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•! 8/2Z;&/A,-&A,2H51;,=&76,&<"51&!"%3="!)&P&#"05'#&%3'1!366"#&="'76573'&
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•! @6,&1&6(0G5,&12E&3/0G13;&<7(5E(2)&./-0=&/-(,2;,E&;/&;*,&672=&I(;*&1&E,G;*&
;*1;&155/I6&E1B5()*;&*1-A,6H2)>&

III>D7(5E(2):3(,23,>3/0&
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5/!7(<1"' R6*1E,&(6&0/-,&(0G/-;12;&(2&*/;&35(01;,6T

="'76573'&1(-&67GG5B&.-/0&*,1H2)&12E&3//5(2)>&&

• @6,&1&6(0G5,&12E&3/0G13;&<7(5E(2)&./-0=&/-(,2;,E&;/&;*,&672=&I(;*&1&E,G;*&
;*1;&155/I6&E1B5()*;&*1-A,6H2)>&

III>D7(5E(2):3(,23,>3/0&
;*1;&155/I6&E1B5()*;&*1-A,6H2)>&

III>D7(5E(2):3(,23,>3/0&
;*1;&155/I6&E1B5()*;&*1-A,6H2)>&

A"9/('&B!/'%/:6"9&
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D7(5E(2)6[&C*B&E/&I,&D7(5E\&

•! Q/&],,G&;*,&I(2E=&672=&-1(2=&62/I=&*,1;=&3/5E=&
E76;=&<7)6=&12(0156=&12E&216;B&G,/G5,&/7;6(E,>&

•! D7;&I,&5,;&(2&6/0,&;*(2)6&
–!^(3,&G,/G5,=&G,;6=&6726*(2,=&E1B5()*;=&35,12&1(-=&
35,12&I1;,-=&67GG5(,6&

•! ?2E&5,;&6/0,&;*(2)6&/7;&
–!_(,I6=&G/557;,E&I1;,-&12E&1(-&

III>D7(5E(2):3(,23,>3/0& D7(5E(2)&:3(,23,&$##`&

C*1;&(6&/7;6(E,&5(],&I*,-,&1-,&B/7&<7(5E(2)\&

&
&&&&4235/67-,6&&&&^/>&a&K&&

F/5E&

C"1&
C"1&

D30"70"9&97'E)&<$0/#&

-6/051"&F3'"&
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Q*,&4235/67-,[&?2&42A(-/20,2;15&
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&&&&4235/67-,6&&&&^/>&d&K&&

F5(01;,&L/1E&e/E(f31H/2&

•! D7(5E(2)&P&:(;,&R/A,-*12)6=&;-,,6gT&
–!F-,1;,6&0(3-/35(01;,&

•! D7(5E(2)&4235/67-,&RI1556=&I(2E/I6=&-//.gT&
–!:,G1-1;,6&35(01;,6&
–!+166(A,&0/E(f31H/2&

•! D7(5E(2)&42A(-/20,2;15&:B6;,06&R'_?FgT&
–!@6,&,2,-)B&;/&3*12),&35(01;,&
–!?3HA,&0/E(f31H/2&
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&

Enclosure&Intro&Summary&

•  Enclosure&oien&defines&the&H/C&load&
– Architecture&defines&massing,&orientaHon,&
enclosure&

•  Enclosure&more&cri7cal&for&skin"dominated&
– Heat&flow,&Solar&control,&air&Hghtness&

•  LighHng,&venHlaHon&criHcal&for&deep&plan&

Building&Science&

Basic&FuncHons&of&the&Enclosure&

•  1.&Support&
–  Resist&and&transfer&physical&forces&from&inside&and&out&

•  2.&Control&
–  Control&mass&and&energy&flows&

•  3.&Finish&&
–  Interior&and&exterior&&
surfaces&for&people&

•  DistribuHon&–&a&building&funcHon&

Building&Science&

Functional Layers 

Basic&Enclosure&FuncHons&

•  Support&
–  Resist&&&transfer&physical&forces&from&inside&and&out&

•  Lateral&(wind,&earthquake)&
•  Gravity&(snow,&dead,&use)&
•  Rheological&(shrink,&swell)&
•  Impact,&wear,&abrasion&

•  Control&
–  Control&mass&and&energy&flows&

•  Finish&&
–  Interior&and&exterior&surfaces&for&people&

Building&Science&

Functional Layers 

&
&&&&Enclosures&&&&No.&11&/&&

Basic&Enclosure&FuncHons&
•  Support&

–  Resist&&&transfer&physical&forces&from&inside&and&out&
•  Control&

–  Control&mass&and&energy&flows&
•  Rain&(and&soil&moisture)&

–  Drainage&plane,&capillary&break,&etc.&
•  Air&

–  ConHnuous&air&barrier&
•  Heat&

–  ConHnuous&layer&of&insulaHon&
•  Vapor&

–  Balance&of&welng/drying&
•  Finish&&

–  Interior&and&exterior&surfaces&for&people&

Building&Science.com&

Functional Layers 

&
&&&&Enclosures&&&&No.&12&/&&
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&

