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•  Principles/fundamentals	
  (for	
  roofing)	
  
•  CondensaAon	
  control:	
  

–  Low-­‐slope	
  roof	
  assemblies	
  
–  Steep-­‐slope	
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Ques%ons	
  are	
  welcome	
  at	
  any	
  %me…	
  
con%nuing	
  dialog	
  is	
  important	
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Principles/fundamentals	
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Some	
  basic	
  terminology	
  
Roof	
  assembly:	
  an	
  assembly	
  of	
  interacAng	
  roof	
  
components	
  including	
  the	
  roof	
  deck,	
  air	
  and	
  vapor	
  
retarder	
  (if	
  present),	
  insulaAon	
  and	
  membrane	
  or	
  
primary	
  roof	
  covering	
  designed	
  to	
  weatherproof	
  a	
  
structure.	
  
	
  
Roof	
  system:	
  A	
  system	
  of	
  interacAng	
  roof	
  components	
  
generally	
  consisAng	
  of	
  a	
  membrane	
  or	
  primary	
  roof	
  
covering	
  and	
  roof	
  insulaAon	
  (not	
  including	
  the	
  roof	
  
deck)	
  designed	
  to	
  weatherproof	
  and	
  someAmes	
  
improve	
  the	
  building’s	
  thermal	
  resistance.	
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Roof	
  slope	
  
“incline”,	
  not	
  “pitch”	
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Low	
  slope	
  
2:12	
  or	
  less	
  
HydrostaAc	
  
Waterproof	
  

Membrane	
  roof	
  coverings	
  

Steep	
  slope	
  
4:12	
  or	
  greater	
  
HydrokineAc	
  

Water	
  shedding	
  
Shingle-­‐type	
  roof	
  coverings	
  

Roof	
  slopes	
  from	
  2:12	
  to	
  4:12	
  become	
  
somewhat	
  of	
  a	
  	
  “no	
  person’s	
  land”	
  and	
  are	
  best	
  avoided	
  

Roof	
  product/system	
  choices	
  –	
  Low	
  slope	
  

	
  	
  

6 



Condensation Control in Low- and Steep-slope Roofing 

October 28-29, 2015 
UW-Madison 
Water Entry Prevention and Moisture Control in Buildings 

4 

Roof	
  product/system	
  choices	
  –	
  Steep	
  slope	
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Moisture	
  sources	
  in	
  buildings	
  

•  ConstrucAon	
  moisture	
  
•  Building	
  occupancy	
  
•  Building	
  envelope	
  infiltraAon	
  
•  ReflecAve	
  roof	
  coverings	
  

8 
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Phases	
  of	
  moisture	
  

•  Gas	
  phase	
  -­‐-­‐	
  moisture	
  vapor	
  
– Above	
  212	
  F	
  

•  Liquid	
  phase	
  -­‐-­‐	
  water	
  
–  32	
  F	
  to	
  212	
  F	
  

•  Solid	
  phase	
  -­‐-­‐	
  frost	
  or	
  ice	
  
–  Below	
  32	
  F	
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Humidity	
  

The	
  amount	
  of	
  water	
  vapor	
  in	
  the	
  air.	
  

10 

Rela,ve	
  humidity	
  
 

RelaAve	
  humidity	
  is	
  defined	
  as	
  the	
  raAo	
  of	
  the	
  
parAal	
  pressure	
  of	
  water	
  vapor	
  in	
  a	
  parcel	
  of	
  air	
  
to	
  the	
  saturated	
  vapor	
  pressure	
  of	
  water	
  vapor	
  at	
  

a	
  prescribed	
  temperature.	
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Dew	
  point	
  
The	
  temperature	
  at	
  which	
  the	
  air	
  can	
  now	
  longer	
  
hold	
  all	
  of	
  its	
  water	
  vapor,	
  and	
  some	
  of	
  the	
  water	
  

vapor	
  must	
  condense	
  into	
  liquid	
  water.	
  
	
  

At	
  100%	
  rela%ve	
  humidity,	
  the	
  dew	
  point	
  
temperature	
  and	
  real	
  temperature	
  are	
  the	
  same,	
  

and	
  condensa%on	
  begins	
  to	
  form.	
  
	
  

	
  
11 

Condensa,on	
  temperature	
  

Comparing	
  humidity	
  &	
  dew	
  point	
  
While	
  relaAve	
  humidity	
  is	
  a	
  relaAve	
  measure	
  of	
  
how	
  humid	
  it	
  is,	
  the	
  dew	
  point	
  temperature	
  is	
  
an	
  absolute	
  measure	
  of	
  how	
  much	
  water	
  

vapor	
  is	
  in	
  the	
  air	
  (how	
  humid	
  it	
  is).	
  

12 
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Psychrometrics	
  
The	
  field	
  of	
  engineering	
  concerned	
  with	
  the	
  
determinaAon	
  of	
  physical	
  and	
  thermodynamic	
  

properAes	
  of	
  gas-­‐vapor	
  mixtures.	
  
	
  

Derived	
  from	
  the	
  Greek	
  psuchron	
  meaning	
  "cold"	
  
and	
  metron	
  meaning	
  "means	
  of	
  measurement".	
  

13 

Psychrometric  chart 

14 
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Psychrometric chart 
Conditions: 
•   40 F (dry bulb temp.) 
•   50% RH 
What is the dew point? 
 
Dew point is 23 F 

23 F 

40 F 

  

Psychrometric chart 
Conditions: 
•   110 F (dry bulb temp.) 
•   50% RH 
What is the dew point? 
 
Dew point is 87 F 
 

110 F 

87 F 
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Psychrometric	
  “table”	
  

	
  	
  

17 

	
  	
  

Warm	
  air	
  can	
  hold	
  more	
  moisture	
  
than	
  cold	
  air	
  

18 
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Thermodynamics	
  
In	
  physics,	
  the	
  study	
  of	
  energy	
  conversion	
  
between	
  heat	
  and	
  mechanical	
  work,	
  and	
  

subsequently	
  the	
  macroscopic	
  variables	
  such	
  
as	
  temperature,	
  volume	
  and	
  pressure.	
  

	
  
Derived	
  from	
  the	
  Greek	
  therme	
  meaning	
  
"heat"	
  and	
  dynamis	
  meaning	
  "power".	
  

19 

First	
  law	
  of	
  thermodynamics	
  
Energy	
  can	
  be	
  transformed	
  (changed	
  from	
  one	
  form	
  to	
  

another),	
  but	
  cannot	
  be	
  created	
  or	
  destroyed.	
  
	
  

Law	
  of	
  conserva%on	
  of	
  energy	
  

20 
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Second	
  law	
  of	
  thermodynamics	
  
The	
  entropy	
  of	
  an	
  isolated	
  system	
  which	
  is	
  not	
  
in	
  equilibrium	
  will	
  tend	
  to	
  increase	
  over	
  Ame,	
  
approaching	
  a	
  maximum	
  value	
  at	
  equilibrium.	
  

	
  
Heat	
  	
  →	
  	
  Cold	
  

21 

A	
  prac,cal	
  applica,on	
  of	
  these	
  principles	
  
Water	
  droplets	
  (condensaAon)	
  on	
  the	
  outside	
  of	
  a	
  container	
  of	
  cold	
  liquid	
  

22 
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Diffusion	
  

	
  	
  	
  

23 

Diffusion	
  terminology	
  

Permeability:	
  the	
  Ame	
  rate	
  of	
  vapor	
  
transmission	
  through	
  a	
  flat	
  material	
  of	
  a	
  
unit	
  thickness	
  induced	
  by	
  vapor	
  pressure	
  
difference	
  between	
  two	
  specific	
  surfaces	
  
under	
  specified	
  temperature	
  and	
  humidity.	
  

24 

Expressed	
  as	
  “perm-­‐inch”	
  units	
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Diffusion	
  terminology	
  

Permeance:	
  the	
  Ame	
  rate	
  of	
  vapor	
  
transmission	
  through	
  a	
  flat	
  material	
  or	
  
construcAon	
  assembly	
  induced	
  by	
  vapor	
  
pressure	
  difference	
  between	
  two	
  specific	
  
surfaces	
  under	
  specified	
  temperature	
  and	
  
humidity.	
  

25 

Expressed	
  as	
  “perm”	
  units	
  

26 
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Vapor	
  retarders	
  

Classification Permeance 
Class I vapor retarder 0.1 per or less 
Class II vapor retarder 1.0 perm or less, 

and greater than 0.1 perm 
Class III vapor retarder 10 perm or less, 

and greater than 1.0 perm 
Permeance determined according to ASTM E96, Test Method A (desiccant method 
or dry cup method) 

27 

NRCA	
  recommends	
  effec%ve	
  vapor	
  retarders	
  
have	
  perm-­‐ra%ngs	
  of	
  0.5	
  or	
  less	
  

	
  	
  

Vapor	
  retarder	
  con%nuity	
  is	
  cri%cal.	
  

28 
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Air	
  leakage	
  

	
  	
  	
  

29 

	
  	
  

Air	
  leakage,	
  not	
  vapor	
  diffusion,	
  can	
  
and	
  does	
  cause	
  most	
  of	
  the	
  moisture	
  
problems	
  building	
  envelopes	
  suffer.	
  

30 
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Now,	
  pulling	
  all	
  these	
  principles	
  and	
  fundamentals	
  
together	
  into	
  a	
  roofing-­‐specific	
  example….	
  

31 

	
  	
  

32 

Cold	
  outside	
  air	
  

CondiAoned	
  air	
  
“warm”	
  

Winter	
  condi,ons	
  	
  

Vapor	
  drive	
  



Condensation Control in Low- and Steep-slope Roofing 

October 28-29, 2015 
UW-Madison 
Water Entry Prevention and Moisture Control in Buildings 

17 
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Warm	
  outside	
  air	
  

CondiAoned	
  air	
  
“Cool”	
  

Summer	
  condi,ons	
  
Vapor	
  drive	
  

Drying	
  
downward	
  

“Self-­‐drying”	
  roof	
  assembly	
  

	
  	
  

Historically,	
  most	
  roof	
  systems	
  have	
  effec%vely	
  
performed	
  as	
  “self-­‐drying	
  roofs”…	
  

34 
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Self-­‐drying	
  roofs	
  func%on	
  properly	
  if…	
  

	
  Downward	
  drying	
  	
  	
  	
  	
  	
  	
  	
  ≥	
  	
  	
  	
  	
  	
  Moisture	
  pick-­‐up	
  

35 

Condensa,on	
  control	
  guidelines	
  
	
  

36 

Low-­‐slope	
  roof	
  assemblies	
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Unintended	
  consequences	
  

Unintended	
  consequences	
  are	
  outcomes	
  that	
  are	
  
not	
  the	
  results	
  originally	
  intended	
  by	
  a	
  

parAcular	
  acAon.	
  
