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5'Building'Science.com'

Old'Growth'Timber'

Pre%WWII'Buildings'

•  No'added'insulaTon'(or'very'liWle)'
•  HeaTng'systems'and'some'natural'venTlaTon'
•  No'air'condiToning'
•  No'vapor'barriers'
•  Few'explicit'air%Tghtening'or'“dra[%stopping”'details'
•  Masonry'and'old%growth'solid'Tmber'structures'
•  Plaster'is'the'dominant'interior'finish'

6'Building'Science.com'

Pre%WWII'Buildings'

•  No'added'insulaTon'(or'very'liWle)'
•  HeaTng'systems'and'some'natural'venTlaTon'
•  No'air'condiToning'
•  No'vapor'barriers'
•  Few'explicit'air%Tghtening'or'“dra[%stopping”'details'
•  Masonry'and'old%growth'solid'Tmber'structures'
•  Plaster'is'the'dominant'interior'finish'

7'Building'Science.com'

Five'Fundamental'Changes'

1.  Increasing'Thermal'Resistance'
2.  Changing'Permeance'of'Enclosure'Linings'
3.  Water/Mold'SensiTvity'of'Materials'
4.  Moisture'Storage'Capacity'
5.  3%D'Airflow'Networks'

8'Building'Science.com'
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Changes'…'

•  ExpectaTons'are'rising'
– Faster'design'and'construcTon'
– Lower'risk'of'delays'/'cost'over'runs'
– Lower'operaTng'costs'
– Less'energy'consumpTon'(Codes)'
– More'comfort'and'beWer'IAQ'

•  In'short'…''
' 'be1er/buildings/at/less/total/cost/

Changing'Performance'
•  PAST:/On;<me,/on;budget,/to/code/

–  Safe'
– Healthy'
–  Comfortable'

•  NOW'A'growing'clamor'for….'
– Durable'
–  Low%energy'
– Maintainable'
– Modifiable,'Repairable'

•  FUTURE/
–  reliable,'predictable'performance'

www.BuildingScience.com'

Trends'…'

•  Demanding'&'asking'for'more'performance'
– Government,'private'sector'

•  Past:''
– on%Tme,''
– on%budget,''
– beauTful'

•  Future:'
– Measurable'performance'

Performance:'Commercial'Building'Energy'Use'

www.BuildingScience.com'

250 kWh/m2 
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From:'2008'New'Buildings'InsTtute'Study'“Energy'Performance'of'LEED'for'New'ConstrucTon'Buildings”.''
'

Modeling/is/not/reality.//Precision/in/not/Accuracy./

Why'such'poor'performance?'

•  Not'enough'insulaTon,'too'much'air'leakage'
– Thermal'bridges'(windows'R3,'steel'stud'R5%R6)'

•  Not'enough'solar'control'
– Windows!'(too'large,'overhangs,'trees)'

•  Too'much'venTlaTon'
– And/or'poor'control'of'it'

•  Too'many'complex'systems'
– HVAC'systems'no'one'understands'

Unintended'consequences''

•  Improving'wall/windows/roofs'changes'things'
•  Less'heat'gain''

='less'AC'run,'='less'dehumidificaTon'='higher'RH'
='more'condensaTon'

•  Less'heat'flow'(eg'via'insulaTon)'
'='colder'outer/inner'surfaces''
'=more'condensaTon'and'less'drying'

•  More'airTghtness'
'='mech'venTlaTon'required'

Complexity'

•  Modern'buildings'and'systems'are'complex'
– Good'design'must'manage'complexity'

•  Hiring'27'experts'may'not'always'be'the'soluTon'

– Allow'for'focus'on'the'big'things''
•  e.g.,'program,'massing,'quality'

www.BuildingScience.com'

Enclosure/and/HVAC/can/be/made/simpler/and/
more/robust/by/early/design;stage/decisions/
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New'SoluTons'

•  Different'approach'to'design'&'construcTon'
– Target,'predict,'measure'performance'

– Quality'assurance/control'in'drawings,'on'site'

•  Different,'robust,'assemblies'&'systems'
– More'tolerant'of'operaTonal/construcTon'errors'

– Less'complex,'easier'to'manage'

PrescripTon'of'High'Performance'

•  Good'skin'
– Rain,'air,'heat,'vapor'control''
– Simple'to'understand/analyze'assemblies''

