Hygrothermal Behavior of

Exterior Walls and Roofs
& Energy




WHAT WILL | LEARN TODAY?

Basic Hygrothermal conditions at play inside a
building.

How the amount of insulation and its placement can
make a big difference on a roof or wall.

. Major considerations to consider when replacing a roof
or wall cladding.

How recent changes in the building code affects the
roof or wall assemblies.
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THE PROBLEM
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HEAT, WATER (GASEOUS FORM), TIME

Buildings Are Subject to Differences in Temperature

Temperature of air and water vapor inside the building envelope wants to
equalize with temperature of air and water outside the building envelope.
In winter, warm air and vapor inside the building are pushed toward cool

temperatures outside.




* Condensation
frequently occurs

when moist air
comes in contact
with a cool surface.
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WHEN WILL IT OCCUR? et

Yemperature

4.2.1 Fundamental Concepts

Dew-point temperature is determined by knowing dry bulb |
{interior) tamperature and refative humidity using the

The warmer the air is, the more By s T

water vapor it can hold S ——
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Definition: Relative Humidity
(RH)

e The amount of water vapor in the "
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Table version of Psychrometric Chart

te m pe rat ure. The following procedure is used to obtain the dew-point

temperature from the table:
Along the top horizontal row of the table, locate the

3. Definition: Dew Point " Gry bulb temperature.
Along the vertical row at the left side of the table,

L The temperature at Wh]Ch the a.ir locate the relative humidity.

The dew-point temperature is determined at the inter-

is Completely Saturated W]th " saction of tha appropriate dry bulb temperature col-

umn and relative humidity row. The unit value for dew

\{v(;aot;r vapor. i.e. the RH reaches Do e e Oy o
O.

4.2.2 Example Calculation

SHuation: Determine the dew-point iemperature if the
anticipated dry bulb temperature is 76° F and the relative
humidity is 50%.

Solution: Using the psychrometric table, the dew point
temperature Is determined as 55° F.




HOW DOES CONDENSATION OCCUR?

Exterior Insulation and Moving the Dew Point

* Installing insulation outside sheathing can move the point at which mois-
ture condenses further toward the exterior. If the dew point moves
outside the WRB, it removes the risk of moisture condensing in the
sheathing or framing.

Uncontroll

leakage tran

water vapor through
deficiencies in the
wall assembly.

Water condenses on
surfaces that are
equal or less than
the Dew Point.
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THE PROBLEM
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BOTTOM OF THE ACOU
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THERMAL BARRIER INCC




UNCONTROLLED AIR LEA




ACOUSTICAL PANEL




@ Standing seam metal
roof

@ Fiberglass batt
insulation

@ Vinyl facer on the

insulation equal to 1-
perm

@ Air cavity

® Foil facer
approximately 1-mil
thick equal to 1-perm

® Acoustical panel

@ Sweaty athletes

Standing seam metal roof (brown), with seams 16”
on center at a 1:12 pitch

Metal structural members - purilns spaced 48” on
center

Batt insulation - 2” - 3” thick with vinyl facer, taped at
the seams

Air cavity (varies) — approximately 48” at central

ridge vent and 18” at northern and southern ends. 

Metal structural members — purlins spaced 48” on
center.

Foil facer — approximately 1- mil thick with reinforcing /

scrim, taped at the seams with duct tape (blue line).

Acoustical panel — approximately 3” thick.
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COMPUTER MODELLING
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“.but, the roof is only two years olc




INSIDE THE BUILDING
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DESIGN DEFECTS




DESIGN WEAKNESSES
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NOT CONTRUCTED PER PLANS




UNCONTROLLED AIR LEAKAGE







UNCONTROLLED AIR LEAKAGE
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THERMAL BARRIER INCOMPLETE




R-30 REQUIRED, +/- R-2 ACHEIVED
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THE FIX
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FAX: 500.772.4030
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CMU WALL TYPICAL ROOF ASSEMBLY AT TG| FRAMING CHURCH
ASSEMBLY STING 101
1-HR RATED ASSEMBLY PER
ICC EVALUATION SERVICES REPORT EXISTHG LR braa0ta
'ESR-1153' APRIL 2013 - ASSEMBLY F ! 08192014

