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Some fundamentals

Phases of moisture

e Gas phase -- moisture vapor
— Above 212 F

e Liquid phase -- water
—32Fto212F

¢ Solid phase -- frost orice
— Below 32 F

F

o
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Humidity

The amount of water vapor in the air.

Relative humidity

Relative humidity is defined as the ratio of the
partial pressure of water vapor in a parcel of air
to the saturated vapor pressure of water vapor at
a prescribed temperature.

. :! Condensation temperature ]
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% relative humidity, the dew point
temperature and real temperature are the same,
and condensation begins to form.

International Roofing Expo

New Orleans, LA

February 1-3, 2022




Fundamentals of insulation, vapor retarders, air barriers
and attic ventilation

February 1-3, 2022

Psychrometrics

The field of engineering concerned with the
determination of physical and thermodynamic
properties of gas-vapor mixtures.

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

chart

URE PER POUND DRY AIR

I HUMIDITY RATIO, POUNDS MOIST

L\ ORY BULB TEMPERATORE,°F |

13.0 135 14.0
SPECIFIC VOLUME, cuft/IbDry Air

Warm air can hold more
moisture than cold air
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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".

First law of thermodynamics

Energy can be transformed (changed from one form
to another), but cannot be created or destroyed.

Law of conservation of energy

Solid = Liquid - Gas - Liquid - Solid...

10
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Second law of thermodynamics

The entropy of an isolated system which is not
in equilibrium will tend to increase over time,
approaching a maximum value at equilibrium.

Heat - Cold

11

A practical application...

Is the glass “leaking”?

No... but we are studying
thermodynamics

12

International Roofing Expo
New Orleans, LA 6



Fundamentals of insulation, vapor retarders, air barriers

and attic ventilation

February 1-3, 2022

Diffusion

DIFFUSION & H

1/3 QUART OF WATER
OVER A PERIOD OF
ONE MONTH

13

Diffusion terminology

Permeability: the time 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.

14
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Diffusion terminology

Permeability: the time 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.

Expressed as “perm-inch” units

15

Diffusion terminology

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

Expressed as “perm” units

16
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Material® Permeance Permeability
(perm)’ (perm-inch)’
jlon materials:
2: i 3.2
08
24
15
1
50
n
0.0
07
19
Thermal insulation materials:
Air (stil) 120
o
2.0-58
12
116
2.77-4.49
fiber-faced <LO
metal foils and films:
Al il (0.001 inches thick) 0.0
0.08
0.06
] 0.05
ed (6.8 1bs./100 ft.%) 03
1.0
40
0.5
01
umen membrane (0.040 inches thick) 01
Roof membranes
Built-up roofing <0.1
Polymer-modified bitumen <0.1
P <0.1
e <0.1
Classification Permeance
Class | vapor retarder 0.1 per or less
Class Il vapor retarder 1.0 perm or less,

and greater than 0.1 perm

Class lll vapor retarder 10 perm or less,

and greater than 1.0 perm

or dry cup method)

Permeance determined according to ASTM E96, Test Method A (desiccant method

NRCA recommends effective vapor retarders

have perm-ratings of 0.5 or less

18
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Continuity is critical.

19
Air leakage
Nonteee T HEIE B
£ | e D000
«
3 m‘{%mmmm
| ' Mdoooo
looooo
S goooo
A 30 QUARTS OF WATER
OVER A PERIOD OF
ONE MONTH
Note: Compared to %5 quart by diffusion (~100 X)
20
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Air leakage, not vapor diffusion, can
and does cause most of the moisture
problems building envelopes suffer.

21

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

22
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Vapor drive -

Conditioned inside air
i “warm”

23

Summer conditions

Vapor drive

Drying
downward

Conditioned inside air
IICOOIII

“Self-drying” roof assembly

24
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Historically, most roof systems have
effectively performed as “self-drying roofs”...

25

Self-drying roofs function properly if...

4 1)

Downward drying 2  Moisture pick-up

26
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Self-drying roofs function properly if...

\ ]

4 )

— — —

Downward drying 2 Moisture pick-up

27

Unintended consequences

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

particular action.

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

28
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Downward
Downward drying
drying
“Non-cool” roof “Cool” roof

Cool roofs do not dry-down as
efficiently as “non-cool” roofs

29

NRCA’s recommendations specific to “cool” roofs

e Adhered roof covering (membrane)

e 2 or more layers of insulation

e Off-set board joints on insulation
__Or__

e Don’t rely on the “self-drying” concept:

— Consider providing for a properly-placed
vapor retarder

30
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Thermal insulation

31
Principles of thermal insulation
British thermal unit (Btu): the energy required to
raise the temperature of 1 pound of water 1 degree
Fahrenheit (F).
32
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Principles of thermal insulation

Thermal resistance (R): a relative 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 transmittance (U).

