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Building Science

Frame Walls



One Thousand Years of Evolution: A Timeline

Interior Plank Lining

Timber Frame

Timber Frame

Plank Infil

800 C.E. 1200 1600

Pal'sade wall: Closely spacec Tmber frame: Stave conslruction, Weallle and daub: Tar coaled expoesed

posts emoeddec inthe grounc. timber faur-sced frame with vertica frame with an early pre-evclutionary version
exteror weatherboards. of exterior stucco—Neanderthal Stucca.

Board sheathing inner lining.

Building Science Corporation
Joseph Lstiburek 2



Inceriar Wood
Lath and Flaster

Timber Frame

SngeTopPlte w240 OC.

Taped and painted
_=05in. Gyp=um
Wall Boerd As
Interior Finish

Blown Celiviose
Insulation In

Swid Space

Insulating

Sheathing

Furring Strips
Cament Siding

1900

Clapboard timber frame: Typicel 1800
New England timber frame with plaster
and lath inferar lining anc extericr baarc
sheatning, rosin paper and clapkboarcs.

1950

Platform frame: Typical 1950 American
wood frame assembly with plywood
sheathing and an intarior gypsum
beard lining.

< >

1990
Advanced frame: Insulating sheathing
over 2x6 advanced frame.
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Control Layers
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Water Control Layer
Air Control Layer
Vapor Control Layer
Thermal Control Layer
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Cladding (S

Control layers »

Structure >
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Brick veneer/stone veneer

Drained cavity

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)

Insulated wood stud cavity

Gypsum hoard

Latex paint or vapor semi-
permeable textured wall fiinish

Vapor Profile

Building Science Corporation
Joseph Lstiburek 7



Multiple Lavers
Sase Asszmby R gid Insulation Rig d Insulation + Furnng Truss VialliCriset Dauble Wal

| I | 1 I 1
Filmigass Celidicee  SPF Fherglass Celulse  PF ﬁlmym Co!dou PP Fibesplass  Celiulose Fbargliss  Celulose

T P 1 | ==
FPA YFS Folk Stoue Fibesglasa Cellilosa Fikerglass Calulose

- S0 2 I 1 ] 1
,",“'“ Vrodk EHE  XPE  Fod- Stone
Faced Wool
cyanurate Poljiac

fyaru da

A

/1))
£
|

1]
13

A

Y 1YY

)

e A [ Py S — T~

Ve
AN
STty

/

u'v‘ A A
| \‘] |
|

{ Y

l’u

I\
'l
Y

EL]

I

|
I\
|
)
J
{

N —————————
. Y

|




IEII (5] Tl nMH 1 ‘m

"V‘ ’qur N/
FeFg

o P

L — [ =3

Building Science Corporation
Joseph Lstiburek 9



Building Science Corporation

Joseph Lstiburek




Joseph Lstiburek 11

c
el
=
@
—
o
o
—
o
(©)
0]
O
c
Q2
o
)
o
=
ie)
=
aa]




Wood is Weird
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Moisture Content vs. Relative Humidity

32

Equilibrium Moisture Content (EMC) %

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100

Relative Humidity (RH) %



//—thlckness —
"

Wood Fiber

Fibers get much thicker than longer
when they pick up moisture

i Studs get much wider and thicker,
but not much longer, when they pick up moisture
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Zone of
dimensional
stability

Zone of
movement

Zone of
dimensional
stability
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Plain sawn
log

Quarter sawn
log
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- S

b

3" spray polyurethane foam
(2 Ib/ft* density)

17/2" metal stud wall

Gypsum board thermal barrier

— 4" drainage mat (filter fabric side
facing up)

-

-

— 2" extruded polystyrene (XPS)

l— New concrete slab
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Aspralt sringles \

o
Aoof underiaymant /((.,; s
‘\ - ( 8 £
I/ I " ,": N
3" plywrod rcof shaathing \ '\ iy
e 4 SO 4
Two laycrs of 2° poly socyanurate rig ¢ insulaton \ X ' F
- . X o
Existing board roct shezthing P / i
S 4 o
C" high-censity (2.0 pef) spravec pelyuret-ane - -\ g
feam insulation N S
Self-adharing Ice’water membrare N 7
4" ‘rom roof edge N s "
\ o A . ‘ I3
Lxigling athe joists extended, widening A7 = Exisling 2 X £ wood rafier
soffit :o0 accomodate extesor inslation T >
p ’ SIS i '2" cypsum beard intenor
_ . M A skeathin
Metzl starter sirip wth crip edce ya s b rnt]
1 X3trim e
2 X 12 tacia board I \
150 =Y
: Existing atiic tiocrin
Coninuo.s ceadboard sof el BTVl B Aastietos i allow
. / - far inatalietinn of sprayed paly-
8)4" X 8" 'rwze boarc L u-ethane foam irsulation seal
13 12 oo plate
5 wer 313" f ' r B S
5 ding aver 33" prassu-e freafed weod st app ng o M Exicting interior plaster
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Aszpralt shinglas ==
216

