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Building Science.com  
Green Buildings     No. 9/51 

Existing building 
•  About ! of all households were  

built before 1950 
•  Almost " before 1980 
•  80% of residential energy is  

consumed by homes built 1980 or earlier 
•  This is a huge energy consumption sector 
•  Retrofit solutions need to address this! 
•  Good news: some low-hanging fruit 

–  Attics, airtightening, efficient furnaces, windows, 
insulated over clad 
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Enclosure Retrofit 

•  An important target for many buildings 
•  Walls 
•  Roofs 
•  Basements/Slabs 
•  Windows 

•  Airtighten and control moisture 
•  Prioritize by Ease ($) and Impact (Energy 

and other benefits) 
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Marcus Vitruvius Pollio  

These are properly designed, when due regard is had to the country and 
climate in which they are erected. For the method of building which is suited to 
Egypt would be very improper in Spain, and that in use in Pontus would be 
absurd at Rome: so in other parts of the world a style suitable to one climate, 
would be very unsuitable to another: for one part of the world is under the 
sun's course, another is distant from it, and another, between the two, is 
temperate.  
 

;)*lF)&u&;*H(*7).+4&

W-*7-&u&W-..)*J4F-8&

AG74.+4.&u&P4(4.+4&

&

&&&&A.HF48<()8&&&&04@&%V&[&&
'<-FG-./&;H-).H)&%##X&

IF-7*+)&a4.)8N&E,)()&*()&D4<`&

&

&&&&A.HF48<()8&&&&04@&%$&[&&

IF-7*+)&24*G&W4G-bH*K4.&

•  '<-FG-./&r&;-+)&Q4C)(,*./8>&+())8nR&
– I()*+)8&7-H(4HF-7*+)&

•  '<-FG-./&A.HF48<()&Q1*FF8>&1-.G418>&(443nR&
– ;)J*(*+)8&HF-7*+)8&

– ?*88-C)&74G-bH*K4.&

•  '<-FG-./&A.C-(4.7).+*F&;D8+)78&Q6v5InR&

– B8)&).)(/D&+4&H,*./)&HF-7*+)&

– 5HKC)&74G-bH*K4.&

'<-FG-./&;H-).H)&%##X&
&

&&&&A.HF48<()8&&&&04@&%T&[&&

'*8-H&S<.HK4.8&43&+,)&A.HF48<()&

•  !@&;<JJ4(+&
–  Y)8-8+&*.G&+(*.83)(&J,D8-H*F&34(H)8&3(47&-.8-G)&*.G&4<+&

•  %@&I4.+(4F&
–  I4.+(4F&7*88&*.G&).)(/D&s418&

•  U@&S-.-8,&&
–  L.+)(-4(&*.G&)\+)(-4(&&
8<(3*H)8&34(&J)4JF)&

•  9-8+(-=<K4.&w&*&=<-FG-./&3<.HK4.&

'<-FG-./&;H-).H)&%##X&

Functional Layers 

&

&&&&A.HF48<()8&&&&04@&%X&[&&

PG&E Residential Retrofit Breathing New Life Into Aging Homes June 21, 2011

Straube © buildingscience.com 7 of 44



&

'*8-H&A.HF48<()&S<.HK4.8&

•  C.??"%&'
–  I)606&'J'&%*:6$)%'?,160=*+'$"%=)6'$%"#'0:60K)'*:K'".&'

•  2*+)(*F&Q1-.G>&)*(+,i<*M)R&
•  o(*C-+D&Q8.41>&G)*G>&<8)R&
•  Y,)4F4/-H*F&Q8,(-.M>&81)FFR&
•  L7J*H+>&1)*(>&*=(*8-4.&

•  I4.+(4F&
–  I4.+(4F&7*88&*.G&).)(/D&s418&

•  S-.-8,&&
–  L.+)(-4(&*.G&)\+)(-4(&8<(3*H)8&34(&J)4JF)&

'<-FG-./&;H-).H)&%##X&

Functional Layers 

&

&&&&A.HF48<()8&&&&04@&%^&[&&

'*8-H&A.HF48<()&S<.HK4.8&

•  ;<JJ4(+&
–  Y)8-8+&r&+(*.83)(&J,D8-H*F&34(H)8&3(47&-.8-G)&*.G&4<+&

•  !":&%"+'
–  !":&%"+'#*66'*:K'):)%;1'L"36'

