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BUILDING THERMAL ENVELOPE

Energy codes have recognized the importance of envelope air leakage and 
water resistance control, and have become mandatory code requirements for 
the building envelope (ASHRAE 90.1 2010+, IECC 2012+, others). However, 
simple inclusion of control layers in the design documents does not guarantee 
performance or durability under field application conditions. Assembly air 
and water tightness impacts code compliance, building performance, and 
combustibility requirements. Energy codes generally focus on air tightness 
and insulation. Owners, manufacturers and designers utilize many tests and 
specifications to promote durability. Differences between laboratory test 
conditions and field requirements are important to understand to promote 
effective and deliver performance in practice.

COURSE DESCRIPTION
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Upon completing the course be able to:

1. Discuss of how assembly air and water performance impacts code 
compliance in the building and model energy codes and standards;

2. Explain the desired air and water design specifications by project type and 
included assembly components;

3. Discuss the methodology of laboratory-based air, water, thermal, and fire 
resistance as materials, assemblies, and whole buildings;

4. Describe examples of how field installation details and testing can impact 
the performance level for a given enclosure system.

LEARNING OBJECTIVES
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DEMYSTIFYING THE IECC:
ENCLOSURE DESIGN AND AIR BARRIER
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INTRODUCTION
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THE BUILDING ENCLOSURE
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THE BUILDING ENCLOSURE

SHELTER AESTHETICS SECURITY

ENERGY & COMFORT DURABILITY SERVICEABILITY



BUILDING THERMAL ENVELOPE

THE BUILDING ENCLOSURE

COMPLEX SIMPLE

ASHRAE 90.1-2016 
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THE BUILDING ENCLOSURE
The primary function of the building enclosure is to separate environmental 
conditions – Interior from the exterior OR interior to interior – and typically 
include the following components:

• Roof

• Above-Grade Walls

• Fenestration (Windows, Doors, Louvers)

• Below-Grade Walls

• Slab-on-Grade or Exposed Floor Systems
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THE BUILDING ENCLOSURE



BUILDING THERMAL ENVELOPE

THE BUILDING ENCLOSURE

ASHRAE 90.1-2016 
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THE BUILDING ENCLOSURE
CONTROL LAYERS
Building Enclosures are designed to control multiple 
loadings this presentation will primarily be 
concerned with the following in order of 
importance: 

1. Water Control Layer

2. Air Control Layer

3. Vapor Control Layer

4. Thermal Control Layer
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THE BUILDING ENCLOSURE
WATER CONTROL LAYER
The continuous layer (comprised of one of several materials and formed into 
planes to form a three dimensional boundary) that is designed, installed, or acts 
to control the passage of liquid water even after long or continuous exposure to 
moisture. 

• Interconnected with flashings, window and door openings, and other 
penetrations

• Overlap each other shingle fashion or are sealed so that water flow is 
downward and outward

• Goal is to evacuate water from the assembly and away from the building as 
quickly as reasonably possible



BUILDING THERMAL ENVELOPE

THE BUILDING ENCLOSURE
AIR CONTROL LAYER
Three-dimensional systems of materials designed, constructed, and/or acting to 
control air flow across a building enclosure, or between a conditioned space and 
an unconditioned space. The pressure boundary of the enclosure should, by 
definition, be coincident with the plane of a functional air control layer system.

• Interconnected with flashings, window and door openings, and other 
penetrations

• Continuity is Critical

• Moisture-Laden-Airflow can carry 100 to 300x’s more moisture than 
diffusion over the same time period
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AIR FLOW – STACK EFFECT
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AIR FLOW – MECHANICAL EFFECTS
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AIR FLOW - COMBINED
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THE BUILDING ENCLOSURE
VAPOR CONTROL LAYER
The component or components that are designed and installed in an assembly to 
control the movement of water by vapor diffusion.

• Vapor diffusion is a linear process of moisture transport through a material

• “Continuity” of a Vapor Control Layer may be significantly dis-continuous 
(10% +) and still perform as a vapor control
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Diffusion vs Air Leakage
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THE BUILDING ENCLOSURE
THERMAL CONTROL LAYER
The component or components that are designed and installed in an assembly to 
control the transfer of thermal energy (heat). Typically, these are comprised of 
insulation products, radiant barriers, or trapped gaps filled with air or other 
gases.

• Interrupted by flashings, window and door openings, and other 
penetrations

• Understand the Impact of Thermal Bridging (see ASHRAE 90.1- Appendix A)
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THE BUILDING ENCLOSURE
HISTORIC BUILDING ENCLOSURE

• Simpler building systems

• Fewer layers

• Master tradesmen

• Apprenticeship training

• Lower expectations?

https://en.wikipedia.org/wiki/Old_Stone_House_(Washington,_D.C.)#/media/File:Old_Stone_House_-_ca._1890.jpg
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THE BUILDING ENCLOSURE
TODAY’S BUILDING ENCLOSURE

• Complex building materials

• Multi-layer construction / 
multiple trades

• Thinner construction

• Limited on-the-job training

• Higher expectations

• Schedule critical

• Cost sensitive

http://www.mgac.com/projects/house-of-sweden/33
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THE BUILDING ENCLOSURE
WHY THE BUILDING ENCLOSURE

• Risk/lost/delay mitigation

• Avoid failure/lawsuit

• Occupant Comfort/Indoor 
Environmental Quality (IEQ)