•  Good'HVAC'
– Control'temperature,'RH,'Fresh'air'seperately'
– Simple'to'understand/analyze'systems'

•  Good'design'
– Daylight,'view,'program,'enjoyment'
– Assume'future'changes'will'occur'

This'seminar'

•  HVAC'%'briefly'
– Humidity'
– VenTlaTon'
– Energy'

•  Enclosure'
– Roofs'
– Walls'
– Windows'

Good'Mechanicals'

One'half'of'the'pie'
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2013%04%12' 29'

FuncTons'
Five'CriTcal'funcTons'are'needed'
•  VenTlaTon'

–  “fresh'air”'
– Dilute'/'flush'pollutants'

•  HeaTng'
•  Cooling'
•  Humidity'Control'
•  Air'filtraTon'/'pollutant'Removal'

–  Remove'parTcles'from'inside'and'outside'air'
–  Remove'pollutants'in'special'systems'

What'do'you'need'to'deliver?'

All'require'metered'deliver'of'fresh'air,'and'some'exhaust'of'polluted'air''

2013%04%12'

Common'Air%based'Systems'
•  CAV'systems'

–  high'energy'consumers'but'provide'outdoor'air'
•  VAV'

–  decent'energy'performance,'but'rarely'supply'
desired'venTlaTon'(fresh)'air'rates'

•  DOAS:'Dedicated'Outdoor'Air'Systems'
–  provide'VenTlaTon'(+'almost'always'
dehumidificaTon)'only''

–  separate'terminal'equipment'does'heaTng'and'
cooling'

– Highest'performance,'easy'to'design'&'fix'

31' 2013%04%12' 32'

Constant'Air'Volume'

Great'RH'&'T'control'(Dewpoint'of'55'all'the'Tme)'
Terrible'energy'performance'(reheaTng'almost'all'the'air,'all'the'Tme)'
O[en'no'designed'exhaust'air:'“pressurize”'building'
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2013%04%12' 33'

Variable'Air'Volume'

Poor'IAQ:'venTlaTon'controlled'by'thermostat'
Poor/no'RH'control:'depends'on'cooling'coil'operaTon'
Either'good'energy'performance'/poor'RH,'or'good'RH'/'poor'energy'
O[en'no'designed'exhaust'air:'“pressurize”'building'

VAV:'Fixing'How'it'works'

•  Pre%treat'all'outdoor'air'to'reduce'humidity'
– Target'leaving'air'dewpoint'of'<50F''
– Cannot'use'“cooling”'only,'need'dehumidificaTon'

•  VenTlaTon'air'sTll'is'uncertain'
– Thermostat'controls'venTlaTon!'

•  Require'reheaTng'to'avoid'cold'rooms'at'min.'flow'

–  In'mulT%zone'system,'one'zone’s'venTlaTon'needs'
are'different'than'an'others’'

•  Hence,'either'over%venTlaTon'or'under%venTlate'

Designer’s'QuesTon'

•  How'is'indoor'humidity'controlled'when'it'is'
65%80F'outdoors'and'raining'(100%RH)?'
– Sensible'load'is'very'low'(lights+people)'
– Latent'load'high'(venTlaTon'+'people)'
– AC'does'not'run,'or'does'not'run'much'

•  Answer'usually'is'“not”'
– Reheat'is'energy'intensive'but'works'
– ERVs'reduce'humidity'load,'they'don’t'eliminate'it'

DOAS'

•  Dedicated'Outdoor'Supply'
– Supplies'all'required'dry'air'and'fresh'air'

•  All'venTlaTon'air'can'be'pretreated'
– Air'should'be'dried'to'<50F'Dewpoint'
– Supply'of'dry'air'to'each'space'controlled'
independent'of'thermostat'

•  Key'is'to'decouple'humidity'control/
venTlaTon'from'temperature'control'
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Energy'recovery'venTlaTon'

•  Reduces'equipment'peak'capacity'(saves'
capital'$)'

•  Reduces'load'on'heaTng/cooling/
dehumidificaTon'(saves'energy/operaTng'$)'

•  Usually'makes'sense'for'any'large'mechanical'
venTlaTon'flow'

DOAS'

BSI%022'Perfect'HVAC'