•  I*0:'Q*.G&84-F&74-8+<()R'
–  9(*-.*/)&JF*.)>&H*J-FF*(D&=()*M>&)+H@&

•  <0%'
–  I4.K.<4<8&*-(&=*((-)(&

•  ()*&'
–  I4.K.<4<8&F*D)(&43&-.8<F*K4.&

•  M*?"%&
–  '*F*.H)&43&1)x./[G(D-./&

•  S-.-8,&&
–  L.+)(-4(&*.G&)\+)(-4(&8<(3*H)8&34(&J)4JF)&

'<-FG-./&;H-).H)&%##X&

Functional Layers 

&

&&&&A.HF48<()8&&&&04@&U#&[&&

Y)+(4b+&

•  0))G&+4&*88)88&1,*+&-8&G4-./&1,*+&
•  W*D&=)&*=F)&+4&H,*./)&3<.HK4.8&43&F*D)(8&

•  ]h).&.))G&+4&-7J(4C)>&()JF*H)>&4(&*GG&

8<JJ4(+>&H4.+(4F&4(&b.-8,&

S<.G*7).+*F&A.HF48<()&S<.HK4.8&

•  ;<JJ4(+&
•  I4.+(4F&

– Y*-.&
– 5-(&
– 6)*+&
– v*J4(&[&H4.G).8*K4.&
– S-()&

•  S-.-8,&

PG&E Residential Retrofit Breathing New Life Into Aging Homes June 21, 2011

Straube © buildingscience.com 8 of 44



&

&

E*FF8&

UZ&

N*++6'

•  W*g4(&*)8+,)KH&)F)7).+&

•  I<(=&*JJ)*F&*.G&8*K83*HK4.&

•  A\J).8-C)&+4&H,*./)&

•  I*.+&<8<*FFD&J*D&g<8+&34(&<J/(*G)&

•  B8<*FFD&.))G&*&()*84.&+4&()+(4b+&

•  IF*GG-./&J*8+&8)(C-H)&F-3)&

•  I4734(+&[&G<(*=-F-+D&J(4=F)78&

•  W*g4(&-.+)(-4(&().4C*K4.8&

UV&

O*%;)&6'

•  Y%#"Z#j&P(<)&Y"C*F<)&

•  IF-7*+)&*.G&).)(/D&84<(H)8&7*l)(&

•  5-(K/,+.)88&

•  5I6yV#&fU``&%``&

•  9)J).G8&4.&).)(/D&+*(/)+&

•  YZ#&1*FF&1-+,&V&5I6V#&7*M)8&F-lF)&8).8)&

•  Y%#&1*FF&1-+,&!&5I6V#&7*M)8&F-lF)&8).8)&

U$&

N""KE$%*#)K'N*++6'

•  I*.&*GG&-.8<F*K4.&-3&C4-G8&)7J+D&

•  A\J)(-).H)&1-+,&1)*+,)(-t*K4.&

•  ;,4<FG&G4&)C)(DK7)&*8&*&8+*(+&

•  5-(K/,+.)88&r&L.8<F*K4.&F)C)F&-7J(4C)7).+8&*()&

F-7-+)G&

•  6*(G&+4&/)+&+4&z74G)(.{&F)C)F8&

•  Y%#j&*.G&f&%&5I6yV#&

•  W*D&=)&*8&3*(&*8&847)&H*.&*d4(G&

•  I*.|+&-7J(4C)&Y5L0&H4.+(4F&3(47&-.8-G)&H*C-+D&

PG&E Residential Retrofit Breathing New Life Into Aging Homes June 21, 2011

Straube © buildingscience.com 9 of 44



&

5=4C)&/(*G)&1*FF8&

•  !"#$%&'%(%$#%')#(F-7-+8&-7J(4C)7).+8&+4&*-(K/,+.)88>&

(*-.&H4.+(4F>+,)(7*F&=(-G/)&

•  *+#$%&'%(%$#%')#(*FF418&)\H)FF).+&-7J(4C)7).+8&*.G&

-.H()*8)G&G<(*=-F-+D&

•  E-.G418&8,4<FG&=)&G4.)&*+&+,)&8*7)&K7)k&Y-8MD&

•  L.8+*FF*K4.&H48+&c%##j["&84&/)+&/44G&1-.G418>&)/&
C-.DF&+(-JF)&/F*t)G&34(&cU#[83&