WALL:NOCHANGE TYPICAL ROOF ASSEMBLY AT WEB TRUSS T
60 MIL, SINGLE-PLY TPO MEMBRANE, CLASS B + (1) ONEHLAYER §/8" TYPE X' NON-RATED ASSEMBLY PER INSTRUCTIONS No, 4
172" <OR= 5/8" DENSDECK COVER BOARD PER GYPSUM WALL BOARD, EA. SIDE 0SSC TABLE 601, EXCEPTION C [eep—
ROOFING MANUFACTURER (MANUFACTURER +  2x3 WOOD STUDS DESIGN SIMILAR TO UL P522
TO DETERMINE COVER BOARD THICKNESS)
MIN. R-20 CONTINUOUS POLYISOCYANURATE 60 MIL, SINGLE-PLY TPO MEMBRANE, CLASS B
INSULATION BOARD 1/2* -OR= 5/8" DENSDECK COVER BOARD PER
VAPOR BARRIER ROOFING MANUFACTURER (MANUFACTURER
FIRE RESISTANT SLIP SHEET PER ROOF TO DETERMINE COVER BOARD THICKNESS)
MEMBRANE MANUFACTURER MIN. R-20 CONTINUOUS POLYISOCYANURATE
PLYWOOD SHEATHING PER STRUCTURAL INSULATION BOARD
TGI JOISTS PER STRUCTURAL VAPOR BARRIER
MIN. R-18 BATT INSULATION - INSTALL TIGHT FIRE RESISTANT SLIP SHEET PER ROOF PROJECT
TO UNDERSIDE OF ROOF SHEATHING, IF A MEMBRANE MANUFACTURER
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(1) ONE-LAYER 5/8" TYPE X' GYPSUM WALL 14102
BOARD (EXISTING)
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TABLE 502.1.1
BUILDING ENVELOPE REQUIREMENTS - OPAQUE ASSEMBLIES

5 AND MARINE 4
CLIMATE ZONE All other Group R
Roofs
Insulation entirely above deck R-20ci R-20ci
ol Bty o Re13 4 R13 R-19
Attic and other R-38 R-38




THE DISCREPANCY IN THE CODES

SECTION R806
ROOF VENTILATION

R806.1 Ventilation required.

Enclosed attics and enclosed rafter spaces formed where ceilings are applied directly to the underside of roof rafters shall have
cross ventilation for each separate space by ventilating openings protected against the entrance of rain or snow. Ventilation
openings shall have a least dimension of 1/16 inch (1.6 mm) minimum and '/4 inch (6.4 mm) maximum. Ventilation openings
having a least dimension larger than 1/4 inch (6.4 mm) shall be provided with corrosion-resistant wire cloth screening, hardware
cloth or similar material with openings having a least dimension of 1/16 inch (1.6 mm) minimum and '/, inch (6.4 mm) maximum.
Openings in roof framing members shall conform to the requirements of Section R802.7. Required ventilation openings shall
open directly to the outside air.

R806.2 Minimum vent area.
The minimum net free ventilating area shall be 11450 of the area of the vented space.

Exception: The minimum net free ventilation area shall be 1/300 of the vented space provided one or more of the following
conditions are met:

1. In Climate Zones 6, 7 and 8, a Class | or |l vapor retarder is installed on the warm-in-winter side of the ceiling.

2. Not less than 40 percent and not more than 50 percent of the required ventilating area is provided by ventilators
located in the upper portion of the attic 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 required ventilation 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.

R806.3 Vent and insulation clearance.
Where eave or cornice vents are installed, insulation shall not block the free flow of air. Not less than a 1-inch (25 mm) space
shall be provided between the insulation and the roof sheathing and at the location of the vent.

R806.4 Installation and weather protection.

Ventilators shall be installed in accordance with manufacturer’s instructions. Installation of ventilators in roof systems shall be in
accordance with the requirements of Section R903. Installation of ventilators in wall systems shall be in accordance with the
requirements of Section R703.1.