Thermostat'controls'heaTng/cooling'by'zone'
VenTlaTon'controlled'by'occupancy'(CO2)'
All'air'is'delivered'dry'(humidity'control)'
No're%circulated'air'(improved'IAQ)'

Florida'University'Building'

•  Low'window%to%wall'raTo'
•  Compact'building'shape'
•  High'occupancy'

•  Therefore…'
Large'proporTon'of'
all'energy'Is''
venTlaTon'

Creating High Performance Buildings April 2013

Straube © buildingscience.com 10 of 50



Johnston'University'Building'FSU'
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Conditoning Loads 

Florida'university'
Conditoning Loads

0 200 400 600 800 1000 1200 1400 1600 1800 2000

Conductance
Radiation
Infiltration

Ventilation
Lighting

Plug
Occupant

kBtu/hr

!
ERV,'Demand%controlled'venTlaTon,'low'SHGC'windows,'beWer'insulaTon'(roof!)'
Savings'58%'of'non%plug'non%occupant'

Conclusions'

•  Key'to'good'mechanicals'is'to'separate'
venTlaTon'from'heaTng/cooling'

•  Consider'humidity'control'in'climates'where'it'
is'needed'

Enclosure/Design/Principles/

www.buildingscience.com 
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The'Enclosure:'An'Environmental'
Separator'

•  The'part'of'the'building'that'physically'
separates'the'interior'and'exterior'
environments.'

•  Includes'all'of'the'parts'that'make'up'the'wall,'
window,'roof,'floor,'caulked'joint'etc.'

•  SomeTmes,'interior'parTTons'also'are'
environmental'separators'(pools,'rinks,'etc.)'

Building'Science' '
''''Enclosures''''No.'45'/''

Climate'Load'ModificaTon'

•  Building'&'Site'(overhangs,'trees…)'
– Creates'microclimate'

•  Building'Enclosure'(walls,'windows,'roof…)'
– Separates'climates'
– Passive'modificaTon'

•  Building'Environmental'Systems'(HVAC…)'
– Use'energy'to'change'climate'
– AcTve'modificaTon'

Basic'FuncTons'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'

•  DistribuTon'–'a'building'funcTon'

Building'Science'

Functional Layers 

Basic'Enclosure'FuncTons'

•  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.'48'/''
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Basic'Enclosure'FuncTons'
•  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/

–  ConTnuous'air'barrier'
•  Heat/

–  ConTnuous'layer'of'insulaTon'
•  Vapor'

–  Balance'of'we?ng/drying'
•  Finish''

–  Interior'and'exterior'surfaces'for'people'

Building'Science.com'

Functional Layers 

'
''''Enclosures''''No.'49'/''

Other'Control'.''.''.'

•  Support'
•  Control/

–  Fire/
•  Penetra<on/
•  Propaga<on/

–  Sound/
•  Penetra<on/
•  Reflec<on/

–  Light/
•  Diffuse/glare/
•  View/

•  Finish'

Building'Science.com'

Functional Layers 

'
''''Enclosures''''No.'50'/''

Basic'Enclosure'FuncTons'

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

•  Control'
–  Control'mass'and'energy'flows'

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

•  Color,'speculance'
•  PaWern,'texture'
'

Building'Science.com'

Functional Layers 

'
''''

History/of//
Control/Func<ons/

•  Older'Buildings'
– One'layer'does''
everything'

•  Newer'Building'
– Separate'layers,''
'''.'.'.'separate'funcTons'

Building'Science.com' '
No.'52''
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Changes'

Building'Science.com' '
53''

The'Perfect'Wall'

Building'Science.com' 54'

The'“Perfect'Wall”'
•  Finish'of'whatever'
•  Control'conTnuity'

1.  Rain'control'layer'
•  Drained'with'gap'(shown)'
•  or'Perfect'barrier'
•  or'Storage'

2.  Air'control'layer'
•  Air'barrier'system'

3.  Thermal'control'layer'
•  Aka'insulaTon,'radiant'barriers'

–  Vapor'control'layer'
•  Retarders,'barriers,'etc'

•  Structure'can'be'anything'

55'Building'Science.com'

AddiTonal'Fire'Control'may'be'needed'
AddiTonal'Sound'Control'opTonal'

Perfect'Wall'

•  CMU/concrete'
'backup'