Stainless
steel drip

adge

Five layers of
Insulation

Plvwood
Fully-adhered —,

membranreg
2x8 —,

; e
Cellular — D}

PVC trim d

Cellular PVC trim

Woaod siding

1x4 siding

)

2" rigid —,

Fully-adhered
\ membrang

. Plywand
\

' Tar paper

L Board sheahiny

Board sheathing
Tar paper
Flywnod

Fuly-adhered
mambrane
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1”’?‘
Faur layers of 2" U‘(‘
rigic insulation /

Felypropylene
nsect mesh

Alum num “C~* —

gaclion protection

Board sheathing
Tar paper

Flyweood

Fully-adherzd
memorane

o~ Baoard llcor plan<s

s
P

’

= - L - -—‘_\ )
e

Spray
-\ polyurethane
-\ foam i2 Ift?

S n-erety e density)

Building Science Corporation

Joseph Lstiburek 91



Four layers of 2" rigid —f,
insulalion

Sheathirg tape
Waood siding
Membrane strip
1x4 furring strip ——

Trim

FHlashing —y
Fully-adherad

membrane
FPlywcod -

Asphall
shingles

Fully-adhered
membrane

Phavood

Tar paper

Board sheathing

- Five layers of 2"

rigid insulation
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New roof deck

New crown
molding

New fascia —»

New soffit ’ /’
Dentil molding /
Frieze board 4
Siding
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New roof deck ———,

\
New crown ———, N

molding L |

New fascia

/"
/
New soffit ————

: - & S
New dentil molding 5" Al
/S
New second frieze board ’"/ i
/
Original dentil molding—/ /
removed /
Original frieze board —/
remains
Siding
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Crawl Spaces
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Crawl spaces must be completely
connected to either the outside or the
inside
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Crawl spaces must be completely
connected to either the outside or the
Inside

Vented crawl spaces work

Unvented conditioned crawl spaces work
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Don’t Do Stupid Things
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— Leaky air hancling unit
and sucply ducts

TT,

&lr handiin ),.
it - =L } A
XXX RN LXK F‘)‘"‘(‘,‘,”',j“,\")"a (Y g KRV LK,
' ff»fx{f} vf?”ffﬁr’( 'H)!Y
Supply Return Supply

& e @ e

Depressuarized conditioned space
inducing infiltrat.on
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Depressurized
:> condiioned spacs
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Smart Thing
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Capillary break

/

+— Masonry +— Steel support
support pier column
Colntinﬁus W
olyethylene

Eagor ! ¥ Membrane sheet
diffusion v waterproofing under
retarder/air steel column or
flow retarder 4 masonry pier

All joints/seams
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Conditioned Crawlspaces Not Unvented
Crawlspaces

Need Supply Air
50 c¢fm/1000 ft2 of Crawlspace Area

Or
Dehumidification
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4x10 transfer
/ grille to first floor

L/ conditioned
I

,, space

|

- Interior wall

~Subfloor

e | / /— Floor joist
=T /
L

J 2

|
i
I

! Duct open to
crawlspace
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Alternative Detail

S
':'_. ez —
za ;:: = ."
3 gk
W 1"
1
I
i
Stucco £ //
Building paper 4 Fé
{oehind rigid
nsuiation) Lod
' F
Rigid insulation — <
'I

Adhesie '

Protective membrans —

Ground slopas away—
frem wall at 5%
{Gin. per 10f.) '

o Unfaced canily insulation.
O cellulose or low dansity
spray-appoed fogm insulation

+  Gypsum board with {latex) paint

- ] Sealant, adhesive or gasket

’ ,-—Seala nt at comer of bottom

1+ plate and subfloor or gasket
'Y under bottom plate

Untaced cavity inauiation,
cflulose or kow density soray
appliad foam
s Seakant

Sill gasket

Prolective membrane also
Hi acts as capil'ary breax

Top courses filled soid
Rigid insu'ation (fira rated)

¥ | &| (taped or zealed joints)

X Masanry foundation wall

Building Science Corporation
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Smart Thing
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Waad siding
(all surfaces painted) ™

Alr space

115" 08B sheathing

Furring

Sealart. adhesive

of gaskel

Achesive -

Saalant, adhesive

or gasxet

Cravispace vent at
of foungation wall o

Masonry foundation

waall

Ground sloopes away
from wall at 5% —,

6 in. per 10 ft.) \

= e Unfaced cavity insu'ation,
B cellulose or low-density spray-
== applisd foam nsulation
=S¢ Gypsum noard with pammeanla
'-3:. {latex) paint
= Sealanl, adhesive or gasket
| Z—Sealant at corner of botiom
=25 /7  plate and sudfloor or gaskat
! under bottom plate
— Sealant {typ.)
T — Rigic @n;s_ulaﬁon
RRERRE gaf,'sgt\'{_e LA
N \ 'Battinsulation
i ' Rigid insulation (fire rated,
i laped and sealed joints)
11y — Capillary break
L fdb— Sealant
AL Treated wood nailer
/ . .{I
%
-

