= What happens when you “miss”? (too little exterior insulation)

Climate | Minimum R-Value | Minimum R-Value | % Exterior Insulation | % Exterior Insulation
Zone (2x4) (2x6) 2x4 () |l _____ 2x6 (%) ______
4C 2.5 3.75 16% : 16%
I I I I N N 28% I S I—
6 | 7S s X7 I -
7/8 10 15 43% L 44%

Building
Science

11
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Code Tables-Class llI: Vapor Permeable Sheathing

TABLE N1102.5.1
CLASS Il VAPOR RETARDERS

Zone

Class lll vapor retarders permitted for:

Marine 4

Vented cladding over plywood

Vented cladding over OSB 1
1
Vented cladding over fiberboard :

Vented cladding over gypsum

Vented cladding over OSB -

Vented cladding over plywood 1

Vented cladding over fiberboard :

| Vented cladding over gypsuUm . _ o oo .
Insulated sheathing with R-value = 5 over 2x4 wall

- Dsilated.sheathingwith Bvalue.z 23 gver 2x0.wall - -

1 Vented cladding over fiberboard

Insulated sheathing with R-value = 7.5 over 2x4 wall
Insulated sheathing with R-value = 11.25 over 2x6 wall

7and 8

Insulated sheathing with R-value = 10 over 2x4 wall
Insulated sheathing with R-value = 15 over 2x6 wall

Building
Science
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Outward Drying through Permeable Sheathing

e | Air leakage

Cold = Condensation

Vapor
Diffusion

Building "
Science North Central BS - How Do We Really Even Know What We Know? © buildingscience.com
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Vapor Barriers and the Code
» Class | or Il required CZ 5 and higher + CZ4 marine (2015 IRC)

» Class I: 0.1 perm or less (polyethylene)
» Class Il: 0.1 < perm < 1.0 perm (Kraft facing, vapor retarder paint)
» Class lll: 1.0 < perm < 10 perm (Latex paint)

TABLE R702.7(1) VAPOR RETARDER MATERIALS AND CLASSES

CLASS ACCEPTABLE MATERIALS
| Sheet polyethylene, nonperforated aluminum foil or other approved materials with a perm rating less than or equal to 0.1.

Kraft-faced fiberglass batts, vapor retarder paint or other approved materials applied in accordance with the manufacturer’s installation instructions for a perm rating greater
than 0.1 and less than or equal to 1.0,

Latex paint, enamel paint or other approved materials applied in accordance with the manufacturer's installation instructions for a perm rating greater than 1.0 and less than
ar equal to 10.0.

Building »
Science North Central BS - How Do We Really Even Know What We Know? © buildingscience.com
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Exterior Insulating Sheathing
(UW Research)

Building "
Science North Central BS - How Do We Really Even Know What We Know? © buildingscience.com
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UWaterloo (CZ 6A) Walls

o B W "1, e
Building "
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UWaterloo (CZ 6A) Walls

= Walls 2x4 + XPS, 2x6 + paint, 2x6 + poly N1/S1=XPS, paint
» Interior run at 68 F/50% RH year round N2/S2=paint
= Very challenging interior condition N3/S3=polyethylene

17
© buildingscience.com
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UWaterloo (CZ 6A) Walls

2x4 w. 1” XPS;
paint interior
(Class Ill)

37% code value
28% installed

Mid-wall monitoring
(see detail drawing) \

Mid-batt RH/T (lower) \
Sill plate MC/Ts >
(inboard & outboard) \

Building E "
Science North Central BS - How Do We Really Even Know What We Know? © buildingscience.com
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North Side Sill Plate MCs

= 20-30% MC usual “concerning” range
= XPS wall sill plate soaking wet

50 N1/S1=XPS, paint o
w0 NZ/SZ paint 10(
N3/S3=polyethylene
— I 80
& 30
= .
§ 20 t 5
g g!ﬁ m f’iI%WA '1' M’%u °
é 10 | et ¢
r 20
0 5
-10 T T T T T T T 20
9/1/05 10/21/05 12/10/05 1/29/06 3/20/06 5/9/06 6/28/06 8/17/06
N1(XPS) Sill Plate Ext ~ ——N2(Paint) Sill Plate Ext ~ ——N3(Poly) Sill Plate Ext Exterior T
Building .
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North Side Sill Plate MCs

» 20-30% MC usual “concerning” range
= XPS wall sill plate soaking wet

50

12
N1/S1=XPS, paint
M.. M~ N2/S2=paint b 100
40 e .. —
| \«\\\ N3/S3=polyethylene
g . i 8(
E R
S k=
g 40 g
Z wi
=2 20
0
-10 20
9/1/05 10/21/05 12/10/05 1/29/06 3/20/06 5/9/06 6/28/06 8/17/06
——N1(XPS) Sill Plate Ext ~ —— N2(Paint) Sill Plate Ext ——N3(Poly) Sill Plate Ext Exterior T
Building "
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UWaterloo (CZ 6A) Year 1 Disassembly

= Slight spotting on XPS surface
= Wetting event correlated with XPS T>32 F

» Frost accumulation followed by thaw & rundown

21
North Central BS - How Do We Really Even Know What We Know? © buildingscience.com
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Takeaways

» |nsulation ratios critical, especially at higher interior RHs
» Foam rigid insulation is low perm

= Vapor-permeable continuous insulation even safer

= 50% RH challenging... but more realistic now -

3 _! = | 1 ity ’
Building R - .
Science North Central BS - How Do We Really Even Know What We Know? T
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We Don’t Have to Worry About
Vapor... rigt?

