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1 Credit earned on completion of this
course will be reported to AIA CES
for AIA members. Certificates of
Completion for both AIA members
and non-AlA members are available
upon request.
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This course is registered with AIA CES
for continuing professional
education. As such, it does not
include content that may be deemed
or construed to be an approval or
endorsement by the AlA of any
material of construction or any
method or manner of

handling, using, distributing, or
dealing in any material or product.

Questions related to specific materials, methods, and
services will be addressed at the conclusion of this
presentation.
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Description

.

The desire to build more efficient buildings has driven the construction
industry toward new and modified construction practices over the past two
decades. As buildings have become more efficient, the strategies for reducing
energy consumption have become more detailed and increasingly complex.
In order to optimize the energy efficiency of standard platform light frame
construction, builders and designers have been forced to address thermal
bridging’s role in the performance of residential structures. This webinar will
take a look at how much of an effect thermal bridging has on energy
efficiency, as well as the effectiveness of current strategies for reducing heat

loss through these bridges.
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Learning Objectives

Understand the fundamental thermodynamic principles that allow for
thermal bridges to occur in light frame platform construction.

Identify current construction methods and assemblies that aim to reduce the
effect that thermal bridging has on the efficiency and affordability of
housing.

Utilize various methods, including infrared thermography, to demonstrate
the location and effect of thermal bridging in residential construction.
Examine the role of building codes and above code programs in reducing
operating costs for building occupants.
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2009 IRC Definitions

Building Thermal Envelope. The basement walls, exterior walls, floor,
roof and any other building element that enclose conditioned spaces.
— Building Envelope
Vs

— Building Enclosure

Conditioned Space. For energy purposes, space within a building that
is provided with heating and/or cooling equipment or systems capable
of maintaining, through design or heat loss/gain, 50°F (10°C) during
the heating season and 85°F (29°C) during the cooling season, or
communicates directly with a conditioned space.

{2009 RCChapter2 | ﬁ
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WINTER

HEAT
FLOW
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SUMMER

HEAT
FLOW

From hot to cold (high concentration to low concentration)

Conduction
— Heat flow through a substance or material by direct contact

— Conduction takes place within a single material or between materials in
direct contact

Convection
Radiation




Conductive Heat Loss

*Q=UxAXAT

Q = heat flow (Btu / hr)

— U =thermal conductivity (U=1/R)

— A =surface area (square feet)

— AT = temperature difference across component (°F)

Conductive Heat Loss

¢ Can you stop heat flow?

=uXAXAT

— Answer: No
* Conductive heat flow can be managed, but not eliminated

* Thermal bridging can be managed, but not eliminated

Building Enclosure Functions

1. (structural)

2. (heat, air, moisture, smoke, odor, sound, fire, insects,
etc.)

3. (exterior and interior finishes)

4. (MEP)
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Managing Heat

* When a thermal gradient is present, heat flow cannot be
stopped, but can be managed by installing thermal insulation

¢ Heat will always flow through path of least resistance

¢ How do we measure the insulating value of different materials?

Thermal Properties

¢ Thermal resistance (R-Value)

— Higher R-Value = better insulating value

¢ Thermal transmittance (U-Value)

e U-Value = 1/ (R-Value)
— R-Value = Insulation

— U-Value = Fenestration

2009 IRC - R-Value

* R-Value, Thermal Resistance. The inverse of the time rate of
heat flow through a building thermal envelope element from
one of its bounding surfaces to the other for a unit temperature
difference between the two surfaces, under steady state
conditions, per unit area (h - ft2 - °F/Btu).

— ASTM C518-04: This test method covers the measurement of steady state
thermal transmission through flat slab specimens using a heat flow meter
apparatus.