Building Science Corporation
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Cladding

CArylic |atex paint

Ajr gap
Wood based sheathing
(plywood or OSB) Gypsum toard
g;;? iR +  Sealant
Spray polyurethane —High density closed cell
foarmn (SPF) '/ spray polyurethane foam
7
g o .

ks
%

~'—Protection board




Vinyl or

aluminum siding

joints)

Sealant,

adhesive or gaskst

Adhasive

Sealant

Sealant, adhesive
or gasket

Capillary braak

-~

-

P

| :
Rigid insulation —— |
{taped or sealed

Unfaced cavity insulation, cellulose or
low densily spray-applied fosm
nsulation

Gypsum beard with (latex) paint

- —Sealant, adhesive or gasket

~=="!|/ —Sealant at corner of botiom plate and
=5 -‘,-' subﬂoolr or gasket under bottom plate

-Hl
= l
AN AR

| [ 1 ]
Rigid insu'aion \ S
s, (taped or sealed o
T joints) | Cagillary
break
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Any type of flooring/floor finish
Floor sheathing (OSB or plywood)

: Foil-faced

isocyanurate
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Any type of flooring/floor finish

Floor sheathing (OSB or plywood)
Airspace

\ Foil-faced Cavity

isocyanurate insulation
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Spray foam T N
insulation
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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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Coanling
System

—l—

Distr bution Systemn

Dehumdifier

I TR

Heatirg Svstem

EEdddEd

D"

Energy Recovaery
Ventilztor

!

Dehumidification System makes it dry

Cooling System makes it cold

Heating System makes it warm

ERV keeps it cold and dry and warm and comfortable
Distribution System makes it uniform

|J_‘|\

Building Science Corporation
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Build Tight - Ventilate Right
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Build Tight - Ventilate Right
How Tight?
What's Right?
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Air Barrier Metrics

Material 0.02 l/(s-m2) @ 75 Pa

Assembly 0.20 l/(s-m2) @ 75 Pa

Enclosure 2.00 l/(s-m2) @ 75 Pa
0.25 cfm/ft2 @ 50 Pa
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Getting rid of big holes 3 ach@50
Getting rid of smaller holes 1.5 ach@50
Getting German 0.6 ach@50
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Best

As Tight as Possible - with -

Balanced Ventilation

Energy Recovery

Distribution and Mixing

Source Control - Spot exhaust ventilation
Filtration
Material selection

Building Science Corporation
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Worst

Leaky - with — Nothing
Spot Ventilation in Bathroom/Kitchen

Exhaust Ventilation — with — No Distribution
and No Mixing

Building Science Corporation
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Three Types of Controlled Ventilation
Systems

Exhaust Ventilation
Supply Ventilation
Balanced Ventilation
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Induced - @ @ -
infiltration o &l
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Induced
exfiltration
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Motorized
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Ventilation Rates Are Based on Odor Control
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Ventilation Rates Are Based on Odor Control

Health Science Basis for Ventilation Rates is
Extremely Limited
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Ventilation Rates Are Based on Odor Control

Health Science Basis for Ventilation Rates is
Extremely Limited

Almost Nothing Cited Applies to Housing
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Ventilation Rates Are Based on Odor Control

Health Science Basis for Ventilation Rates is
Extremely Limited

Almost Nothing Cited Applies to Housing
The Applicable Studies Focus on Dampness

Building Science Corporation
Joseph Lstiburek 197



ASHRAE Standard 62.2 calls for 7.5 cfm per
person plus 0.03 cfm per square foot of
conditioned area

Occupancy is deemed to be the number of
bedrooms plus one
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ASHRAE Standard 62.2 calls for 7.5 cfm per
person plus 0.03 cfm per square foot of
conditioned area

Occupancy is deemed to be the number of
bedrooms plus one

Outcome is often bad — part load humidity
problems, dryness problems, energy
problems
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IRC 2015 and 2018 calls for 7.5 cfm per
person plus 0.01 cfm per square foot of
conditioned area

Occupancy is deemed to be the number of
bedrooms plus one
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3 Bedroom House — 2,500 ft2
30 cfm plus 75 cfm
105 cfm
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3 Bedroom House — 2,500 ft2
30 cfm plus 25 cfm
55 cfm
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3 Bedroom House — 2,500 ft2
30 cfm plus 25 cfm
55 cfm

With Balanced and Distributed 30 percent
credit

38.5 cfm
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Dilution For People
Source Control For The Building
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Target Range

n >
<— Winter Summer —»
Uncomfortably E
Dry‘ |
@ a5 50 70 160

20 75

Relative Humidity (RH) %

Building Science Corporation
Joseph Lstiburek 205



Recommended Range of Relative Humidity
Above 25 percent during winter
Below 70 percent during summer
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Kitchen Exhaust Hoods
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Clothes Dryers
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Fireplaces
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Approaches
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