m;*,-&F/2;-/5&>&&>&&>&

•! :7GG/-;&
•! -3'1!36&

–! I/!"&
•! B"'"1!573'&
•! B!3:5(573'&

–! D3$'#&
•! B"'"1!573'&
•! >"H"%73'&

–! ./(<1&
•! A/J$9"K(65!"&
•! +/"2&

•! j(2(6*&

D7(5E(2)&:3(,23,>3/0&

Functional Layers 

&
&&&&4235/67-,6&&&&^/>&!h&K&&

D16(3&4235/67-,&j723H/26&

•! :7GG/-;&
–! S,6(6;&P&;-126.,-&G*B6(315&./-3,6&.-/0&(26(E,&12E&/7;&

•! F/2;-/5&
–! F/2;-/5&0166&12E&,2,-)B&b/I6&

•! I/'/9<&&
–! 8'1"!/3!&G&"L1"!/3!&9$!;5%"9&;3!&:"3:6"&

•! F/5/-=&6G,375123,&
•! +1n,-2=&;,J;7-,&
&

D7(5E(2)&:3(,23,>3/0&

Functional Layers 

&
&&&&

*/913!)&3;&&
-3'1!36&I$'%73'9&

•! m5E,-&D7(5E(2)6&
–!m2,&51B,-&E/,6&&
,A,-B;*(2)&

•! ^,I,-&D7(5E(2)&
–!:,G1-1;,&51B,-6=&&
&&&>&>&>&6,G1-1;,&.723H/26&

D7(5E(2)&:3(,23,>3/0& &
^/>&!V&&

F*12),6&

D7(5E(2)&:3(,23,>3/0& &
!a&&
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&

Building&Science.com& 17&

1.&

2.&

3.&

4.&

The&“Perfect&Wall”&
•  Finish&of&whatever&
•  Control&conHnuity&

–  1.&Rain&control&layer&
•  Perfect&barrier&
•  Drained&with&gap&
•  Storage&

–  2.&Air&control&layer&
•  Air&barrier&

–  3.&Thermal&control&layer&
•  Aka&insulaHon,&radiant&barriers&

–  4.&Vapor&control&layer&
•  Retarders,&barriers,&etc&

•  Structure&can&be&anything&

18&Building&Science.com&

Fire&Control&may&be&needed&
Sound&Control&opHonal&

What&is&a&high&performance&
enclosure?&

•  One&which&provides&high&levels&of&control&
•  Poor&conHnuity&limits&performance&
•  Poor&conHnuity&causes&most&problems&too:&

– E.g.&air&leakage&condensaHon&
– Rain&leakage&
– Surface&condensaHon&
– Cold&windows&

•  This&course:&conHnuity&+&high&levels&

www.BuildingScience.com& 20&Building&Science.com&
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21&Building&Science.com& 22&Building&Science.com&

23&Building&Science.com& 24&Building&Science.com&
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&

25&Building&Science.com& 26&Building&Science.com&

27&Building&Science.com& 28&Building&Science.com&
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&

&

Window&

29&Building&Science.com& Building&Science.com& 30&

ConnecHons:&Who&is&in&charge&

Building&Science.com& &
&&&&Enclosures&&&&No.&31&/&

Complexity&increases&detailing&effort&/&risk&of&failure&/&cost&
&&&&&&&&&&&&&&&&&&&&&reduces&performance&

• &&
• & 

Enclosure Design:  
Details 

•  Details demand the same 
approach as the enclosure. 

•  Scaled drawings required  
at 

Building&Science.com&
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Perfect&Wall&expanded&

Building&Science.com& 33&

Fire&Control&may&be&needed&
Sound&Control&opHonal&

Perfect&Wall&

•  CMU/concrete&
&backup&

Building&Science.com& 34&

Any&R4value,&e.g.&
4”&PIC=R25&
5”XPS&=R25&
6”MFI=R25&

Perfect&Wall&

•  Steel&Stud&&
Backup&

Building&Science.com& 36&
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&

III>D7(5E(2):3(,23,>3/0&

,')&>4=56$"R&"N(N&
QS&B8-T>OU&
USVBD&T>OU&
WSXI8T>OU&

F/2E,261H/2&P&8-B(2)&

III>D7(5E(2):3(,23,>3/0&

F/0G-/0(6,&
III>D7(5E(2):3(,23,>3/0&

4J;,-(/-&S"A157,&
:;7E<1B&S"A157,&:;7E<1B&S"A157,&S1H/[&

D1""6&91$#9&
%30:!30/9"&
1<"&1<"!056&
:"!;3!05'%"&
C33#&91$#9R&
'31&93&0$%<&

?2B&S"A157,=&,>)>&
ap&I//E&6;7Eq&
$p&+XFt&Sh#&
hpu+:t&Sh$&
%p:+jt&S%#&

3/2;-/56&-(6]&/.&3/2E,261H/2&

F/0G-/0(6,t&S(6]6&

III>D7(5E(2):3(,23,>3/0&

D""&YDA4MWPZ&-3'1!366/'(&-3'#"'9573'&
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&