PQHR'IGF'
PQSR'IGH'

IPF'$"%'GT'UVC'
IHFW'$"%'HT'VD!'

Z#&

@Q&)%0"%'D:6.+*9":'I)&%"X&'

•  5.D&()*84.*=F)&F)C)F&43&-.8<F*K4.&H*.&=)&J(4C-G)G&

•  S-.*F&Y&43&%#>&U#>&Z#>&V#&

•  5F748+&*FF&J).)+(*K4.8&43&*-(>&,)*+>&*.G&(*-.&H*.&

=)&-7J(4C)G&

•  0)1&G(*-.*/)&JF*.)&

•  I(-KH*F&+4&G)*F&1-+,&1-.G418&

•  ;-/.-bH*.+&()G<HK4.8&-.&74-8+<()&(-8M&

PG&E Residential Retrofit Breathing New Life Into Aging Homes June 21, 2011

Straube © buildingscience.com 10 of 44



&

&

O&&]FG&5F<7-.<7&8-G-./&()HDHF)G&

O&&0)1&J()"b.-8,)G&144G&8-G-./&4C)(&3<((-./&8+(-J8&&34(&%#&

D)*(&J*-.+&F-3)&

O&&I)FF<F*(&?vI&+(-7&Q.4&J*-.K./R&

O&&0)1&!##&D)*(&(443&

Thermal  
Continuity'

• I4.K.<4<8&
• 6-/,&Y"C*F<)8&
• E*(7r&J(4+)H+&144G&

8+(<H+<()&

C&*:K*%K'(0;,EI'%)&%"X&R'HT'VD!Y'IPS'

PG&E Residential Retrofit Breathing New Life Into Aging Homes June 21, 2011

Straube © buildingscience.com 11 of 44



&

&

Thermal  
Continuity'

O"K*1Z'3)'3".+K'%)="##):K'
&%0?+)E;+*[)K''30&,'
="#?%)660":'6)*+6'$"%'
*0%9;,&:)66'

Roof to wall'

2"%#*++1'3)'3".+K'.6)'
/+"3:'=)++.+"6)'"%'
X/)%;+*66'0:'%*\)%'6?*=)Z'
$"*#'$"%'*0%6)*+0:;'

ZX&

@Q&)%0"%'D:6.+*9":'I)&%"X&'

•  I,*FF)./)8&

•  641&+4&*l*H,&HF*GG-./&

•  641&+4&G)+*-F&1-.G418&

•  ?4(H,)8&

•  ]C)(,*./8&

•  S4<.G*K4.&+(*.8-K4.&

PG&E Residential Retrofit Breathing New Life Into Aging Homes June 21, 2011

Straube © buildingscience.com 12 of 44



&

71'%)&%"X&'
71'I)&%"X&'N*++'-)60;:'

