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Ensuring the integrity of building enclosures has become 
increasingly complex. Over time, commissioning (Cx) and 
specialty Cx disciplines, such as building envelope 
commissioning (BECx), have gained momentum as 
effective processes in achieving high performance. 
Through the use of case studies, this presentation 
explores real life examples of how BECx provides 
comprehensive quality assurance that can save time and 
money while simultaneously increasing a project’s worth.

Course
Description



Learning
Objectives

1. Review the current codes and standards related to Building Enclosure 

Commissioning (BECx).

2. Understand the linkage between materials, systems and whole building 
performance.

3. Understand how our changing environment and construction practices dictate 
modifications to traditional building enclosure quality assurance.

4. Understand the application of the full spectrum of building enclosure-related testing 
from laboratory to field.

At the end of the this course, participants will be able to:



Program Outline

Drivers
• Failures
• Safe
• Durable
• Savings
• “Green”
• Timely
• Expectations (OPR)

Codes / Building Science

State of the Practice

Tomorrow’s Trends



Environmental Separation

Building 
enclosures are 
designed to 
separate interior 
from exterior.
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Durability of Materials























Program Outline

Quality Drivers
• Failures
• Safe
• Durable
• Savings
• “Green”
• Timely
• Expectations (OPR)

Codes / Standards

State of the Practice

Tomorrow’s Trends



Energy and the Enclosure



Solar Heat Gain

SHGC
Transmittance
Reflectance
Absorptance
Emittance

Energy and the Enclosure







Owner’s Project Requirements



Window:  Wall

Energy and the Enclosure



Thermal Discontinuities

Energy and the Enclosure



Energy Modeling & BECx

Reference ASHRAE 1365 -RP



HVAC or Envelope?

Energy and the Enclosure



Whole building air test results  (ASTM E779) are 
expressed as air flow through the wall, roof, and floor, 
not just the facade.

Energy and the Enclosure



Oak Ridge National Lab - Study

Findings relating to energy modeling and air leakage:
Current modeling software, doesn’t do a good job of accounting for 
energy losses due to air leakage.

• Calculations are based on conductive losses rather than losses due 
to air leakage.

• Current models appear to underestimate the energy loss due to air 
leakage.

• Past studies focus on lower R-value walls compared to the higher R-
values of today.



DFCM’s Case for Rigorous BECx
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Achieve Exceptional Energy Savings



Sustainability Drivers



Saving Time – Mockups



Saving Time – Earlier Dry In



Program Outline

Quality Drivers

Codes / Standards

State of the Practice

Tomorrow’s Trends



Building Commissioning Standards & Check Sheets

• Does not specify qualifications 
for BECxA

• Does not require design peer 
review – only input from Cx 
team

• Includes Pre-Construction and 
Functional Performance Testing

• Addresses the objectives of 
Part 5 – Environmental 
Separations of the National 
Building Code of Canada 
(NBCC) in addition to the OPR

• Includes a comprehensive list 
of Functional Performance 
Tests

CSA Z320-11



“This practice is intended to serve as a concise, authoritative, and technically 
sound practice for Building Enclosure Commissioning (BECx) that establishes two 

levels of BECx: Fundamental and Enhanced.

• Specifies qualifications for BECxA

• Specifies a “process” that has some overlap and conflict with Guideline 0 and 
ASHRAE Standard 202

• Includes questions representing the minimum range of issues and concerns that 
must be considered during development of the OPR

• Requires design peer review – Fundamental at CDs, Enhanced at SD, DD and CD

• Includes Pre-Construction and Functional Performance Testing

• Includes a comprehensive list of Functional Performance Tests and outlines 
mandatory testing for Fundamental and Enhanced.

