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LEARNING OBJECTIVES

• Comprehend the Building Thermal Envelope 

• Understand energy code air barrier & insulation requirements

• Learn the details of properly installed insulation –Grade I

SCOPE OF RESIDENTIAL ENERGY CODE

• Focus is on building envelope

• Ceilings, walls, windows, floors, foundations

• Sets insulation levels, window U‐factors and SHGC

• Infiltration control 

• Caulk and seal to prevent air leaks

• Verify tight envelope with blower door or visual inspection

• Ducts 

• No building cavities as ducts

• Seal and insulate

• Verify tight with duct pressurization test

• Lighting equipment

• high‐efficacy lamp required 

• No appliance requirements

• Alternatives to prescriptive compliance



• New construction

• 1 and 2 family (R3)

• Multi-family, 3 stories and 
less (R2 and R4) – IECC 

• Additions, Alterations, 
Repairs

Exempt Buildings

• No conditioning

• Historical

RESIDENTIAL BUILDINGS 
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2009 IECC- Section 402.1
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2015 IECC- Section 402.1

GEORGIA TRADE‐OFF CONSTRAINTS

“Can’t Trade to Zero”

ERI Targets
CZ2 – 57
CZ3 – 57
CZ4 – 62

Table applies to all 
Trade-off options:

• RESCheck
• UA Trade-off
• Simulated Perf
• Energy Rating Index
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Fill in the prescriptive code R-values

1st Floor

2nd Floor

Crawlspace

3rd Floor

Attic Attic

2015 IECC – for house in 
Climate Zone 3

Uninsulated
Flat ceiling

RESIDENTIAL ENERGY CODE FIELD STUDY –
GEORGIA RESULTS

8 Key Items :

• High‐efficiency lighting

• Envelope tightness (ACH50)

• Duct leakage

• Exterior wall insulation

• Ceiling insulation

• Foundation insulation (floor / basement wall / slab)

• Window U‐factor

• Window SHGC

63 observations of each key item minimum



Vertical red line indicates the 2009 
IECC prescriptive code requirement 
of 7 ACH50 (max.)

Only 4 results worse than code 
of 73 tests conducted 

The average ACH50 for all 
homes tested was 4.9 

CZ:2

CZ:3

CZ:4

ENVELOPE TIGHTNESS (ACH50)
NO. OF OBSERVATIONS: 73

Lower is Better!

Vertical red line indicates the 2009 
IECC prescriptive code requirement of 
R-13 for all CZ’s

CZ:2

CZ:3

CZ:4

Higher is Better!

FRAME WALL R‐VALUE (CAVITY)

NO. OF OBSERVATIONS: 76

Quality of installation (Grade) 
was generally poor



CEILING R‐VALUE
NO. OF OBSERVATIONS: 99

Vertical red line indicates the 2009 
IECC prescriptive code requirement of 
R-30 in CZ’s 2 & 3 and 
R-38 in CZ 4

CZ:2

CZ:3

CZ:4

Higher is Better!

GA Code allows ceiling 
insulation to be traded down to 
as low as R-19

Quality of installation (Grade) 
was generally average to poor
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• Details for insulating 
various aspects of the 
building envelope
– Ceilings with Attic – 402.2.1
– Ceilings w/out Attic – 402.2.2
– Access hatches and doors–

402.2.3
– Mass Walls – 402.2.4
– Steel Framing – 402.2.5
– Floors – 402.2.6
– Basement Walls – 402.2.7
– Slab-on-grade – 402.2.8
– Crawlspace Walls – 402.2.9
– Masonry Veneer – 402.2.10
– Sunrooms – 402.2.11

Section 402.2: Insulation Requirements
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402.2.1 - Ceilings with Attics

• GA: R-19 acceptable under 
HVAC attic platforms (32 
s.f./platform + 32” walkway)

• Rulers required every 300 s.f.
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402.2.1.1 GA: Wind wash baffle 
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402.2.2 - Ceilings without Attics