R=1/CorR=1/U

R-values are readily additive (unlike k-values
and C-values). Therefore R;=R,+R,+R;=...

33

Long-term thermal resistance (LTTR)

Determined using ASTM C1303 or CAN/ULC-S770

R-value estimate based upon a 15-year
time-weighted average, corresponding to
the product’s estimated R-value 5-years
after manufacturing

34
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Long-term thermal resistance (LTTR)
Determined using ASTM C1303 or CAN/ULC-S770

R-value estimate based upon a 15-year
time-weighted average, corresponding to
the product’s estimated R-value 5-years
after manufacturing

35

L RESEARCH+TECH

Professional Roofing
February 2022

Understanding R-value

The Federal Trade Commission's R-value
rule provides a basis for comparison

by Mark S. Graham

36
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IECC

R The Energy Code dictates

e Sl minimum levels of thermal

insulation for building

energy efficiency

e The Building Code
dictates minimal levels of
insulation for fire
classification purposes

587

5

S
A
im
otk

37

2021 IECC — Climate zone map

3 Dry (B) »e Moist (A) >
Marine (C)

38

International Roofing Expo

New Orleans, LA 19



Fundamentals of insulation, vapor retarders, air barriers February 1-3, 2022
and attic ventilation

2021 IECC Commercial -- Application

CHAPTER 4 [CE]
ENERGY E ENCY

C401.2 Application. Commercial buildings shall comply )

with Section C401.2.1 or C401.2.2 e e g s st ey e
C401.2.1 International Energy Conservation Code.
Commercial buildings shall comply with one of the
following

1. Prescriptive Compliance. The Prescriptive [u e 1@ v = e o
" liance option | comphance with
Sections C402 through C406 and Section C408. fma i —
Dwelling units and sleeping units in Group R-2
buildings without systems serving multiple units
shall be deemed to be in compliance with this
chapter, provided that they comply with Section
R406

2. Total Building Performance. The Total Building
Performance option requires compliance with
Section C407.

Exception: Additions, alterations, repairs and
changes of occupancy to existing buildings complying
with Chapter 5.

C401.2.2 ASHRAE 90.1. Commercial buildings shall [ = e migwmd wsbewe

st wwebonie Sues Al compiy
08 11

comply with the requirements of ANSVASHRAE/IESNA [

| im i i s reabenn Ths
90.1. ool
i
T e M.
momed space: il be nempt Som the busldmg Sarmal sneiope
Ul il soles oot gt & o prevvons of Soc
——

Racnis Som sny bnakdmg spveiops 2w leskage s
o purtermad on e busldin

ANATIONAL ENERGY CONSERVATION COTE® car

NIERNATIONAL CODE COUNCIL IS T e

39

2021 IECC Commercial — U-factor Approach

CoumERCIAL ENERGY EPFCENCY

el

, =1 C402.1.4.1 Roof/ceiling assembly. The maximum

w1 roof/ceiling assembly U-factor shall not exceed that
J specified m Table C402.1.4 based on construction
+ materials used in the roof/ceiling assembly.

C402.1.4.1.1 Tapered, above-deck insulation
based on thickness. Where used as a component of
a maximum roof/ceiling assembly U-factor calcula-
tion, the sloped roof msulation R-value contribution
to that calculation shall use the average thickness in
inches (mm) along with the material R-value-per-
inch (per-mm) solely for U-factor compliance as
prescribed in Section C402.1.4.

C402.1.4.1.2 Suspended ceilings. Insulation
installed on suspended ceilings having removable
ceiling tiles shall not be considered part of the
assembly U-factor of the roof/ceiling construction.

C402.1.4.1.3 Joints staggered. Continuous msula-
tion board shall be installed in not less than two
layers. and the edge joints between each layer of
insulation shall be staggered. except where insula-
tion tapers to the roof deck at a gutter edge, roof
drain or scupper.

i 61 INTERRATIONAL ENERGY CONMRVATION COOL™

AL CODE COUNCIL

40
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2021 IECC Commercial

C402.2 Specific building thermal envelope insulation
requirements. Insulation in building thermal envelope |
opaque assemblies shall comply with Sections C402.2.1
through C402.2.7 and Table C402.1.3.

