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Building Science Basics

Bulk Water Management
Heat Flow Management
Vapor Management

Air Flow Management
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IECC 2015

Per Table R402.1.7

In Climate Zones 6, 7 and 8...
Wood Frame Wall R-Value = 20+5 or 13+10
The first value is cavity insulation, the second value is continuous insulation

This requirement disallows the use of ‘cavity only insulation”

Note: Air Tightness is Absolutely Critical and Assumed Throughout
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IECC 2009

Table 402.1.1
Insulation and Fenestration Requirements by Component?
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IECC 2015

TABLE R402.1.2
INSULATION AND FENESTRATION REQUIREMENTS BY COMPONENT?
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2015 Vermont Residential Energy Standards

TABLE R402.1.2
INSULATION AND FENESTRATION REQUIREMENTS BY COMPONENT*

BASEMENT* ]
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The ineffectiveness
of
“Cavity Only Insulation”
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Poorly fitted fiberglass batts

Uninsulated basement
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Heat Flow Management

Reduce conductive losses by placing
resistive material
in the path of heat flow

Disrupt thermal contact

“Thermal Break”
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Continuous Insulation Methods meeting
IECC 2015 include

Insulated exterior sheathing
Insulated interior sheathing
Zero Stud Construction (SIPS, ICF)

Double Stud Construction
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2” insulated
sheathing on 2x6
studs
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Climate | Minimum R-value for exterior foam | Minimum R-value for exterior foam
zone installed on an existing 2x4 wall installed on an existing 2x6 wall

23

Minimum True R-values
for
exterior foam applications
IRCR702.7.1

w/Class |1 VDR
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Z1p System R-Sheathing

h | PANEL THICKNESS

2-1/2"

PANEL THICKNESS R-VALUE

2" 12.6

R-VALUE

9.6

PANEL THICKMNESS
1-1/2"
R-VALUE

6.6

PANEL THICKNESS
1"
R-VALUE

3.6




Taped XPS
over
structural
sheathing
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PT strapping
over XPS



XPS layer

Warm framing

Cold sheathing
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" PERSIST SYSTEM... Pressure
Equalized Rain Screen
Insulated Structure

Warm Framing and Sheathing
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25" Service Lave . ' ; e
Electrical fn‘nrJ ;;hnrr»l;lrlq p / <, . M Od ifi ed Wa ll

outside the insulation layer

A Dense Péck Cellul;se | . | ‘ ; 4 NO Thermal- bridging

Renewable resource
No off-gassing
Better moisture

N

management 1.5 teico Wod .
' _, 'A Fiber Insulation Board Wa rm fra m I ng

A ’ No thermal bridging
1/2" OSB Sheathing

All seams taped for ‘ : ¢ 5

Bir sealing A 3/4” Rain Screen

: No trapped moisture

Fibercement Siding

2"x8" Studs
Reduced maintenance

Courtesy Unity Homes
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Insulated vinyl siding
R-value of 2.6 +/-
Not continuous

May impair bulk water
management
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“Flash and Batt” system
does not meet 2015 |ECC

It is still a "cavity only” insulation
method

Dew point issues may arise
as well
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1"X4"
strapping

1” foil faced isocyanurate

Improved radiant heat
management

Outlet difficulties

Cold sheathing



1x4 horizontal strapping
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Roxul Comfortboard™ 80...
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No Stud Versions
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SIP over ICF
High insulation values

Requires careful
construction

Repair problems

Insect infestation?
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Poor bulk water
management

Outer OSB panel
destroyed

Structural
Integrity
compromised
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"Cavity only” or “Continuous™?
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Inner wall bears
second floor load
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Larsen™ Truss for major wall retrofit

J A
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Courtesy Marc Sloot and FHB
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“Wrap and Strap”
Double Wall System .l

l|

Insulation and
membrane
omitted for clarity
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'Wall and roof
construction

Insulation batfie Zx6 ceding joists
- 24 in 0. c. with
N R-57 fiberglass
12-n. Trus-Joist ; bats.
mier 24in 0 c -

3-in. extruded polystyrane insulation
abowe the radiant-heat fim protects
vapor bamer fram heat degradaton.

Fine Homebuilding

Wrap ‘n strap wal

2 suds 24 in o c
with R-18 fibarglass batts

Issue # 34 PR o b

floor vapor barniar.

12-in Tus-Jost 24in. a c
with R-38 fibarglass batts

August/September 1986

Doubéed Trus-Jast acts as
continuous header on
garage door side of house.

1x6 stiteners naded to web
avery 24 in

“A Superinsulated Saltbox” —[CEEEEE. . Swwniy

Permanent-wood
short wal foundation T

PT. 2x6 on 16-in. canters
P L ehs thyveod with 19 Tbargass barts
P.T. 1x5 wear strip

Ranforced poured-concrate floor
P.T. 2x6 plata on P.T. 2x8 =l
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2X6 stud wall

4 mil TuTuff™ V/AB
4x2 purlins

Note V/AB sheets and

fremco™ acoustical
sealant
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Site sawn 2x4 pine
purlins

GRK 6" lags as
fasteners
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Note non-aligned top

Note XPS base
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Detail at window

Heat pump tubing
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Preventing
plate to
plate

alignment
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Ready for the trades
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Oops! The framer
forgot...

partition pickups are
unnecessary
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All the trades work inside the 2x6 outer wall...