Building »
Science North Central BS - How Do We Really Even Know What We Know? © buildingscience.com
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Water Vapor Transport q\_
= Vapor Diffusion "“\
= more to less vapor dowoom | gug st
* no air flow . ”%;Ef: ’ !H
» flow through tiny pores «"” -
= Air Convection ;/
&

= more to less air pressure
» flow through visible cracks and holes
= vapor is just along for the ride Wrer | awshestor

dewpoint gypsum board

with a 1 in2 hole . . . .
g Interior at 75°F
el NI
£ pom T
> CRERe
c
< LILd

4 pints of water

Building
Science North Central BS - How Do We Really Even Know W/
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UWaterloo (CZ 6A) Walls

2x6 w. polyethylene (Class I) vs.

2x6 w. paint (Class Ill) , Sensorker:

A Temperature

© Relative humidity/temperature
® Moisture content/temperature
& Moisture content block

Mid-wall monitoring
(see detail drawing)

50% RH interior
Very challenging

Mid-batt RH/T (lower) x

g
Sill plate MC/Ts
(inboard & outboard) ‘\

North Central BS - How Do We Really Even Know What We Know?

25
© buildingscience.com

Building
Science

26

North Side Sheathing

» Polyethylene sheathing stayed dry through winter
= Latex paint interior—35%+ then dried down

» What did the sheathing look like?

40 —
N1/S1=XPS, pai
. & /! S, paint
P N2/S2=paint 1o
30 f
1 N3/S3=polyethylene
s 25 nm\.{ti I!U' POyERY | s
3 i '™ i
a5 W%ﬁw%
g L 4
_g 10 1— 1Ly ﬁr
=]
2 5
0
5
-10 ; . . . . ; .
9/1/05 10/21/05 12/10/05 1/29/06 3/20/06 5/9/06 6/28/06 8/17/06
—— N1(XPS) Sheath-Mid ~ ——N2(Paint) Sheath-Mid  ——N3(Poly) Sheath-Mid Exterior T

North Central BS - How Do We Really Even Know What We Know?

Exterior T (C)

26
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UWaterloo (CZ 6A) Year 1 Disassembly

» “Paint” (only Class Il vapor retarder)
= Mold uniform coverage
» Worse on north than south

27
© buildingscience.com

» Vapor Barrier Paint
(over existing latex)
* 0.9-1.7 US Perms

= Original latex paint
= ~7-10 US Perms

Building 2
Science North Central BS - How Do We Really Even Know What We Know? © buildingscience.com
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North Side Sheathing

20

= Winters 2 & 3: paint wall drier than/as dry as polyethylene wall
= Why polyethylene wet? Stored water from summer... more later
= Winter 3: Class Il (1 perm) as good as Class | (0.1 perm)

Building
Science North Central BS - How Do We Really Even Know What We Know?

N1/S1=XPS, paint
35 -
. N2/S2=paint b 100
30 [ '\ N3/S3=polyethylene |
25 1y L 0
g LAY
£ 2 g
E =
8 15 | 5
H g
3 10 <
' S —— 3
2 5
0 - A [ U Y,
-5
-10 - - - T T - . + -2
9/1/05 12/10/05 3/20/06 6/28/06 10/6/06 1/14/07 4/2a/07 8/2/07 11/10/07 2/18/08
N1(XPS) Sheath-Mid ——N2(Paint) Sheath-Mid ——N3(Poly) Sheath-Mid Exterior T

29
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Takeaways

» Class | (polyethylene) works... until things get wet
= Bulk water—i.e., rain leaks
= Inward vapor drives—more later

= Class Il (VB paint, Kraft, SVR) works great
» Good cold-climate recommendations in general
= Even at challenging 50% RH interior

= Why bother with Class | (polyethylene)?
» Air leakage must be 0.0006 in?/ft? to function 0.1 perm
» Vs. 2.5 in?/ft? common airtightness #

= Vapor retarder paint on unprimed drywall?

Building
Science North Central BS - How Do We Really Even Know What We Know?
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Takeaways: Does Vapor Flow Matter?