C402.2.1 Roof assembly. The minimum thermal resis-
tance (R-value) of the insulating material installed either
between the roof framing or continuously on the roof
assembly shall be as specified in Table C402.1.3, based

on construction materials used in the roof assembly. 1
-

R T RATIORAL [SRGY CONVVA IO 08

NITEENATIONAL CODE COUNCIL

Prescriptive R-value approach
Z p pp

41

TABLE C402.1.3

OPAQUE THERMAL ENVELOPE INSULATION COMPONENT MINIMUM REQUIREMENTS, R-VALUE METHOD*

0 AND 1 2 [ 3 [ 4EXCEPT MARINE

CLIMATE ZONE

5 AND MARINE 4 }

6

7

8

Roofs

l All other [ Group R | All other ] Group R l All other | Group R I All other 1 Group R | All other [ Group R 1 All other | Group R I All other l Group R | All other [ Group R

Insulation entirely

42

International Roofing Expo
New Orleans, LA

above roof deck R-20c1 R-25¢i R-25¢ci R-25¢a1 R-25¢i R-25¢i R-30ci R-30ci R-30ci R-30c1 R-30ci R-30ci R-3%¢c1 R-35¢ci R-35¢1 R-35¢c1
=25+ 25+
Metal buildings® | R719% | Re19+ [ Re19+ | Re19+ | Rel9+ | Rel9+ | Re19+ [ Re19+ | Rel9+ | Rel9+ | Re25+ | R-30+ | R-30+ | Re30+ E-h- E-T]-
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ICC 2021 Commercial — Roof Reflectivity

CoMMERCIAL ENEROY EFTICHNCT |

TABLE C402.3
MINIMUM ROOF REFLECTANCE AND EMITTANCE OPTIONS?

Three-year-aged solar reflectance index” of 55 and 3-year aged
thermal emittance® of 0.75

Three-year-aged solar reflectance index® of 64

. The use of area-weighted averages to comply with these requirements
shall be permitted. Materials lacking 3-year-aged tested values for either
solar reflectance or thermal emittance shall be assigned both a 3-year-
aged solar reflectance in accordance with Section C402.3.1 and a 3-year-
aged thermal emittance of 0.90.

. Aged solar reflectance tested in accordance with ASTM C1549, ASTM
E903 or ASTM E1918 or CRRC-5100.

. Aged thermal emittance tested in accordance with ASTM C1371 or
ASTM E408 or CRRC-5100.

. Solar reflectance index (SRI) shall be determined in accordance with

I ASTM E1980 using a convection coefficient of 2.1 Bru/h = fi* « °F

C402.3 Roof solar reflectance and thermal emittance. (12 W/m® « K). Calculation of aged SRI shall be based on aged tested

LOV\-"-SIOpEd roofs diIECﬂy above cooled conditioned spaces values of solar reflectance and thermal emittance.

o

in Climate Zones 0 through 3 shall comply with one or more | ==z
of the options in Table C402.3.

e

2821 BTERATIONAL ENERGY CONSERVATION CODE™ car

INAL CODE COUNCIL

43
IECC 2021 Commercial-- Reroofing
C503.2.1 Roof replacement. Roof replacements shall
comply with Section C402.1.3, C402.1.4, C402.1.5 or
C407 where the existing roof assembly is part of the
building thermal envelope and contains insulation
entirely above the roof deck. In no case shall the R-value
L2 v g e, T of the roof msulation be reduced or the U-factor of the
roof assembly be increased as part of the roof
replacement.
44
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Vapor retarders

45
INTERNATIONAL INTERNATIONAL
ENERGY CONSERVATION BUILDING
CODE CODE*
ﬁ The Energy Code directs users to the Building ,
7’,& Code (and Residential Code) for vapor retarders.
Only vapor retarders in walls are addressed.
46
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Vapor retarders should be considered

NRCA guidelines -- 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

Where there is a vapor retarder in the wall
assembly

47

Average January temperature less than 40F

ALASKA HAS AN AVERAGE JANUARY
TEMPERATURE BELOW 40°F,

Ny

HAWAIl DOES NOT HAVE AN AVERAGE
JANUARY TEMPERATURE BELOW 40°F,

48

International Roofing Expo
New Orleans, LA 24



Fundamentals of insulation, vapor retarders, air barriers February 1-3, 2022
and attic ventilation

US Army CRREL method

Vapor retarder determination
(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. (68 F design interior
temperature)

* Provides RH threshold corrections for design
interior temperatures other than 68 F

49
US Army CRREL method
Vapor retarder determination
HAWAII >80% 13
Maximum allowable design interior humidity
(before use of a vapor retarder is suggested)
50
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US Army CRREL method

Vapor retarder determination

10 15 20 25 30C

RELATIVE HUMIDITY
ON MAP (%)

60

CORRECTED RELATIVE HUMIDITY (%)
IS
S

N
S

EXAMPLE
0 | | |

I I I
50 60 70 80 el
INDOOR TEMPERATURE (F)

<]

Temperature correction
(other than 68 F)

51

Vapor retarder fundamentals

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

To prevent the formation of condensation on
the interior side of a vapor retarder, the

temperature at the vapor retarder level must
be warmer than the dew point temperature.