ASTM E2813-12



Continuous Air Barrier shall be provided

• IECC: except Zones 1-3

• ASHRAE: except semi-heated spaces in Zones 1-6

Air Leakage Requirements



Determining Air Infiltration



Vapor Control Layer

• Class I or II vapor 
retarders provided 
on interior side of 
frame wall in Zones 
5-8 and Marine 4

• Class III permitted 
conditionally

Vapor Retarders per IBC 2012:



Fundamental Commissioning and 
Verification

• Inclusion in the owner’s project 
requirements (OPR) and basis of design 
(BOD)

• Review of the OPR, BOD and project 
design

Enhanced Commissioning Option 2

• Review contractor submittals

• Verify inclusion of systems manual 
requirements in CD

• Verify inclusion of operator and 
occupant training requirements in CD

• Verify systems manual updates and 
delivery

• Verify operator and occupant training 
delivery and effectiveness

• Verify seasonal testing

• Review building operations 10 months 
after substantial completion

• Develop an on-going commissioning 
plan

LEED Version 4



Program Outline

Quality Drivers

Codes / Building Science

• Code Review

• Building Science 101

State of the Practice

Tomorrow’s Trends



Building enclosures are designed to control 
multiple loadings. 

Control layers include:
1. Water control layer

2. Air control layer

3. Vapor control layer

4. Thermal control layer

Control Layers



Enclosure Design



Enclosure Design



Two-Dimensional Building Heat Transfer Modeling

Heat Transfer Simulation



Enclosure Design



Program Outline

Quality Drivers

Codes / Building Science

State of the Practice

• Materials

• Consulting / Design

• BECx

• Field Testing

• Inspections

Tomorrow’s Trends



Project Life Cycle



Common Forms of QA

Design

Construction

Materials



Arena Blast Testing



Hail Impact Testing



Forced Entry Resistance





Program Outline

Quality Drivers

Codes / Standards

State of the Practice

Tomorrow’s Trends



BECx - Process that verifies enclosure 
performance against the Owner’s 
Project Requirements (OPR) and 
Basis of Design (BOD)

BECx:

• Formal Process (start/end)

• Based on performance

• More accountability

• Based on real world cond.

Enclosure Consulting:

• Could be only one task

• Based on reducing liability

• Less accountability

• Based on standards

-VS-

Consulting –vs- Cx



Code / Special Inspections



Comprehensive Enclosure QA

Field QA Inspection

• Electronic Field Reports



Consulting/Design QA

Revit Model



Waterproofing & Air Barrier Design



Whole Building 
Commissioning

Electrical

Building 
Envelope

Discipline Specific Cx



Security

WasteLighting

Whole Building Commissioning

Enclosure

ICT
Life 

Safety

Mechanical

Electrical

Controls

Plumbing



Commissioning Twin Track

Systems to be Cx

• Mechanical

• Electrical

• Plumbing

• Life Safety

• ICT

• Building Enclosure

Performance (OPR)

• Energy

• Acoustical

• Air Quality
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Systems to be Cx
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• Plumbing
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• Building Enclosure

Performance (OPR)
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BECx

Sub-Discipline Specific Cx

Testing
Calibration
Mock-up
IAQ
Roofing
Glazing
Façade
Waterproofing
Material 
Properties

Thermal 
Structural 
Solar
Safety Systems
Durability
Fire
Acoustics
Blast
Water / Air



BECx Process



Pre-Design



Construction Documents



Functional Performance Testing

Typical Failures:

Concrete cracks Z-girt fasteners Brick ties



Functional Performance Testing

Performance Requirements
• Building Enclosure 

Functional 
Performance Testing 
Specification Section

• This Section shall 
supersede other 
Sections where 
contradictions occur



Design Reviews:

Design Phase



Typical Interface Concerns

Penetrations:



Head Detail



Typical Interface Concerns



Parapet Cap



Extended Curtain Wall



Soffits



Mechanical Equipment



Wall to Foundation



Successful Design

• Achieve environment 
separation

• Meet durability/sustainability

• Fulfills desired use

• Simple

• Redundant

• Constructible
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• Achieve environment 
separation

• Meet durability/sustainability

• Fulfills desired use

• Simple

• Redundant

• Constructible

Successful Design



Pre-Construction Phase



Pre-Construction Phase

• Freestanding fully enclosed 

• Freestanding partially 
enclosed

• In-situ

Types of Mock-ups:



Pre-Construction Phase

• Verify the performance 
of the systems

• Set construction 
standards

• Establish sequencing of 
work

• Verify material selection

Value of Mock-ups:



Pre-Construction Phase

Who should witness?