• R-30 for 20% (up to 500 s.f.) acceptable for CZ4
• Vaulted ceilings and foam sprayed rooflines will need 

to perform an R-value trade-off (REScheck)
• GA specific: Can trade down to R-19 if only spray 

foam insulation is used (air impermeable insulation) 
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402.2.3 - Attic Access

• Weather-strip and insulate 
access doors (GA clarification) 

• Vertical doors: R-5

• Pull-down stairs: R-5

• Hatches/scuttle hole covers: R-19

• If 990 s.f. = R-30, 
and 10 s.f. = R-1, 
Effective R-value = R-23!
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402.2.6 Floors

402.2.6 – Floors

• Floors – insulation must maintain continuous 
permanent contact against subfloor
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• Basement Wall –
Average gross wall 
must be > 50% below 
grade and enclose 
conditioned space

• CZ4: R-10 continuous 
or R-13 cavity

• CZ3: R-5 continuous or 
R-13 cavity

• CZ2: No insulation 
required

Grade Line

4’

4’

4’

4’

402.2.7 Basement Walls
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402.2.7 Basement Walls

Insulation strategies:

Fiberglass batt 
w/ vinyl backingCellulose batt Rigid foam board

25

402.2.9 Crawlspace Walls - 3 Options

Standard vented
crawlspace -
underfloor insulation

Closed
crawlspace
underfloor
insulationClosed

crawlspace with 
wall insulation

• Note: all crawspaces must 
meet vapor retarder 
requirements, as per IRC
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• Seal ground with plastic (6” up walls, 6” overlaps)
• Insulate interior of walls to satisfy code 

(R-10 in CZ4, R-5 in CZ3,  R-0 in CZ2)
• Eliminate all vents and leaks (access doors)
• Satisfy IRC exception to vent requirement (2006 IRC 

section R408.3)

Critical Details:

• No drainage problems

• Use a sealed 
combustion / direct vent 
furnace or install a Heat 
Pump

• Pest Control and Code 
Official awareness

Venting Exceptions:

• Continuous exhaust 
(radon)

• Direct condition 
crawlspace (supply)

• Direct condition 
(dehumidifier)

Closed Crawlspaces
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402.2.9 – Crawlspace Walls

Crawl space wall insulation to 
extend within 9 inches of 
finished interior grade

Complete plastic sealed to walls  
at least 6 inches up the stem wall

Insulate band joist area
3-inch view strip (removable)
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Reality of Underfloor Insulation

BLOWER DOOR ENVELOPE TESTING 

• Required by 2011 GA Energy 
Code (< 7 ACH50)

• Quantifies the Amount of 
Leakage Across the Home’s 
Thermal Boundary 

• Administered by a Certified 
Professional 

• Reported to Builder and Code 
Official 



HOW TO FAIL A BLOWER DOOR TEST

Leave Big Holes 
In Your Walls 

HOW TO FAIL A BLOWER DOOR TEST

Don’t Install Blocking 
(Just Cover Over With Insulation) 



HOW TO FAIL A BLOWER DOOR TEST

Don’t Air Seal 
Blocking 
(Just Cover Over 
With Insulation) 

HOW TO FAIL A BLOWER DOOR TEST

Don’t Complete Kneewalls
(Just Cover Over With Insulation) 



HOW TO FAIL A BLOWER DOOR TEST

Don’t Complete 
Kneewalls
(Just Cover Over 
With Insulation) 

HOW TO FAIL A BLOWER DOOR TEST

Don’t Cap Chases



CORRECT PRACTICES 

Penetrations in 
Top Plate Sealed

CORRECT PRACTICES 

Chase capped 
and sealed 
around duct  



CORRECT PRACTICES 

Complete air 
barrier behind tub

CORRECT 
PRACTICES 

Penetrations Sealed

Framing Blocked 
and Sealed

Garage on Other Side of Wall 



CORRECT PRACTICES

Install Kneewall blocking 

Not This!?!