Building'Science.com' 56'
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Perfect'Wall'

•  Steel'Stud''
Backup'

Building'Science.com' 57'

Cerner/Office/Complex/
•  Concrete'frame'
•  Perfect'wall'

•  Steel'studs'
•  Stainless'steel'

panels'

Cerner/Office/Complex/
•  Air%water'barrier'

(Meadows'Air%Shield'LSR)'

Cerner/Office/Complex/
•  Rockwool'insulaTon'
•  Stainless'Panels'

Creating High Performance Buildings April 2013
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Cerner/Office/Complex/
•  Rockwool'insulaTon'
•  Stainless'Panels'

Cerner'

RecreaTon'Center'
Rainscreen' CondensaTon'&'Drying'

www.BuildingScience.com'

No/stud/cavity/insula<on//
=/perfect/wall/
=/no/moisture/risk/

Cavity/insula<on//
=/cold/sheathing/
=/condensa<on/risk/
=/slow/mee<ng/
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Compromise'
www.BuildingScience.com'

Exterior'R%value'
Studbay'R%value'RaTo:'

Steel/studs/
compromise/the/
thermal/
performance/
Wood/studs,/not/
so/much/

See'BSD%163'at'
BuildingScience.com'

controls'risk'of'condensaTon'

Compromise='Risks'

www.BuildingScience.com'

67'Building'Science.com' 68'Building'Science.com'
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69'Building'Science.com' 70'Building'Science.com'

71'Building'Science.com' 72'Building'Science.com'
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73'Building'Science.com' 74'Building'Science.com'

75'Building'Science.com' www.BuildingScience.com'

Window'

Wall/

Slab/
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Building'Science.com' '
''''Enclosures''''No.'77'/'

Complexity/increases/detailing/effort,/risk/of/failure,/and/cost/
////////////////////and/reduces/performance/

78/175'

Enclosure Design:  
Details 

•  Details demand the same 
approach as the enclosure. 

•  Scaled drawings required 
at 
 - change in plane 
 - change in material 
 - change in trade 

Building'Science.com'

What'is'a'high'performance'
enclosure?'

•  High'levels'of'control'
•  But,'poor'conTnuity'limits'performance'
•  &'Poor'conTnuity'causes'most'problems'too:'

– E.g.'air'leakage'condensaTon'
– Rain'leakage'
– Surface'condensaTon'
– Cold'windows'

•  Thus:'con0nuity'+'high'levels'of'control'

www.BuildingScience.com' Building'Science.com' 80'

ConnecTons:'Who'is'in'charge'
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Installa<on/of/roof/and/a1achement/to/wall/water/
barrier/allows/for/fast;dry;in/ Building'Commissioning'

•  Delivering'Quality'
– Design''
–  Contract'Documents'
–  ConstrucTon'
– VerificaTon%tesTng,'inspecTon'

•  Quality'
– Design'
–  Systems'
– Materials'
–  ConstrucTon'

Rain/Control/

www.buildingscience.com 

ConTnuity'is'key!'

•  Must'ensure'no'rain'leaks,'no'holes'
•  Airflow'control'should'be'as'conTnuous''
as'pracTcal'

•  Thermal'control'
– We'live'with'penetraTons'
– Minimize'steel'&concrete'to'small'local'points'

•  Vapor'control'
– Not'that'important'to'ensure'conTnuity'

www.BuildingScience.com'

Ener
gy/
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Next'Steps'

•  1.'Rain'Control'
– most'important'

•  2.'Air'Control'
– Energy,'health,'humidity'

•  3.'Thermal'Control'
– Solar'shading'
– Thermal'bridging'

Can/be/separate//
Or//
Combined/in/same/
material/

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

1.'Rain'Control'
•  Three'possible'approaches'

–  Mass'
–  Drained'
–  Perfect'Barriers'

'

•  Element'and'joint''
can'be'different'approach'

•  Perfect'Barriers'are'risky'

John'Straube'

Historic:'Mass/Storage'Walls'

''

No'building'paper,'flashing,'weepholes'

Building'Science'
 

'
'–'Rain'Control'88'
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Building'Science'
'

'
'Rain'Control'89'