III>D7(5E(2):3(,23,>3/0&

:G,3(f36&

•! ^/I&I,&I(55&5//]&1;&
–!S1(2&F/2;-/5&
–!?(-&j5/I&F/2;-/5&
–!Q*,-015&F/2;-/5&

•! X2&6/0,&E,;1(5&

III>D7(5E(2):3(,23,>3/0&

42,-)B&
P&
F/0./-;&

87-1<(5(;B=&',15;*&

>5/'&-3'1!36&

www.buildingscience.com 

S1(2&F/2;-/5&

•! ^,J;&;/&6;-73;7-,=&;*,&0/6;&(0G/-;12;=&
.72E10,2;15&-,Y7(-,0,2;&

•! :/7-3,&/.&012B&6,-(/76&<7(5E(2)&G-/<5,06&
•! e1c/-&(0G13;&/2&E7-1<(5(;B&
•! L/I",2,-)B&<7(5E(2)6&P&-1(2&

–!8(W,-,2;&,235/67-,&166,0<5(,6&
–!S,E73,E&E-B(2)&1<(5(;B&

III>D7(5E(2):3(,23,>3/0&
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&

&

Wall System1

Joints Elements

Perfect BarrierImperfect Barrier

Perfect Barrier
Types

Drained2 or
Screened Types

Mass or
Storage Types

Cavity3 No Cavity

Vented5 Unvented

Pressure moderated6

Ventilated4

Ventilated and pressure moderated

More mass
and more

permeability

Less mass
and lower

permeability

Face
Sealed

Concealed
Barrier

S1(2&F/2;-/5&

•! 45,0,2;6&12E&c/(2;6&312&<,&
E(W,-,2;&

9/*2&:;-17<,&

e166K:;/-1),KS,6,-A/(-&C1556&

&&

^/&<7(5E(2)&G1G,-=&b16*(2)=&I,,G*/5,6&

D7(5E(2)&:3(,23,&
 

&
&k&S1(2&F/2;-/5&%d&

D7(5E(2)&:3(,23,&
k&S1(2&F/2;-/5&%d&

D7(5E(2)&:3(,23,&
&

&
&S1(2&F/2;-/5&%`&

D$!;5%"&;"51$!"9&9$%<&59&[="!<5'(9R&A!/:9R&"1%&5!"&/0:3!15'1&;3!&0599&25669&
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Wall System1

Joints Elements

Perfect BarrierImperfect Barrier

Perfect Barrier
Types

Drained2 or
Screened Types

Mass or
Storage Types

Cavity3 No Cavity

Vented5 Unvented

Pressure moderated6

Ventilated4

Ventilated and pressure moderated

More mass
and more

permeability

Less mass
and lower

permeability

Face
Sealed

Concealed
Barrier

CategorizaHon&

•  Elements&and&joints&can&be&
different&

Perfect&Barrier&/&Face&Sealed&

www.BuildingScience.com&

www.BuildingScience.com&

It&is&all&about&joints,&transi7ons,&penetra7ons& Wall System1

Joints Elements

Perfect BarrierImperfect Barrier

Perfect Barrier
Types

Drained2 or
Screened Types

Mass or
Storage Types

Cavity3 No Cavity

Vented5 Unvented

Pressure moderated6

Ventilated4

Ventilated and pressure moderated

More mass
and more

permeability

Less mass
and lower

permeability

Face
Sealed

Concealed
Barrier

CategorizaHon&

•  Elements&and&joints&can&be&
different&
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8-1(2,E&C1556&
•! o+-,667-,&4Y715(N,E&S1(263-,,2p&1-,&1&f3H/215&67<"
6,;&/.&E-1(2,E&I1556&

D7(5E(2)&:3(,23,&$##`&
 

&
V%&

>"]$/!"0"'19&;3!&5&A!5/'"#&^'%639$!"&
?(-"C1;,-&F/2;-/5&L1B,-6&

III>D7(5E(2):3(,23,>3/0&

D</'(6"&65:&/9&1<"&@"91R&
0391&!"6/5@6"&

Y"25!"&="!7%56&
/'91566573'&5'#&2!/'E6"9_&
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III>D7(5E(2):3(,23,>3/0&

L,1]B&I(2E/I6&

•! :;7E6&12E&6*,1;*(2)&1-,&6,26(HA,&;/&5,1]6&

C(2E/I&b16*(2)&(6&],B& ?(-"C1;,-"_1G/-&

•! mi,2&;*(2&51B,-6&
•! &!'%()%%
!>! C1;,-&3/2;-/5&RA1G/-&G,-0,1<5,=&2/;&1(-H)*;T=&3!&
$>! ?(-&P&I1;,-&3/2;-/5&RA1G/-&G,-0,1<5,T=&3!&
h>! ?(-=&I1;,-&P&A1G/-&RA1G/-&(0G,-0,1<5,T>&

•! 4J10G5,6&
–!D7(5E(2)&G1G,-=&72;1G,E&*/76,I-1G=&6,15,E&12E&
67GG/-;,E&*/76,I-1G=&b7(E&1GG5(,E=&G,,5&12E&6H3]&

III>D7(5E(2):3(,23,>3/0&
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?(-"C1;,-&&
F/2;-/5&L1B,-6&