LI\

...after the outer wall is insulated!

Even the heat pump system is operational

Much easier cold weather construction
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Ignoring windows and doors...

What percentage of total wall area comprises the
vertical/horizontal intersections?

Building perimeter = 172LF

Total number of vertical studs = 100
Number of horizontal runs = 5

Total intersections = 500

Individual intersection area = .016SF
Total intersection area = 8.0SF

Total wall area =172 x 8 = 1376SF
8.0/1376 x 100 = 0.58%

About one half of one percent of the total wall area
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Drywall
Installed
vertically
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Standard wall framing

.%%

&l Non typical cathedral ceilin
- yp g
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Consider Climate Impact of Insulation Materials

Impact (kgCO2/sfyr)

Whole Assembly R Value (hrsf°F/Btu)
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Heat Flow Management

Radiation

Dealing with MRT
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The importance of
Mean Radiant Temperature (MRT)

Operative temperature is what humans experience
thermally in space

7;=(7/-77r+ 7-db)/z



Relationship between
warm human body
and cold wall

Ignoring the constants in the Stefan-Boltzmann formula,
Forevery AT° , the human bodly radiates 9 additional watts of heat energy
Witha AT® of 10° , radiated enerqgy is equal to 90 watts

A AT° of30° raises that radiated enerqgy to 270 watts
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Bulk Water Management



Presenter
Presentation Notes
The liquid water issues can come from ground water that either enters a building directly or is wicked up into slabs or foundations.  Rain and snow can be improperly drained from the building envelope, or they can be driven into the building through louvers or bypass flashing due to the pressure of the wind.  Plumbing, fire protection and mechanical system leaks can also cause liquid water issues in buildings.  Humidity in buildings, or excess water vapor in the air, can cause condensation on cold surfaces or localized elevated humidity that can promote mold growth.  Sometimes the excess humidity is due to inadequate removal of moisture by the building mechanical systems.  Other times the indoor humidity is generated by the occupants by showering, cooking, or even from breathing, in the case of buildings with high occupancy and low ventilation. 


Eave and rake
overhangs

Drain rain

© 2020 MIAQC, TBS&D LLC, DJ



Home Slicker™

Continuous airflow
behind the cladding

Expensive ?

Consider the long run
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Interior Moisture Management

Reduce vapor diffusion into assembly
Prevent air leakage into assembly

Plan on some moisture penetration into assembly
Allow for drying pathway



“Vapor Open” Wall Systems

Allow drying either to the outside, the inside, or both
Vapor Barriers or Vapor Diffusion Retarders complicate the picture

Plan for moisture sensitive material in the wall to be above 45° F
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Wall Assembly Assessment

Permeability of each component
Least vapor permeable component
Extent and direction of vapor drive

Moisture storage and potential drying

Class | Vapor Retarder (vapor barrier): less than or equal to 0.1 perms
Class Il Vapor Retarder: less than or equal to 1 perm and greater than 0.1 perms

Vapor Ill Vapor Retarder: greater than 1 perm but less than 10 perms
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Product permeability

Perm Rating Product Use
40 Vinyl siding VP
40 Brick veneer VP
30 Building felt paper VP
107 CDX plywood VSP
5 Housewrap VSP
2 OSB sheathing VSP
>1 EPS (Beadboard) VSP
il XPS (1”7 - thickness) VSP
0.1-1 XPS (17 + thickness) VSP
<0.1 Faced XPS VI (Barrier)
<0.1 Foil or poly facing VI (Barrier)

Courtesy Building Science Corporation
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Where is the dew point? heating

Exterior _
Interior

Temperature difference across a wall
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Where is the dew point? cooling

Exterior .
Interior

Temperature difference across a wall
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Walls with cold sheathing...

Cavity only e
Interior rigid insulation b
Zip System sheathing =
SIP System construction 7
Double Stud T

Cold sheathing remains wet if it gets wet
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Insufficient exterior XPS sheathing,
dirt floor basement
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Heat Flow Management

Reduce convective loss by disrupting
fluid motion between a heated
object
and the surrounding environment

Air Seal”
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Air Leakage Evaluation

ACH @ cfm50
< 7 is not particularly tight

< 3 achievable is a good job (Req’d in Zones 3 through 8)

< 1 really good job!
Passivhaus .6ACH @ cfm50

MSH Green minimum standard
0.25 ¢fm/SF @ 50 PA
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Use Air Barriers

Inside

Interstitial
Somewhere in between

Outside



Air Barrier System

Continuous

Stapled, discontinuous paper does not meet air barrier
requirements

Strong, Well anchored, Durable, Stiff?

Air Impermeable (Stop air flow)
May be vapor permeable (Allows vapor through)

Can serve other functions...



Interstitial

q
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Double Wall System
Continuous Tu-tuff™ or
other membrane behind
1st stud of double stud

wall.

(must seal all holes/joints)



Acoustical sealant
at overlaps and
at penetration repairs
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Temperature

Dew point changes with
RH and insulation details

Condensation zone =
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Damaging condensation occurs...

When humid exfiltrating air cools down
Diffusing water vapor hits cold surface

Air leakage iIs critical
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Presenter Contact Information

William Turner David Johnston
Turner Building Science David Johnston & Co
www.turnerbuildingscience.com djohn2054@gmail.com
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