PG&E Residential Retrofit Breathing New Life Into Aging Homes June 21, 2011

Straube © buildingscience.com 13 of 44



&

PG&E Residential Retrofit Breathing New Life Into Aging Homes June 21, 2011

Straube © buildingscience.com 14 of 44



&

&

'<-FG-./&;H-).H)&%##X&&

ALS;&

PG&E Residential Retrofit Breathing New Life Into Aging Homes June 21, 2011

Straube © buildingscience.com 15 of 44



&

&

9(*-.)G&ALS;N&.-H)&=<+&.4+&*F1*D8&.))G)G&

Y4438&

PG&E Residential Retrofit Breathing New Life Into Aging Homes June 21, 2011

Straube © buildingscience.com 16 of 44



&

'<-FG-./&;H-).H)&%##X&&

?-+H,)G&Y443&PDJ)8&

•  v).+)G&5xH&

–  L.8<F*K4.[*-(&=*((-)(&*+&H)-F-./&JF*.)&
•  I*+,)G(*F&I)-F-./&

–  L.8<F*K4.[*-(&=*((-)(&*+&(443&JF*.)&
&

'<-FG-./&;H-).H)&%##X&&

?-+H,)G&Y443&PDJ)8&

•  B.C).+)G&I*+,)G(*F-t)G&5xH&

– 58&H*+,)G(*F&=<+&.4&C).K./&*=4C)&-.8<F*K4.&
•  B.C).+)G&I*+,)G(*F&

S<FFD&v).KF*+)G&5xH8&

•  I*.&()"(443&1,).)C)(>&1-+,&1,*+)C)(&
•  9)*F&1-+,&74-8+<()>&+,).&*GG&-.8<F*K4.&

•  Y*-.&F)*M8>&*-(&F)*M8&

•  A*8D&+4&<J/(*G)&=D&*GG-./&=F41.&-.8<F*K4.&
•  I,*FF)./)N&241&,)-/,+&*+&)*C)8&

– ;4F<K4.N&8J(*D&34*7&*.G&C).+&H,<+)8&

•  L3&J488-=F)>&M))J&C).KF*+)G&*xH&

•  L.8J)H+&H)-F-./&JF*.)>&JF</&*FF&,4F)8&1-+,&H*<FM-./&*.G&
34*7&

•  I4.8-G)(&!{&43&8J(*D&34*7&H)-F-./&*-(&=*((-)(&

•  'F41&-.&7-.-7<7&Y$#&H)FF<F48)>&YTV"Y!##&8).8-=F)&

'<-FG-./;H-).H)@H47&5xH&;)*F-./&o<-G)&
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&

'<-FG-./&;H-).H)&

 
&

&:48)J,&28K=<()M&&&$^&

'<-FG-./&;H-).H)&

 
&

T!&
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ISFEI]F'06')=":"#0=*++1'6):60/+)'

'<-FG-./&;H-).H)@H47&
&

&:48)J,&28K=<()M&w&Y)J*-(&r&Y)+(4b+&&TV&
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&

&

'<-FG-./&;H-).H)&

 
&

T^&

M):&)K'!*&,)K%*+'!)0+0:;'

• '2))K'&"'/)'^)%1'^)%1'
=*%)$.+'*/".&'*0%'6)*+0:;'
• '("3'&"'K)*+'30&,'?*%99":6'

