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14th Annual Building Enclosure Event
February 28, 2017

BECx: Building Enclosure Commissioning –
Growing trends toward higher energy performance 
and operation excellence

Presented	by:
John	Runkle,	P.E.,	

Vice	President	‐ Building	Sciences	Solutions,	
Intertek	‐ Architectural	Testing,	Inc.

Continuing Education: 2.0 AIA/CES/HSW LU

14th Annual Building Enclosure Event

“CSI	Chicago”	is	a	Registered	Provider	with	The	American	Institute	of	
Architects	Continuing	Education	Systems.		Credit	earned	on	completion	of	
this	program	will	be	reported	to	CES	Records	for	AIA	members.		Certificates	
of	Completion	for	non‐AIA	members	are	available.

This	program	is	registered	with	the	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	AIA	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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Copyright Materials

14th Annual Building Enclosure Event

This	presentation	is	protected	by	US	and	
International	Copyright	laws.		Reproduction,	
distribution,	display	and	use	of	the	
presentation	without	written	permission	of	
the	speaker	is	prohibited.

Course Description

14th Annual Building Enclosure Event

Today's building industry demands FASTER, BETTER, 
CHEAPER construction, making BECx
more vital in achieving high performance.  

In today’s presentation Mr. Runkle will cover how 
BECx enhances project performance, discussing 
building enclosure-related testing, pertinent codes and 
standards, building science concepts, and current 
material science which serve as a foundation to this 
new practice area. 
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Learning Objectives

14th Annual Building Enclosure Event

1. Review the current codes and standards related to 
Building Enclosure Commissioning (BECx).

2. Discuss the building sciences – drivers for enclosure 
quality and common failures.

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

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

5. Learn how BECx enhances project performance.

14th Annual Building Enclosure Event

John Runkle, P.E.

Vice	President	‐ Building	Sciences	Solutions,	
Intertek	‐ Architectural	Testing,	Inc.
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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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Leaks

Leaks
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Air Quality / Health
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Leaks
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Chemical Compatibility
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Durability of Materials
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Sustainability Status
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Program Outline

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

Codes / Building Science

State of the Practice

Tomorrow’s Trends

Energy Conservation
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Energy Conservation

Solar Heat Gain

SHGC
Transmittance
Reflectance
Absorptance
Emittance

Energy Conservation

Window:  Wall
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Thermal Discontinuities

Energy Conservation

Energy Conservation
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Energy Modeling & BECx

Reference ASHRAE 1365 -RP

HVAC or Envelope?

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

Energy Modeling & BECx

Case Study

Diagnostic Investigation:

• Occupants had 
difficulty regulating the 
temperature

• Windows and wall 
areas were cold 
concurrent with 
outside temps

• High heating costs 
reports by the owner

o allowable rate
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Case Study

Blower Door Testing:
Building air leakage rate @ 75PA

• 0.50 cfm/ft² (Positive)

• 0.61 cfm/ft² (Negative)
o allowable rate

Diagnostic Evaluation:
• A significant amount of the air 

leakage occurs into the inter‐story 
air plenums.

• Air leakage around the windows 
and through the window systems

• Air leakage through the wall 
penetrations

Oak Ridge National Lab ‐ Study
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Multi-Agency State 
Office Building

Dixie State Holland 
Centennial Commons

Total Building Area (SF) 267,000 SF 177,000 SF

Total Envelope Area (SF) 227,700 SF 165,168 SF

Building envelope with Air Barrier 33,250 SF 40,000 SF

Air Barrier Type Membrane Fluid Applied

Total Construction Costs $45,600,000 $31,000,000

Air Barrier Construction Costs $292,500 $136,600

Air Barrier Cost/SF with Air Barrier $2.50 $3.79

A/E Envelope Design Costs 0% 2.5%

Envelope Commissioning Costs $0 $49,200

Envelope Testing Costs $5,000 $51,700

Leakage Rate (CFM/SF @ 0.05 WC) 0.20 0.027

Case Study

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 loses 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.
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DFCM’s Case for Rigorous BECx

Why BECx?
DFCM Infiltration Study 2013

• Additional Implications

• Potential for smaller HVAC plant equipment (reduced first 
cost – issues regarding HVAC design liability?)   