» Big failures — air leakage

= Vapor can be the cause of failure IF
» Wet enough interior conditions
= Vapor open enough interior vapor control
» Not enough seasonal drying

Building
Science North Central BS - How Do We Really Even Know What We Know?
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Inward Vapor Drives
(Reservoir Claddings)

Building
Science North Central BS - How Do We Really Even Know What We Know?
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Inward Vapor Drive-Background

Exterior Conditions Conditions within Cavity: Interior Conditions
Temperature: 80°F Temperature: 100°F Temperature: 75°F
Relative humidity: 75% Relative humidity: 100% Relative humidity: 60%
Vapor pressure: 2.49 kPa Vapor pressure: 6.45 kPa Vapor pressure: 1.82 kPa

Solar radiation
strikes wall

Brick veneer is saturated ———— |

with rainwater _

1-inch air space

Felt paper l

Vapor is driven both inward and
outward by a high vapor pressure
differential between the brick and
the interior and the brick and the

NNNNISNNNNNN

Fiberboard sheathing exterior.

Fiberglass insulation 1

Polyethylene

Interior gypsum board e7al
Building .
Science North Central BS - How Do We Really Even Know What We Know? © buildingscience.com
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Inward Vapor Drive

aper or polyethylene interior

= Vinyl wallp

North Central BS - How Do We Really Even Know What We Know? ) bui|dingscience,co3;
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When Sunshine Drives Moisture Into Walls

.
I {ea I I a I I u re S Because of inward solar vapor drive, vapor diffusion from the cutside
inward is often more worrisome than vapor diffusion from the inside

outward — so you need a good vapor barrier strategy

» Zaring Homes, Cincinnati, 1990s

“Wet carpet” complaints

OSB sheathing to fiberboard (Celotex)
Interior polyethylene (code... or “code”)
Air conditioned interior

Perfect combination of problems

Builder went bankrupt
($60-70k fix per house, strip brick)

B ¥ - 3 e - __. L
Building S B .
Science North Central BS - How Do We Really Even Know What We Know? © buildingscience.com
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Inward Vapor Drive

» Poorly ventilated brick veneer ...

A Temperature
© Relative humidity/temperature

" Ontario Canada (6A) e
= Wood sill inboard MC

Mid-wall monitoring
(see detail drawing) \

Mid-batt RHIT (lower) \
Sill plate MC/Ts :
(inboard & outboard) \

Building .
Science North Central BS - How Do We Really Even Know What We Know? © buildingscience.com
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Interior-Side Sill Plate MC

= Only polyethylene wall shows problems

40

120
35

F 100
30 N

N1/S1=XPS, paint i '\}""\‘
25 1N2/S2=paint - 80

)
€ N3/S3=polyethylene l \ =
2 Dy 'V \ I 60 E’
S . &
. Aoy s E
g L 2
é 10 ‘M ) o P
‘S
2 5 F 20

0

o

-5

-10 T T T T T T T r 20

9/1/05 10/21/05 12/10/05 1/29/06 3/20/06 5/9/06 6/28/06 8/17/06 10/6/06

——S1(XPS) Sill Plate Int ~ ——S2(Paint) Sill Plate Int ~ ——S3(Poly) Sill Plate Int Exterior T

Building -
Science North Central BS - How Do We Really Even Know What We Know? © buildingscience.com
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Sill Plate Wetness (September)

» Soaking wet sill plate
» Run down from polyethylene

q. L

o g

Building -
Science North Central BS - How Do We Really Even Know What We Know? © buildingscience.com
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UWaterloo (CZ 6A) VB Wafer

= Surrogate for relative humidity, shows moisture accumulation at
interface

39
© buildingscience.com
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Fiberglass-GWB Interface Wafer MC

» Summer #1 (poorly ventilated veneer)
= Spikes & falls due to outdoor temperature
» XPS and paint walls—both fine

50 120
N1/S1=XPS, paint

T

1
N2/S2=paint 1
N3/S3=polyethylene !

ikil{

40

w
o

Exterior T (C)

Moisture Content (%)
5 3

0

-10 T T T T T T T T
9/1/05 10/21/05 12/10/05 1/29/06 3/20/06 5/9/06 6/28/06 8/17/06 10/6/06

——S1(XPS) Inwd Wafer ~ ——5S2(Paint) Inwd Wafer ~ ——53(Poly) Inwd Wafer Exterior T
Building
Science

11/25/06

40
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North & South Poly Wafers

» Mold reaction when walls were opened up
= Summertime is when temperatures allow more growth

Building p
Science North Central BS - How Do We Really Even Know What We Know? © buildingscience.com
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Add Better Brick Ventilation (Summer 2)

= Ventilate your problems away...
= Or avoid them to begin with... (XPS)
= Summer 2: “Paint” wall is vapor retarder paint

50

. 120
N1/S1=XPS, paint
40 NZ/SZ=paint b 100
N3/S3=polyethylene
- b 80
£ 30 A
g { b 60 g
§ 20 | t 5
N ' 5
g | 40 &
% 10 o
z 20
0 Fo
-10