	
  

The	
  unintended	
  results	
  may	
  be	
  foreseen	
  or	
  
unforeseen,	
  but	
  they	
  should	
  be	
  the	
  logical	
  or	
  likely	
  

results	
  of	
  the	
  ac%on	
  

37 

	
  	
  

	
  	
  

38 

Conven,onal	
  roof	
   “Cool”	
  roof	
  

Cool	
  roofs	
  do	
  not	
  dry-­‐down	
  as	
  
efficiently	
  as	
  conven%onal	
  roofs	
  

Downward 
drying 

Downward 
drying 
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Recommenda,ons	
  
Self-­‐drying	
  “cool”	
  roofs	
  

•  Adhered	
  roof	
  covering	
  (membrane)	
  
•  2	
  or	
  more	
  layers	
  of	
  insulaAon	
  
•  Off-­‐set	
  board	
  joints	
  on	
  insulaAon	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  -­‐-­‐or-­‐-­‐	
  
•  Don’t	
  rely	
  on	
  the	
  “self-­‐drying”	
  concept:	
  

–  Consider	
  providing	
  for	
  a	
  properly-­‐placed	
  
vapor	
  retarder	
  

39 

Vapor	
  retarder	
  guidelines	
  for	
  condensa,on	
  control	
  
	
  

40 

Low-­‐slope	
  roof	
  assemblies	
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Vapor	
  retarders	
  should	
  be	
  considered	
  
Low-­‐slope	
  roof	
  assemblies	
  

•  Climate	
  Zones	
  6A,	
  7	
  or	
  8	
  
•  High	
  interior	
  humidity	
  occupancies	
  (swimming	
  
pools)	
  

•  Coldest	
  month	
  <	
  40	
  F,	
  interior	
  RH	
  ≥	
  45%	
  
– US	
  Army	
  CRREL	
  method	
  enhancement	
  

•  Cold	
  storage/freezer	
  buildings	
  (vapor	
  retarder	
  
will	
  funcAon	
  as	
  an	
  air	
  barrier)	
  

41 

	
  	
  
Climate	
  zone	
  map	
  

42 
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Average	
  January	
  temperature	
  less	
  than	
  40F	
  	
  	
  

43 

US	
  Army	
  CRREL	
  method	
  
Vapor	
  retarder	
  determinaAon	
  

(CRREL:	
  Cold	
  Regions	
  Research	
  and	
  Engineering	
  Laboratory)	
  
Enhances	
  the	
  “Coldest	
  month	
  <	
  40	
  F,	
  interior	
  
RH	
  ≥	
  45%”	
  guideline:	
  
•  Applies	
  to	
  adhered	
  roof	
  coverings	
  (only)	
  
•  Provides	
  interior	
  RH	
  thresholds	
  for	
  
throughout	
  the	
  U.S.	
  (based	
  upon	
  a	
  68	
  F	
  
design	
  interior	
  temperature)	
  	
  

•  Provides	
  RH	
  threshold	
  correcAons	
  for	
  design	
  
interior	
  temperatures	
  other	
  than	
  68	
  F	
  	
  

	
  
44 
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US	
  Army	
  CRREL	
  method	
  
Vapor	
  retarder	
  determinaAon	
  

	
  
	
  	
  

45 

Maximum	
  allowable	
  design	
  interior	
  humidity	
  
(before	
  use	
  of	
  a	
  vapor	
  retarder	
  is	
  suggested)	
  

US	
  Army	
  CRREL	
  method	
  
Vapor	
  retarder	
  determinaAon	
  

	
  
	
  	
  

46 

Temperature	
  correcAon	
  
(other	
  than	
  68	
  F)	
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Vapor	
  retarder	
  fundamentals	
  

•  Evaluate	
  the	
  dew	
  point	
  temperature	
  during	
  
winter	
  design	
  condiAons	
  (in	
  North	
  America)	
  

•  To	
  prevent	
  the	
  formaAon	
  of	
  condensaAon	
  on	
  
the	
  interior	
  side	
  of	
  a	
  vapor	
  retarder,	
  the	
  
temperature	
  at	
  the	
  vapor	
  retarder	
  level	
  must	
  
be	
  warmer	
  than	
  the	
  dew	
  point	
  temperature.	
  

47 

Posi%on	
  the	
  vapor	
  retarder	
  as	
  close	
  
to	
  the	
  “warm	
  side”	
  as	
  possible.	
  

Determining	
  necessary	
  R-­‐value	
  above	
  a	
  
vapor	
  retarder	
  layer	
  	
  

Fundamental	
  equaAon:	
  
	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Ri	
  (	
  Tdp	
  –	
  To)	
  	
  	
  	
  	
  	
  	
  	
  Ro	
  =	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  (Ti	
  –	
  To)	
  –	
  (Tdp	
  –	
  To)	
  
where:	
  
Ro	
  	
  =	
  R-­‐value	
  on	
  the	
  exterior	
  side	
  of	
  the	
  vapor	
  retarder	
  
Ri	
  	
  	
  	
  =	
  R-­‐value	
  on	
  the	
  interior	
  side	
  of	
  the	
  vapor	
  retarder	
  
Tdp	
  =	
  Design	
  dew	
  point	
  temperature	
  
To	
  	
  =	
  Design	
  outside	
  temperature	
  
Ti	
  	
  	
  =	
  Design	
  inside	
  temperature	
  
	
  
	
   48 
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Determining	
  necessary	
  R-­‐value	
  above	
  a	
  
vapor	
  retarder	
  layer	
  	
  

Steps:	
  
1.  Determine	
  To	
  using	
  the	
  winter	
  design	
  dry	
  bulb	
  
2.  Determine	
  Tdp	
  using	
  Ti	
  and	
  the	
  design	
  RH	
  
3.  Determine	
  Ro	
  and	
  Ri,	
  and	
  solve	
  for	
  RINSUL	
  

	
  
	
  
	
  

49 

An	
  example	
  

Scenario:	
  
•  Lincoln,	
  NE	
  (To	
  ≈	
  0	
  F)	
  
•  Interior	
  design	
  condiAons:	
  75	
  F	
  and	
  60%	
  RH	
  
•  Roof	
  assembly:	
  

–  Single-­‐ply	
  roof	
  membrane	
  
–  Rigid	
  board	
  insulaAon	
  (RINSUL)	
  
–  Krar	
  paper	
  vapor	
  retarder	
  
–  2½-­‐inch-­‐thick	
  wood	
  plank	
  deck	
  

50 
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Determine	
  To	
  using	
  the	
  winter	
  design	
  dry	
  bulb	
  

51 

Climatic data for 1,445 
locations is provided in 
ASHRAE’s Fundamentals 
Handbook 

52 

To ≈ 0 F 
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Determine interior Tdp 

Design interior conditions: 
•   75 F (dry bulb temp.) 
•   60% RH 
What is the dew point? 
 
Tdp = 60 F 

60 F 

75 F 

Determine	
  Ro	
  and	
  Ri	
  
	
  

Component Ro Ri 
Outside air film (fo) 0.17 -- 
Membrane 0.24 -- 
Insulation Unknown (RINSUL) -- 
Kraft paper vapor retarder 0.12 -- 
2½ inch wood deck -- 2.32 
Inside air film (fi) -- 0.62 
Total 0.53 + RINSUL 2.94 
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Solve	
  for	
  RINSUL	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Ri	
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  –	
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  (Ti	
  –	
  To)	
  –	
  (Tdp	
  –	
  To)	
  	
  
	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  2.94	
  (60	
  –	
  0)	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  0.53	
  +	
  RINSUL	
  	
  =	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  (75	
  –	
  0)	
  –	
  (60	
  –	
  0)	
  
	
  
	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  RINSUL	
  	
  =	
  	
  11.76	
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Insula%on	
  with	
  an	
  R	
  =	
  11.76	
  (or	
  greater)	
  is	
  needed	
  
above	
  the	
  vapor	
  retarder	
  to	
  prevent	
  condensa%on	
  

energywise.nrca.net	
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Vapor	
  retarder	
  materials	
  

•  Bituminous	
  vapor	
  retarders:	
  
–  Two	
  plies	
  of	
  ASTM	
  D2178,	
  Type	
  IV	
  felt	
  in	
  
moppings	
  of	
  hot	
  asphalt	
  

–  Polymer-­‐modified	
  bitumen	
  sheet	
  

•  Non-­‐bituminous	
  vapor	
  retarders:	
  
–  PlasAc	
  sheets	
  or	
  films	
  
–  Krar	
  paper	
  or	
  aluminum	
  foil	
  combinaAons	
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Some	
  addi,onal	
  considera,ons	
  
Vapor	
  retarder	
  placement	
  

•  Board	
  joints	
  in	
  rigid	
  board	
  insulaAon	
  
• Mechanical	
  fasteners	
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Board	
  joints	
  
Heat	
  loss	
  through	
  gaps	
  at	
  the	
  joints	
  

between	
  insulaAon	
  boards	
  can	
  represent	
  
up	
  to	
  a	
  10%	
  reducAon	
  in	
  effecAve	
  R-­‐value	
  

	
  
A	
  two-­‐layer	
  applica%on	
  of	
  rigid	
  board	
  

insula%on	
  with	
  staggered	
  and	
  offset	
  board	
  
joints	
  is	
  recommended	
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Mechanical	
  fasteners	
  

Mechanical	
  fasteners	
  through	
  the	
  cross-­‐
secAon	
  of	
  rigid	
  board	
  insulaAon	
  can	
  represent	
  

3%	
  to	
  8%	
  losses	
  in	
  effecAve	
  R-­‐values.	
  