Surface/features/such/as/Overhangs,/Drips,/etc/are/important/for/mass/walls/

Perfect'Barrier'/'Face'Sealed'

www.BuildingScience.com'

www.BuildingScience.com'
It/is/all/about/joints,/transi<ons,/penetra<ons//
which/may/not/be/built,/or/remain/perfect/

Perfect/Barrier/Walls/ Precast/is/o`en/a/func<onal/
perfect/barrier/wall/
../but/the/joints/leak,//
exposed/sealant/fails!/
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Two;stage/joints/

Drained'Walls'

•  Drained'systems'preferred'
•  Account'for'joints'and'penetraTons'as'well'as'
installaTon'defects'and'material'failure'

Building'Science.com' 94'

Building'Science.com' 95'

“Rainscreen”/or/“Drained”/System/

www.BuildingScience.com'

Fluid;applied/products/
avoids/laps/
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Air%Water'Control'Layers'

www.BuildingScience.com'

Shingle/lap/is/the/best,/
most/reliable/

Beware/ver<cal/
installa<on/and/wrinkles!/

Flashing'must'be'waterproof'

Building'Science'2008'
 

'
'Joseph'LsTburek'–'Rain'Control'99' Building'Science'.com'
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•  Also'consider'
UV'protecTon'

Windows'and'Doors'

•  All'penetraTons'should'be'drained,'regardless'
of'the'approach'taken'to'the'element'

•  Windows'and'doors'are'the'most'criTcal'
openings'to'drain'

•  Rough'opening'must'be'drained'

Leaky'windows'

•  Studs'and'sheathing'are'sensiTve'to'leaks'

Building'Science' '
Windows'and'Curtainwalls'''''No.'10480'
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Mixed'membrane'+'liquid'

O`en/use/membranes/
for/transi<ons/

www.BuildingScience.com'

Backdams'/'Slopes'are'Important'
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Building'Science.com'

Con<nuous/interior/angle/
provides/backdam/and/airseal/
con<nuity/

Rain'Control' Curtainwall'IntegraTon'

www.BuildingScience.com'

Seal/membrane/flashing/
mechanically/to/inner/
shoulder/
Caulking/is/less/reliable!/
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Cerner'

Building'Science.com'

Corners/are/weak/spot:/
• How/to/drain/corners/
• How/to/airseal?/

VerificaTon'TesTng'
Mockups:/Confirm/design/can/be/built/and/perform/
In;situ/tes<ng:/Verify/that/enclosure/is/built/as/per/design=mockup/
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Not/“Perfect”,/But/pre1y/darn/good!/

Mass/walls/changed/
to/drained/walls/

www.BuildingScience.com'

Architectural/Precast:/
Punched/Window/
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Thermal'Control'

Building'Science.com'

Thermal'Control'

Thermal/Break/is/the/most/cri<cal/heat/flow/
control/item/in/Aluminum/systems/
More/important/than/glazing!/

Air%Water%Vapor'

•  O[en'thin'layers'
•  Can'be''

1.  Water'control'(vapor'permeable,'not'airTght),'or/
2.  Air'&'water'control'(vapor'permeable),'or/
3.  Air,'water'&'vapor'(vapor'impermeable).'

•  Examples'
– Building'paper,'untaped'housewrap,'sealed'and'
supported'housewrap,'fluid'applied,'peel'and'sTck'

www.BuildingScience.com'

Air%Water''
Control'Layers'

www.BuildingScience.com'

Sloped/and/complex/
surfaces/demand/very/
high/performance/

Fully%adhered'air%water'barrier'

www.BuildingScience.com'

Vapor/Permeable!/
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Spray/Trowel'Applied'Air/water'
•  Semi%permeable'

'
125'Building'Science.com'

ccSPF'
Closed;cell/spray/
polyurethane/foam:/
ccSPF/
% Rain/control/
% Air/Control/
% Thermal/Control/
% /Vapor/Control/

www.BuildingScience.com'

Closed;cell/spray/
polyurethane/foam:/
ccSPF/
% Rain/control/
% Air/Control/
% Thermal/Control/
% /Vapor/Control/

Non;adhered,/vapor/
permeable/

=modest/performance/

www.BuildingScience.com'

Supported/flexible/
membrane/is/be1er/
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Air/Flow/Control/

www.buildingscience.com 130/175'

Airflow'control'

•  AirTghtness'criTcal'for'all'climates'
– Control'condensaTon'(summer'and'winter)'and'
energy'waste'