III>D7(5E(2):3(,23,>3/0&

D63:"#&5'#&%30:6"L&
9$!;5%"9&#"05'#&="!)&
</(<&:"!;3!05'%"&

Y"25!"&=5:3!&@5!!/"!9&
3$19/#"&/'9$6573'&

III>D7(5E(2):3(,23,>3/0&

I6$/#45::6/"#&:!3#$%19&
5=3/#9&65:9&

8,;1(56&

•! ?(-&*&I1;,-&*&A1G/-&
;-126(H/2&0,0<-12,6&

&
?(-b/I&F/2;-/5&&&&&^/>&ahKdr&D7(5E(2)&:3(,23,>3/0&

`3'45#<"!"#R&=5:3!&
:"!0"5@6"&

T03#"91&:"!;3!05'%"&

III>D7(5E(2):3(,23,>3/0&

+,##)%&"-&H"L/@6"&
0"0@!5'"&/9&@"a"!&
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&

e(J,E&0,0<-12,&q&5(Y7(E&

[b"'&$9"&0"0@!5'"9&
;3!&1!5'9/73'9&

III>D7(5E(2):3(,23,>3/0&

:G-1BKQ-/I,5&?GG5(,E&?(-KI1;,-&
•! :,0("G,-0,1<5,&

&
aa&D7(5E(2)&:3(,23,>3/0&

III>D7(5E(2):3(,23,>3/0&

-639"#4%"66&9:!5)&
:36)$!"1<5'"&;350Z&
%%DBI&
"!>5/'&%3'1!36&
"!,/!&-3'1!36&
"!c<"!056&-3'1!36&
"!&+5:3!&-3'1!36&

F/2H27(;B&(6&],BM&

•! e76;&,267-,&2/&-1(2&5,1]6&
•! ?(-b/I&3/2;-/5&6*/75E&<,&16&3/2H27/76&16&
G-13H315&

•! Q*,-015&3/2;-/5&
–!C,&5(A,&I(;*&G,2,;-1H/26&
–!e(2(0(N,&6;,,5&12E&3/23-,;,&;/&60155&5/315&

•! _1G/-&3/2;-/5&
–!^/;&;*1;&(0G/-;12;&;/&,267-,&3/2H27(;B&

III>D7(5E(2):3(,23,>3/0&
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&

Air&Flow&Control&

www.buildingscience.com 

Air&Barrier&Systems&

•  Need&an&excellent&air&barrier&in&all&buildings&
– Comfort&&&health&
– Moisture&/&condensaHon&
– Energy&
– Sound,&fire,&etc.&

•  Cant&make&it&too&Hght.&
•  MulHple&air&barriers&improve&redundancy&

www.BuildingScience.com&

CalculaHons&for&a&single&stud&bay,&8&i&tall,&16”&wide&

Air&moves&more&vapor&than&diffusion!&

Diffusion&is&rarely&a&big&deal&
Air&leakage&almost&always&is!&

www.BuildingScience.com& 72/175& 11"10"24&

Air&leakage&

•  Hard&to&save&energy&with&the&door&open&
•  Buildings&gelng&Hghter,&but&.&.&.&

– Many&sHll&leak&way&too&much&
– We&can’t&idenHfy&the&leakers&
– Need&to&test!&Commission!&

•  VenHlaHon:&Many&try&to&improve&air&quality&by&
increasing&quanHty&
– Target&good&air&when&and&where&needed&

PG&E Seminars High Performance Enclosures October 19, 2011
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&

&

73/175& 11"10"24&

Air&Barriers&and&Energy&
•  Requirements&

– Con7nuous&(most&important)&
– Strong&
– S7ff,&
– Durable,&
– Air&Impermeable&(least&important)&

•  Easily&1/3&of&total&heat&loss&is&due&to&air&
leakage&in&well"insulated&building&

&
Airflow&Control&&&&&No.&74/79&Building&Science&

Building&Science.com&

Commercial&Buildings:&Oben&exterior&air&barrier&is&only&prac7cal&solu7on&&

Poly&combines&air&and&
vapour&control&
" Must&be&sealed&and&
supported&to&be&air&barrier&
" Cover&most&area&and&you&
have&vapor&control&

&
Airflow&Control&&&&&76&Building&Science.com&
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&

&

S()(E&4J;,-(/-&?(-&D1--(,-&

D7(5E(2)&:3(,23,>3/0& dd&

D7(5E(2)&:3(,23,>3/0&
& dr&

S//.&1(-&<1--(,-&
8,3]&5,A,5&A1G/-&3/2;-/5&0,0<-12,&-1-,5B&-,Y7(-,E&(.&35/6,E&3,55&./10&76,E&

c<"!056&-3'1!36&

www.buildingscience.com 
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&

Q*,-015&F/2;-/5&

•! X26751H/2&&
–!:5/I6&*,1;&b/I&(2&12E&/7;&

•! C(2E/I6&
–!:5/I&*,1;&b/I&(2&12E&/7;&
–!F/2;-/5&6/51-&)1(2&[&155/I&/-&-,c,3;\&

•! o3//5p&-//.6&
–!S,E73,&6/51-&)1(2&

•! S1E(12;&<1--(,-6&

III>D7(5E(2):3(,23,>3/0&III>D7(5E(2):3(,23,>3/0&

Q*,-015&X26751H/2&

III>D7(5E(2):3(,23,>3/0&III>D7(5E(2):3(,23,>3/0&

'/I&073*&X26751H/2&

•! ',1;&j5/I&t&?-,1&v&RQ(26(E,&k&Q/7;6(E,T&
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&S"A157,&
•! 8/7<5,&S"A157,=&*15A,&*,1;&b/I>&?5I1B6>&
•! mGH070&E,G,2E6&/2&&