	
  

Mechanically-­‐a`ach	
  the	
  bo`ommost	
  layer	
  
and	
  adhere	
  subsequent	
  layers	
  with	
  offset	
  

board	
  joints.	
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Cooler	
  and	
  freezer	
  buildings	
  

Professional	
  Roofing,	
  
August	
  2015	
  	
  

61 

Condensa,on	
  control	
  guidelines	
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Steep-­‐slope	
  roof	
  assemblies	
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  Historically,	
  condensa%on	
  control	
  for	
  steep-­‐slope	
  
roof	
  assemblies	
  has	
  been	
  addressed	
  

with	
  abc	
  ven%la%on	
  
	
  

Historic	
  guidelines:	
  
•  1:150	
  raAo:	
  	
  (1	
  sq.	
  r.	
  of	
  venAlaAon	
  for	
  every	
  
150	
  sq.	
  r.	
  of	
  horizontally-­‐projected	
  ceiling	
  
area)	
  

•  1:300	
  raAo	
  excepAon	
  allowed	
  if	
  a	
  ceiling	
  vapor	
  
retarder	
  is	
  included	
  in	
  the	
  roof	
  assembly	
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Research	
  has	
  shown	
  there	
  is	
  li`le	
  or	
  no	
  
technical	
  basis	
  for	
  these	
  historic	
  abc	
  

ven%la%on	
  guidelines	
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Also,	
  more	
  isn’t	
  necessarily	
  be`er…	
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Interna(onal	
  Building	
  Code,	
  2009	
  Edi(on	
  
	
  	
  	
  	
  	
  1203.4	
  A`c	
  Spaces.	
  Enclosed	
  aucs	
  and	
  enclosed	
  rarer	
  spaces	
  

formed	
  where	
  ceilings	
  are	
  applied	
  directly	
  to	
  the	
  underside	
  of	
  
roof	
  framing	
  members	
  shall	
  have	
  cross	
  venAlaAon	
  for	
  each	
  
separate	
  space	
  by	
  venAlaAng	
  openings	
  protected	
  against	
  the	
  
entrance	
  of	
  rain	
  and	
  snow.	
  Blocking	
  or	
  bridging	
  shall	
  be	
  
arranged	
  so	
  as	
  not	
  to	
  interfere	
  with	
  the	
  movement	
  of	
  air.	
  A	
  
minimum	
  of	
  1	
  inch	
  (25	
  mm)	
  of	
  airspace	
  shall	
  be	
  provided	
  
between	
  the	
  insulaAon	
  and	
  the	
  roof	
  sheathing.	
  The	
  net	
  free	
  
venAlaAng	
  area	
  shall	
  not	
  be	
  less	
  than	
  1/300	
  of	
  the	
  space	
  
venAlated	
  with	
  50	
  percent	
  of	
  the	
  required	
  venAlaAng	
  area	
  
provided	
  by	
  venAlators	
  located	
  in	
  the	
  upper	
  porAon	
  of	
  the	
  
space	
  to	
  be	
  vented	
  at	
  least	
  3	
  feet	
  (914	
  mm)	
  above	
  the	
  eave	
  or	
  
cornice	
  vents	
  with	
  the	
  balance	
  of	
  required	
  venAlaAon	
  provided	
  
by	
  eave	
  or	
  cornice	
  vents.	
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Interna(onal	
  Residen(al	
  Code,	
  2009	
  Edi(on	
  
	
  	
  	
  	
  	
  R806.2	
  Minimum	
  area.	
  The	
  total	
  net	
  free	
  venAlaAon	
  area	
  shall	
  

not	
  be	
  less	
  than	
  1/150	
  of	
  the	
  area	
  of	
  the	
  space	
  venAlated	
  
except	
  that	
  a	
  reducAon	
  of	
  the	
  total	
  area	
  to	
  1/300	
  is	
  permived,	
  
provided	
  a	
  least	
  50	
  percent	
  and	
  not	
  more	
  than	
  80	
  percent	
  of	
  
the	
  required	
  venAlaAon	
  area	
  is	
  provided	
  by	
  venAlaAon	
  located	
  
in	
  the	
  upper	
  porAon	
  of	
  the	
  space	
  to	
  be	
  venAlated	
  at	
  least	
  3	
  feet	
  
(914	
  mm)	
  above	
  the	
  eave	
  or	
  cornice	
  vents.	
  	
  As	
  an	
  alternaAve,	
  
the	
  net	
  free	
  cross-­‐secAon	
  venAlaAon	
  area	
  may	
  be	
  reduced	
  to	
  
1/300	
  when	
  a	
  vapor	
  retarder	
  having	
  a	
  transmission	
  rate	
  not	
  
exceeding	
  1	
  perm	
  (5.7	
  x	
  10-­‐11	
  kg/s	
  m2	
  Pa)	
  is	
  installed	
  on	
  the	
  
warm-­‐in-­‐winter	
  side	
  of	
  the	
  ceiling.	
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A`c	
  ven,la,on	
  

IBC	
  2009	
  and	
  IRC	
  2009	
  are	
  not	
  consistent	
  
…and	
  conflict	
  to	
  some	
  extent.	
  

	
  
IBC	
  2009	
  and	
  IRC	
  2009	
  are	
  also	
  not	
  consistent	
  

with	
  industry	
  guidelines.	
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Steep-­‐slope	
  roof	
  assemblies	
  
CondensaAon	
  control	
  guidelines	
  
•  Auc	
  venAlaAon	
  
•  Unvented	
  aucs	
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A`c	
  ven,la,on	
  components	
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Suggested	
  guidelines	
  
StaAc	
  venAlaAon	
  configuraAon	
  

•  Balanced	
  
•  1:150	
  raAo	
  
•  Jan.	
  ≤	
  30	
  F:	
  

–  Vapor	
  retarder	
  
•  Slope	
  8:12:	
  

–  Increase	
  venAlaAon	
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Suggested	
  guidelines	
  
Mechanical	
  venAlaAon	
  

•  1	
  CFM	
  ≈	
  1:150	
  raAo	
  
•  Eave/soffits	
  vents	
  req’d.	
  
•  Jan.	
  ≤	
  30	
  F:	
  

–  Vapor	
  retarder	
  
•  Slope	
  8:12:	
  

–  Increase	
  venAlaAon	
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Average	
  January	
  temperature	
  less	
  than	
  30F	
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An	
  alterna,ve:	
  Unvented,	
  condi,oned	
  a`c	
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Interna(onal	
  Residen(al	
  Code,	
  2009	
  Edi(on	
  
R806.4	
  Unvented	
  a`c	
  assemblies.	
  Unvented	
  auc	
  assemblies	
  
(spaces	
  between	
  the	
  ceiling	
  joists	
  of	
  the	
  top	
  story	
  and	
  roof	
  
rarers)	
  shall	
  be	
  permived	
  if	
  all	
  of	
  the	
  following	
  condiAons	
  are	
  
met:	
  
1.  The	
  unvented	
  auc	
  space	
  is	
  completely	
  	
  contained	
  within	
  the	
  

building	
  envelope.	
  
2.  No	
  interior	
  vapor	
  retarders	
  are	
  installed	
  on	
  the	
  ceiling	
  side	
  

(auc	
  floor)	
  	
  of	
  the	
  unvented	
  auc	
  assembly.	
  
3.  When	
  wood	
  shingles	
  or	
  shakes	
  are	
  used,	
  a	
  minimum	
  ¼	
  inch	
  

(6	
  mm)	
  vented	
  air	
  space	
  separates	
  the	
  shingles	
  or	
  shakes	
  and	
  
the	
  roofing	
  underlayment	
  above	
  the	
  structural	
  sheathing.	
  

4.  In	
  climate	
  zones	
  5,	
  6,	
  7	
  and	
  8,	
  any	
  air	
  impermeable	
  insulaAon	
  
shall	
  be	
  a	
  vapor	
  retarder,	
  or	
  shall	
  have	
  a	
  vapor	
  retarder	
  
coaAng	
  or	
  covering	
  in	
  direct	
  contract	
  with	
  the	
  underside	
  of	
  
the	
  insulaAon.	
  

75 

-ConAnued-­‐	
  

Interna(onal	
  Residen(al	
  Code,	
  2009	
  Edi(on	
  
5. 	
  Either	
  Items	
  5.1,	
  5.2	
  or	
  5.3	
  shall	
  be	
  met,	
  depending	
  on	
  the	
  air	
  

permeability	
  of	
  the	
  insulaAon	
  directly	
  under	
  the	
  structural	
  
sheathing.	
  
5.1	
  Air-­‐impermeable	
  insulaAon	
  only.	
  InsulaAon	
  shall	
  be	
  

applied	
  in	
  direct	
  contact	
  to	
  the	
  underside	
  of	
  the	
  
structural	
  sheathing.	
  

5.2	
  Air-­‐permeable	
  insulaAon	
  only.	
  In	
  addiAon	
  to	
  the	
  air-­‐
permeable	
  installed	
  directly	
  below	
  the	
  structural	
  
sheathing,	
  rigid	
  board	
  or	
  sheet	
  insulaAon	
  shall	
  be	
  
installed	
  directly	
  above	
  the	
  structural	
  roof	
  sheathing	
  as	
  
specified	
  in	
  Table	
  806.4	
  for	
  condensaAon	
  control.	
  	