CORRECT PRACTICES ‐ KNEEWALLS

Install 
Kneewall
blocking 



INSTALLING INSULATION 
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INSULATION INSTALLATION: GRADE I, II, OR III
Unless verified, assume Grade III (worst) – see Appendix A‐11‐16

Source: www.resnet.us



INSULATION INSTALLATION: 
RESNET APPENDIX A

45Source: www.resnet.us

• Voids / Gaps
• Compression / 

Incomplete fill

INSULATION INSTALLATION: GRADE I

46Source: www.resnet.us



INSULATION INSTALLATION: GRADE II

47Source: www.resnet.us

INSULATION INSTALLATION: GRADE III

48Source: www.resnet.us



GRADE I            

• occasional very small gaps 
• less than 2% compression/incomplete fill 

(which may not be more than 30% compressed)

Appendix A-11 - A-13
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Source: www.resnet.us

• <2% gaps
• <10% compression/incomplete fill 

(which may not be more than 30% compressed in depth)

GRADE II Appendix A-13 - A-15
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Source: www.resnet.us



• > 2% and < 5% gaps 

• (greater than 5% = downgraded R‐value)

GRADE III

Gaps

Appendix A-15 - A-16
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Source: www.resnet.us

WHAT GRADE?

52



WHAT 
GRADE?
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WHAT GRADE?
What Grade?
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WHAT GRADE?
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WHAT 
GRADE?
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WHAT GRADE?
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WHAT GRADE?
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WHAT GRADE?
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CONTINUOUS INSULATION & AIR BARRIER

Building Thermal Envelope
(air barrier and insulation must be in contact)

60



INSTALLING INSULATION 

INSTALLING INSULATION 

• Voids / Gaps

• Compression / Incomplete Fill



WALL INSULATION – VOIDS / GAPS

Bad!!!Good!!!

WALL INSULATION –
COMPRESSION / INCOMPLETE FILL

Bad!!!Good!!!



PHOTOS OF INSULATION 

• Please note – wall and 
ceiling vapor retarders 
are not required in 
Climate Zones 1-4

• Often, kraft paper-facing 
on batts adversely 
impacts installation

PHOTOS OF INSULATION 



VIDEOS OF INSULATION INSTALLATION

VIDEOS OF INSULATION INSTALLATION



VIDEOS OF INSULATION INSTALLATION

VIDEOS OF INSULATION INSTALLATION





Ugly Ceiling Insulation

FLOOR INSULATION 

Bad!!!Good!!!



ACME BASE ‐ 2816 S.F. HOME IN REM/RATE

• Two mechanical systems – both in the vented attic

• 75% of 1st floor ducts inside; all others plus 2nd floor ducts in attic

• 80% furnaces, 14 SEER A/C’s, no mechanical ventilation, 50 gal gas DHW

• Basic 2009 energy code compliant R-values (assume Grade III)

• R-30 flat ceiling, R-19 vault

• R-13 grade III + OSB walls

• R-19 floor over garage; no slab insulation

• Typical DP low-e windows: U-0.35  SHGC-0.30; poor orientation

• Duct leakage is 12% Total; 8% To Outside

• Envelope Leakage is 7 ACH50, 0.45 ELR50, 3009 cfm50

• Elec rate 12.5¢/kWh + $10 base fee; Gas rate 75¢/therm + $20 base fee

HERS RATING ACME HOUSE
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• Saves $33 / year

• R-13 Grade III: 
(U-0.097)
Htg + Clg Cost: 
$475+$346 

• R-13 Grade I: 
(U-0.085)
Htg + Clg Cost: 
$448+$340 



WRAP UP AND ENERGY CODE RESOURCES

Thank you! mikeb@southface.org

Online educational resources are available by visiting: 
www.southfaceonlinetraining.org 

Technical assistance or training requests can be submitted to 
Energy Code Hotline at: energycodes@southface.org or 
404‐604‐3598 

Additional Resources 
DOE Field Study: For additional information on other DOE Field Studies 
and participating states, visit the Building Energy Codes website here: 
https://www.energycodes.gov/compliance/energy‐code‐field‐studies 

Georgia Field Study: If you would like further information regarding 
the Georgia Energy Code Field Study, please visit our project webpage 
found at: www.seealliance.org 