Position the vapor retarder as close
to the “warm side” as possible.

52
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by Mark 5. Graham

Positioning is
everything

Proper vapor retarder layer placement is
essential to prevent condensation

L RESEARCH+TECH

?‘

Professional Roofing
May 2021

53

Cooler and freezer buildings

b, TECH TODAY

Design challenges

Cooler and freazer bui
by Mark 5. Grabam

|ding designs presant unique situations for roof system designers

Professional Roofing

[T g re—"

Jere——

prre—
g oot and v NICA SRS L e e o e

e o ot
15121 oy Tl o

August 2015

The direction of vapor drive is typically
reversed; the roof covering likely
functions as the vapor retarder

i v

14 e peokoionaoctiog e UGS 2015

54
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Air retarders

55

IECC

INTERNATIOMNAL
ENERGY CONSERVATION
CODE

The Energy Code dictates
minimum air retarder
requirements

56
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IECC 2021 Commercial — Air Retarders

COMMERCIAL ENERGY EFTICHNCY

of Sachen C402 feaes

C402.5 Air leakage—thermal envelope. The building ther-
mal envelope shall comply with Sections C402.5.1 through
Section C402.5.11.1, or the building thermal envelope shall
be tested 1n accordance with Section C402.5.2 or C402.5.3.
Where compliance i1s based on such testing, the building
shall also comply with Sections C402.5.7, C402.5.8 and
C402.5.9.

C402.5.1 Air barriers. A continuous air barrier shall be
provided throughout the building thermal envelope. The
continuous air barriers shall be located on the mside or
outside of the building thermal envelope, located within
the assemblies composing the building thermal envelope,
or any combination thereof. The air barrier shall comply
with Sections C402.5.1.1, and C402.5.1.2.

Exception: Air barriers are not required in buildings

located in Climate Zone 2B.

can

NIERNATIONAL CODE COUNCIL

T

021 WTEARATIONAL ENERGY CONBERYATION COOE*

57

COMMERCIAL ENERGY EFFICIENCT

Daylaght soues shall include roplir dinipht somes asd

Zivaght sdals sooe

Doors. Opague swingimg dooe: hall comply

comndered 31 part of the poss wea of shove- grade wall
ehat are past of the building thermal ewvelope Opagee
n o shall o cton  C4024 %

CH02.45.1 Opaque swingieg doors. Opaqes swing
hall comply with Table C402 1 4

C402.4.5.2 Noaswingiag doors. Opaqes soaswis,

"
binged sachoas door

the bulding
258 aed

402.5.0 Alr barriers. A contimmous aar barmier hall be
provided tuoughout the buldm thermal smeiope The

ot requred 18 buddng:

shrwction Tha comnmurn:
oastrured 10 comply with e

384 saganve prescus Som wind. stack effect
354 mechasacal vestlanon

can

NIERNATIONAL CODE COUNCIL

C402.5.1.2 Air barrier compliance. A continuous air
barrier for the opaque building envelope shall comply
with the following:

1. Buildings or portions of buildings. including
Group R and I occupancies, shall meet the
provisions of Section C402.5.2.

Exception: Buildings in Climate Zones 2B.
3C and 5C.
2. Buildings or portions of buildings other than
Group R and I occupancies shall meet the
provisions of Section C402.5.3.

Exceptions:

1. Buildings in Climate Zones 2B, 3B.
3C and 5C.

2. Buildings larger than 5.000 square
feet (464.5 m? floor area in
Climate Zones 0B. 1. 2A, 4B and
4C.

3. Buildings between 5.000 square feet
(464.5 m*) and 50,000 square feet
(4645 m?% floor area in Climate
Zones 0A, 3A and 5B.

3. Buildings or portions of buildings that do not
complete air barrier testing shall meet the
provisions of Section C402.5.1.3 or C402.5.1.4
in addition to Section C402.5.1.5.