• Eliminate undermining of the effectiveness of insulation 
and high thermal performance glazing systems (why 
spend the money to insulate if the project’s HVAC is just 
going to heat/cool the great outdoors?)

• Improved indoor air quality (MERV 13 vs. OSA quality)

• Improved thermal comfort (less complaints)

• Improved productivity (a comfortable occupant tends to 
work better)

DFCM’s Case for Rigorous BECx

0
5
10
15
20
25
30
35

4.1 6.9 7.6 9.3 9.5 9.7 10.3 12.7 13.6
22.3

31.9

12.5

%	Saved

Modeled Yearly Energy Cost Saved (%) = [(0.8‐0.1)/0.8] x 100
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• Type of building and type of space: 

• science vs. general classroom

• cafeteria vs. office, etc.

• Building Shape: Square compared to irregular shape

• Long span as opposed to shorter spans

• HVAC system(s) used

• The climate zone

• The ratio of non‐glazed to glazed wall

• The quality of the air barrier installation

Why the Differences?

DFCM’s Case for Rigorous BECx

DFCM’s Case for Rigorous BECx

0 0.5 1 1.5 2 2.5

ASHRAE	Definition	of	Tight…

ASHRAE	Definition	of	Leaky…

Corps	of	Engineers	Design	Requirement

Canadian	Office	Bldgs	Max	Measured

US	Office	Bldgs	Max	Measured

FSEC	Measured

United	Kingdom	Superstores	Measured

Overall	Average	of	All	201	Bldgs…

Centennial	Commons	Measured
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Metrics as of 2013.  

DFCM’s Case for Rigorous BECx

Achieve Exceptional Energy Savings
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Sustainability Drivers

Economy of Green

• 2013 ‐ green building market 
exceeded $260b USD over 20% 
growth

• ECO/Green Certification
$300m+ USD industry per 
IBIS World

• Nielson survey 55% of 
respondents would pay extra for 
socially responsible products
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Saving Time

Understanding the Environment
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Understanding the Owner’s Expectations
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Owner’s Project Requirements
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Program Outline

Quality Drivers

Codes / Building Science

• Code Review

• Building Science 101

State of the Practice

Tomorrow’s Trends

History

2006:

NIBS Guideline 3‐2006

• Exterior Enclosure Technical Requirements for the 
Commissioning Process

• Now part of ASTM family of documents as ASTM 
E2947.
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History

2007:

• US Army Corps of Engineers

• Air barrier material air permeance not to exceed 
0.004 cfm/ft2 at 0.3 in. wg (1.57psf) (0.02 L/s∙m2 @ 
75 Pa)

• Whole building’s air leakage rate must not exceed 
1.25 L/s∙m2 @ 75 Pa (0.25 cfm/ft2 at 1.57 psf) when 
tested according to ASTM E779 

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
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“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 wit 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

Fundamental Enhanced

Acoustic Performance 

Air	Leakage  

Thermal	Performance  

Water	Penetration  

Sealant	Durability  

Number of tests required per assembly varies

Includes combinations of Field Mockup Testing and In-Situ Field Testing

Many other optional tests

ASTM E2813‐12
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2011/2012:
• Baseline Standards:

• IBC 2012

• IECC 2012

• ANSI/ASHRAE/IES 90.1 – 2010

• Enhancement Standards:
• IGCC Version 2.0 – 2012

• LEED 2012 – Public Version 2

• ASHRAE 189.1 – Public Review

History

Per IBC 2012
• 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
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IBC 2012 IECC 2012

History

ASNI/ASHRAE/IESNA 90.11.