•! F/6;&/.&,2,-)B&/A,-&5(.,&/.&<7(5E(2)&
•! F/6;&/.&1EE(2)&0/-,&(26751H/2&
•! :1A(2)6&(2&0,3*12(315&,Y7(G0,2;=&3/2;-/56&

III>D7(5E(2):3(,23,>3/0&

(26(E, /7;6(E,

Q*,-015&F/2H27(;B&

•! :/0,&6*/-;&3(-37(H2)&(6&2/-0155B&;/5,-1;,E>&
•! '()*"G,-./-0123,&I1556&;/5,-1;,&.,I&
•! e1c/-&/W,2E,-6&K&I,1]&6G/;6&

–!+,2,;-1H2)&651<6&RwS!T&
–!:;,,5&6;7E6&RwS!T&
–!C(2E/I6&RS$"ShT&

•! ?-,1&12E&5/I&S&01n,-&;/&/A,-155&6()2(f3123,&

III>D7(5E(2):3(,23,>3/0&
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&

&

D,6;"316,&S"A157,6&./-&6;7E&I1556&

III>D7(5E(2):3(,23,>3/0& D7(5E(2)&:3(,23,>3/0&

,!"&91$#9&$9$566)&MWS&3N%Nf&

D7(5E(2)&:3(,23,>3/0&
,!"&1<"&91$#9&2/1</'&5&<"5=/"!&91!$%1$!"f&

D7(5E(2)&:3(,23,&$##`& &``&

-5'&2"&5/!4%336&3$!&@$/6#/'(9f&

D7(5E(2)&:3(,23,&$##`&

-5'&2"&5/!4%336&3$!&@$/6#/'(9f&

PG&E Seminars High Performance Enclosures October 19, 2011

Straube © buildingscience.com 22 of 53



&

D7(5E(2)&:3(,23,&$##`& &
X26751H/2&12E&Q*,-015&D-(E),6&&&&^/>&`rKaV&

Q*,-015&D-(E),&4J10G5,6&
•! D153/2(,6=&,;3&
•! 4JG/6,E&651<&,E),6&&

III>D7(5E(2):3(,23,>3/0&
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&

&

D7(5E(2)&:3(,23,&$##`& &
X26751H/2&12E&Q*,-015&D-(E),6&&&&^/>&r%KaV&X26751H/2&12E&Q*,-015&D-(E),6&&&&^/>&r%KaV&D7(5E(2)&:3(,23,&$##`& X26751H/2&12E&Q*,-015&D-(E),6&&&&^/>&r%KaV&X26751H/2&12E&Q*,-015&D-(E),6&&&&^/>&r%KaV&

Small metal clips 
dramatically reduce 
thermal bridging 

C(2E/I6&

•! m7-&0/6;&,JG,26(A,&;*,-015&<-(E),6&
•! ?570(270&(6&%"V&H0,6&16&3/2E73HA,&16&
1570(270&

•! 8(x375;&;/&<7B&3/00,-3(15&1570(270&
I(2E/I6&K&37-;1(2I155&/A,-&Sh>&

•! ?55/I&6/51-&*,1;&(2&
–!@6,.75&(2&3/5E&I,1;*,-&
–!S,Y7(-,6&3//5(2)&(2&6700,-&

III>D7(5E(2):3(,23,>3/0&
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&

D7(5E(2)&:3(,23,&$##`& &
C(2E/I6&12E&F7-;1(2I1556&&&&&^/>&rd`#&

Q/;15&',1;&j5/I&

glazing 
system 
U-value 

Curtain Wall Plan View 

R4 R4 

R2.5 

R4 
R12 

R3.3 

D7(5E(2)&:3(,23,& &
C(2E/I6&12E&F7-;1(2I1556&&&&&^/>&r``#&

PTB!

D7(5E(2)&:3(,23,&$##`& &
C(2E/I6&12E&F7-;1(2I1556&&&&&^/>&rr`#&

R3 

R4 

R2 

High tech? Low tech? 