021 MTERNATIONAL ENERGY CONSERVATION CODE®

58
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COMMERCIAL ENERGY EFFICINCY

Duylaght socws shall include topli dip lipht some: asd
Gaviaght adelst scne

CHLLS Deors. Opagme swmpug door ihul comply
with Table C402
1 vty ek Toba CURT4 o,..,.a.. rdye
rmudered . part of he grous e of shove g wal
ding thewmal emaiope
Co02451 o
door: shal comply mieh the proviiicn:
of Sacton C402 4.3 for vertical fonesation.
CHM2AS.1 Opaer reinging deor, Orae rwing
g doors shall comply wk Table C402
(-ruz\..m....m Opaque sonimng
sactioasl dsors

ol e sl doa

r.mp- Qe dowm hul enuply wilh e
Secncn C40243 for vemesl

e
CHMLS Ak kg —deormd eege. Tho g e
mal o elope 2l comply with
Secton C4025 11 n‘.b—‘:nnnl

1 ot i secndune il Sasion CHLS
W vnplicns o Jused o0 resh sing. . bnblag

comply wih Sectons C40237, 40258 sad

Sy
CABLS1 Alr barviers. A contimmons s barrer shall be

CH02.5.1.1 Adr barrier construction. The conimusst

oo barrier shall be constructed 1o comply with the

Sollowmg

1. The sr bamer shall be connmmou: for all
Sambs o s Sl csrbagd o S0
brulding snd acros the joust: and risemble
Ak bomier ok 124 semms u.b...u

sealmg

e et Ton o
o socely e e or 90 o jont r 0
lenpk

care

3 Pesetianions of the sis barmies shall be cauied
proketed ot oherwice sesled 8 3 masner
compatiie with da cou trachon mrwnal: nd
locancs. Seabag shall allow for expamsica.
contincton sed mechstacal biaboe Joust:

1)
i

e air bamer. peov
o mimtam the gy of

the 2ar bamar
CA02.5.1.2 Al barrier compllance. A costmmens 3
barroe fox the cpaqan busidung eveiope k) comply

1 Buldag: o )-B-dbuh.-_-iu
Growp K and 1 oc
peoviee: of Secnos C

Exception: Buldng: m Clomae Zoow: 13
C and

I Bubdmg or pornons of buildngs odber thas
Grow X 4 1 oovepencies el mest e
provisons of Section C402 5.3

huwln
Buldmgs m Clumate Zones 28, 38,
3 nd 5C
Bubdng: Luger thom 3000 soue
fout (4645 @) Boor
Comste Zouor 0B, 1. 3. 4B smd

C402.5.1.3 Materials. Materials with an air permea-
bility not greater than 0.004 cfm/ft® (0.02 L/s » m?)
under a pressure differential of 0.3 inch water gauge
(75 Pa) when tested in accordance with ASTM E2178
shall comply with this section. Materials in Items 1
through 16 shall be deemed to comply with this
section. provided that joints are sealed and materials

2021 MTERNATIONAL ENERGY CONSERVATION CODE®

59

T
are installed as air barriers in accordance with the
manufacturer’s instructions.

1.

(&)

w

2

-]

13.

14

Plywood with a thickness of not less than ¥4
inch (10 mmy).

. Oriented strand board having a thickness of not

less than */, inch (10 mm).

. Extruded polystyrene insulation board having a

thickness of not less than '/, inch (12.7 mm).

. Foil-back polyisocyanurate insulation board

having a thickness of not less than '/, inch (12.7
mm).

. Closed-cell spray foam having a minimum

density of 1.5 pef (2.4 kg/m®) and having a
thickness of not less than 1%/, inches (38 mm).

. Open-cell spray foam with a density between

0.4 and 1.5 pef (0.6 and 2.4 kg/m®) and having a
thickness of not less than 4.5 inches (113 mm).

. Exterior or mterior gypsum board having a

thickness of not less than '/, inch (12.7 mm).

. Cement board having a thickness of not less

than '/, inch (12.7 mm).

. Built-up roofing membrane.
10.
11.
12.

Modified bituminous roof membrane.
Single-ply roof membrane.

A Portland cement/sand parge. or gypsum plas-
ter having a thickness of not less than *; inch
(15.9 mm).

Cast-in-place and precast concrete.

. Fully grouted concrete block masonry.
15.
16.

Sheet steel or aluminum.

Solid or hollow masonry constructed of clay or
shale masonry units.

| NIEENATIONAL CODE COUNCIL T
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C025.1.5 BuiMling eavelope performance verifica
ton. The mitallsnn of the connmmons s bamer shall
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A seview of e comsaucnion documents and
other Aall b conducied 10
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Section C402 5.1
1 lugecton of contionses s besir

complnce w
C462513 and C4025 14
3. A Sl commmniemng e shall o prerided
for tmipacnon: completed by the repuseved
destgn profsitonal o1 spproved apeacy The
commi: zoming report tkall be prorsded 1o e
Vulding owner o1 owner's e
28d the code affcial The roport hall sbenady
defcrescw: fousd dunng the seiiew of e
comtucnon docament. 14 iwipecten wd
datals of comective mexwe: tikan.
C482.5.2 Duelliag 30 sheepiag wat coclosure testing
The busldong hermal e eiope chall be tested 1 sccor
dmmce v ASTM E775, ANSURESMETICC 349,
ASTH E1807 o i eviribent medhed semeed 1y du
e fical The masseed ut lskage sl et anceed
13Ls
2t 2 prescers diffeessil of 0.2 nd et g 030 P

o ted pernely ik mgemded e daer ot
3 fullow
Where buldngs bave fewer Sun eght woang
ar, each vesting et il be woed
For bubdsngs wath aught or mars testing wsts. che
preater of seves unars or 20 percent of the winng

inchding » mixtue of woting wst e and
o< stwon:

€402 5.3 Building thermal cavelope testing. The busld-
mg shermal g viope -Ball be besmed in secordance wik
ASTM E779, ANSURESNETACC 190, ASTM E3158 or
ASTM E1827 or 1 equivalent meched spproved by the

can
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e mstalled 25 air barmers i sccondance with the
maeufacnuer - guchon:
1 Plywood wih & thickness of mot less than ¥,
ek (10 mm)
3 Orvmsed ywand heard bavng s dacknes of wot
s than ¥, sach (10 manl
3 5.....4..:,.,». M-um—b‘-lln!-‘l
Suckness of mot boss tan '/, inch (127 man).
4 Folback polrvecyimman msboos boad
having 2 thackaess of not less thas ', inch
)
5 Closedcal spray fosm havng »
danary £ Q4 ky

o wmtener pprem besrd baving 3

s of mot less an '/, mch

8. Coment bound having 3 ckaess of ot b
than ¥, inch (127 man).

§ Buult-up roofisy membrine

10 Maodified beuminon: roof mambrase

Scngle.ply 1o0f membraze

2 A Portland coment sand parge. or
tor having & tackaess of sod e

(159 mes)

[ S P p—

Fully prouted concrem block masosry

Sheet itee] ox iumimesm

Sobd o hallow musoary constructed of clay ot

hale masonry wmt,

C402.5.1.4 Assemblies. Assemblies of materials and
components with an average air leakage not greater
than 0.04 efm/fi® (0.2 L/s = m?) under a pressure differ-
ential of 0.3 inch of water gauge (w.g.)(75 Pa) when
tested in accordance with ASTM E2357. ASTM
E1677. ASTM D8052| or ASTM E283 shall comply
with this section. Assemblies listed in Items 1 through
3 shall be deemed to comply, provided that joints are
sealed and the requirements of Section C402.5.1.1 are
met.
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met
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C402.5.1.5 Building envelope performance verifica-
tion. The installation of the continuous air barrier shall

| be verified by the code official, a registered design

professional or approved agency in accordance with
the following:

1.

A review of the construction documents and
other supporting data shall be conducted to
assess compliance with the requirements in
Section C402.5.1.

Inspection of continuous air barrier compo-
nents and assemblies shall be conducted during
construction while the air barrier 1s still accessi-
ble for mspection and repair to verify
compliance with the requirements of Sections
(C402.5.1.3 and C402.5.1.4.

A final commissioning report shall be provided
for inspections completed by the registered
design professional or approved agency. The
commissioning report shall be provided to the
building owner or owner’s authorized agent
and the code official. The report shall identify
deficiencies found during the review of the
construction documents and inspection and
details of corrective measures taken.

2021 MTERNATIONAL ENERGY CONSERVATION CODE™

[ NAL CODE COUNCIL

€402 5.3 Buildiog thermal cavelope testing The busld.
mg toarmal g elope Ball bm twied s accordance wik

NSURESNET/ICC 180, ASTM E3 158 or
ot 1 equvilent method spproved by the
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Roof system manufacturers should be providing air retarder
information, including construction details specific to their
products functioning as an air retarder.

63

The NRCA Roofing Manual:
Architectural Metal Flashing and

Condensatlon and Alr Leakage
Control

2022

FYI NRCA

The NRCA Roofing Manual:
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CHAPTER 4
AIR RETARDERS FOR

The NRCA Roofing Manua: Architoctural

Water vapor diffusion through m
‘of the mechanisms by which wate|
ported into build ies, i

building envelope.

air retarder materi-
als, methods of ap-
plication and details
of any penetrations,
terminations or tran-
tions. Special atten-
tion must be paid to
the designand con-
struction sequencing
of any air retarder
transition details

or conditions, such
as where an airre-
tarderincorporated
into a roof assembly
transitions into and
interfaces with a wall
assembly air retarder.