2. C402.4

2 OPTIONS:

IECC ASHRAE
Continuous AB

Continuous AB in Zones 1-3 (Southern States)

Continuous AB in Semi-heated spaces

Construction Document Requirements

Materials:  air permeability ≤0.004 cfm/ft2

Assemblies:  air permeability ≤0.04 cfm/ft2

Whole Building:  air permeability ≤0.4 cfm/ft2

Joints/seams resist negative/positive pressure

Joints, seams, transitions, and penetrations 
sealed

Fenestration Air Leakage Requirements

Door Air Leakage Requirements

Vestibule Requirements

History
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Continuous Air Barrier shall be provided
• IECC: except Zones 1‐3
• ASHRAE: except semi‐heated spaces in Zones 1‐6

Air Leakage Requirements

Fenestration Air Requirements

IECC

2012
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What is an Air Barrier?

• Materials with air permeability ≤0.004 cfm/ft2

• Compliant Materials
• Plywood ≥ 3/8 in. thick
• Oriented Strand Board ≥ 3/8 in. thick
• Extruded Insulation Board ≥ 1/2 in. thick
• Foil‐back Insulation Board ≥ 1/2 in. thick
• Closed‐cell spray foam (min. density of 1.5 pcf and thickness ≥ 1‐1/2 in.)
• Open‐cell spray foam with density 0.4‐1.5 pcf and thickness ≥ 4‐1/2 in.
• Exterior or interior gypsum board ≥ 1/2 in. 
• Cement board ≥ 1/2 in.
• Built‐up roofing membrane
• Mod‐bit roofing membrane
• Fully‐adhered single‐ply roofing membrane
• Portland cement/sand parge or gypsum plaster ≥ 3/8 in. thick
• Cast‐in‐place or precast concrete
• Fully grouted concrete block masonry
• Sheet steel or aluminum 

What is an Air Barrier?
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Stucco:  Air Vs. Flashing Requirements

Not All Air Barriers are Equal

Considered air barrier per 
C402.4.1.2.2

Must be flashed per 1405.4 
IBC 2012

Weeps in assembly 
compromise air performance 
of assembly

Determining Air Infiltration
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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:

E2813 – Standard 
Practice for Building 
Enclosure 
Commissioning

Applicable Standards
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Applicable Standards

• LEED NC 2009

• LEED V4

Sustainability Programs
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• Fundamental

• Includes Building Enclosure for OPR and BOD

• Enhanced

• Intent to begin Cx process early and include extra activities 
after system verification is complete.

• Design Innovation – BECx can achieve 1 point

LEED NC 2009

Commissioning of the thermal envelope addressing energy, 
water, indoor environmental quality and durability.

Energy and Atmosphere (EA):

Fundamental

• Who = Qualified member of design or construction team, 
not associated with the project.

Enhanced

• Who = An independent CxA

• BECx worth 2 points

LEED V.4
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Calls for compliance with the following standards:

ASHRAE Guideline 0‐2005, 1.1 and

National Institute of Building Sciences Guideline 3‐2012

These detail the roles, responsibilities and processes required as part of enclosure 
commissioning… but what about testing?

LEED V4

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 and on‐going commissioning 
plan.

LEED Version 4
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Program Outline

Quality Drivers

Codes / Building Science

• Code Review

• Building Science 101

State of the Practice

Tomorrow’s Trends

• Acoustic

• Visual

• Thermal

• Physical

• Psychological

• Air Quality

Occupant Comfort
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ASHRAE 55 Defines “Comfort”

• ASHRAE 55 takes into account 10 factors to 
determine thermal comfort.

• Looking for an 80% approval rating

• Relative humidity between 30% and 60%

• Dry bulb temp between 19.4C and 27.8F

Typical Residential Environments

• 22 C @ 30% RH

• Tdew = 4.4 C

Occupant Comfort

Source: Building Science Corporation

Interior and Exterior Loads
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Source: Building Science Corporation

Interior and Exterior Loads

Heat

HOT COLD

Air

HIGH PRESSURE LOW PRESSURE

Moisture

Vapour

HIGH PRESSURE LOW PRESSURE

Interior and Exterior Loads



2/28/2017

60

Interior and Exterior Loads

Heat

HOT COLD

Air

HIGH PRESSURE LOW PRESSURE

Moisture

Vapour

HIGH PRESSURE LOW PRESSURE

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
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Modes of Bulk Water Transport

Moisture Transport

2/3 Pint via Diffusion

50 Pints via Air Flow
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ASTM E96 Dry Cup
Wet Cup

Vapor Retarder Class (IBC)
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Vapour Permeable: >10 Perms

The higher the perms, the 
higher the vapour permeance
and the higher the diffusion.