.,//0.%$1"2S"A157,6&

100 

Q*,-015&D-,1]&

•! F-(H315&./-&157&I(2E/I6&
•! &yp&6*/75E&<,&0(2&&
;*,-015&<-,1]&&;*,-015&<-,1]&&

!##&
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&

&

III>D7(5E(2):3(,23,>3/0&

•!D:5'#!"69&5!"&'31&
="!)&"J"%7="&&
&
•!>MU&8'9$6573'&/'&
1):/%56&9:5'#!"6&
:!3=/#"9&>U&

www.BuildingSci
ence.com 

B!3@6"0&

D36$73'&

D7(5E(2)&:3(,23,&$##`& &
C(2E/I6&12E&F7-;1(2I1556&&&&&^/>&!#h`#&

R7 

R24 

R6 

'()*&+,-./-0123,&
g"h'(&@"a"!&N&N&

R10 

Southwall 

Kawneer Visionwall 

III>D7(5E(2):3(,23,>3/0&
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&

III>D7(5E(2):3(,23,>3/0& III>D7(5E(2):3(,23,>3/0&

D7(5E(2)&:3(,23,&$##`& &
C(2E/I6&12E&F7-;1(2I1556&&&&&^/>&!#d`#&D7(5E(2)&:3(,23,&$##`& C(2E/I6&12E&F7-;1(2I1556&&&&&^/>&!#d`#&

F/7-;,6B&/.&Q*,-01+-//.&
C(2E/I6&12E&?5G,2O5166q&
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:/51-&O1(2&

•! e,167-,E&<B&:'OF&
•! :/51-&)1(2&76,.75&E7-(2)&3/5E&6722B&I,1;*,-&
•! D7;&5,16;&*,1H2)&(6&2,,E,E&E7-(2)&E1BH0,&./-&
3/00,-3(15&<7(5E(2)6&

•! mA,-*,1H2)&E(63/0./-;&(6&1&-,15&-(6]&
•! e76;&6(N,&)5166&?-,1&J&:'OF&31-,.755B&

–!'()*&A157,6&t&1(-&3/2E(H/2(2)&12E&E(63/0./-;&

III>D7(5E(2):3(,23,>3/0&

X2;,-(/-&/-&4J;,-(/-&:*1E,&
•! mG,-1<5,&:/51-&F/2;-/5&/.&I(2E/I6&01B&<,&2,3,661-B&./-&
75;-1"5/I&,2,-)B&<7(5E(2)6&

•! 4J;,-(/-&:*1E,6&15I1B6&<,1;&5/I&:'OF&)51N(2)&
–! D7;&;*,&3/6;&31G(;15&12E&01(2;,2123,&&

•! X2;,-(/-&6*1E,6&E/2Z;&I/-]&I,55&I(;*&)//E&I(2E/I6&

D7(5E(2)&:3(,23,>3/0&

111 

j755B&/G,-1<5,&6*1E,6&

'()*&S&I155=&%#U&)51N(2)&R;-(G5,T&
F*-(,6<13*&D7(5E(2)[&
:I(;N,-512E&
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&

?GG5(123,6&
-,E73,&
*,1H2)&

?7;/01H3&
4J;,-(/-&
<5(2E6&](55&
3//5(2)&

e166&312&
01n,-&./-&
5/I&,2,-)B&
*/76,6&

:/51-&)1(2&(6&
76,.75&(.&
3/2;-/55,E&

III>D7(5E(2):3(,23,>3/0& D7(5E(2)&:3(,23,&$##`& &
C(2E/I6&12E&F7-;1(2I1556&&&&&^/>&!!a`#&
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&

&

III>D7(5E(2):3(,23,>3/0&

X3!"&C/'#329&0"5'9&03!"&"'"!()&%3'9$0:73'&/'&5&%36#&%6/051"&

118 :/7-3,[&F1-0/EB&,;&15>&C(2E/I6&./-&'()*&+,-./-0123,&D7(5E(2)6&

-</%5(3&866/'3/9&[?%"&Y$/6#/'(&MU&b&dQNW&0&:"!/0"1"!&i3'"e&

jTkNQlR&D*g-TkNMmR&+cTkNMk&

@t#>V%=&:'OFt#>!d=&_Qt#>!#&

jTkNWkR&D*g-TkNWkR&+cTkNWP&

@t#>a#=&:'OFt#>a#=&_Qt#>ah&

jTkNOkR&D*g-TkNOOR&+cTkNPm&

@t#>a#=&:'OFt#>a#=&_Qt#>ah&

D15123,&F//5(2)&P&L()*H2)&

^'%639$!"&D)91"09&

www.buildingscience.com III>D7(5E(2):3(,23,>3/0&

R?(-&12E&I1;,-&3/2;-/5&51B,-T&

RQ*,-015&3/2;-/5&
51B,-T&

+-(01-B&:;-73;7-,&

R/GH/215&;*,-015T&

D-(3]=&016/2-B=&;,--1&
3/n1=&f<,-&3,0,2;=&
0,;15&G12,5=&,;3>&
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&

Building&Science&
 

121& Building&Science &
122&

Building&Science.com&
 

&
&123&

Building&Science.com&
 

&
124&
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&

D7(5E(2)&:3(,23,>3/0& &
!$V&

D7(5E(2)&:3(,23,>3/0&
 

&
&!$a&

D7(5E(2)&:3(,23,& &
&&&&4235/67-,6&&&&^/>&!$d&K&

&
&&&&4235/67-,6&&&&^/>&!$`&K&%r&&&4235/67-,6&&&&^/>&!$`&K&%r&

8'1"!/3!&n'/9<42<51"="!&
D1!$%1$!"Z&-3'%!"1"&Y63%E&
A!5/'5("&,/!&+5:3!&Y5!!/"!Z&,9:<561&&
>3%E2336&8'9$6573'&
I/'/9<4&2<51"="!&
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&