  

5.3	
  Air-­‐impermeable	
  and	
  air-­‐permeable	
  insulaAon.	
  The	
  air-­‐
impermeable	
  insulaAon	
  shall	
  be	
  applied	
  in	
  direct	
  contact	
  
to	
  the	
  underside	
  of	
  the	
  structural	
  roof	
  sheathing	
  as	
  
specified	
  in	
  Table	
  R806.4	
  for	
  condensaAon	
  control.	
  The	
  
air-­‐permeable	
  insulaAon	
  shall	
  be	
  installed	
  directly	
  under	
  
the	
  air-­‐impermeable	
  insulaAon.	
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Interna(onal	
  Residen(al	
  Code,	
  2009	
  Edi(on	
  
TABLE R806.4 

INUSLATION FOR CONDENSATION CONTROL 
CLIMATE ZONE MINIMUM RIGID BOARD OR AIR-

IMPERMEABLE INSULATION VALUE a 
2B and 3B tile roof only 0 (none required) 
1, 2A. 2B, 3A, 3B, 3C R-5 

4C R-10 
4A, 4B R-15 

5 R-20 
6 R-25 
7 R-30 
8 R-35 

a Contributes to but does not supersede Chapter 11 energy 
requirements. 
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The	
  condi%oned,	
  unvented	
  abc	
  is	
  considered	
  a	
  
viable	
  alterna%ve	
  to	
  abc	
  ven%la%on	
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Vaulted	
  (cathedral)	
  ceilings	
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Wayne	
  Tobiasson/CRREL	
  research:	
  
•  VenAlaAon	
  has	
  a	
  role	
  in	
  reducing	
  ice-­‐dam	
  and	
  
icicle	
  formaAon	
  

•  When	
  it	
  is	
  warmer	
  than	
  22	
  F,	
  melted	
  water	
  
seldom	
  refreezes	
  at	
  eaves	
  	
  

•  Size	
  venAlaAon	
  to	
  keep	
  the	
  bovomside	
  of	
  the	
  
roof	
  deck	
  below	
  freezing	
  when	
  it	
  is	
  22	
  F	
  
outside	
  

•  When	
  it	
  is	
  colder	
  than	
  22	
  F,	
  it	
  is	
  easier	
  to	
  
venAlate	
  with	
  outside	
  air	
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Addi,onal	
  considera,ons	
  for	
  ice	
  damming	
  

	
  	
  

81 

Ice	
  damming	
  guidelines	
  
•  Applies	
  to	
  all	
  steep-­‐slope	
  water-­‐shedding	
  roof	
  
systems	
  (including	
  Ale	
  and	
  architectural	
  metal	
  
panels)	
  

•  Include	
  anyAme	
  “…the	
  January	
  mean	
  
temperature	
  is	
  30	
  F	
  or	
  less….”	
  

•  ASTM	
  D1970	
  self-­‐adhering	
  underlayment	
  
•  Extending	
  upslope	
  a	
  minimum	
  of	
  	
  24	
  inches—
measured	
  in	
  the	
  horizontal	
  plane—from	
  the	
  
inside	
  of	
  a	
  building’s	
  exterior	
  wall	
  line	
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Placement	
  of	
  ice	
  dam	
  membrane	
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Thermal	
  insula,on	
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Principles	
  of	
  thermal	
  insula,on	
  

Bri,sh	
  thermal	
  unit	
  (Btu):	
  the	
  energy	
  required	
  to	
  
raise	
  the	
  temperature	
  of	
  1	
  pound	
  of	
  water	
  1	
  degree	
  
Fahrenheit	
  (F).	
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Principles	
  of	
  thermal	
  insula,on	
  

Thermal	
  conduc,vity	
  (k):	
  	
  the	
  amount	
  of	
  heat	
  is	
  
transmived	
  by	
  conducAon	
  through	
  1	
  square	
  foot	
  of	
  
1-­‐inch-­‐thick	
  homogenous	
  material	
  in	
  1	
  hour	
  where	
  
there	
  is	
  a	
  difference	
  of	
  1	
  degree	
  Fahrenheit	
  (F)	
  
across	
  the	
  two	
  surfaces	
  of	
  the	
  material.	
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k  =  Btu  !  inch  /  ft2  !  hr  !  F
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Principles	
  of	
  thermal	
  insula,on	
  

Thermal	
  conductance	
  (C):	
  	
  the	
  amount	
  of	
  heat	
  is	
  
transmived	
  by	
  conducAon	
  through	
  1	
  square	
  foot	
  of	
  
a	
  specified	
  thickness	
  of	
  material	
  in	
  1	
  hour	
  where	
  
there	
  is	
  a	
  difference	
  of	
  1	
  degree	
  Fahrenheit	
  (F)	
  
across	
  the	
  two	
  surfaces	
  of	
  the	
  material.	
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C  =  Btu  /  ft2  !  hr  !  F


Principles	
  of	
  thermal	
  insula,on	
  

Thermal	
  transmifance	
  (U):	
  	
  the	
  amount	
  of	
  heat	
  is	
  
transmived	
  by	
  conducAon	
  through	
  1	
  square	
  foot	
  of	
  
an	
  assembly	
  and	
  its	
  boundary	
  layers	
  in	
  1	
  hour	
  where	
  
there	
  is	
  a	
  difference	
  of	
  1	
  degree	
  Fahrenheit	
  (F)	
  
across	
  the	
  two	
  surfaces	
  of	
  the	
  assembly.	
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U  =  Btu  /  ft2  !  hr  !  F
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Principles	
  of	
  thermal	
  insula,on	
  

Thermal	
  resistance	
  (R):	
  	
  a	
  relaAve	
  measure	
  of	
  
a	
  material’s	
  or	
  an	
  assembly’s	
  resistance	
  to	
  
heat	
  flow;	
  the	
  reciprocal	
  of	
  the	
  material’s	
  
thermal	
  conductance	
  (C)	
  or	
  an	
  assembly’s	
  
thermal	
  transmivance	
  (U).	
  
	
  

R  =  1  /  C  or  R  =  1  /  U

	
  

R-­‐values	
  are	
  readily	
  addi%ve	
  (unlike	
  k-­‐values	
  
and	
  C-­‐values).	
  	
  Therefore	
  RT	
  =	
  R1	
  +	
  R2	
  +	
  R3	
  =	
  …	
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R-­‐value	
  rule	
  
US	
  Federal	
  Trade	
  Commission	
  16	
  CFR	
  Part	
  460	
  

The	
  thermal	
  resistance	
  (R-­‐value)	
  of	
  insulaAon	
  
shall	
  be	
  determined	
  in	
  accordance	
  with	
  the	
  U.S.	
  
Federal	
  Trade	
  Commission	
  R-­‐value	
  rule	
  (CFR	
  
Title	
  16,	
  Part	
  460)	
  in	
  units	
  of	
  h	
  x	
  r2	
  x	
  ◦F/Btu	
  at	
  a	
  
mean	
  temperature	
  of	
  75◦F	
  (24◦C).	
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Polyisocyanurate	
  

•  Polysiocyanurate	
  foam	
  and	
  
facers	
  

•  ASTM	
  C1289	
  (mulAple	
  
types,	
  grades	
  and	
  classes)	
  

•  4’	
  x	
  4’	
  and	
  4’	
  x	
  8’	
  
•  Thicknesses	
  range	
  from	
  1”	
  
to	
  4”	
  

•  R	
  =	
  5.0-­‐6.0	
  per	
  inch	
  
•  R-­‐value	
  decreases	
  with	
  
aging	
  

•  LTTR	
  =	
  5.6	
  to	
  5.9	
  per	
  inch	
  
91 

Long-­‐term	
  thermal	
  resistance	
  (LTTR)	
  
Determined	
  using	
  ASTM	
  C1303	
  or	
  CAN/ULC-­‐S770	
  

R-­‐value	
  esAmate	
  based	
  upon	
  a	
  15-­‐year	
  
Ame-­‐weighted	
  average,	
  corresponding	
  to	
  
the	
  product’s	
  esAmated	
  R-­‐value	
  5-­‐years	
  

arer	
  manufacturing	
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Extruded	
  polystyrene	
  (XPS)	
  

•  Polystyrene	
  polymer	
  is	
  
heated	
  and	
  extruded	
  

•  ASTM	
  C578	
  (many	
  types)	
  
•  2’	
  x	
  4’	
  and	
  2’	
  x	
  8’	
  
•  1”,	
  1½”,	
  2”,	
  2½”,	
  3”	
  &	
  4”	
  
•  R	
  =	
  4.6	
  to	
  5.0	
  per	
  inch	
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Expanded	
  polystyrene	
  (EPS)	
  

•  Polystyrene	
  polymer,	
  
foaming	
  agent	
  and	
  heat	
  

•  ASTM	
  C578	
  (many	
  types)	
  
•  4’	
  x	
  4’	
  and	
  4’	
  and	
  8’	
  
•  ⅜”	
  to	
  24”and	
  tapered	
  
•  R	
  =	
  3.1	
  to	
  4.3	
  per	
  inch	
  
based	
  upon	
  density	
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Insula,on	
  R-­‐values	
  

NRCA	
  R-­‐value	
  tesAng:	
  
•  Polyisocyanurate	
  (2009	
  and	
  previous)	
  
•  Expanded	
  polystyrene	
  (2010)	
  
•  Extruded	
  polystyrene	
  (2010)	
  
•  Polyisocyanurate	
  (2015)	
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NRCA	
  R-­‐value	
  tes,ng	
  

0 

1 

2 

3 

4 

5 

6 

7 

25 F 40 F 75 F 110 F 

R
-v

al
ue

 

Mean temperature 

  
Polyiso. (LTTR 2009) 
Polyiso. (LTTR 2015) 

Polyiso. (2009) 

XPS (2010) 

EPS (2010) 

96	
  

Polyiso. (ASTM C1289) 

Polyiso. (2015) 
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Design	
  R-­‐value	
  recommenda,on	
  
Polyisocyanurate	
  insulaAon	
  

1986-­‐2011:	
  
•  R	
  =	
  5.6	
  per	
  inch	
  thickness	
  
2012-­‐2015:	
  
•  R	
  =	
  5.6	
  per	
  inch	
  thickness	
  (cooling	
  climates)	
  
•  R	
  =	
  5.0	
  per	
  inch	
  thickness	
  (heaAng	
  climates)	
  

Beginning	
  in	
  2016:	
  
•  R	
  =	
  5.0	
  per	
  inch	
  thickness	
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NRCA “Industry Issue 
Update,” November 2014  
Payback analysis: 
•  100 sq. single story building 
•  Costs per R+5 increases  
•  Energy  savings per R+5 

increases 
•  Local energy costs 
•  Cost ÷ Savings = Payback 
•  16 cities in 8 climate zones 
Payback results (Lincoln, NE): 
•  R-10 to R-15:  3.3 yrs. 
•  R-15 to R-20:  11.1 yrs. 
•  R-20 to R-25:  20.5 yrs. 
•  R-25 to R-30:  54.7 yrs.   
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Energy	
  code	
  requirements	
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Some	
  history…	
  
Energy	
  efficiency	
  of	
  buildings	
  

•  1973:	
  Arab	
  oil	
  embargo	
  
•  1974:	
  NBS	
  Interim	
  Report	
  74-­‐452	
  (prelim.	
  criteria)	
  
•  1975:	
  ASHRAE	
  90-­‐75	
  (energy-­‐efficiency	
  std.)	
  