* Includes effects of conduction, convection, and radiation that occur within the
specimen

i 2009 IRC Chapter 2 i ‘ﬁ
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Thermal Properties

* R-Value = (Hour x Feet? x °F)
Btu

— R-20insulation allows 1 Btu of energy to pass through one square foot of
surface area in an hour’s time when there is a temperature difference of
20°F between surfaces

— R-40 insulation allows 1/2 Btu of energy to pass through one square foot of
surface area in an hour’s time when there is a temperature difference of
20°F between surfaces
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R-Values of Common Materials
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Building Material R-Value
Framing Lumber (SPF) 1.35-1.11/inch
0SB (7/16”) 0.62
Gypsum (1/2”) 0.45
Cellulose 2.94-3.45 /inch
Fiberglass 3.33-3.82/inch
Open Cell Spray Foam 3.5/inch
Extruded Polystyrene (XPS) 5.0 /inch
Closed Cell Spray Foam 6.0 /inch
TABLE N1102.1
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Thermal Bridging

¢ Material with lower R-Value allowing heat to pass through
assembly with much higher overall R-Value
¢ Example: Wood stud wall
— Insulation (cavity) = R-21
— 2x6 stud ~ R-6.88

Thermal Bridging

EXTERIOR

INTERIOR

How Do We Visualize Thermal Bridging?

e Simulations
¢ Infrared imagery
— Requires minimum thermal gradient (up to 50°F, can be less with higher
performing equipment)
— Can represent all mechanisms of heat flow (must use caution when
interpreting infrared images)
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Light-Frame Thermal Bridging

Wood studs serve as primary thermal bridge in low-rise light-
frame construction

— Others: Slab edge, fenestration, mechanical penetrations, etc.

Framing factor defines the proportion of framing in an insulated
wall system (includes studs, jacks, kings, headers, top / bottom
plates)

— Typical framing factor = 25%




Building Enclosure Functions

1. Support (structural)

2. Control (heat, air, moisture, smoke, odor, sound, fire, insects,
etc.)

3. Aesthetics (exterior and interior finishes)
Distribution of Services (MEP)

R-Value of Total Wall Assembly

. [Componen Cavity R-value Frame R-value
g Outside air film 0.17 0.17
N Lap siding 0.62 0.62
3 7/16” 0SB 0.62 0.62
Batt insulation 21 -
@ 2x6 stud = 6.88
— Gypsum board 0.45 0.45
‘; Inside air film 0.68 0.68
2 T —
[ (1/R-value) 0.0425 0.1062
Ugveran = (0.0425x.75)+(0.1062x.25) = 0.0584

Roverar = 1/0.0584 = 17.1
Data pulle from “TypicalThrmlPropertes ofCommon Bulding nd nslating Watrerls 2005 ASHRAE Handbook @

U-Factor Compliance

TABLE N1102.1.2
ECURVALENT LLFACTORS®

FRAME wass

CLMATE | FENESTRATICN CELING waLL WALL FLOG
oML LLrACTOR | UTACTOR | GFACTOR | USACTOR | OFACTOR | uf

R =1/0.0584=17.1

overall =

2009 IRC Table N1102.1.2 | ‘ﬁ
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R-Value Computation

¢ 402.1.2 R-value computation. Insulation material used in layers,
such as framing cavity insulation and insulating sheathing, shall
be summed to compute the component R-value. The
manufacturer's settled R-value shall be used for blown
insulation. Computed R-values shall not include an R-value for
other building materials or air films.

{2009 IECC Sect. 402.1.2 :@
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How Do We Manage Thermal Bridging?

1. Provide a thermal break

— Thermal Break Definition: An element of low conductivity placed between
two conductive materials to limit heat flow

*  Source: DictionaryofConstruction.com

—  Exterior foam insulation

2. Reduce the number of thermal bridge elements

— Advanced framing techniques

TABLE N1102.1
INSULATION AND FENESTRATION REGUIREMENTS BY COMPONENT®
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Exterior Foam Insulation

¢ Adding an insulating layer of exterior foam on the exterior of
the wall framing provides a continuous thermal break

* 2009 IRC
— 13 + 5 option
— Able to reduce amount of cavity insulation as the exterior foam contributes
to the overall R-Value (for code compliance)

— Must provide a minimum level of continuous insulation in order to mitigate
condensation risk associated with foam permeability

Thermal Bridging w/Exterior Foam

EXTERIOR
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R-Value of Total Wall Assembly

E [Componen

m :
e Outside a

°a Lap siding 0.62 0.62

. 7/16” 0SB 0.62 0.62

9 Batt insulation 13 -
‘O Rigid Foam 5 5
e 2x4 stud - 4.38
- Gypsum board 0.45 0.45
® Inside air film 068 0.68
] Total R-values 20.54 11.92
g (Tf/t;'\zf:;"' 0.0487 0.0839
i Ugyeran = (0.0487x.75)+(0.0839x.25) = 0.0575
o~