• Contractor

• Air barrier 
subcontractor

• Glazing subcontractor

• Roofing subcontractor

Mock-up Testing:



Construction



Program Outline

Quality Drivers

Codes / Building Science

State of the Practice

• Materials

• Consulting / Design

• BECx

• Field Testing

• Inspections

Tomorrow’s Trends



Functional Performance Testing

ASTM E1186, Practice 4.2.1
• Standard Practices for Air Leakage Site Detection in 

Building Envelopes and Air Barrier Systems - Building 
Depressurization (or Pressurization) with Infrared 
Scanning Techniques

• Qualitative Air Infiltration/Exfiltration Test

https://www.google.com/imgres?imgurl=http://dynamicinfraredinspections.net/IR Leaking window.jpg&imgrefurl=http://dynamicinfraredinspections.net/energy.html&docid=iKOGfl8fjwDfwM&tbnid=oxIEy_lZRuAZYM:&w=600&h=600&ei=Y4fiU93FMc6YyASa4oDABw&ved=undefined&iact=c
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Functional Performance Testing

ASTM E1186, Practice 4.2.6



Functional Performance Testing

ASTM E1186, Practice 4.2.7
• Standard Practices for Air Leakage Site Detection in 

Building Envelopes and Air Barrier Systems –
Chamber Depressurization in Conjunction With Leak 
Detection Liquid

• Qualitative Air Infiltration/Exfiltration Test



Functional Performance Testing

ASTM E1186, Practice 4.2.7



103



Functional Performance Testing

AAMA 501.1









Field Observations

Typical Observations:

Curtain wall fasteners Unadhered flashing



Field Observations

Thin air/vapor barrier Missed fasteners

Typical Observations:



Insufficient spray foam Unsealed electrical box

Typical Observations:

Field Observations



Air/Vapor Barrier Holes in flashingUnsealed holes

Typical Observations:

Field Observations



Field Observations



O & M Phase



Functional Performance Testing

ASTM E779 (Whole Building Air Test)
• Standard Test Method for Determining Air Leakage 

Rate by Fan Pressurization

• Quantitative Whole Building Air Leakage Test







Program Outline

Quality Drivers

Codes / Building Science

State of the Practice

Tomorrow’s Trends

• One world

• Tighter Schedules

• More on-site chemistry

• Ambiguity in Qualifications

• Robust energy models

• Desire for green



Geographical Expansion

• The recognition of building 
enclosure commissioning 
has expanded beyond US

• International labor force

• Increase in foreign 
fabrication /materials



Tighter Schedules



• Asphalt

• Acrylic

• STPE

• Silicone

Fluid-Applied

Source: dryvitpresskit.com
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Primary Air and Water Seal

Sealant



Silicone Sheet

Primary Air and Water Seal



Silicone Sheet

Primary Air and Water Seal



Vapor Control Layer

Variable Permeance Materials



Energy Modeling & BECx

Trends:

• Model accuracy is increasing

• Model comparison with actual performance is 
increasing

• Most projects have modeling requirements

• Modeling is dictating some design decisions



Case Study 1- Philadelphia

• Built in 1980’s

• Active water and air leakage

• Client is upgrading building 
to increase commercial 
leasing value/solve 
problems.



Case Study 1 - Philadelphia

• Existing BECx starts with an 
investigation 

• Mock-ups were key to 
verifying repair scope

• New windows, insulation, air 
barrier, roof, existing 
cladding to remain

• Air leakage performance 
increase by 10x



Case Study 2 – New York City

• Built in 1940’s

• 14 stories, 460,000 sf

• Concrete encased steel 
frame

• Client is upgrading building 
to change use from manf. to 
education

• Client looking to greatly 
increase energy 
performance

• Minor façade repairs



Case Study 2 – New York City

• Existing BECx starts with an 
investigation 

• Mock-ups were key to 
verifying repair scope

• New windows, insulation, air 
barrier, roof, existing 
cladding to remain

• Air leakage performance 
increase by 10x



Case Study 3 – New York City

• Built in 1930’s

• 7 stories

• Client is upgrading building to change use from manf. to 
residences

• Modest façade repairs

• Desire energy savings



Case Study 3 – New York City

• Existing BECx starts with an 
investigation 

• Mock-ups were key to 
verifying window 
performance

• New windows, roof and 
exterior coating / air barrier
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