•  1977:	
  BOCA/ICBO/SBCCI	
  code	
  (CABO	
  MEC)	
  
•  1980:	
  ASHRAE	
  90-­‐80	
  
•  1989:	
  ASHRAE	
  90.1-­‐89	
  
•  1992:	
  Energy	
  Policy	
  Act	
  (EPAct)	
  
•  1998:	
  Interna%onal	
  Energy	
  Conserva%on	
  Code	
  
•  1999:	
  ASHRAE	
  90.1-­‐99	
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More	
  recent	
  history…	
  
Energy	
  efficiency	
  in	
  buildings	
  

•  2004:	
  ASHRAE	
  90.1-­‐04	
  
•  2006:	
  Interna%onal	
  Energy	
  Conserva%on	
  Code,	
  2006	
  Edi%on	
  
•  2007:	
  ASHRAE	
  90.1-­‐07	
  
•  2009:	
  Interna%onal	
  Energy	
  Conserva%on	
  Code,	
  2009	
  Edi%on	
  
•  2009:	
  ASHRAE	
  189.1-­‐09	
  
•  2010:	
  ASHRAE	
  90.1-­‐10	
  
•  2011:	
  Interna%onal	
  Energy	
  Conserva%on	
  Code,	
  2012	
  Edi%on	
  
•  2013:	
  ASHRAE	
  90.1-­‐13	
  
•  2014:	
  Interna%onal	
  Energy	
  Conserva%on	
  Code,	
  2015	
  Edi%on	
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Federal	
  Register,	
  May	
  17,	
  2012	
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Key	
  points:	
  
•  US	
  DOE	
  has	
  determined	
  IECC	
  

2012	
  will	
  achieve	
  greater	
  
energy	
  efficiency	
  in	
  low-­‐rise	
  
residenAal	
  buildings	
  than	
  IECC	
  
2009	
  

•  States	
  must	
  cerAfy	
  by	
  5/17/14	
  
their	
  energy	
  code	
  meets	
  or	
  
exceeds	
  the	
  levels	
  of	
  IECC	
  2012	
  	
  	
  

This	
  triggers	
  most	
  states	
  to	
  
update	
  their	
  state	
  energy	
  code	
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Interna(onal	
  Energy	
  Conserva(on	
  Code,	
  
2009	
  Edi(on	
  (IECC	
  2009)	
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Climate	
  zones	
  
IECC	
  2009	
  and	
  IECC	
  2012	
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Roofing-­‐specific	
  adapta,on	
  of	
  Table	
  402.1.1	
  
Interna%onal	
  Energy	
  Conserva%on	
  Code,	
  2009	
  Edi%on	
  (ResidenAal	
  buildings)	
  

Insulation and Fenestration Requirements by 
Componenta 

Climate zone Ceiling R-value 
1 

30 2 
3 
4 

38 
5 
6 

49 7 
8 

a R-values are minimums. … 
[Other footnotes omitted for clarity] 
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Roofing-­‐specific	
  adapta,on	
  of	
  Table	
  502.2(1)	
  
Interna%onal	
  Energy	
  Conserva%on	
  Code,	
  2009	
  Edi%on	
  (Commercial	
  buildings)	
  

Opaque Thermal Envelope Assembly Requirements 

Climate 
zone 

Roof assembly configuration 
Insulation entirely 

above deck 
Metal buildings (with 
R-5 thermal blocks) 

Attic and 
other 

1 R-15ci R-19 R-30 
2 

R-20ci 
R-13 + R-13 

R-38 

3 
4 
5 
6 

R-13 + R-19 7 
R-25ci 

8 R-49 
ci	
  	
  	
  =	
  ConAnuous	
  insulaAon	
  
LS	
  	
  =	
  	
  Liner	
  system	
  (a	
  conAnuous	
  membrane	
  installed	
  below	
  the	
  purlins	
  and	
  uninterrupted	
  by	
  framing	
  members;	
  

uncompressed,	
  faced	
  insulaAon	
  rests	
  on	
  top	
  of	
  the	
  membrane	
  between	
  the	
  purlins)	
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Interna(onal	
  Energy	
  Conserva(on	
  Code,	
  
2012	
  Edi(on	
  (IECC	
  2012)	
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Format	
  of	
  IECC	
  2012	
  

IECC	
  –	
  Commercial	
  
Ch.	
  1[CE]: 	
  Scope	
  and	
  Admin.	
  
Ch.	
  2[CE]: 	
  DefiniAons	
  
Ch.	
  3[CE]: 	
  General	
  	
  Req.	
  
Ch.	
  4[CE]: 	
  Commercial	
  Energy	
  

Efficiency	
  
Ch.	
  5[CE]: 	
  Referenced	
  Stds.	
  
Index	
  

IECC	
  –	
  Residen(al	
  
Ch.	
  1[RE]: 	
  Scope	
  and	
  Admin.	
  
Ch.	
  2[RE]: 	
  DefiniAons	
  
Ch.	
  3[RE]: 	
  General	
  Req.	
  
Ch.	
  4[RE]: 	
  ResidenAal	
  Energy	
  

Efficiency	
  
Ch.	
  5[RE]: 	
  Referenced	
  Stds.	
  
Index	
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Commercial	
  vs.	
  Residen,al	
  

•  Commercial	
  unless	
  ResidenAal	
  
•  R202-­‐General	
  DefiniAons:	
  

Residen,al	
  Building.	
  	
  For	
  this	
  code,	
  includes	
  detached	
  one-­‐	
  and	
  two-­‐
family	
  dwellings	
  and	
  mulAple	
  single-­‐family	
  dwellings	
  (townhouses)	
  as	
  well	
  
as	
  Group	
  R-­‐2,	
  R-­‐3	
  and	
  R-­‐4	
  buildings	
  three	
  stories	
  or	
  less	
  in	
  height	
  above	
  
grade	
  plane	
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IECC	
  –	
  Residen(al	
  Provisions	
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Ch.	
  4[RE]—Residen,al	
  Energy	
  Efficiency	
  
Interna%onal	
  Energy	
  Conserva%on	
  Code,	
  2012	
  Edi%on	
  

•  Sec.	
  R401—General	
  
•  Sec.	
  R402—Building	
  Thermal	
  Envelope	
  
•  Sec.	
  R403—Systems	
  
•  Sec.	
  R404—Electrical	
  Power	
  and	
  LighAng	
  Systems	
  
•  Sec.	
  R405—Simulated	
  Performance	
  AlternaAve	
  

111 

Minimum	
  thermal	
  insula,on	
  requirements	
  
IECC	
  2012,	
  SecAon	
  R402-­‐Building	
  Thermal	
  Envelope	
  

R402.1	
  General	
  (Prescrip,ve).	
  The	
  building	
  thermal	
  envelope	
  
shall	
  meet	
  the	
  requirements	
  of	
  SecAons	
  R402.1.1	
  through	
  
R402.1.4.	
  
R402.1.1	
  Insula,on	
  and	
  fenestra,on	
  criteria.	
  The	
  building	
  
thermal	
  envelope	
  shall	
  meet	
  the	
  requirements	
  of	
  Table	
  
R402.1.1	
  based	
  upon	
  the	
  climate	
  zone	
  specified	
  in	
  Chapter	
  3.	
  
R402.1.2	
  R-­‐value	
  computa,on.	
  InsulaAon	
  material	
  used	
  in	
  
layers,	
  such	
  as	
  framing	
  cavity	
  insulaAon	
  and	
  insulated	
  
sheathing,	
  shall	
  be	
  summed	
  to	
  compute	
  the	
  component	
  R-­‐
value.	
  The	
  manufacturer’s	
  sevled	
  R-­‐value	
  shall	
  be	
  used	
  for	
  
blown	
  insulaAon.	
  Computed	
  R-­‐values	
  shall	
  	
  not	
  include	
  an	
  R-­‐
value	
  for	
  other	
  building	
  materials	
  or	
  air	
  films	
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Roofing-­‐specific	
  adapta,on	
  of	
  Table	
  R402.1.1	
  
Interna%onal	
  Energy	
  Conserva%on	
  Code,	
  2012	
  Edi%on	
  

Insulation and Fenestration Requirements by 
Componenta 

Climate zone Ceiling R-value 
1 30 
2 

38 
3 
4 

49 
5 
6 
7 
8 

a R-values are minimums. … 
[Other footnotes omitted for clarity] 
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R402.2	
  Specific	
  insula,on	
  requirements	
  (Prescrip,ve).	
  In	
  
addiAon	
  to	
  the	
  requirements	
  of	
  SecAon	
  R402.1,	
  insulaAon	
  shall	
  
meet	
  the	
  specific	
  requirements	
  of	
  SecAons	
  R402.2.1	
  through	
  
R402.2.12.	
  
R402.2.1	
  Ceilings	
  with	
  a`c	
  spaces.	
  When	
  SecAon	
  
R402.1.1	
  would	
  require	
  R-­‐38	
  in	
  the	
  ceiling,	
  R-­‐30	
  shall	
  be	
  
deemed	
  to	
  saAsfy	
  the	
  requirement	
  for	
  R-­‐38	
  wherever	
  the	
  
full	
  height	
  of	
  uncompressed	
  R-­‐30	
  insulaAon	
  extends	
  over	
  the	
  
wall	
  top	
  plate	
  at	
  the	
  eaves.	
  Similarly,	
  R-­‐38	
  shall	
  be	
  deemed	
  to	
  
saAsfy	
  the	
  requirement	
  for	
  R-­‐49	
  wherever	
  the	
  full	
  height	
  of	
  
uncompressed	
  R-­‐38	
  insulaAon	
  extends	
  over	
  the	
  wall	
  top	
  plate	
  
at	
  the	
  eaves.	
  This	
  reducAon	
  shall	
  not	
  apply	
  to	
  the	
  U-­‐factor	
  
alternaAve	
  approach	
  in	
  SecAon	
  R402.1.3	
  and	
  the	
  total	
  UA	
  
alternaAve	
  in	
  SecAon	
  R402.1.4.	
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R402.2.2	
  Ceilings	
  without	
  a`c	
  spaces.	
  Where	
  SecAon	
  R402.1.1	
  
would	
  require	
  insulaAon	
  levels	
  above	
  R-­‐30	
  and	
  the	
  design	
  of	
  the	
  
roof/ceiling	
  assembly	
  does	
  not	
  allow	
  sufficient	
  space	
  for	
  the	
  
required	
  insulaAon,	
  the	
  minimum	
  required	
  insulaAon	
  for	
  such	
  
roof/ceiling	
  assemblies	
  shall	
  be	
  R-­‐30.	
  This	
  reducAon	
  of	
  insulaAon	
  
from	
  the	
  requirements	
  of	
  SecAon	
  R402.1.1	
  shall	
  be	
  limited	
  to	
  500	
  
square	
  feet	
  (46	
  m2)	
  or	
  20	
  percent	
  of	
  the	
  total	
  insulated	
  ceiling	
  
area,	
  whichever	
  is	
  less.	
  This	
  reducAon	
  shall	
  not	
  apply	
  to	
  the	
  U-­‐	
  
factor	
  alternaAve	
  approach	
  in	
  SecAon	
  R402.1.3	
  and	
  the	
  total	
  UA	
  
alternaAve	
  in	
  SecAon	
  R402.1.4.	
  