Roveran = 1/0.0575=17.4
Data puled from “Typicl Thermal Propertis of Common Bullding and Insulting iatererial’s 2008 ASHRAE Handbook ﬁ
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U-Factor Compliance

TABLE N11021.2
EQUNALENT LLFACTORS"
CRAWL

s Mass BASEMINT | SPACE
CLMATE | FEMESTRATION.  SXTLIGHT cEnnG AL WAL FLoce WAL whLL
FokE UFACTOR | LFACTOR | UFACTON | UFACTON | UFACTOR | LFACTOS | USACTOR | LFACTON
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Roverall = 1/0.0575 = 17.4
| 2009 IRC Table N1102.1.2 ! ,ﬁ

Exterior Foam — Key Considerations

¢ Hygrothermal loading
— Double vapor retarder / barrier

* Wall bracing

¢ Cladding attachment

¢ Water-resistive barrier placement
— Flashing

Advanced Framing

WALL FRAME COMPARISON
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Source: APA Advar
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Advanced Framing Elements

* A combination of the following framing techniques can reduce
the framing factor by up to 10% (from 25% down to 15%)
— Single top-plate
— Studs spaced @ 24” o.c. where allowable
— Two-stud corners
— Elimination of redundant framing at openings
— Engineered headers

Thermal Bridging w/Advanced Framing

EXTERIOR

INTERIOR

R-Value of Total Wall Assembly

. [Component Cavity R-value Frame R-value
g Outside air film 0.17 0.17
N Lap siding 0.62 0.62
< 7/16” OSB 0.62 0.62
N Batt insulation 21 -
@) 2x6 stud = 6.88
— Gypsum board 0.45 0.45
g Inside air film 0.68 0.68
Total R-val 23.54 9.42
‘2 To aI : \;a ues
otal U-factor
N (1/Rvalue) 0.0425 0.1062
I Ugyeran = (0.0425x.85)+(0.1062x.15) = 0.0521
Roveran = 1/0.0521=19.2
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U-Factor Compliance

TABLE N1102.1.2
ECURVALENT LLFACTORS®

FRAE Mass BASEMENT
CLMATE | FEMESTRATION.  SXTLIGHT cEnnG waLL WAL oo wALL
Hoke UFACTOR | LFACTOR | UTACTON | UFACTON | UFACTON | wfACTOS | ufacton
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=1/0.0521=19.2

Rove rall

12009 IRC Table N1102.1.2

Two Different Strategies

¢ Advanced Framing — Thermal Break
— Engineered headers
— Ladder blocking @ intersecting partitions
¢ Advanced Framing — Fewer Bridge Elements
— 24” o.c. stud spacing
— Elimination of redundant elements at openings
— Two-stud corners

Advanced Framing — Thermal Break

EXTERIOR

OPTIMIZED HEADER SIZING

Sl
i 1 ROOM FOR INSULATION

INTERIOR
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Advanced Framing — Fewer Elements

EXTERIOR

INTERIOR
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Advanced Framing — Key Considerations

¢ Wall bracing

¢ Cladding attachment

* Framing alignment

* Code limitations
— Stud spacing (2009 IRC Table R602.3(5))
— Prescriptive design vs. engineered design
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2009 IRC Table R602.3(5)

TABLE R62.345)
SIZE. HEIGHT AND SPACING OF WOOD 5TUDS*

BEARING WALLS NONBEARING WALLS
Maismism spacing | Marerem spacieg
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Summary

¢ Thermal bridging is a natural consequence of low-rise light-
frame construction
— Effects of thermal bridging can be reduced, but not eliminated
¢ Two main methods for managing thermal bridging:
— Exterior rigid foam
— Advanced framing
¢ All methods for managing thermal bridging rely on proper
detailing, attention to code requirements, and coordination
with various trades
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Building Enclosure Functions

etc.)

(structural)
(heat, air, moisture, smoke, odor, sound, fire, insects,

(exterior and interior finishes)
(MEP)
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