•  Airflow'Control'Layer'
– PracTcally,'an'air'barrier'system'

•  Cant'be'TOO'Tght'
– But'must'provide'venTlaTon'

AirTghtness'

•  Materials'not'important,'system'is'
•  GSA'and'Army'Corp'requiring'tesTng'to'
Tghtness'targets'now'
– 0.40'and'0.25'cfm/sf@75'Pa'respecTvely'

•  IECC/IRC'likely'to'require'soon'
– Measured'at'50'Pa'in'houses'

Building'Science.com' 131'

Air'+'Water'Barrier'

•  Beware:'
•  Around'windows'
•  Canopies'
•  Parapets'

Creating High Performance Buildings April 2013

Straube © buildingscience.com 33 of 50



Find'the'air'
leak'

Tampa/hotel,/above/
bathroom/ceiling/

Leakage above ceilings 

 
Airflow Control     No. 136/79 Building Science.com 
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Dropped%Ceiling'Return'Plenum'

Building Science .com 
 

 
138 

Ducts'in'Un%condiToned'A?c'

Building Science .com 
 Building Science .com 

 

Condensa<on/on/cold/surfaces/
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BuildingScience.com 

Unvented/sloped/roof/
solu<on:/Zone/4/or/
warmer/ Details'

•  Air'&'water'&'vapor'
transiTon'membranes'

'
Airflow'Control'''''No.'142/79'Building'Science.com'

Building'Science.com'

Commercial/Buildings:/O`en/exterior/air/barrier/is/only/prac<cal/solu<on//
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Rigid'Exterior'Air'Barrier'

Building'Science.com' 145' 2013%04%12'

3.'Thermal'control'

•  Ensure'Comfort''
– Avoid'hot/cold'interior'surfaces'

•  Warms'surfaces'='durability'
– Avoids'condensaTon'in'hot'and'cold'weather'
– hence,'a'durability'and'health'strategy'
– Keep'structure'warm'and'dry'and'stable'

•  Save'Energy'
– Reduce'heat'flow'

Thermal'Control'

•  InsulaTon'(conducTon)'
– Slows'heat'flow'in'and'out'

•  Windows'(conducTon,'radiaTon)'
– Slow'heat'flow'in'and'out'
– Control'solar'gain':'allow'or'reject?'

•  “cool”'roofs'
– Reduce'solar'gain'

•  Radiant'barriers'

www.BuildingScience.com'

Solar'Shading'

•  Reduce'window'area'
•  Provide'shading'(do'analysis!)'
•  Low%solar'gain'
windows'

Creating High Performance Buildings April 2013

Straube © buildingscience.com 37 of 50



Building'Science'

InsulaTon'
•  How'much?'Use'much'more'than'normal'prac0se'
•  Comfort'&'condensaTon'resistance:''

–  True'R5%10'is'usually'enough,'but'…..'
•  For'energy'/'environment:'

–  “As'much'as'pracTcal”,'eg'R10%R20'
•  “True”'R%value'is'what'maWers'

–  Control'thermal'bridging!'

•  Increased'insulaTon'should'reduce'HVAC'capital'as'
well'as'operaTng!'

Thermal'InsulaTon'

www.BuildingScience.com'

Thermal'ConTnuity'/'Thermal'Bridges'

•  Some'short'circuiTng'is'normally'tolerated.'
•  High%performance'walls'tolerate'few'bridges'
•  Major'offenders'/'weak'spots'

– PenetraTng'slabs'(<R1)'
– Steel'studs'(<<R1)'
– Windows'(R2%R3)'

•  Product'of'Area'and'U;value/defines'
significance'to'energy'and'condensaTon'

www.BuildingScience.com' Building'Science'2008' '
InsulaTon'and'Thermal'Bridges''''No.'152/65'

Find the thermal bridge 
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Building'Science.com'
Find/the/thermal/bridge/

Building'Science'.com'
'

InsulaTon'and'Thermal'Bridges''''No.'
154/65'

Building'Science'2008' '
InsulaTon'and'Thermal'Bridges''''No.'155/65'

Thermal'Bridging'

Hot/

• /Steel/is/400/<mes/more/conduc<ve/than/wood/
• /Steel/studs/are/about/40/<mes/thinner/