-20

9/1/05 12/10/05 3/20/06 6/28/06 10/6/06 1/14/07 af24f07 8/2/07 11/10/07 2/18/08
——S1(XPS) Inwd Wafer ~ ——S2(Paint) Inwd Wafer ~ ——53(Poly) Inwd Wafer Exterior T
Building i
Science North Central BS - How Do We Really Even Know What We Know? © buildingscience.com

42

5/11/2023

21



5/11/2023

Takeaways

» Inward drives even occur in cold climates (CZ6A)
= With poorly ventilated veneer, polyethylene

XPS (low perm) stops problems

Vapor-open sheathings (DensGlass, fiberboard) increase risks
= Permeable exterior insulation

Stucco, adhered stone: similar issues
Unintentional vapor retarders

Building "
Science North Central BS - How Do We Really Even Know What We Know? © buildingscience.com
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Decoding the New Code
(2018 IRC)

Building »
Science North Central BS - How Do We Really Even Know What We Know? T
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1.2

Mot Permitted Mot Permitted Permitted
3, 4 (except Marine 4) Mot Parmitted Permitted- \ Parmitted

Marine 4. 5, 6,7, 8 Permitted® ‘I"""I” Permitted® k
L

2018 IRC Wall Vapor Retarder Requirements

= Trying to limit use of impermeable interior in warm climates
(both unnecessary and adds risks)

= Note b: Class | exterior “requires an approved design”

= Note c: with plastic foam insulation, see Table R702.7(4)

TABLE R702.7(2) VAPOR RETARDER OPTIONS

VAPOR RETARDER CLASS
CLASS I? CLASS II? CLASS I

CLIMATE ZONE

See Table R702.7(3)

@ B) shall be allowed on the interior side of any frame wall in all climate zones

ing sheathing instalied &s continuous the extencr side of frame walls, the continucus msulation shall comply wih Table RT02.7(4) and ihe
Class Il vapor refarder shall have a vapor permeance graater than 1 parm when measured by ASTM ES6 water method (Procedura B)

Building 45
Science North Central BS - How Do We Really Even Know What We Know? © buildingscience.com
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2018 IRC Wall Vapor Retarder Requirements

» Table R702.7(4) Exterior insulation w Class Il

= Minimum foam values—avoiding “too thin foam” that is also a
wrong-side vapor barrier

= Permeable exterior insulation not addressed?

TABLE R702.7(4) CONTINUOUS INSULATION WITH CLASS Il VAPOR RETARDER

CLIMATE ZONE CLASS Il VAPOR RETARDERS PERMITTED FOR:®
3 Continuous insulation with R-value = 2.

Continuous insulation with R-value = 3 over 2 x 4 wall.

4, 5and 6
Continuous insulation with R-value =2 5 over 2 x & wall.
Continuous insulation with R-value = 5 over 2 x 4 wall.
7
Continuous insulation with R-value = 7.5 over 2 = 6 wall.
Continuous insulation with R-value = 7.5 over 2 = 4 wall.
8

Continuous insulation with R-value 2 10 over 2 = 6 wall.

Building 46
Science North Central BS - How Do We Really Even Know What We Know? © buildingscience.com

46

5/11/2023

23



5/11/2023

2018 IRC Wall Vapor Retarder

» Flash and batt insulation systems
= |ntended for use with closed cell foam

» Basically, use ratios/numbers in existing
code tables

y /| S |

R-19 R-33

 ——

il

| 1

|

R702.7.1 Spray foam plastic insulation for moisture control with Class Il and Il vapor retarders. - :-—_—IJ 1l
For purposes of compliance with Tables R702.7(3) and R702.7(4), spray foam with a maximum permeance of 1.5 perms at the installed thickness applied to
the interior side of wood structural panels, fiberboard, insuwiating sheathing or gypsum shall be deemed to meet the continuous insulation moisture control

requirement in accordance with one of the following conditions:

1. The spray foam R-value is equal to or greater than the specified continuous insulation R-value.

2. The combined R-value of the spray foam and continuous insulation is equal to or greater than the specified continuous insulation R-value.

Building “
Science North Central BS - How Do We Really Even Know What We Know? © buildingscience.com
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C tive L '
Building 46
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Convection within the assemblies

Driven by natural buoyancy
Warm air rises/cool air falls
Short circuits insulation

R-value does not take into account the
potential of movement of air within an
assembly.

B b

North Central BS - How Do We Really Even Know What We Know?