R402.2.3	
  Eave	
  baffle.	
  	
  For	
  air	
  permeable	
  insulaAons	
  in	
  vented	
  
aucs,	
  a	
  baffle	
  shall	
  be	
  installed	
  adjacent	
  to	
  soffit	
  and	
  eave	
  vents.	
  
Baffles	
  shall	
  maintain	
  an	
  opening	
  equal	
  or	
  greater	
  than	
  the	
  size	
  of	
  
the	
  vent.	
  The	
  baffle	
  shall	
  extend	
  over	
  the	
  top	
  of	
  the	
  auc	
  
insulaAon.	
  The	
  baffle	
  shall	
  be	
  permived	
  to	
  be	
  any	
  solid	
  material.	
  

Air	
  retarders	
  
IECC	
  2012,	
  SecAon	
  R402.4-­‐Air	
  Leakage	
  (Mandatory)	
  

R402.4	
  Air	
  leakage	
  (Mandatory).	
  The	
  building	
  thermal	
  envelope	
  shall	
  be	
  
constructed	
  to	
  limit	
  air	
  leakage	
  in	
  accordance	
  with	
  the	
  requirements	
  of	
  SecAons	
  
R402.4.1	
  through	
  R402.4.4.	
  
R402.4.1	
  Building	
  thermal	
  envelope.	
  The	
  building	
  thermal	
  envelope	
  shall	
  
comply	
  with	
  SecAons	
  R402.4.1.1	
  and	
  R402.4.1.2.	
  The	
  sealing	
  methods	
  between	
  
dissimilar	
  materials	
  shall	
  allow	
  for	
  differenAal	
  expansion	
  and	
  contracAon.	
  
R402.4.1.1	
  Installa,on.	
  The	
  components	
  of	
  the	
  building	
  thermal	
  envelope	
  as	
  
listed	
  in	
  Table	
  R402.4.1.1	
  shall	
  be	
  installed	
  in	
  accordance	
  with	
  the	
  
manufacturer’s	
  instrucAons	
  and	
  the	
  criteria	
  listed	
  in	
  Table	
  R402.4.1.1,	
  as	
  
applicable	
  to	
  the	
  method	
  of	
  construcAon.	
  Where	
  required	
  by	
  the	
  code	
  official,	
  
an	
  approved	
  third	
  party	
  shall	
  inspect	
  all	
  components	
  and	
  verify	
  compliance.	
  	
  
R402.4.1.2	
  Tes,ng.	
  The	
  building	
  or	
  dwelling	
  unit	
  shall	
  be	
  tested	
  and	
  verified	
  
as	
  having	
  an	
  air	
  leakage	
  rate	
  of	
  not	
  exceeding	
  5	
  air	
  changes	
  per	
  hour	
  in	
  
Climate	
  Zones	
  1	
  and	
  2,	
  and	
  3	
  air	
  changes	
  per	
  hour	
  in	
  Climate	
  Zones	
  3	
  through	
  
8.	
  TesAng	
  shall	
  be	
  conducted…	
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Roofing-­‐specific	
  adapta,on	
  of	
  Table	
  R402.4.1.1	
  
Interna%onal	
  Energy	
  Conserva%on	
  Code,	
  2012	
  Edi%on	
  

Air Barrier and Insulation Installation 

Component Criteria 

Air barrier and 
thermal barrier 

A continuous air barrier shall be installed in the building envelope. 
Exterior thermal envelope contains a continuous air barrier. 
Breaks or joints sin the bar barrier shall be sealed. 
Air-permeable insulation shall not be used as a sealing material. 

Ceiling/attic The air barrier in any dropped ceiling/soffit shall be aligned with the 
insulation and any gaps in the air barrier sealed. 
Access openings, drop down stair or knee wall doors to 
unconditioned attic spaces shall be sealed. 
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IECC	
  –	
  Commercial	
  Provisions	
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Ch.	
  4[CE]—Commercial	
  Energy	
  Efficiency	
  
Interna%onal	
  Energy	
  Conserva%on	
  Code,	
  2012	
  Edi%on	
  

•  Sec.	
  C401—General	
  
•  Sec.	
  C402—Building	
  Envelope	
  Requirements	
  
•  Sec.	
  C403—Building	
  Mechanical	
  Systems	
  
•  Sec.	
  C404—Service	
  Water	
  HeaAng	
  
•  Sec.	
  C405—Electrical	
  Power	
  and	
  LighAng	
  Systems	
  
•  Sec.	
  C406—AddiAonal	
  Efficiency	
  Package	
  OpAons	
  
•  Sec.	
  C407—Total	
  Building	
  Performance	
  

119 

Ch.	
  4—Commercial	
  Energy	
  Efficiency	
  
Interna%onal	
  Energy	
  Conserva%on	
  Code,	
  2012	
  Edi%on	
  

C401.2	
  Applica,on.	
  Commercial	
  buildings	
  shall	
  comply	
  with	
  
one	
  of	
  the	
  following:	
  
1. 	
  The	
  requirements	
  of	
  ANSI/ASHRAE/IESNA	
  90.1	
  
2. 	
  The	
  requirements	
  of	
  SecAons	
  C402,	
  C403,	
  C404	
  and	
  

C405.	
  In	
  addiAon,	
  commercial	
  buildings	
  shall	
  comply	
  
with	
  either	
  SecAon	
  C406.2,	
  C406.3	
  or	
  C406.4	
  

3. 	
  The	
  requirements	
  of	
  SecAon	
  C407,	
  C402.4,	
  C403.2,	
  
C404,	
  C405.2,	
  C405.3,	
  C405.4,	
  C405.6	
  and	
  C405.7.	
  The	
  
building	
  energy	
  cost	
  shall	
  be	
  equal	
  to	
  or	
  less	
  than	
  85	
  
percent	
  of	
  the	
  standard	
  reference	
  design	
  building.	
  

[ConAnued…]	
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C401.2.1	
  Applica,on	
  to	
  exis,ng	
  buildings.	
  AddiAons,	
  alteraAons	
  
and	
  repairs	
  to	
  exisAng	
  buildings	
  shall	
  comply	
  with	
  one	
  of	
  the	
  
following:	
  
1. 	
  SecAons	
  C402,	
  C403,	
  C404	
  and	
  C405;	
  or	
  
2. 	
  ANSI/ASHRAE/IESNA	
  90.1	
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Minimum	
  thermal	
  insula,on	
  requirements	
  
IECC	
  2009,	
  SecAon	
  C402.2—Specific	
  insulaAon	
  Requirements	
  (PrescripAve)	
  

C402.2	
  Specific	
  insula,on	
  requirements	
  (Prescrip,ve).	
  Opaque	
  
assemblies	
  shall	
  comply	
  with	
  Table	
  C402.2.	
  Where	
  two	
  or	
  more	
  
layers	
  of	
  conAnuous	
  insulaAon	
  board	
  are	
  used	
  in	
  a	
  construcAon	
  
assembly,	
  the	
  conAnuous	
  insulaAon	
  boards	
  shall	
  be	
  installed	
  in	
  
accordance	
  with	
  SecAon	
  C303.2.	
  If	
  the	
  conAnuous	
  insulaAon	
  
board	
  manufacturer’s	
  installaAon	
  instrucAons	
  do	
  not	
  address	
  
installaAon	
  of	
  two	
  or	
  more	
  layers,	
  the	
  edge	
  joints	
  between	
  each	
  
layer	
  of	
  conAnuous	
  insulaAon	
  boards	
  shall	
  be	
  staggered.	
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C402.2.1	
  Roof	
  assembly.	
  The	
  minimum	
  thermal	
  resistance	
  (R-­‐
value)	
  of	
  the	
  insulaAng	
  material	
  installed	
  either	
  between	
  the	
  
roof	
  framing	
  or	
  conAnuously	
  on	
  the	
  roof	
  assembly	
  shall	
  be	
  as	
  
specified	
  in	
  Table	
  C402.2,	
  based	
  on	
  construcAon	
  materials	
  used	
  
in	
  the	
  roof	
  assembly.	
  Skylight	
  curbs	
  shall	
  be	
  insulated	
  to	
  the	
  
level	
  of	
  roofs	
  with	
  insulaAon	
  enArely	
  above	
  deck	
  or	
  R-­‐5,	
  
whichever	
  is	
  less.	
  

Excep,ons:	
  
1. 	
  ConAnuously	
  insulated	
  roof	
  assemblies	
  where	
  the	
  

thickness	
  of	
  insulaAon	
  varies	
  1	
  inch	
  (25	
  mm)	
  or	
  less	
  and	
  
where	
  the	
  area-­‐weighted	
  U-­‐factor	
  is	
  equivalent	
  to	
  the	
  
same	
  assembly	
  with	
  the	
  R-­‐value	
  specified	
  in	
  Table	
  C402.2.	
  

2. 	
  Unit	
  skylight	
  curbs	
  included	
  as	
  a	
  component	
  of	
  an	
  NFRC	
  
100	
  rated	
  assembly	
  shall	
  not	
  be	
  required	
  to	
  be	
  insulated.	
  

InsulaAon	
  installed	
  on	
  a	
  suspended	
  ceiling	
  with	
  removable	
  
ceiling	
  Ales	
  shall	
  not	
  be	
  considered	
  part	
  of	
  the	
  minimum	
  thermal	
  
resistance	
  of	
  the	
  roof	
  insulaAon.	
  