&

III>D7(5E(2):3(,23,>3/0& III>D7(5E(2):3(,23,>3/0&

III>D7(5E(2):3(,23,>3/0&

D)'1<"7%&D1$%%3Z&^8ID&

R?(-&12E&I1;,-&3/2;-/5&51B,-T&

^/;,[&;*(6&(6&1&-%$'("-24Xj:&
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www.BuildingScience.com& www.BuildingScience.com&!&

www.BuildingScience.com&

Insulated&Concrete&Forms&
•  Excellent&thermal&control&
•  Concrete&acts&as&air&barrier&
•  Rain&Control!&Drain&all&penetraHons&
•  No&vapor&barrier&needed&

Building&Science&
&

InsulaHon&and&Thermal&Bridges&&&&No.&
140/65&
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D7(5E(2)&:3(,23,&$##`&& D7(5E(2)&:3(,23,&$##`& &
X26751H/2&12E&Q*,-015&D-(E),6&&&&^/>&!%$KaV&D7(5E(2)&:3(,23,&$##`& X26751H/2&12E&Q*,-015&D-(E),6&&&&^/>&!%$KaV&

Y"25!"&o3/'19&
`3&=5:3!&@5!!/"!9&

D7(5E(2)&:3(,23,>3/0&

:;-73;7-15&X26751;,E&+12,56&

•! ?EA12;1),6&
–! :7G,-(/-&<512],;&/.&(26751H/2&
–! (.&2/&A/(E6&;*,2&2/&3/2A,3H/2&/-&I(2EI16*(2)&
–!e1B&6,15&m:D&c/(2;6&./-&,J3,55,2;&1(-&<1--(,-&6B6;,0&

•! Q*,-,./-,=&E/2,&-()*;&t&,J3,55,2;&
•! :0155&1(-&5,1]6&1;&c/(2;6&(2&-//.6&312&3176,&G-/<5,06&
•! 8/2Z;&),;&;*,0&;//&I,;&.-/0&-1(2&

–! L/I&G,-0&51B,-6&0,126&5(0(;,E&E-B(2)&
–! ?5I1B6&76,&E-1(2,E&K&A,2H51;,E&351EE(2)M&:;733/M&

X26751;,E&0,;15&G12,56&

D7(5E(2)&:3(,23,&$##`&

X26751;,E&0,;15&G12,56&

D7(5E(2)&:3(,23,&$##`&

Same material fulfills several 
functions 
Finish (paint) 
Control (metal, foam) 
Support (metal+foam) 

•!F12&<,&*()*"G,-./-0123,&5/I"
3/6;&6B6;,0&
•!@6,&;*(3],-&G12,56&R%"`pT&12EK
/-&*B<-(E&I(;*&(2;,-(/-&f<-/76&
(26751H/2&
•!O-,1;&./-&1-,216=&G//56=&
I1-,*/76,6=&<()&</J&6;/-,6&
•!&+-/;,3;&.-/0&(0G13;&1;&)-1E,&
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&

?(-&j5/I&F/2;-/5&

D7(5E(2)&:3(,23,>3/0&

?(-&D1--(,-&

Q*,-015&F/2;-/5&

D7(5E(2)&:3(,23,>3/0&

Q*,-015&F/2;-/5&

c<"!056&Y!"5E&/9&1<"&0391&%!/7%56&<"51&H32&
%3'1!36&/1"0&/'&,6$0/'$0&9)91"09&
X3!"&/0:3!15'1&1<5'&(65i/'(_&

D7(5E(2)&:3(,23,&$##`& &
C(2E/I6&12E&F7-;1(2I1556&&&&&^/>&!V!`#&

PTB 

@2(HN,E&

•! &&

D7(5E(2)&:3(,23,&
&

C(2E/I6&12E&F7-;1(2I1556&&&&&^/>&!V$`#&

@2(HN,E&@2(HN,E&
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&

Details&

www.buildingscience.com 

Details&

•  IntegraHon&of&penetraHons&and&transiHons&is&
criHcal&
– Must&maintain&conHnuity&of&rain,&air,&thermal&and&
vapor&control&through&the&transiHon!&

– Exposure&and&performance&expectaHons&guide&
designers&level&of&compromise&

www.BuildingScience.com&
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&

X2;,-0,E(1;,&67GG/-;6&

D7(5E(2)&:3(,23,&$##`& &
X26751H/2&12E&Q*,-015&D-(E),6&&&&^/>&!VrKaV&X26751H/2&12E&Q*,-015&D-(E),6&&&&^/>&!VrKaV&D7(5E(2)&:3(,23,&$##`& X26751H/2&12E&Q*,-015&D-(E),6&&&&^/>&!VrKaV&X26751H/2&12E&Q*,-015&D-(E),6&&&&^/>&!VrKaV&