= Commonly referred to as “Convective Loops”

Cold

49
© buildingscience.com
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Convection within the assemblies

= Spaces for flow from:

= Compressing batts

» |nset stapling

= Difficulty in filling steel studs
|

=

Paths for flow

50
© buildingscience.com
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Convection in Fibrous Insulation At
— Vo
= Function of; Y
= insulation density : )
= AT across insulation Coo,fjfsr Z,”,i”ri’;es
= air spaces/voids
= cavity height & orientation Al ’
= gaps at top/bottom
= Plus moisture movement (Ojanen 1995) N | st
exists on BOTH
sides
_ W
A: Air Loops Around Insulation

Building 9
Science North Central BS - How Do We Really Even Know What We Know? © buildingscience.com
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Inset Stapling

= Common practice (drywall installation)
» Forbidden in WA state code

= Allowed by some manufacturers
(“tested this way”)

» Energy penalty w. inset staplin

= ~3%+ (Christian et al. 1998)
* 14% (ORNL)

APOR RETARDER
STAPLED TO FACE

INSET STAPLING
NOT PERMITTED

Washington State University Extension Energy Program (2004)

Building o
Science North Central BS - How Do We Really Even Know What We Know? © buildingscience.com
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WA State-Side-by-Side Test Walls

SVR = ‘smart’ vapor retarder
SVR-F = faced product
(inset stapled)

Building .
Science North Central BS - How Do We Really Even Know What We Know? © buildingscience.com
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Quick Results of Washington Study

= Wintertime RHs 40-50% (typical for PNW)
Paint-risky (20-25% MC each winter)
Kraft-safe, peaks ~18% in winter

Smart Vapor Retarders
» Facer-same behavior as Kraft
» Film-noticeably drier; below 15% MC

Polyethylene-stayed dry (under 15%)-still cycled seasonally

ﬁ Building
54
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Disassembly/Decommissioning
= T-111 walls \ ™
(housewrap on studs) :

= Mold spotting on
inside of latex paint
test wall

= Mapped out wood
moisture content (MC)

Building o
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Spatial Sheathing MCs (West)

MC (%)

SVR = ‘smart’

vapor retarder
SVR-F = faced
product

(inset stapled)

Building .
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Spatial Sheathing MCs (South)

|
| i LA P
vapor retarder Bl SEE N |

SVR = ‘smart’
SVR-F = faced
product

(inset stapled)

Building o
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Convective Looping (Reisener et al. 2004)
model temperature moisture content field
: field 20
E 8 —'r
S 16
B 1.4
= 1.2 1
1.0
0.8
—with natural
067 convection
0.4 1 —without natural
0.2 1  convection
0.0 .
d=0m 0.2m (8% moisture content of
the insulation w* [kg/m?*
e |ayers of the wall in 4=0.005m
all boundaries are airtight B loose filled insulation
E= spruce or wooden chip board - - air flow (simplified)

Building o
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Takeaways: Convective Looping

= Fill cavity completely

= Small gaps-disproportionate

No inset stapling

Letting drywallers design thermal enclosure

Insulation facer (e.g., Kraft) providing vapor
control can get bypassed

Fiberglass batt (~1.2 PCF) will stop
convection if cavity filled (perfectly)
= But old <1 PCF batt...

Exterior insulation helps

Building ' - o
Science North Central BS - How Do We Really Even Know What We Know? © buildingscience.com
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Unvented Roofs

Building i
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Spray Foam/Exterior Insulation Roofs

» Nail base needed with rigid foam on roof deck

= 2006 IRC onward: R806.5 Unvented attic assemblies

= Minimum R-value of “air impermeable insulation”
= Actually ratio of R-values (BSI-100 Hybrid Assemblies)

Building
Science North Central BS - How Do We Really Even Know What We Know?
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Ratio of Exterior-to-Interior Insulation

A

[ —

=

!

Temperature

>

Distance Through Wall

Interior
air

Back of
sheathing

Safe range
of indoor air
dewpoint

Exterior
air

Building
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IRC Hybrid Insulation Requirements

» Why R-values instead of ratios?
= “We can’t have people calculate in the building codes...”

TABLE R806.5 INSULATION FOR CONDENSATION CONTROL

MINIMUM RIGID ECARD
CLIMATE ZONE ON AIR-IMPERMEABLE
INSULATION R-VALUE™®

2B and 3B tile roof only 0 (none required)
1, 24, 2B, 3A, 3B, 3C R-5
4C R-10
4A, 4B R-15
5 R-20
[ R-25
7 R-30
8 R-35

atenior air lemperature s assumed 1o be the monthly average oulside air temperature of the three coldest months.

ove the structural roof sheathing to maintain the monthly average tampearature of the underside of the structural roof sheathing above 45°F (7°C). For calculation

Building o
Science North Central BS - How Do We Really Even Know What We Know? © buildingscience.com
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IRC Hybrid Insulation Requirements

» Presented as ratios (%) rather than R-values
Insulation for Condensation Control*

Climate Rigid Board or Air Code Required | Ratio of Rigid Board Insulation or Air Impermeable
Zone | Impermeable Insulation R-Value R-Value to Total Insulation R-Value