• Load reduction/energy efficiency

• Chemical, Biological, Radiological 
(CBR) Security

• Blast resistance

• Maintenance and serviceability
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ENERGY CODE COMPLIANCE PATHS
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2018 INTERNATIONAL ENERGY CONSERVATION CODE
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2018 INTERNATIONAL ENERGY CONSERVATION CODE
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COMPLIANCE PATHS

https://dgs.virginia.gov/globalassets/business-units/bcom/documents/cpsm/cpsm-2021-rev-1.pdf
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ASHRAE 90.1-2016
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KNOW YOUR CLIMATE
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CLIMATE ZONE – VIRGINIA & DC ARE 4a
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CLIMATE ZONE – VIRGINIA and DC are 4a
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CLIMATE ZONE – VIRGINIA and DC are 4a
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CLIMATE ZONE – ASHRAE DATA
Example: DCA (Regan National)

• 99.6% Heating DB = 17.9 dF
• 99% Heating DB = 21.6 dF
• Avg Temp Coldest Month = 

37.2 dF (Jan)

• PrecAvg = 38.6”
• HDD65 = 3901

• Climate Zone 4A (Cold-Wet)
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https://buildingscience.com/documents/reports/rr-0108-unvented-roof-systems/view
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CHOOSE YOUR COMPLIANCE PATH
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COMPLY WITH THE IECC
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ASHRAE 90.1-2016 (5.4)

• Continuous air barrier 
– Design (section 5.4.3.1.1) 

• noted on construction documents, detailed, and 
designed to resist positive and negative pressures

– Construction/Installation (5.4.3.1.2)
• Joints, Junctions, penetrations, etc.

• Testing, Acceptable Materials, and Assemblies
– Whole Building Pressurization (Section 

5.4.3.1.3(a) - ASTM E779 or E1827)
• In case of failure, diagnostic testing option for 

compliance
• Options for large building testing

– 90.1-2016 Continuous Air Barrier Requirements 
(Section 5.4.3.1.3(b)and(c) 

• Materials (0.004 cfm/ft2) or Assemblies (0.04 
cfm/ft2)

COMPLY WITH THE IECC (ASHRAE 90.1)



BUILDING THERMAL ENVELOPE

2015 IECC (C402.5) 
– Compliance through testing in 

accordance with ASTM E779 and 
also comply with:
• C402.5.5 - Air intakes, exhaust 

openings, stairways and shafts
• C402.5.6 - Loading dock weather 

seals
• C402.5.7 - Vestibules

– Compliance with Sections 
C402.5.1 through C402.5.8
• Air Barrier Construction
• Materials (0.004 cfm/ft2) or 

Assemblies (0.04 cfm/ft2)
• Fenestration, openings, etc.

COMPLY WITH THE IECC
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THERMAL ENVELOPE
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Air Barrier
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CONTINUOUS AIR BARRIER REQUIREMENTS IN 
ASHRAE STANDARD 90.1 OVERTIME
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ASHRAE 90.1 - INSPECTIONS

ASHRAE 90.1-2016 (4.24)

• As required by the 
building official

ASHRAE 90.1-2016 (5.9.1)

• Fenestration

• Opaque Assemblies
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ASHRAE 90.1 - Verifications

ASHRAE 90.1-2016 (5.9.2)

• Air barrier design and 
verification

– Design Review

– Periodic Field 
Inspections

• Whole Building Air 
Leakage (5.4.3.1.3a)
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AIR INFILTRATION RESISTANCE

● ASTM E2178

● 0.004 cfm/sq.ft. @75 Pa

Materials Assemblies Whole Building
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AIR INFILTRATION RESISTANCE
Materials Assemblies Whole Building

● ASTM E2357 (or E1677)

● 0.04 cfm/sq.ft. @75 Pa
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AIR INFILTRATION RESISTANCE
Materials Assemblies Whole Building

● ASTM E779

● 0.4 cfm/sq.ft.@75 Pa

(c) Smoke test

(b) Infrared thermogram

(a) pressurize

Photos courtesy Pie Forensic Consultants
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Materials Assemblies Whole Building

Air Infiltration Requirements 
[cfm/ft2 @ 0.3 in w.g., 75Pa]

Materials
(ASTM E2178)

Assemblies
(ASTM E2357 or 

E1677)

Whole Building
(ASTM E779)

ASHRAE 90.1 (2013) 0.004 0.04 0.4

USACE(2008); NAVFAC (2011) 0.004 -- 0.25

Washington State (2010) 0.004 -- 0.25

GSA (2010) USAF (2011) 0.004 0.04 0.40

IECC (2018) 0.004 0.04 0.40

IgCC (2018) -- -- 0.25

Abbreviations: ASHRAE – American Society of Heating, Refrigeration and air Conditioning Engineers;  USACE - US Army Corps of Engineers; GSA - General Services Administration; 
NAVFAC - Naval Facilities Engineering Command; USAF- United States Air Force;  IgCC – International Green Construction Code
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ASTM E1186 (4.2.2) Infrared
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ASTM E1186 (4.2.6) – “Smoke Tracer”
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ASTM E1186 (4.2.7) “ Bubble Gun”
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ASTM E1186 (4.2.7) “ Bubble Gun”
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ASTM D4541 (4.2.7) Adhesion Testing
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ASTM E907/FM 1-52 Roof Uplift Testing
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ASTM E84 “Steiner Tunnel”
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NFPA 285 Vertical and Lateral Flame Spread
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NFPA 285 Vertical and Lateral Flame Spread
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FENESTRATION
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BUILDING ENVELOPE – ALLOWABLE AIR LEAKAGE THROUGH FENESTRATION
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ASTM E783 Air Leakage Windows and Doors
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ASTM E330 Structural Loading
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ASTM E330 Structural Loading
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THANK YOU!
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