Vapour Retarders: < 10 Perms

Class I: 0.1 Perms or less

Class II: 0.1 < Perms < 1.0 

Class III: 1.0 < Perms < 10

Air/Vapour Barriers

Enclosure Design
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Enclosure Design

Enclosure Design
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Enclosure Design

Enclosure Design
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Enclosure Design

Two-Dimensional Building Heat Transfer Modeling

Heat Transfer Simulation
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Conceptual Assemblies

Cavity wall
• Masonry

• Metal panels

• Drained EIFS/Stucco

Source: NIBS www.wbdg.org

Conceptual Assemblies

Cavity wall
• Masonry

• Metal panels

• Drained EIFS/Stucco

Barrier wall
• Barrier metal wall panels

• Barrier EIFS/Stucco

Source: NIBS www.wbdg.org
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Conceptual Assemblies

Cavity wall
• Masonry

• Metal panels

• Drained EIFS/Stucco

Mass wall

Source: NIBS www.wbdg.org

Cladding Insulation

Air	Barrier	 Substrates

Common Elements

Sources: NIBS www.wbdg.org; nexusfocus.com; www.greenbuildingadvisor.com; www.wbdg.org; www.huggettbetten.com
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• Asphalt

• Acrylic

• STPE

• Silicone

Fluid‐Applied

Source: dryvitpresskit.com

Tr
ow

el

R
ol
le
r

Sp
ra
y

May include:

• Rubberized asphalt 

• Cross‐laminated HDPE 
film

• Polypropylene

• Other polymers

Self‐Adhered Sheet
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• Board

• Spray 
polyurethane 
foam

• Insulated metal 
wall panels

Other

Source: spray-tec.dreamhosters.com

• Foam plastics
• Spray polyurethane foam (SPF)

• Extruded polystyrene (XPS)

• Open cell

• Closed cell

• Expanded polystyrene (EPS)

• Polyisocyanurate

• Mineral wool

• Fiberglass

Insulation Types
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Foam	Plastics Mineral	Wool

Fiberglass

Insulation Types

Exterior Wall

Cladding Types:

• Masonry/stone

• Precast concrete

• Panelized metal

• Exterior insulation and 
finish system (EIFS)

• Stucco/adhered 
masonry

Source: www.globalstonesupplier.com; img.archiexpo.com; www.masoncontractors.org
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Exterior Wall

Source: construction.com; www.sabmagazine.com

• “Continuous 
insulation”

• Thermally improved 
clips

• Corrosion resistance

Attachment:

14th Annual Building Enclosure Event

10 Minute Break
Sponsor Tabletops are Open
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Program Outline

Quality Drivers

Codes / Building Science

State of the Practice

• Materials

• Consulting / Design

• BECx

• Field Testing

• Inspections

Tomorrow’s Trends

Project Life Cycle
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Common Forms of QA

Design

Construction

Materials

Compliance 
Plan 

Development

Test Plan 
& Project 

Management

Testing Data Collection
& 

Interpretation

Prepare 
Submittal
Packages

Data Usage
Programming / 
Design Review

Mock UpFunctional 
Building

Building 
Performance 

Validation

Product 

Project

Certificatio
n Services 
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Arena Blast Testing

Hail Impact Testing
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Forced Entry Resistance
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Structural Testing

Program Outline

Quality Drivers

Codes / Building Science

State of the Practice

• Materials

• Consulting / Design

• BECx

• Field Testing

• Inspections

Tomorrow’s Trends
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Code / Special Inspections

Comprehensive Enclosure QA

Field QA Inspection

• Field verification of contract 
design requirements for building 
enclosure systems
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Comprehensive Enclosure QA

Field QA Inspection

• Electronic Field Reports

Design
• OPR (Owner’s Project Requirements)
• BIM (Revit)
• Standalone building enclosure detail packages