Ba1/

Cold/ R=4+/R<0.3/

3.5”/wall/

Best%case'R%values'for'stud'walls'

www.BuildingScience.com'
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Building'Science'2008' '157'

Can/we/air;cool/our/buildings?/

Building'Science'2008' '
InsulaTon'and'Thermal'Bridges''''No.'158/65'

Thermal'Bridge'Examples'
•  Aluminum'framed'
•  Balconies,'Exposed'slab'edges''

Perfect'Wall'

•  CMU/concrete'
'backup'

Building'Science.com' 160'
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'
''''Enclosures''''No.'161'/'49'

Interior/finish;whatever/
Structure:/Concrete/Block/
Drainage/Air/Vapor/Barrier:/Asphalt//
Rockwool/Insula<on/
Finish;/whatever/

www.BuildingScience.com'

Perfect'Wall'

•  Steel'Stud''
Backup'

Building'Science.com' 163' www.BuildingScience.com'

No/stud/cavity/insula<on//
=/perfect/wall/
=/no/moisture/risk/
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www.BuildingScience.com'

Any/R;value,/e.g./
4”/PIC=R25/
5”XPS/=R25/
6”MFI=R25/

Building'Science'CorporaTon'
2010'

 

'
'Joseph'LsTburek''166'

Building'Science'CorporaTon'
2010'

 
167'

Building'Science'CorporaTon'
'
 

'
'168'
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Building'Science'CorporaTon'
2010'

 

'
'Joseph'LsTburek''169'

Building'Science'CorporaTon'
2010'

 

'
'Joseph'LsTburek''170'

Building'Science'CorporaTon'
'
 

'
'171'
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www.BuildingScience.com'

University'of'
Har{ord'

Building'Science'2008''
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www.BuildingScience.com'

Closed;cell/spray/
polyurethane/foam:/
ccSPF/
% Rain/control/
% Air/Control/
% Thermal/Control/
% /Vapor/Control/

Use'ccSPF'example'

www.BuildingScience.com'

EIFS:/no/longer/a/four/le1er/word/

Drained'EIFS'is'HP'
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Building'Science'.com'
'

'
'Roofs'182'

Building'Science'.com'
 

'
'–'Roofs'184'
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Best'UV'ProtecTon:'rocks'

•  But,'you'need'to'hold'down'to'resist'wind'
•  Light'color'stones'='reflecTve'roof'performance'

Building'Science'.com'
'

'
–'Roofs'186'

A/“tradi<onal”/roof/
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White'roofs'

•  Lower'heat'gain:'great!'
•  Reduce'stress'on'exposed'roof'membranes'
•  But:'Reduces'drying'out'of'roof'
•  Thus:'Require'beWer'moisture'control!'

– Air'barrier'
– ConstrucTon'moisture'

Building'Science.com' '
Roofs'189'

•  What'an'air'barrier?'
•  Why'fully'adhered?'

Building'Science'
'

'
–'Roofs'190'

Low%level'air'barriers'

•  Roof'membranes'can'be'air'barriers'
•  In'pracTse,'a'deck'level'air'barrier'is'more'
reliable,'easier'to'control'
– Other'benefits'include'secondary'roof'during'
construcTon'and're%roofing'

Building'Science'.com'
' Roofs'191'

Sloped'roofs'

•  Basic'Physics'are'the'same'
•  Slopes'allows'non%waterproof'materials'to'be'
lapped'“shingle'fashion”'

•  Air'–'vapor'impermeable'insulaTon'needed'
OR'
venTlaTon'of'the'sheathing'

•  Air'leaky'roofs'require'more'venTlaTon'

Building'Science' '
–'Roofs'192'
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Building'Science'2008'
 

'
'Joseph'LsTburek'–'Roofs'193'

Building'Science'.com'
'

'
'Roofs'194'

Building'Science'
'

'
–'Roofs'195' Building'Science' '

–'Roofs'196'
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Building'Science.com' '
Roofs'197'

Building'Science'2008'
'

'
'Joseph'LsTburek'–'Roofs'198'

Conclusions'

•  ConTnuous'drainage'and'rain'control'layer'
•  ConTnuous'air'control'layer'(air'barrier)'
•  ConTnuous'thermal'control'layer'

– Limit'the'thermal'bridges'
On
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