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Basic Requirements for a Roof Assembly

Controls:

* Moisture ﬂovv/ e
* Heat flov% e
* Air flow / o g
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Historical Perspective

\

Image by Mark Hertzberg

eU.S. Federal Housing Authority

*FLW Wingspread Property Stan. & Min. Construction
- Requirements for Dwellings

7 g " | 1 perm 1/300 attic venting

Prehistory 1920’s 1930 1937 1930-40 1942 1948 2009
| ; eVapor Barriers &
eCaves to Huts eGlass Wool Insulation VeEted Attice

R Larry Teesdale
= | ePaul Close exterior side in Tyler Rogers &
contact with roof sheathing Frank Rowley
to Prevent Mold

*BOCA’s model building ¢|RC Vented or Unvented
code published Attics
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Insulation to Prevent Condensation

1920s Thermal insulation
installed to prevent mold
growth in industrial buildings.

In 1930, Paul Close of ASH&VE:
placing insulation to the

exterior and in close direct
contact with the sheathing, to
prevent condensation and
mold growth.
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Vapor Barriers

 Not much change since the 1948 BOCA
model building code

e 1930-40’s Vapor Barriers introduced as
the “cure”. Larry Teesdale, Tyler Rogers &
Frank Rowley

e 2006 IECC Vapor Barriers: Class | (0.1

perm),
Class Il (0.1-1 perm), Class Il (1-10 perm)
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Vapor Barriers

* Restrict (NRCA's criteria): m NRCA

Average exterior temperature <40°F &
interior >45%RH
or when Interior >60-70%RH
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| - B
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Hgrothermal Modeling
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Interstitial Condensation — Air Movement

The majority of moisture is
transported by air from induced
pressure differences.

e R
=

Wind Effect Stack Effect Combustion and

Ventilation
Building Science Digests, BSD-014: Air Flow Control in Buildings, John Straube, October 15, 2007 Building Enclosure Science and Technology
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Air Barriers and Vapor Barriers

AN
Comparision of T 80-100%
Vapor diffusion = 0.3 liters difference
and

, 4 28.4 liters \5%

Air flow 4x8 sheet of gysum board % % % @% @ @ %@

() Gy G G ()
during the heating %@;i @@ii‘
season with indoor © square inch hole : E E = E
conditions: — e (m - =
: EEEEEEEER
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Energy Savings

Insulation & Air tight

Energy consumption for heating
& cooling savings of 3-50%

“Seal tight Ventilate right!”

Jack Hébert, founder of
the Cold Climate Housing Research Center
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Air Movement into the Roof Assembly
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Air Movement into a Cool Ceiling

AIR FLOW

Typical condensation for
warm humid climates

— BATT
INSULATION

?:/..t\-‘;{ .\I ,': i\I ;:/

- Lol
. )l' ,}\i:/ vf\

— KRAFT PAPER
FACING

PLASTIC
COVERED
WALL PAPER

SPOTS OF MOLD GROWTH ON
PAPER FACE OF DRYWALL

HUMID AIR

GYPSUM CORE SATURATED
WITH LIQUID WATER

PATCHES OF MOLD INFRINGING
ON GYPSUM CORE

Image from Roger Morse, 2008 BEST1, Air Barriers vs. Vapor Barriers
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Air Movement and Interstitial Condensation

Penetration

Roofing Membrane

 Daytime solar heating

Cover Board

Two Layers of Insulation

* Night sky radiant cooling

e Summer / Winter

EXTERIOR

——
E— :5 —— e e &

& - l 1
[ \ 7% \ [ \ | X\ |
| | — - | | —

INTERIOR

Metal Deck Joint

= Risk of condensation Metal Deck

" = Risk of temperature change Substrate Board

If required by FM (Factory Mutual)

Air intrusion also occurs at perimeter and terminations of

roof deck and joints in substrate and cover boards. Fasteners
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Ailr Barriers

Warrantee claim that the roof Insert Image of roof
was leaking.

Condensation due to lack of an
alr Barrier
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Interstitial Condensation

Moisture accumulation due to
air leakage.

A white “cool” roof contributed
by lower the day time roof

temperature.

Image from Phil Dregger Vice President at Salas O'Brien Company
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Cool Roof

Th 0) ugh It red uces summer Hygrothermal Performance of Flat Roofs with
Construction Moisture. Christian Bludau, Hartwig

temperatures, it reduces drying M. Kinzel, Daniel Zirkelbach. ASHRAE. 2010
potential.
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Self-Drying Roofs

Used when the average vapor Insert Image
pressures are into the
conditioned space.
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Discussion using references
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Thank You

March 29, 2024 Building Enclosure Science and Technology 20




NIBS Logos

National Institute of National Institute of

*For dark backgrounds only BUILDING SCIENCES BUlLDlNG SClENCES

Innovative Solutions for the Built Environment

‘ ‘ ‘ National Institute of ‘H National Institute of

*For light backgrounds only ‘~\ BUILDING SCIENCES H\ BUlLDING SClENCES
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