6*(G&+4&v).+&

'<-FG-./&;H-).H)@H47&
&

X#&
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&

&

I4.G-K4.)G&5xH8&

•  0))G8&*&/44G&.)1&(443&
•  P4J&i<*F-+D&<.G)(F*D7).+&.))G)G&

•  B.C).+)G&(4438&=)8+&34(&H47JF)\&8,*J)8&

•  5-(&8)*F-./&-8&H(-KH*F&
•  v).K./&-3&D4<&H*.&)*8-FD&*H,-)C)&+,-8&

•  A.8<()&()*F&C).K./k&

v).+)G&H47JF)\&(443&

'<-FG-./&;H-).H)@H47&
&

&:48)J,&28K=<()M&w&Y4438&X%&

'<-FG-./&;H-).H)&%##X&&

2-7-+*K4.8&43&v).KF*+)G&I*+,)G(*F&

'<-FG-./&;H-).H)&%##X&&

2-7-+*K4.8&
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&

&

'<-FG-./&;H-).H)&%##X&&

B.C).+)G&I*+,)G(*F-t)G&5xH8&

•  W4C)&*-(&*.G&-.8<F*K4.&H4.+(4F&3(47&H)-F-./&

JF*.)&+4&(443&JF*.)&

•  W4C)8&6v5I&-.+4&H4.G-K4.)G&8J*H)&

– ;*C)8&F4+8&43&).)(/D>&()G<H)&J(4=F)78&1-+,&

H4734(+>&)\+).G8&F-3)&43&)i<-J7).+&

•  5C4-G8&1-.G&=F41.&(*-.>&8.41>&*.G&=<(.-./&
1-FGb()&)7=)(8&

B.C).+)G&I*+,)G(*F&I)-F-./8&

•  04+&*=84F<+)FD&.)H)88*(D&+4&C).+&-3&*-(K/,+&*.G&
C*J4<(&K/,+&7*+)(-*F>&&

–  )@/@&8J(*D&34*7@&

–  ](&-.8<F*+)G&8,)*+,-./&
•  W*D&=)&748+&J(*HKH*F&-.&()+(4b+&

•  L3&.4&1)x./>&F-lF)&G(D-./&()i<-()G&

–  9)7*.G8&C)(D&,-/,&J)(34(7*.H)&

–  mYZ#>&.4&J).)+(*K4.8&
–  8J(*D&34*7&-8&*&J(*HKH*F&84F<K4.&

–  =)1*()&+,)(7*F&=(-G/)8&

'<-FG-./&;H-).H)@H47&

'<-FG-./&;H-).H)@H47 
&

w&Y4438&XT&

'<-FG-./&;H-).H)&%##X&

 
&

&:48)J,&28K=<()M&w&Y4438&XX&
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&

&

6D=(-GN&5-(>&+,)(7*F&

'<-FG-./&;H-).H)@H47&
&

L.8<F*K4.&*.G&P,)(7*F&'(-G/)8&&&&04@&^Z[$V&

Y$jYU#&

Y$jY!$&

W4G)(*+)&

IF-7*+)&a4.)&

%{&69&8J(*D&34*7&

U@V{&8J(*D&H)FF<F48)[b=)(/F*88&&

%\$&144G&3(*7)&

Z{&QYU#R&4(&${&QYUXR&69&8J(*D&34*7&

Note: rafters insulated on the inside 

Conditioned attics'

IS_Z':"&)'*0%'/*%%0)%'=":9:.0&1'
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&

&

A@/@&&I*FH<F*K4.&

'<-FG-./&;H-).H)@H47 

(1/%0K'I""$6'30&,'="K)'+)^)+6'"$'
0:6.+*9":'

&
•  LYI&

'<-FG-./&;H-).H)@H47& w&Y4438&!#%&

n&4(&*-(&-7J)(7)*=F)&-.8<F*K4.&

'<-FG-./&;H-).H)@H47 &

!#U&

6D=(-GN&5-(>&+,)(7*F>&b()&

'<-FG-./&;H-).H@H47&

&

L.8<F*K4.&*.G&P,)(7*F&'(-G/)8&&&&04@&

!#Z[$V&

Y$jYU#&

Y$jY!$&

Warm Climate Zone! 
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'<-FG-./;H-).H)@H47 

,-%.(/0&.-#$(1'023'"(

:4,.&;+(*<=)&

v).KF*K4.&r&Y443&P)7J)(*+<()&
Roof Surface Temperature Distribution  -  Comparison of Different Roof Strategies (w/ ZIP)

(2005.04.11-2005.05.16)
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I*+,)G(*F&VI[^S&,4l)(&+,*.&*xH&

v).+)G&H*+,)G(*F&-8&8*7)&*8&B.C).+)G&

`"3'6+"?)'%""$'.?;%*K)'
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&

<0%6)*+'?)%0#)&)%a'

C+"?)K'D:6.+*9":'&"'K%*0:''

')F41&o(*G)&
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'*8)7).+8&r&I(*1F8J*H)8&

•  A*8D&+4&()+(4b+&*.G&-7J(4C)&3(47&+,)&-.+)(-4(&

•  I)-F-./&,)-/,+&-8&+,)&=-/&()8+(-HK4.&34(&8F*=&
84F<K4.8&

•  I(*1F8J*H)8N&=)8+&+4&8)*F&r&I4.G-K4.&

•  ;F*=8N&-.8<F*+)>&H4.+(4F&74-8+<()&

111@'<-FG-./;H-).H)@H47&
&

'*8)7).+8&&&&&04@&!!V[TU&

'*8)7).+&

•  Y)+(4b+&
•  ;4FC)8&8F*=&
1)+.)88&r&&

H4FG&

;)7-"J)(7)*=F)&(-/-G&

=4*(G&-.8<F*K4.&

S4*7&-.8<F*K4.&-.8+*FF)G&K/,+&

+4&1*FF&

0)1&s4*K./&s44(&&

4(&H4.H()+)&

Building Science  
 

 
 Joseph Lstiburek – Basements  116 
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Building Science  
 