NRCA consid-
ersa continuous,
air-impermeable
roof membrane to ¥A
functionas an air Figare ¢2.4]
retarder. Examples

of continuous, air-

impermeable roof membranes ind

sembli w

odificd bits

brane

leakage occurs when joints, crack
‘openings occur in a building’s thef
ereating continuous pathways frol
side the building, and an air press
occurs across the opening. Both ]

Fora roof membrane to effectivel
retarder, any penetrations, termir
tions must be sealed and made air|
ommends adhered membrane flag
and used if

[/

Figure & 3. Ait retarder azserbly ot roof er-wall i

into the roof assembly, below the roof
any attic space or at the ceiling plane.
‘of roof system types likely needing a se
retarder layer included metal panel an
slope roof system types. Steep-slope
such asasphalt shingle, clay and conerd
shingle, slate, and wood shake and woo]
by their nature air-permeable and, the
effective air retarders. Figures 4-6 and
270) i i i

d d be ses

diffusion and air leak: oc
time.
The principal function of an air e

strict inside air from passing throf
‘windows or roof to the outside (e
also restrict outside air from passi
building envelope to the inside

conditions apply whether the i
cause air leakage can result in prof

retarder continuity to adjacent ar
retarders. Figures 4-2 through 4-
are example illustrations showing
aroof membrane can be lapped an
an adjacent wall surface. These il
beused by designers in developin{
to-wall transition details based uj
project conditions. For more infor
hered penetratioq

assemblies. For example, extiltrat
away heating and cooling energy.

how a roof membrane can be lapped an)
‘onto an adjacent wall surface.

"When a special air retarder layer is use|
tention must be paid to the design and
sequencing of any air barrier transitior
conditions, such as where an air retard
rated into a roof assembly transitions 4
with a wall assembly air retarder.

268  The NRCA Reofing Manual: Arch
Condensation and Alr Leakaga
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Attic ventilation

67

68

International Roofing Expo
New Orleans, LA

CHAPTER 12
INTERIOR ENVIRONMENT

Ilsel note:
Abour: chis Chapter 12 provides mini

an space hestng ars recty reguisted in tis chapter and I <
Energy Consenaton Code™ Minimum room size, maximum room-|
onal ocsupancies.

SECTION 1201
GENERAL

120L1 Scope, The provisions of this chapter

~ventlation, temperature control,

sound transmission. room dimensions, suroundins

and rodentproofing associated with the interior spaces of

buldings

SECTION 1202

1202.2 Roof ventilation. Roof assemblies shall be ventilated
in accordance with this section or shall comply with Section
1202.3.

1202.2.1 Ventilated attics and rafter spaces. Enclosed
atrics and enclosed rafter spaces formed where ceilings are
applied directly to the underside of roof framing members
shall have cross ventilation for each separate space by
ventilation openings protected against the entrance of rain
and snow. Blocking and bridging shall be arranged so as
not to interfere with the movement of air. An airspace of
not less than 1 inch (25 mm) shall be provided between the
insulation and the roof sheathing. The net free ventilating
area shall be not less than Y ,, of the area of the space
ventilated. Ventilators shall be installed in accordance
with manufacturer’s installation instructions.

Exception: The net free cross-ventilation area shall be
permitted to be reduced to /3y, provided both of the
following conditions are met:

1. In Climate Zones 6. 7 and 8. a Class I or IT
vapor retarder is installed on the warm-in-
winter side of the ceiling
2021 INTERNATIONAL EUILDING CODE®

NTERNATIONAL CODE COUNCI

2. At least 40 percent and not more than 50
percent of the required venting area is provided

by ventilators located in the upper portion of

the aftic or rafter space. Upper ventilators shall
be located not more than 3 feet (914 mm)
below the ridge or highest point of the space.
measured vertically. with the balance of the
ventilafion provided by eave or cornice vents.
Where the location of wall or roof framing

members conflicts with the installation of

upper ventilators, installation more than 3 feet

(914 mm) below the ridge or highest point of

the space shall be permitted

aiiic <pace of any buildig miended for buman occupancy
shall be protectd to prevent the entry of birds, squirrls,
rodents, smakes and other similar creatures. Openine:

ventilation having a least dimension of not less than ',
inch (1.6 mm) and not more than '/, inch (6.4 mm) shall
be permitted. Openings for ventilation having 3 least

‘mm) shell be provided
with comosion-resistant wire cloth serssning, hardware
cloth, perforsted vinyl ar similar material with openings
having 3 least dimension of not less than . inch (16
mnm) and not more then ', inch (6.4 mm). Where combus-
fion air is obtained from an awie area, it <hall be m
accordance with Chapter 7 of the Internarional Machani-

& Unvented attic and unvented enclosed rafter

g members
shall be permitied where all of the following conditions are
met

1. The unvented amic space is completely within the
building thermal emelope.

2. N Ivapor refarders are installed on the
= t m:
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Research has shown there is little or no
technical basis for these historic attic
ventilation guidelines

69

Also, more isn’t necessarily better...
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Attic ventilation components