	
  
123 

Roofing-­‐specific	
  adapta,on	
  of	
  Table	
  C402.2	
  
Interna%onal	
  Energy	
  Conserva%on	
  Code,	
  2012	
  Edi%on	
  

Opaque Thermal Envelope Assembly Requirements 

Climate 
zone 

Roof assembly configuration 
Insulation entirely 

above deck 
Metal buildings (with 
R-5 thermal blocks) 

Attic and 
other 

1 
R-20ci 

R-19 + R-11 LS R-38 
2 
3 
4 

R-25 ci 
5 
6 R-30ci R-25 + R-11 LS 

R-49 7 
R-35ci R-30 + R-11 LS 

8 
ci	
  	
  	
  =	
  ConAnuous	
  insulaAon	
  
LS	
  	
  =	
  	
  Liner	
  system	
  (a	
  conAnuous	
  membrane	
  installed	
  below	
  the	
  purlins	
  and	
  uninterrupted	
  by	
  framing	
  members;	
  

uncompressed,	
  faced	
  insulaAon	
  rests	
  on	
  top	
  of	
  the	
  membrane	
  between	
  the	
  purlins)	
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R-­‐value	
  determina,on	
  
IECC	
  2012,	
  SecAon	
  C303.1.4-­‐InsulaAon	
  Product	
  RaAng	
  

C303.14	
  	
  Insula,on	
  product	
  ra,ng.	
  	
  The	
  thermal	
  resistance	
  (R-­‐
value)	
  of	
  insulaAon	
  shall	
  be	
  determined	
  in	
  accordance	
  with	
  the	
  
U.S.	
  Federal	
  Trade	
  Commission	
  R-­‐value	
  rule	
  (CFR	
  Title	
  16,	
  Part	
  
460)	
  in	
  units	
  of	
  h	
  x	
  r2	
  x	
  ◦F/Btu	
  at	
  a	
  mean	
  temperature	
  of	
  75◦F	
  
(24◦C).	
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What about tapered insulation? 

Tapered	
  insula,on	
  
Interna%onal	
  Energy	
  Conserva%on	
  Code,	
  2012	
  Edi%on	
  (IECC	
  2009	
  is	
  similar)	
  

C402.2.1	
  Roof	
  assembly.	
  The	
  minimum	
  thermal	
  resistance	
  (R-­‐
value)	
  of	
  the	
  insulaAng	
  material	
  installed	
  either	
  between	
  the	
  roof	
  
framing	
  or	
  conAnuously	
  on	
  the	
  roof	
  assembly	
  shall	
  be	
  as	
  
specified	
  in	
  Table	
  C402.2,	
  based	
  on	
  construcAon	
  materials	
  used	
  
in	
  the	
  roof	
  assembly.	
  Skylight	
  curbs	
  shall	
  be	
  insulated	
  to	
  the	
  level	
  
of	
  roofs	
  with	
  insulaAon	
  enArely	
  above	
  deck	
  or	
  R-­‐5,	
  whichever	
  is	
  
less.	
  
Excep,ons:	
  
1.	
  ConAnuously	
  insulated	
  roof	
  assemblies	
  where	
  the	
  thickness	
  of	
  insulaAon	
  
varies	
  1	
  inch	
  (25	
  mm)	
  or	
  less	
  and	
  where	
  the	
  area-­‐weighted	
  U-­‐factor	
  is	
  
equivalent	
  to	
  the	
  same	
  assembly	
  with	
  the	
  R-­‐value	
  specified	
  in	
  Table	
  C402.2.	
  

2.	
  …	
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2012	
  IECC	
  Code	
  and	
  Commentary	
  
Tapered	
  insulaAon	
  

“…The	
  excepAon	
  to	
  this	
  secAon	
  permits	
  a	
  roof	
  that	
  is	
  
“conAnuously	
  insulated”	
  to	
  have	
  areas	
  that	
  do	
  not	
  meet	
  the	
  
required	
  R-­‐values,	
  provided	
  that	
  the	
  area-­‐weighted	
  values	
  are	
  
equivalent	
  to	
  the	
  specified	
  insulaAon	
  values.	
  This	
  type	
  of	
  
insulaAon	
  referred	
  to	
  as	
  tapered	
  insulaAon	
  is	
  where	
  the	
  roof	
  
insulaAon	
  varies	
  to	
  provide	
  slope	
  for	
  drainage….”	
  
	
  
[conAnued…]	
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2012	
  IECC	
  Code	
  and	
  Commentary	
  
Tapered	
  insulaAon	
  

“…This	
  1-­‐inch	
  (25	
  mm)	
  limitaAon	
  does	
  not	
  prevent	
  the	
  provisions	
  from	
  
being	
  applied	
  to	
  roofs	
  that	
  have	
  a	
  greater	
  variaAon;	
  it	
  simply	
  does	
  not	
  
allow	
  the	
  addiAonal	
  thickness	
  to	
  be	
  factored	
  into	
  the	
  average	
  
insulaAon	
  values.	
  Where	
  the	
  variaAon	
  exceeds	
  1	
  inch	
  (25	
  mm),	
  it	
  
would	
  be	
  permissible	
  to	
  go	
  to	
  the	
  thinnest	
  spot	
  and	
  measure	
  the	
  R-­‐
value	
  at	
  that	
  point	
  (for	
  the	
  example	
  call	
  this	
  Point	
  “a”).	
  Then	
  go	
  to	
  a	
  
point	
  that	
  is	
  1	
  inch	
  (25	
  mm)	
  thicker	
  than	
  Point	
  “a”	
  and	
  measure	
  the	
  R-­‐
value	
  there	
  (for	
  the	
  example,	
  call	
  this	
  Point	
  “b”).	
  The	
  remaining	
  
porAons	
  of	
  the	
  roof	
  that	
  are	
  thicker	
  than	
  the	
  addiAonal	
  1-­‐inch	
  (25	
  mm)	
  
porAon	
  (Point	
  “b”)	
  would	
  simply	
  be	
  assumed	
  to	
  have	
  the	
  same	
  R-­‐value	
  
that	
  Point	
  “b”	
  had.	
  All	
  porAons	
  of	
  the	
  roof	
  that	
  meet	
  or	
  exceed	
  the	
  
Point	
  “b”	
  R-­‐value	
  would	
  simply	
  use	
  the	
  Point	
  “b”	
  R-­‐value	
  when	
  
determining	
  the	
  area	
  weighted	
  U-­‐factor	
  for	
  the	
  roof.	
  “	
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What	
  about	
  tapered	
  insula,on…?	
  
IBC	
  2012,	
  Sec.	
  C402.2-­‐Roof	
  Assembly	
  ,	
  ExcepAon	
  1	
  

allows	
  a	
  1-­‐inch	
  insulaAon	
  thickness	
  variaAon	
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Solar	
  reflectance	
  and	
  thermal	
  emifance	
  
IECC	
  2012,	
  SecAon	
  C402.2.1.1	
  

C402.2.1.1	
  Roof	
  solar	
  reflectance	
  and	
  thermal	
  emifance.	
  Low-­‐sloped	
  roofs,	
  with	
  
a	
  slope	
  less	
  than	
  2	
  units	
  verAcal	
  in	
  12	
  horizontal,	
  directly	
  above	
  cooled	
  
condi%oned	
  spaces	
  in	
  Climate	
  Zones	
  1,	
  2,	
  and	
  3	
  shall	
  comply	
  with	
  one	
  or	
  more	
  of	
  
the	
  opAons	
  in	
  Table	
  C402.2.1.1.	
  
Excep,ons:	
  The	
  following	
  roofs	
  and	
  porAons	
  of	
  roofs	
  are	
  exempt	
  from	
  the	
  
requirements	
  in	
  Table	
  C402.2.1.1:	
  

1.	
  	
  PorAons	
  of	
  roofs	
  that	
  include	
  or	
  are	
  covered	
  by:	
  
1.1	
  	
  Photovoltaic	
  systems	
  or	
  components.	
  
1.2	
  	
  Solar	
  air	
  or	
  water	
  heaAng	
  systems	
  or	
  components.	
  
1.3	
  	
  Roof	
  gardens	
  or	
  landscaped	
  roofs.	
  
1.4	
  	
  Above-­‐roof	
  decks	
  or	
  walkways.	
  
1.5	
  	
  Skylights.	
  
1.6	
  	
  HVAC	
  systems,	
  components,	
  and	
  other	
  opaque	
  objects	
  mounted	
  

above…	
  
[ConAnued…]	
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  TABLE	
  C402.2.1.1	
  
MINIMUM	
  ROOF	
  REFLECTANCE	
  AND	
  EMITTANCE	
  OPTIONSa	
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Three-­‐year	
  aged	
  solar	
  reflectanceb	
  of	
  0.55	
  
and	
  three-­‐year	
  aged	
  thermal	
  emivance	
  of	
  0.75	
  

IniAal	
  solar	
  reflectanceb	
  of	
  0.70	
  
	
  and	
  iniAal	
  thermal	
  emivancec	
  of	
  0.75	
  

Three-­‐year-­‐aged	
  solar	
  reflectance	
  indexd	
  of	
  64	
  
IniAal	
  solar	
  reflectance	
  indexd	
  of	
  82	
  

[Footnotes	
  omived	
  for	
  clarity]	
  

Air	
  retarders	
  
IECC	
  2012,	
  SecAon	
  C402.4-­‐Air	
  Leakage	
  (Mandatory)	
  

C402.4	
  Air	
  leakage	
  (Mandatory).	
  The	
  thermal	
  envelope	
  of	
  buildings	
  shall	
  
comply	
  with	
  SecAons	
  C402.4.1	
  through	
  C402.4.8.	
  
C402.4.1	
  Air	
  barriers.	
  A	
  conAnuous	
  air	
  barrier	
  shall	
  be	
  provided	
  throughout	
  
the	
  building	
  thermal	
  envelope.	
  The	
  air	
  barriers	
  shall	
  be	
  permived	
  to	
  be	
  
located	
  on	
  the	
  inside	
  or	
  outside	
  of	
  the	
  building	
  envelope,	
  located	
  within	
  the	
  
assemblies	
  composing	
  the	
  envelope,	
  or	
  any	
  combinaAon	
  thereof.	
  The	
  air	
  
barrier	
  shall	
  comply	
  with	
  SecAons	
  C402.4.1.1	
  and	
  C402.4.1.2.	
  