 
 Joseph Lstiburek – Basements  117 

5-(&K/,+>&C*J4(&()8-8+*.+>&-.8<F*K./&

Y%Zj>&()*GD&34(&G(D1*FF&

'<-FG-./&;H-).H)@H47 &

&:48)J,&28K=<()M&w&Y)J*-(&r&Y)+(4b+&&!%#&
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&

• S<FF&G(*-.*/)&F*D)(&(*()FD&.))G)G&
• S*8+).&F*+,&+,(4</,&+4&7*84.(D&+4&&

-.H()*8)&*G,)8-4.&43&34*7&

• ')1*()&F)*H,-./&43&F-7)&-3&+44&7<H,&

F)*M*/)&-8&*FF41)G&
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;<7J&J-+&=*8-.&-.&H4(.)(&

&

!%$&
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'<-FG-./&;H-).H)&%##X 
&

Y)J*-(&r&Y)+(4b+&&!U!&

Building Science 2008 ;F*=8&*.G&SF44(-./&&&&&&04@!U%&

I(*1F8J*H)&&

•  5H+&*8&8,4(+&=*8)7).+8&

•  B.C).+)G&
•  '<+&!":K09":)Kk&

– W<8+&,*C)&H4.G-K4.)G&*-(&

+4[3(47&8J*H)&

–  5-(&74C)7).+&3(47&

H4.G-K4.)G&8J*H)&C-*&3*.8>&

6v5I&&

•  5-(K/,+&*.G&C*J4(&K/,+&
s44(&H4C)(-./&

•  SF44(&G(*-.`&
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'<-FG-./&;H-).H)&

 
&

&:48)J,&28K=<()M&&&!UU&

'<-FG-./&;H-).H)&

 
&

&:48)J,&28K=<()M&&&!UZ&

Building Science 2008 ;F*=8&*.G&SF44(-./&&&&&&04@!UV&

+)(,'-)(",&H(*1F8J*H)&&

If remaining mold, 
smell, or radon: 
depressurize! 

'<-FG-./&;H-).H)&

 
&

&:48)J,&28K=<()M&&&!U$&
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Building Science 2008 ;F*=8&*.G&SF44(-./&&&&&&04@!UT&

v).+)G&

•  0))G&+4&C).+&
847)&K7)8&

•  ?4FD&4.&84-F&
•  E*FF&<J8-G)&G41.&

•  SF44G&G(*-.8&
•  5.-7*F&H4.+(4F&

'<-FG-./&;H-).H)&

 
&

&:48)J,&28K=<()M&&&!UX&

'<-FG-./&;H-).H)&

 
&

&:48)J,&28K=<()M&&&!U^&

Building Science ;F*=8&*.G&SF44(-./&&&&&&04@!Z#&
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&

Building Science 2008 ;F*=8&*.G&SF44(-./&&&&&&04@!Z!&

OSB over heavy poly dimple sheet   
vapor barrier and some insulation 
Air seal joints/edge 