71
Suggested guidelines
Static ventilation configuration
APPROX, 50% OF TOTAL
VENTILATION AREA AT RIDGE
e Balanced
e 1:150 ratio Zm'”""“]
* Jan.<30F: T
INSULATION
— Vapor retarder y
* Slope 8:12: / sormox s
— Increase ventilation RREAAT
EAVES
72
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Average January temperature less than 30F

2

AREAS OF THE U.S, WITH AN AVERAGE JANUARY
D TEMPERATURE BELOW 30" F, CONTOURS REPRESENT
U.S. CLIMATE DIVISIONS.

udry sempentiure below 30 F, an
iss website, wiwno. cde. noaa. gov. Consours r

ie 1981-2012 dasa. Map is based on dasa provided by NOAA/ESRL Physicil
me U.S. Climase Divisions.

73
Suggested guidelines
Mechanical ventilation
MECHANICAL VENT
(1.0 CU. FT. PER MINUTE
PER SQ. FT.) ‘&‘
e 1 CFM per sq. ft. = 1:150 ratio %
* Eave/soffits vents req’d. & ameseace ;
e Jan.<30F:
INSULATION
— Vapor retarder y
e Slope 8:12: a C°Ns'?='l'c°¥;° -
— Increase ventilation vevTLATon
AREA AT
EAVES
74
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An alternative: Unvented, conditioned attic

INSULATION

ZATTIC SPACE
(CONDITIONED SPACE7

CONDITIONED
SPACE

75
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CHAPTER 12
INTERIOR ENVIRONMENT

Ilsel note:
h cmm .zmmm.

am-&awh\—am
Enrpy Consenvaton Coce™ i roam 52

environmet. Ventilation, lighting,

ated n iz chagtr and n conunctn uih the I'ler'.won: Mechanica Goce®and th ol

onal ocsupancies.

for educa-

SECTION 1201
GENERAL

J20L1 Scope, The provisons of this chaps

SECTION 1202
VENTILATION

2.1 General. Bualdings shall be provided with naturl ventil

o n secondareewih Sertn 12025 or mechumial venelaion

n accordance wih the hriernation

Where the air infiltration rate in a deling wnit is less

ted with 2 blower deor

g accordance wik Section 407 of e
Tternational Mecharical Co

1202 Roof ventilaton, Roof sssembliesshll b vntlated
in accordance iom or zhall comply wit
2023

entilation area shall be
permitied fo be reduced fo /.y, provided both of the
following conditions are met
1. In Clanate Zones 6,7 and §, 2 Clase Lo I
vapor retar installed on the wamsin-
o i of te cothng.

2021 INTERNATIONAL B

DING CoDE

Af least 90 percent and not more an 50

by ventlstors located m the wpper
the artic or rafer space. Upper Cemtitors bl
be located not more than 3 feet (914 mm)
belore the rdge o bt poit of e s
measwed vertically, with the balance of the

upper ventilators
(914 rmm) below the ridze or highest pomt of
the space shall be permiried.

Veclstion having 2 leat dimencion of not s
inch (1.6 mm) and not more than '/, inch (6.4 mm) shall
be permitted. Openings for ventilation having 3 least

arger then |/, inch (6 4 mm) shall be provided
sistant wire cloth sereening, hardware

fion air is obtained from an amie ares, it <ha

12024 Cavented artc 1ad uavented enclosed rafter
assemblies. Unvented aries and oof

aming assemblies ereated by ceilings applied direct
underside of the roof framing membe: and the struc-
i3l roof sheathing at the top of the roof faming members
shall be permitied where all of the following conditions are
met

1. The unvented amic space is completely within the
building thermal emelope.

2. No interiar Class [ vapor refarders are installed on the
ceiling side (arnic floor) of the unvented armie assem-
bl or on the celng e of the wented sncosed
roof faming assembly.

Where wood m:d-e

v shakes e used, not 1

mm) vented = ates the
shingles or shalies and the oo ment
above the structural sheathing
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The conditioned, unvented attic is considered
a viable alternative to attic ventilation

77
The NRCA Roofing Manual: The NRCA Roofing Manual:
Condonsation and A Leakase Architectural Metal Flashing and
Condensation and Air Leakage
2022 Control-2022
i NRCA
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Questions...
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Mark S. Graham

Vice President, Technical Services
National Roofing Contractors Association
10255 West Higgins Road, 600
Rosemont, Illinois 60018-5607

(847) 299-9070
mgraham@nrca.net
www.nrca.net

Twitter: @MarkGrahamNRCA
Personal website: www.MarkGrahamNRCA.com
LinkedIn: linkedin.com/in/MarkGrahamNRCA
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