1,2,3 R-5 R-38 10%
4C R-10 R-49 20%
4A, 4B R-15 R-49 30%
5 R-20 R-49 40%
6 R-25 R-49 50%
7 R-30 R-49 60%
8 R-35 R-49 70%

*Adapted from Table R 806.5 2015 International Residential Code

Building o
Science North Central BS - How Do We Really Even Know What We Know? © buildingscience.com
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Climate Zones 2B/3B Tile Roofs

= Experiences in Las Vegas, Phoenix, &
Tucson early 2000s

= Production builders—batt or cellulose at
roofline, bring ductwork inside

= Drying via roofing paper to airspace under
roof tile

» Dry climate:”_

San Franciscd 3

low interior =

Roofing tile

Roofing paper

Batt insulation installed with
wire stays or twine

. . Roof sheathing
RH in winter
Stucco Unfaced batt insulation
Rigid insulation (taped, — Gypsum board with vapor

shiplapped or sealed joints) — semi-permeable (latex) paint

65
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Unvented Roof Code Language

RB06.5 Unvented attic and unvented enclosed rafter assemblies.
Unvented attics and unvented enclosed roof framing assemblies created by ceilings that are applied directly to the underside of the roof framing members and
structural roof sheathing applied directly to the top of the roof framing members/rafters, shall be permitted where all the following conditions are met:

1. The unvented attic space is completely within the buiding thermal envelope.

2. Interior Class | vapor retarders are not installed on the ceiling side (attic floor) of the unvented atfic assembly or on the ceiling side of the unvented
enclosed roof framing assembly.

. Where wood shingles or shakes are used, a minimum "/s-inch (6.4 mm) vented airspace separates the shingles or shakes and the roofing underlayment
above the structural sheathing.

. In Climate Zones 5, 6, 7 and 8, any air-impermeable insuwiation shall be a Class |l vapor retarder, or shall have a Class Il vapor retarder coating or covering
in direct contact with the underside of the insulation.

w

.

5. Insulation shall comply with Item 5.3 and either Item 5.1 or 5.2:
5.1. Item 5.1.1, 5.1.2, 5.1.3 or 5.1.4 shall be met, depending on the air permeability of the insulation directly under the structural roof sheathing.

5.1.1. Where only air-impermeable insulation is provided, it shall be applied in direct contact with the underside of the structural roof sheathing.

5.1.2. Where air-permeable insulation is installed directly below the structural sheathing, rigid board or sheet insulation shall be installed directly above the
structural roof sheathing in accordance with the R-values in Table R806.5 for condensation control.

5.1.3. Where both air-impermeable and air-permeable insulation are provided, the air-impermeable insulation shall be applied in direct contact with the
underside of the structural roof sheathing in accordance with Item 5.1.1 and shall be in accordance with the R-values in Table R&06.5 for
condensation control. The air-permeable insulation shall be installed directly under the air-impermeable insulation.

5.1.4. Alternatively, sufficient rigid board or sheet insulation shall be installed directly above the structural roof sheathing to maintain the monthly average
temperature of the underside of the structural roof sheathing above 45°F (7°C). For calculation purposes, an interior air temperature of 68°F (20°C) is
assumed and the exterior air temperature is assumed to be the monthly average outside air temperature of the three coldest months.

Bunaing
Science
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Unvented Roof Code Language (Class | VBs)

. Interior Class | vapor retarders are not installed on the ceiling side (attic floor) of the unvented attic assembly or on the ceiling side of the unvented
enclosed roof framing assembly.

= Don’t turn roof into double vapor barrier (Class |) unnecessarily
= Shingles + underlayment = 0.65 perm (Class Il vapor retarder)

Knee wall —»|| &

Crip edge tucked
under membrane

.\.

]
Building o
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Unvented Roof Code Language (Wood Shingles)

3. Where wood shingles or shakes are used, a minimum '/s-inch (6.4 mm) vented airspace separates the shingles or shakes and the roofing underlayment
above the structural sheathing.

= SPF or rigid foam = limited downward drying
» Drainage mat under wood shingles/shakes
= Full batten/cross batten installation

suamna

© buildingscience.com
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Unvented Roof Code Language (Foam Permeance)

4. In Climate Zones 5, 6, 7 and 8, any air-impermeable insulation shall be a Class Il vapor retarder, or shall have a Class 1l vapor retarder coating or covering
in direct contact with the underside of the insulation.

» ccSPF OK by itself (CZ 5-6-7-8); ocSPF needs vapor retarder
» U Waterloo/CUFCA research—open cell lets too much moisture thru

» “Direct contact with underside of msulatlon —Ilkely bypass if air
space between two materials

Parapet Cap
PVC Roof Membrane

Exterior Insulation Continuous Rigid Insulation (3/87)
Exierior Finish \ 048 Sheelting
\ oCSPF Insulation
Batt Insulation- R < B 9 .
1 4 . 4 N \
& ; x - v |
Engineered Joist . Myt & 7 ——
Air Gap (Depth Varies) 1 e 2P S ;
Polyethylene Sheet i Lm
Drywall El, =
Building Images RDH Building Science Laboratories
Eii 69
Science North Central BS - How Do We Really Even Know What We Know? © buildingscience.com

69

Unvented Roof Code Language (Roofline vs. Ceiling)

5.1.3. Where both air-impermeable and air-permeable insulation are provided, the air-impermeable insulation shall be applied in direct contact with the
underside of the structural roof sheathing in accordance with Item 5.1.1 and shall be in accordance with the R-values in Table R808.5 for
condensation control. The air-permeable insulation shall be installed directly under the air-impermeable insulation.