Excep,on:	
  Air	
  barriers	
  are	
  not	
  required	
  in	
  buildings	
  located	
  in	
  Climate	
  
Zones	
  1,	
  2	
  and	
  3.	
  

	
  
[ConAnued…]	
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C402.4.1.2	
  Air	
  barrier	
  compliance	
  op,ons.	
  A	
  conAnuous	
  air	
  barrier	
  for	
  the	
  
opaque	
  building	
  envelope	
  shall	
  comply	
  with	
  SecAon	
  C402.4.1.2.1,	
  C402.4.1.2.2,	
  or	
  
C402.4.1.2.3.	
  
C402.4.1.2.1	
  Materials.	
  Materials	
  with	
  an	
  air	
  permeability	
  no	
  greater	
  than	
  0.004	
  
cfm/r2	
  (0.02	
  L/s	
  ·∙	
  m2)	
  under	
  a	
  pressure	
  differenAal	
  of	
  0.3	
  inches	
  water	
  gauge	
  
(w.g.)	
  (75	
  Pa)	
  when	
  tested	
  in	
  accordance	
  with	
  ASTM	
  E	
  2178	
  shall	
  comply	
  with	
  this	
  
secAon.	
  Materials	
  in	
  Items	
  1	
  through	
  15	
  shall	
  be	
  deemed	
  to	
  comply	
  with	
  this	
  
secAon	
  provided	
  joints	
  are	
  sealed	
  and	
  materials	
  are	
  installed	
  as	
  air	
  barriers	
  in	
  
accordance	
  with	
  the	
  manufacturer’s	
  instrucAons.	
  
1. 	
  Plywood	
  with	
  a	
  thickness	
  of	
  not	
  less	
  than	
  3/8	
  inch	
  (10	
  mm).	
  
2. 	
  Oriented	
  strand	
  board	
  having	
  a	
  thickness	
  of	
  not	
  less	
  than	
  3/8	
  inch	
  (10	
  mm).	
  
3. 	
  Extruded	
  polystyrene	
  insulaAon	
  board	
  having	
  a	
  thickness	
  of	
  not	
  less	
  than	
  1/2	
  

inch	
  (12	
  mm).	
  
4. 	
  Foil-­‐back	
  polyisocyanurate	
  insulaAon	
  board	
  having	
  a	
  thickness	
  of	
  not	
  less	
  than	
  

1/2	
  inch	
  (12	
  mm).	
  
5. 	
  Closed	
  cell	
  spray	
  foam	
  a	
  minimum	
  density	
  of	
  1.5	
  pcf	
  (2.4	
  kg/m3)	
  having	
  a	
  

thickness	
  of	
  not	
  less	
  than	
  1-­‐1/2	
  inches	
  (36	
  mm).	
  
[ConAnued….]	
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6. 	
  Open	
  cell	
  spray	
  foam	
  with	
  a	
  density	
  between	
  0.4	
  and	
  1.5	
  pcf	
  (0.6	
  and	
  

2.4	
  kg/m3)	
  and	
  having	
  a	
  thickness	
  of	
  not	
  less	
  than	
  4.5	
  inches	
  (113	
  
mm).	
  

7. 	
  Exterior	
  or	
  interior	
  gypsum	
  board	
  having	
  a	
  thickness	
  of	
  not	
  less	
  than	
  ½	
  
inch	
  (12	
  mm).	
  

8. 	
  Cement	
  board	
  having	
  a	
  thickness	
  of	
  not	
  less	
  than	
  1/2	
  inch	
  (12	
  mm).	
  
9. 	
  Built	
  up	
  roofing	
  membrane.	
  
10. 	
  Modified	
  bituminous	
  roof	
  membrane.	
  
11. 	
  Fully	
  adhered	
  single-­‐ply	
  roof	
  membrane.	
  
12. 	
  A	
  Portland	
  cement/sand	
  parge,	
  or	
  gypsum	
  plaster	
  having	
  a	
  thickness	
  

of	
  not	
  less	
  than	
  5/8	
  inch	
  (16	
  mm).	
  
13. 	
  Cast-­‐in-­‐place	
  and	
  precast	
  concrete.	
  
14. 	
  Fully	
  grouted	
  concrete	
  block	
  masonry.	
  
15. 	
  Sheet	
  steel	
  or	
  aluminum.	
  
[ConAnued…]	
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C402.4.1.2.2	
  Assemblies.	
  Assemblies	
  of	
  materials	
  and	
  components	
  with	
  an	
  
average	
  air	
  leakage	
  not	
  to	
  exceed	
  0.04	
  cfm/r2	
  (0.2	
  L/s	
  ·∙	
  m2)	
  under	
  a	
  
pressure	
  differenAal	
  of	
  0.3	
  inches	
  of	
  water	
  gauge	
  (w.g.)(75	
  Pa)	
  when	
  
tested	
  in	
  accordance	
  with	
  ASTM	
  E	
  2357,	
  ASTM	
  E	
  1677	
  or	
  ASTM	
  E	
  283	
  shall	
  
comply	
  with	
  this	
  secAon.	
  Assemblies	
  listed	
  in	
  Items	
  1	
  and	
  2	
  shall	
  be	
  
deemed	
  to	
  comply	
  provided	
  joints	
  are	
  sealed	
  and	
  requirements	
  of	
  SecAon	
  
C402.4.1.1	
  are	
  met.	
  
1.	
  Concrete	
  masonry	
  walls	
  coated	
  with	
  one	
  applicaAon	
  either	
  of	
  block	
  filler	
  
and	
  two	
  applicaAons	
  of	
  a	
  paint	
  or	
  sealer	
  coaAng;	
  
2.	
  A	
  Portland	
  cement/sand	
  parge,	
  stucco	
  or	
  plaster	
  minimum	
  1/2	
  inch	
  (12	
  
mm)	
  in	
  thickness.	
  
C402.4.1.2.3	
  Building	
  test.	
  The	
  completed	
  building	
  shall	
  be	
  tested	
  and	
  the	
  
air	
  leakage	
  rate	
  of	
  the	
  building	
  envelope	
  shall	
  not	
  exceed	
  0.40	
  cfm/r2	
  at	
  a	
  
pressure	
  differenAal	
  of	
  0.3	
  inches	
  water	
  gauge	
  (2.0	
  L/s	
  ·∙	
  m2	
  at	
  75	
  Pa)	
  in	
  
accordance	
  with	
  ASTM	
  E	
  779	
  or	
  an	
  equivalent	
  method	
  approved	
  by	
  the	
  
code	
  official.	
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IECC	
  2012’s	
  air	
  barrier	
  requirements	
  
	
  significantly	
  limit	
  roof	
  system	
  designs	
  in	
  

“commercial	
  buildings”	
  (as	
  defined	
  by	
  IECC	
  2012)	
  

	
  	
  

136	
  

	
  	
  



Condensation Control in Low- and Steep-slope Roofing 

October 28-29, 2015 
UW-Madison 
Water Entry Prevention and Moisture Control in Buildings 

69 

Air	
  retarder	
  excep,on	
  added	
  
IECC	
  2015,	
  Sec.	
  C503	
  -­‐	
  AlteraAons	
  

6. 	
  Air	
  barriers	
  shall	
  not	
  be	
  required	
  for	
  roof	
  recover	
  
and	
  roof	
  replacement	
  where	
  the	
  altera%ons	
  or	
  
renovaAons	
  to	
  the	
  building	
  do	
  not	
  include	
  
renovaAons	
  or	
  repairs	
  to	
  the	
  remainder	
  of	
  the	
  
building	
  envelope.	
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Energy	
  Codes	
  Manual	
  (2009	
  &	
  2012	
  Codes)	
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•  Based	
  upon	
  IECC	
  2009	
  with	
  
ASHRAE	
  90.1-­‐07	
  opAon	
  and	
  
IECC	
  2012	
  with	
  ASHRAE	
  90.1-­‐10	
  
opAon	
  

•  Includes	
  roofing-­‐related	
  code	
  
text	
  and	
  NRCA	
  commentary	
  on	
  
each	
  secAon	
  

•  Appendix	
  has	
  county-­‐specific	
  
prescripAve	
  R-­‐value	
  tables	
  

•  Co-­‐branded	
  with	
  ICC;	
  NRCA	
  
promotes	
  to	
  industry	
  and	
  ICC	
  
promotes	
  to	
  code	
  officials	
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energywise.nrca.net	
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Summary	
  
•  Remember	
  the	
  fundamentals:	
  

–  RelaAve	
  humidity	
  varies	
  with	
  
temperature	
  

– Dew	
  point	
  is	
  condensaAon	
  temperature	
  
– Vapor	
  drive:	
  	
  Hot	
  	
  →	
  	
  Cold	
  

•  “Self-­‐drying”	
  roofs:	
  
– Downward	
  drying	
  	
  ≥	
  	
  moisture	
  up-­‐take	
  
– AddiAonal	
  consideraAons	
  for	
  “cool”	
  
roofs	
  

•  Vapor	
  retarders	
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Summary	
  -­‐	
  con,nued	
  
•  Auc	
  venAlaAon	
  

– Unvented	
  aucs	
  alternaAve	
  

•  Thermal	
  insulaAon	
  
–  FTC	
  R-­‐value	
  rule	
  
–  Polyisocyanurate:	
  R	
  =	
  5.0	
  per	
  inch	
  

•  Energy	
  code	
  
– Watch	
  for	
  ediAon	
  updates	
  
–  Comply	
  with	
  the	
  code	
  
– Air	
  retarder	
  requirements	
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Previously,	
  we	
  said…	
  
“When	
  in	
  doubt,	
  leave	
  it	
  out…”	
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Now	
  we	
  can	
  say…	
  
“When	
  in	
  doubt,	
  think	
  it	
  out…”	
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Reference	
  documents	
  

Available from ASHRAE 
www.ashrae.org 
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145 

Available from NRCA 
shop.nrca.net 

Reference	
  documents	
  

The	
  “ol’	
  guys”	
  of	
  condensa,on	
  control	
  
(Roof	
  assemblies)	
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Wayne Tobiasson 
U.S. Army Corps of Engineers (retired) 

Joe Lstiburek 
Building Science Corp. (“semi”-retired) 

Bill Rose 
University of Illinois at Urbana-Champaign (retired) 
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