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Why High R-wall walls

Preserve your well-being
— Food, air, water, etc.

Preserve your wallet
— Future trends

Improve your security
— Can you get your fuel?

Buildings consume 40% of America’s energy

Buiding BRS g
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Insulation: how much

How much? Much more than normal practise
Comfort & moisture —

— True 10 is usually enough in Zone 6/7, but .....

For energy / environment / economics

— as much as practical

Practical constraints likely the limit

— How much space available in studs?

— Moisture concerns

— Fastening, windows: exterior sheathing of 1.5”/4”
Increased insulation can reduce HVAC purchase/

install cost as well as operating! Butiding TH g
fitin Sz
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Capital Investment vs Operating Cost o
2500 But there are Complications

—— cash flow Higher Energy costs

. 20 ek * Add up the R-values of the layers to get the
E — Curve total R-value of the assembly
E - R * BUT the actual thermal resistance of an
;S assembly is affected by
E "\ incremantal, Energy o Thermal Bridges
& " Related Mortgage
5 Costs o Thermal Mass
: o Air Leakage
Bk o Temperature )
= 100
Source Energy Reduction : m%
mﬁ:ﬁ ULE. Deparimant of Ensrgy
Underlying Source: Or Ren Anderson, MREL, DOE dmtanm s i fm gy ot Tsopd Ta Enamy Homes
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High-R Walls

2x4 or 2x5 stud
wall @ 16" oc.

Fiberglass
insulation at rim
josst

Straube

BEST2-Portland, OR

Double 1op plate

Taped and painted '/:"
gypsum wall board as
interior finish

6 mil polyethylene vapor
barrier between studs
and gypsum wall board

Fiberglass or celulose
Iinsulation in stud space

0SB exterior sheathing

Bulling R-Rg
ANERICA SA

Research Toward Zero Energy Homes
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Computer Modeling Study

Used 2D models to build up 3D results
Considered 16% and 25% framing factors
Standard conductivity values for wood
Rated R-value for insulation
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Plan View @ rim joist/ floor
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Testing 16” o.c. Framing with batt

Straube © buildingscience.com 50f 13



High-R Walls

Experimental Verification

* C518 tested each material used in wall sample
at temperature being tested

* Therm predicts better than 5% of measured
overall True R-value

* Will be testing more high-R walls in the future

Straube

BEST2-Portland, OR
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R20 for 1” XPS

Note: some walls
show poly as a
vapor control and
some show paint.
Please check the
2009 International
Residential Code
for recommended
vapor control.

Spray foam
insulation a1 rim
Joist

Single top plate

2x6 stud wall @ 247 o.c.
Taped and painted /"
gypsum wall board as
Indarior finish

Vapor control as per
IRC 2009

Fiverglass or collulose
insulation in stud space

XPS insulating exterior
sheathing; 1" 10 4" typical

Tape joints in XPS
sheathing

Research Toward Zero Energy Homes
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Durability Air Leakage Condensation Potential

L]

Insulating makes in/out face of enclosure cold
— Gypsum board or OSB in normal walls

L]

Condensation occurs on cold surface

I“ U .‘ulhnﬂlnﬁ.

* Drying occurs slowly when cold

Ergo... Insulating makes things wetter!

Air & water vapor moves through fiberglass
and cellulose

Temperature of the Condensation Plane ('C)

* Foam stops air and slows vapor

» 00t Now MDec 2l 18Fe 18 Ao 13May 100m B SAp 2S5 05 .
‘8“‘”" !% E’i‘ﬁiﬁﬂ%
us Dej p artment of Energy U.S. Department of Energy
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Double 1op plate

Taped and painted '/
gypsum wall board as
interior finish

& mil m|mm vapor
barrier between stud:

and gypsum wall boafd

2x4 or 2x5 stud
wall @ 16" oc.

True R-value

Fiberglass or celulose
Insulation in stud space

* Includes realistic framing factors 2x4: R10

— 3D heat loss 2x6: R14
— Realistic framing factors

0SB exterior sheathing

— (16% advanced framing, 25% normal)
* Should include airtightness

— But we don’t have a metric yet
* Durability also matters

— No one metric will work Fibergiass

insulation at rim
joist

Builing F'F3
A, S
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High-R Walls

R20 w/1” XPS

Fiberglass
insulation at rim
joist

Straube

BEST2-Portland, OR

Single top plate

2x6 stud wall @ 24" oc
Taped and painted '/;"
gypsum wall board as
interior finish

Fiverglass or cellulose
insulation in stud space
XPS insulating externor
sheathing: 17 1o 4° typical

Tape joints in XPS
sheathing

Bulling R-Bq g
SR~

Research Toward Zero Energy Homes

R40 w/4”

© buildingscience.com

2x6 stud wall @ 24" o.c.