= Roofline + ceiling insulation = “cold attic” w. interior air
= Spray foam roofline + acoustic batt in attic floor (noisy mice?)

Crip edge tucked -
under membrane

Building -
Science North Central BS - How Do We Really Even Know What We Know? © buildingscience.com
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Unvented Roof Code Language (Cut & Cobble)

5.3. Where preformed insulation board is used as the air-impermeable insulation layer, it shall be sealed at the perimeter of each individual sheet interior

surface to form a continuous layer. Musings of an Encrgy Nerd GBAPRIVE
Cut-and-Cobble Insulation
] “Cut and Cobble” rOOfS pieCing E;:::ei::;eorurrn:(l:eds::rse;:fo::r:;rigid foam into strips and insert the strips
together rigid foam board @ oyt s o

= Adds risks—air barrier imperfections S

at interior of assembly

= Not BSC’s recommendation or
addition to the code language

Science North Central BS - How Do We Really Even Know What We Know? © buildingscience.com
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Cut & Cobble Monitoring Results

» Not ideal experiment (with & w/o DV comparison)
» (Trying to fix friends’ houses, not rot them)

Still worrying high wood MCs ~30% peaks
Peaks occur in spring (May), not winter—?7??

What goes in vs. what comes out
» In via air leakage/out via vapor diffusion — hard
= Airtightness was ~6 ACH 50; air leaks @ roof
» Trapped moisture—foil-faced polyiso below?
= Small diffusion vent surface area

Still OK-no condensation/dripping, but still
high MCs/RHs each spring

Building 23
Science North Central BS - How Do We Really Even Know What We Know? © buildingscience.com
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Exterior Continuous Insulation

Building »
Science North Central BS - How Do We Really Even Know What We Know? © buildingscience.com
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Exterior Rigid Foam (Taped Seams)

-

Single top plate

Spray foam
insulation al rim
|oist

2x6 shed wall & 24" o.c.
~— Taped and painted /"

gypsum wall board as
Intedor finish

- Fiberglass or cellulose
insulation in stud space

-~ XPS insulaling exterior
sheathing; 1" 1o 4" typical

Tape joinls in XPS
sheathing

Furring strips

~— Cladding

North Central BS - How Do We Really Even Know What We Know?
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4" Polyisocyanurate Foam Retrofit

| = — —

7

B

34" vented mesh
Insect screen closure at base of wall
Metal flashing

— _— Existing wood framing

Interior finish as per project (existing
horsehair plaster, replacement gypsum
board)

Existing board sheathing

Draining polyolefin housewrap; used as
a secondary air barrier/secondary
drainage plane (some projects)

4" rigid foil-faced polyisocyanurate
insulation (two layers of 2 insulation);
tape horizontal and vertical joints

1x3 wood furring

Furring attached with 6" heavy-duty
flat head coated screws spaced
vertically at 24" o.c.

~—— Lap siding (wood, vinyl, or rigid PVC)

as per project

76
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Building . 77
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4" Polyisocyanurate Foam

Building 78
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Foam Sheathing Cladding Attachment

./-

250 Ibs/113 kg load (7.8 psf): <0.003” deflection

L} ‘\'

Wood siding ~2 psf Image c/o Petersen Engineering
Fiber cement 2-3 psf

Stucco 8-10 psf

Building "
Science North Central BS - How Do We Really Even Know What We Know? © buildingscience.com
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Foam Sheathing Cladding Attachment

Substrate

Deformed positon [ T TTTTe---- 13y
of fastener Geometry

Compressive

“strut” .
Tension

Gravity load of Force Gravi
cladding

Compression

Building %
Science North Central BS - How Do We Really Even Know What We Know? T
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BSC Cladding Attachment Research

= System Mechanics

[T
B | H
1| 4T

Rotational resistance
provided by tension in
fastener and compression

Shear and rotational
resistance provided by
fastener to wood

Vertical movement
resistance provided by
friction between layers

connections of the insulation
Building o
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Full System Laboratory Tests

= Looked at initial response full
system capacity as well as long
term sustained loading

= Used full scale samples to limit
variations in fastener installation

B s
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Recommendations

= Based on the results of the testing it is currently recommended to
use a maximum load per fastener of no more than 10lbs for up to 4”
of insulation
Cladding weight 16” oc Furring 24” oc Furring

(psH)
5 18 12
10 9 6
15 6 4
20 4 3
25 3 2

Building .
Science North Central BS - How Do We Really Even Know What We Know? © buildingscience.com
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Closing

= This concludes The American Institute of Architects
Continuing Education Systems Course

How Do We Really Even Know What We Know?