SOLVING THE CODE ISSUE

R806.5 L attic and rafter

Unvented attics and unvented enclosed roof framing assemblies created by ceilings that are applied directly to the
underside of the roof framing members and structural roof sheathing applied directly to the top of the roof framing
members/rafters, shall be permitted where all the following conditions are met:

1. The unvented attic space is completely within the building thermal envelope.
2. No interior Class | vapor retarders are installed on the ceiling side (attic floor) of the unvented attic assembly or
on the ceiling side of the unvented roof framing
3. Where wood shingles or shakes are used, a minimum 1I4-inch (6.4 mm) vented airspace 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 insulation shall be a Class Il vapor retarder, or shall have
a Class Il vapor retarder coating or covering in direct contact with the underside of the insulation.
5. Insulation shall be located in accordance with the following:
5.1. Item 5.1.1, 5.1.2, 5.1.3 or 5.1.4 shall be met, depending on the air permeability of the insulation directly
under the structural roof sheathing.
5.1.1. Where only air-imp i ion is provided, it shall be applied in direct contact with the
underside of the structural roof sheathing.
5.1.2. Where air-permeable insulation is provided inside the building thermal envelope, it shall be
installed in accordance with Section 5.1. In addition to the air-p i ion il directly
below the structural sheathing, rigid board or sheet insulation shall be installed directly above the
structural roof sheathing in accordance with the R-values in Table R806.5 for condensation control.
5.1.3. Where both air-ir and ail i ion are provided, the

insulation shall be applied in direct contact with the underside of the structural roof sheathing in
accordance with Item 5.1.1 and shall be in accordance with the R-values in Table R806.5 for

1 control. The air-p i ion shall be i directly under the air-impermeable

insulation.
5.1.4. Alternatively, sufficient rigid board or sheet insulation shall be installed directly above the
structural roof sheathing to maintain the monthly g p of the ide of the
roof sheathing above 45°F (7°C). For calculation purposes, an interior air temperature of 68°F (20°C) is
assumed and the exterior air temperature is assumed to be the monthly average outside air temperature
of the three coldest months.
5.2. Where preformed insulation board is used as the air-impermeable insulation layer, it shall be sealed at
the perimeter of each individual sheet interior surface to form a continuous layer.

TABLE R806.5
INSULATION FOR CONDENSATION CONTROL

MINIMUM RIGID BOARD
CLIMATE ZONE ON AIR-IMPERMEABLE
INSULATION R-VALUE® P

2B and 3B tile roof only 0 (none required)
1, 2A, 2B, 3A, 3B, 3C R-5
4C R-10
4A, 4B R-15
R-20
R-25
R-30
R-35

a. Contributes to but does not supersede the requirements in Section N1102.

b. Alternatively, sufficient continuous insulation shall be installed directly above the structural roof sheathing to
maintain the monthly ge temp of the ide of the roof sheathing above 45°F (7°C). For
calculation purposes, an interior air temperature of 68°F (20°C) is assumed and the exterior air temperature is
assumed to be the monthly average outside air temperature of the three coldest months.
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AIR LEAKAGE ADDRESSED

502.4 Air leakage. The thermal envelope of buildings shall
comply with Sections 502.4.1 through 502.4.7.

502.4.1 Air barriers. A continuous air barrier shall be pro-
vided throughout the building thermal envelope. The air
barriers shall be permitted to be located on the inside or out-
side of the building envelope, located within the assemblies
composing the envelope, or any combination thereof. The
air barrier shall comply with Sections 502.4.1.1 and
502.4.1.2.

502.4.1.1 Air barrier construction. The continuous air
barrier shall be constructed to comply with the follow-
ing:

1. The air barrier shall be continuous for all assem-
blies that are the thermal envelope of the building
and across the joints and assemblies.

2. Air barrier joints and seams shall be sealed, includ-
ing sealing transitions in places and changes in
materials. Air barrier penetrations shall be sealed
in accordance with Section C502.4.2. The joints
and seals shall be securely installed in or on the
joint for its entire length so as not to dislodge,
loosen or otherwise impair its ability to resist posi-
tive and negative pressure from wind, stack effect
and mechanical ventilation.

3. Recessed lighting fixtures shall comply with Sec-

tion 504.2.8. Where similar objects are installed
which penetrate the air barrier, provisions shall be
made to maintain the integrity of the air barrier.



ON THE HORIZON

502.4.1.2.3 Building test. The completed building
shall be tested and the air leakage rate of the building
envelope shall not exceed 0.40 cfm per square foot ata
pressure differential of 0.3 inches water gauge (2.0
L/s - m? at 75 Pa) in accordance with ASTM E 779 or
an equivalent method approved by the code official.




IMPERFECTIONS IN THE WALL = FAILLU