Beware Joints 

!#[!^[%##^& !Z%&

;F*=&P()*+7).+&w&s44(&4C)(&)\-8K./&8F*=&

;+)J&!N&*GG&+4JJ-./&+4&8744+,&)\-8K./&8F*=&

*.G&8F4J)&+4&G(*-.&

&

!#[!^[%##^& !ZU&

;F*=&P()*+7).+&w&s44(&4C)(&)\-8K./&8F*=&

;+)J&%N&-.8+*FF&G(*-.*/)&7*+&1-+,&*FF&8))78&

*.G&J).)+(*K4.8&8)*F)G&

!#[!^[%##^& !ZZ&

;F*=&P()*+7).+&w&s44(&4C)(&)\-8K./&8F*=&

;+)J&UN&-.8+*FF&+,)(7*F&H4.+(4F&F*D)(&"&*-(&K/,+&

-.8+*FF*K4.&34(&H4.G).8*K4.&H4.+(4F&

&
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!#[!^[%##^& !ZV&

;F*=&P()*+7).+&w&s44(&4C)(&)\-8K./&8F*=&

;+)J&ZN&s4*K./&8<=s44(&w&+4./<)&*.G&/(44C)&

8-G)8>&).G8&=-8H<-+&g4-.)G&

&

Building Science ;F*=8&*.G&SF44(-./&&&&&&04@!Z$&

'<-FG-./&;H-).H)&%##$ &

&:48)J,&28K=<()M&w&Y)J*-(&r&Y)+(4b+&&!ZT&

V+13""K'6./L""%'":'6+))?)%6'

(*%K3""K'":'6+))?)%6'

Building Science 2008 ;F*=8&*.G&SF44(-./&&&&&&04@!ZX&

241)8+&H48+&

SF44(&H*.&84<.G&zHF-HMD{&

04+&*&F4+&43&-.8<F*K4.&
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&

E-.G418&

Replacement & Over-Insulation 

•  Details vary 
– “innie” OR “outie” 
– Flanged OR Unflanged 
– Drainage plane at sheathing OR insulation 

exterior face 
•  Eight variations 

9(*-.*/)&

•  5GG&8<=8-FF&G(*-.*/)&1,).&.)1&1-.G418&
-.8+*FF)G&
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&

0)1&E-.G418&

Photos courtesy of Dan Morrison, Fine Homebuilding Magazine&

0)1&E-.G418&

N0:K"36R'*KK'*'30:K"3'/.=8'06'/)6&'
!":&%"+'%*0:'+)*8*;)Z'.6)'6./60++'L*6,0:;'
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&

9))J&A.)(/D&Y)+(4b+&9)+*-F8&

Building America Expert Meeting 
12 March 2010 162 

!  Windows 
!  Replacement in concrete wall 

9))J&A.)(/D&Y)+(4b+&9)+*-F8&

Building America Expert Meeting 
12 March 2010 163 

!  Windows 
!  Replacement in brick and CMU wall 

9))J&A.)(/D&Y)+(4b+&9)+*-F8&

Building America Expert Meeting 
12 March 2010 164 

!  Windows 
!  Replacement in wood framed wall – with flange – “innie” 
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&

9))J&A.)(/D&Y)+(4b+&9)+*-F8&

Building America Expert Meeting 
12 March 2010 165 

!  Windows 
!  Replacement in wood framed wall – with flange – “innie” 9))J&A.)(/D&Y)+(4b+&9)+*-F8&

Building America Expert Meeting 
12 March 2010 166 

!  Windows 
!  Replacement in wood framed wall – with flange – “innie” 

9))J&A.)(/D&Y)+(4b+&9)+*-F8&

Building America Expert Meeting 
12 March 2010 167 

!  Doors 
!  Replacement in wood framed wall 

9))J&A.)(/D&Y)+(4b+&9)+*-F8&

Building America Expert Meeting 
12 March 2010 168 

!  Windows 
!  Replacement in brick wall 
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&

;+4(78&

•  L.+)(-4(&*.G&A\+)(-4(&
•  })D&-88<)&-8&4J)(*=-F-+D&

– S-\)G&*()&)*8D&*.G&,-/,&J)(34(7*.H)&

•  I*.&-7J(4C)&Y!&8-./F)&/F*t-./&+4&YU&1-+,&F41")&

-.+)(-4(&8+4(78&

•  ;+4(78&4.&-.+)(-4(&7<8+&=)&K/,+&

•  A\+)(-4(&7<8+&=)&F)*MD&QVN!&(*K4R&

&

;+4(78&

•  5-(K/,+&-.+)(-4(&F41")&8+4(78&J()3)(()G&

v).+&Y*K48&
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