The Testing That Shaped Building Science

Course #: (TBD - waiting on final approval from AlA)

Provider: Huber Engineered Woods

Provider #: K094

Contact: Anna Moore AIA
Email: Anna.Moore@huber.com Continuing

Education
Provider

Building o
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Questions?

Kohta Ueno
kohta [at] buildingscience [dot] com

Building
Science

. . . Corporation
Presentation will be available at: P
U.S. DEPARTMENT OF Energy Ef‘fICIenCy &

https://buildingscience.com/past-events ENERGY Rerewable Energy

Building
Science
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Document Resources

= Building Science Digest 106: Understanding Vapor Barriers
https://buildingscience.com/documents/digests/bsd-106-understanding-vapor-barriers

= Building Science Digest 163: Controlling Cold-Weather Condensation Using Insulation
https://buildingscience.com/documents/digests/bsd-controlling-cold-weather-condensation-using-insulation

= Info-305: Reservoir Claddings
https://buildingscience.com/documents/information-sheets/reservoir-claddings

= BA-1501: Monitoring Double-Stud Wall Moisture Conditions in the Northeast
https://buildingscience.com/documents/bareports/ba-1501-monitor-double-stud-moisture-conditions-northeast/view

= Field Monitoring of Wall Vapor Control Strategies in the Pacific Northwest (2008)
http://aceee.org/files/proceedings/2008/data/papers/1_8.pdf
https://buildingscience.com/sites/default/files/Field_Monitoring_of_Wall_Vapor_Control_Strategies.pdf

= Understanding Vapour Permeance and Condensation in Wall Assemblies
https://www03.cmhc-schl.gc.ca/catalog/productDetail.cfm?cat=151&
itm=11&lang=en&sid=gxCMd3n40xk6 YDbNMKQNZ9zUZasinu4FRQToR3qpJxsaRXWFU917mORPnadvkk20&fr=14883
03573869

= The Long and Winding Road: Remediation of ASHRAE 160
https://buildingscience.com/sites/default/files/03.02_2015-08-05_ashrae_160_glass_schumacher_ueno.pdf

Building
Science
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How Wet is Too Wet?
(Moisture Failures)

Building o
Science North Central BS - How Do We Really Even Know What We Know? © buildingscience.com
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Criteria for Moisture-Related Failures

= No mold growth with wood below 20% (FPL)
= Optimum growth 25%-30% MC range

= Decay fungi @ MC > 28%
= Doll (2002)—Iliquid water (e.g., condensation), mold growth takes off
™ ASHRAE 160 mOISture ANSUASHRAE Standard 160-2009

failure criteria £Y) ASHRAE STANDARD

Criteria for
Moisture-Control
Design Analysis in

Buildings
Building .
Science North Central BS - How Do We Really Even Know What We Know? © buildingscience.com
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Viitanen’s mold index

Description of Microscopic Observation with the
growth rate observation naked eye

No growth None
1 Initial stages of Small amounts of None
local growth mold on surface
--- Several local colonies None
New spores <50% coverage <10% coverage
produced

4 Moderate growth
Plenty of growth

6 Heavy and tight
growth

>50% coverage

10%-50% coverage
>50% coverage

about 100% coverage

Based on work by Hannu Viitanen and colleagues since the 1980s

North Central BS - How Do We Really Even Know What We Know?
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Adoption into ASHRAE Standard 160

» Addendum e posted

ANSIUASHRAE Addendum e to
ANSUASHRAE Standard 160-2009

Criteria for
Moisture-Control
Design Analysis in
Buildings

North Central BS - How Do We Really Even Know What We Know?

Addendum e to Standard 160-2009
Revise Section 6.1 as foljows.

6.1 Conditi Necessary to Mi
order to muninuze problems associated with mold growth on
the surfaces of components of building envelope assemblies,

Mold Growth. In

mold index, calculated in_accordance with 'lea_gc’n‘us 6-1
through 6-7, shall not exceed a value of three (3 00)% 7

The building matenal surface under analysis shall be
arm;med to one of the following four sensitivity classes: Very
S Medium Resistant, or R Aaderi

90
© buildingscience.com
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Takeaways

» Mold index model is a big improvement
» Does not fail assemblies that work

» Test cases using measurements show that model agrees with observations
(mold & no-mold cases)

= Material sensitivity, mold decline accounted for
= What MC should we be worried about?
» 25%7? 30%? Condensation?
» Risks of sheathing strength loss (modulus of rupture) with repeated
wetting cycles?
= Dow (2016), HIRL (2013), FPL (1996)
= Assumption of “dry in service” (<16%) unlikely

Building o
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