/" gypsum board on inside
face of stud

R-19 celulos Insutation in
wall cavity

47 rigd foil-faced polyisocyanurate
insulation (two layers of 2° insulation);
tape horizontal and vertical joints

1x3 wood furring

Furring attached with 6" hot-dipped
galvanized or stainless steel heavy
duty flathead fastener spaced vertically
at24 oc.

Fiber cement siding; 4" coursing; 1"/
min, lap; blind nailed into furring at
24" o.c. with &d ring shank hot-dipped
galvanized or stainess steel nails

1x10 water table

%" vented mesh
Insect screen closure at base of wall

Metal flashing Buling TXI g
NilERich S

Research Toward Zero Energy Homes
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High-R Walls

Straube

Rimjoist thermal bridging
Air leakage risks
Air barrier

R22

insulation at

BEST2-Portland, OR

-~ Singje op piate

~ 2x6 stud wal
24 0c.

Fibergiass or cellulos(
insulation in stud spac

- 0SB exterior sheathin

]
* k|
I Ok
U.S. Department of Energy
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Rimjoist thermal bridging
Air leakage risks

Air barrier!

Cellulose is your friend

R30 @9.5”
R36 @11.5

2x3 non-stnactural —
k&

interior wall
Dowdie top plate

]Ii?ouwp:.m*~ =
board as interior finish | iy ructural exaecio
Cellulose Insulation :
in 2x3 Interior wall
s0d 8paces.
& mil polystiyiens vapor — In 2x4 extorior wak
barrier on outside of N wece
intecior wall

0S8 extarior sheathing
Celluiose insulation —
i gap between framing ™.

* k|
bk
U.S. Department of Energy

| Research Toward Zero Energy Homes

~ Single 10p plate
/

Taped and painted

X - I % ' / -

board as imedor fnish . L | o i - 7 208 exterior wal @ 16" ac.

in 2¢3 inferior § 3 &

6 mil poiyethylena )

200 hpos e 2 Tigh density speay foam

utsias of arior wal 2.0 pet againet asmesior
Fiber board o DensGlass™
extecior sheathing

VARIANT
SPF solves air leakage iss

R38 @11.5”

5
E ing R..g
2* high density spray —— Id *
foam (2.0 pef) on
inside o rm joist U.S. Department of Energy

Research Toward Zero Energy Homes
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High-R Walls

Straube

%" vented cavity
Fibreboard sheathing

R36 @ 12"

Insulated Concrete Form

If you afford it, use them —
— cap break,

— insulation,

— vapor retarder,
— above grade

Castin-place
Goncrete core

ICF inner and

lly EPS
ey
fiber)

BEST2-Portland, OR

2x3 exterior framing
member

Celulose
in wadl cavity

0S8 exterior sheathing

p
* K

A bk

U.S. Department of Energy

Research Toward Zero Energy Homes

R16-R22

Cast-in-place concrete
core

ICF inner and outer

faces (typically EPS or
cement wood fiber)

Taped and painted
'/2" gypsum board SR‘

interior finish

A
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A few products provide

R30-40+

EIFS can be added to get R40

Taped and painted '/"
gypsum wall board as
interior finish

OSB interior —
panel

core

R14 @3
R20 @5
R36 @1

Seal joints inside and outside:
Furring strips, ventilated cavity

© buildingscience.com

EPS insulation \

.5"” EPS
.5” EPS

Vertical stiffener ———

5” EPS

77
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OSB exterior
panel
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Structural Insulated Panels

Advantages

— Superior blanket of insulation

= if no voids then no convection or windwashing
Must seal OSB joints for air barrier system

Therefore, done right = excellent

L

Small air leaks at joints in roofs can cause problems

Don't get them too wet from rain
= Low perm layers means limited drying: strapped cavity

1

Beware Joints
Mo vapor barriers

Eamgpe b chwin

) Pt iy
St

xﬁ#&m‘ T ot L i -'-'-'F?'E".'-"-T""'
R30 w/4"” EPS R38 w/4.5"” ccSPF
R38 w/6"” EPS
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High-R Walls
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Small changes are easy
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R14 and leaky
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Other Components

R40 Walls are just one component!

— Basements, airtightness

Windows often weak link

— Triple-glazed becoming justified

Basement

— Slabs R5-10 is worth it for comfort alone

— Basement walls should be R15-30

Easy and cheap to upgrade vented attics R60+

Airtightness: aim for 1.5 ACH@50 .
0 SR=27

Bmpmars b T D Loy S
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High-R Walls
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* BuildingScience.com

Building America Special
Research Project: High-R
Walls Case Study Analysis

Questions?

“High-R Walls”
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Above Grade Enclosuno Hoat Loss Compononts
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