Small metal clips 
dramatically reduce 
thermal bridging 
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&

Building&Science&2008&& Building&Science&.com&

Building&Science&.com& Building&Science&.com&
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D7(5E(2)&:3(,23,& &
C(2E/I6&12E&F7-;1(2I1556&&&&&^/>&!d#`#&

D7(5E(2)&:3(,23,&$##`& &
C(2E/I6&12E&F7-;1(2I1556&&&&&^/>&!d!`#&

:7<6(55&

D7(5E(2)&:3(,23,>3/0&

-3'7'$3$9&/'1"!/3!&5'(6"&5'#&&
8'1"!0/a"'1&"L1"!/3!&%6/:&566329&
c</%E&/'9$6573'&5'#&56/('0"'1&3;&
c<"!056&%3'1!36&65)"!9&&
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&

www.BuildingScience.com&

www.BuildingScience.com&

Architectural&
Precast:&Punched&
Window&

Curtainwall&IntegraHon&

www.BuildingScience.com&
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&

www.BuildingScience.com& www.BuildingScience.com&

www.BuildingScience.com& www.BuildingScience.com&
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&

www.BuildingScience.com& www.BuildingScience.com&

www.BuildingScience.com& www.BuildingScience.com&

Note&thermal&conHnuity&
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www.BuildingScience.com& www.BuildingScience.com&

www.BuildingScience.com&

Balconies&

Building&Science&2008&
&

InsulaHon&and&Thermal&Bridges&&&&No.&
188/65&
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D7(5E(2)&:3(,23,&$##`& &
X26751H/2&12E&Q*,-015&D-(E),6&&&&^/>&!`rKaV& III>D7(5E(2):3(,23,>3/0&

III>D7(5E(2):3(,23,>3/0& D7(5E(2)&:3(,23,&$##`& &
X26751H/2&12E&Q*,-015&D-(E),6&&&&^/>&!r$KaV&D7(5E(2)&:3(,23,&$##`& X26751H/2&12E&Q*,-015&D-(E),6&&&&^/>&!r$KaV&

Precast balcony supported on  knife edge 
supports to limit thermal losses 
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>33;9&
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L/I":5/G,&S//.6&

•! ^/;&b1;>&+/2E(2)&(6&2/;&133,G;1<5,>&
•! O,;&I1;,-&-()*;=&;*,2&I/--B&1</7;&,2,-)BM&
•! F/0G/2,2;6&

–!S1(2&<1--(,-&(6&-//.&0,0<-12,&
•! 8-1(21),&)1G&(6&;*,&/7;E//-6&

–!?(-&<1--(,-&312&<,&-//.&0,0<-12,&
•! D,n,-&;/&(26;155&(2;,-(/-&

–! X26751H/2&(6&-()(E=&G/5B(6/=&u+:=&4+:=&-/3]I//5&

D7(5E(2)&:3(,23,>3/0&
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!rd&D7(5E(2)&:3(,23,>3/0&

D15516;&R-/3]=&
G1A,-6=&,1-;*T&
j(5;,-&.1<-(3&
4J;-7E,E&G/5B6;B-,2,&
X26751H/2&
:5/G,E&G5121-&
6;-73;7-,&

8-1(21),&01;&

j755B"1E*,-,E&-//.&
0,0<-12,&

+,-.,3;&S//.&

D7(5E(2)&:3(,23,>3/0&

O//E&F/0G-/0(6,&

D7(5E(2)&:3(,23,>3/0& !rr& D7(5E(2)&:3(,23,&$##`& 
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III>D7(5E(2):3(,23,>3/0& ?2EB&:*1G(-/>&42,-)B&D15123,=&_Q&

D7(5E(2)&:3(,23,&$##`&&

_,2H51;,E&?l36&

Sa#"dV&,3/2/0(3155B&1A1(51<5,&

/-&6G-1B&./10&6,15&&

o+,-.,3;p&+(;3*,E&S//.&

III>D7(5E(2):3(,23,>3/0&
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Building&Science&2008&&

VenHlated&Cathedral&Ceilings&

Building&Science&2008&&

LimitaHons&of&VenHlated&Cathedral&

Building&Science&2008&&

LimitaHons&

Building&Science&2008&&

Unvented&Cathedralized&Alcs&

•  Move&air&and&insulaHon&control&from&ceiling&
plane&to&roof&plane&

•  Moves&HVAC&into&condiHoned&space&
– Saves&lots&of&energy,&reduce&problems&with&
comfort,&extends&life&of&equipment&

•  Avoids&wind&blown&rain,&snow,&and&burning&
wildfire&embers&
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&

R40+&roof,&fire&protecHon&

Building&Science.com&

R40&10”&TJI&Cold&climate&SoluHon&shown&
R50&12”&TJI&with&4”&ccSPF&(R24)+&8”&FG&(R30)&

www.BuildingScience.com&

Residen7al&R60+&Unvented&Roof&

Summary&

•  IndenHfy&funcHonal&control&layers&
– Rain,&air,&heat,&vapor&

•  Provide&conHnuity&of&control&layers&
– details&

•  Select&high&levels&of&performance&

www.BuildingScience.com&
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