Construction
• Submittal reviews
• Mock‐up and pre‐construction meetings
• Field inspections
• Field testing

Post‐Construction
• Final verifications
• Maintenance training
• Lessons learned for future projects
• 1 year walk

Consulting/Design QA
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Consulting/Design QA

Revit Model

Consulting/Design QA
Building Enclosure Details Set
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Consulting/Design QA
Building Enclosure Details Set

Consulting/Design QA
Building Envelope Details Set
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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‐

Definition

Program Outline

Quality Drivers

Codes / Building Science

State of the Practice

• Materials

• Consulting / Design

• BECx

• Field Testing

• Inspections

Tomorrow’s Trends
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Whole	Building	
Commissioning

Electrical

Building	
Envelope

Discipline Specific Cx

Security

WasteLighting

Whole Building Commissioning

Enclosure

ICTLife	
Safety

Mechanical

Electrical

Controls

Plumbing
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Commissioning Twin Track

Systems to be Cx

• Mechanical

• Electrical

• Plumbing

• Life Safety

• ICT

• Building Enclosure

Performance 
(OPR)
• Energy

Commissioning Twin Track

Systems to be Cx

• Mechanical

• Electrical

• Plumbing

• Life Safety

• ICT

• Building Enclosure

Performance 
(OPR)
• Energy

• Acoustical

• Fire

• Air Quality
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Commissioning Twin Track

Systems to be Cx

• Mechanical

• Electrical

• Plumbing

• Life Safety

• ICT

• Building Enclosure

Performance 
(OPR)
• Energy

• Acoustical

• Air Quality

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
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BECx Process

Pre‐Design
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• Durability/Service Life
• Air Leakage
• Water Leakage
• Thermal Performance
• Fire Resistance
• Acoustic Performance
• Testing Requirements

See NIBS Annex J

• Proposed system(s)
• Assemblies and 
Materials
• Illustrate Compliance 
with OPR

See NIBS Annex K

Pre‐Design/Design Development

• Organization
• Schedule
• Allocation of Resources
• Roles and Responsibilities
• Documentation Requirements

See NIBS Annex G

Pre‐Design/Design Development
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Pre‐Design/Design Development

Construction Documents
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Design Phase
BECx Specification:

Design Phase
FPT Specification:
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Functional Performance Testing

Procedure for a Failed Test:
• Determine cause of failure

• Isolated issue

• Systemic problem

• Remediation

• Re‐test failed specimen

• Additional testing of similar systems

Functional Performance Testing

Typical Failures:

Concrete cracks Z‐girt fasteners Brick ties
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Functional Performance Testing

Curtain wall gaskets Perimeter seal

Typical Failures:

Functional Performance Testing

Stem wall connection Mullion intersection

Typical Failures:



2/28/2017

93

Functional Performance Testing

Unsealed holes Roof‐to‐wall interface

Typical Failures:

Design Phase: FPT Specification

Air Water
ASTM	E	1186	(4.2.7)	– No	major	air	
leaks.	A	major	leak	is	defined	as	air	
and	smoke	are	visible	and	easily	
detectable	by	hand	within	one	inch	
of	the	leak	location(s)

AAMA	501.1/	ASTM	E	1105	‐ No	
uncontrolled	water	leakage	when	
tested	under	a	pressure	difference		
equivalent	to	the	greater	of	20%	of	
the	maximum	positive	pressure	in	
zone	5	of	the	ASCE	07	wind	load	
calculations	or	20%	of	the	positive	
wind	tunnel	recorded	pressure	but	
not	less	than	6.24	psf

ASTM	E	783	– Maximum	air	leakage	
of		0.09		cfm/ft at	an	air	pressure	
differential	of	6.24	psf

Fenestration Systems Performance
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Functional Performance Testing

Performance Requirements:

Water Leakage Definition
• Requirements are different than ASTM E1105 or AAMA 501.1

Water leakage is only acceptable if ALL of the following 
conditions are satisfied:

• Water is contained and drained to the exterior.

• There is no wetting of a surface that is visible to the building 
occupants.

• There is no staining or other damage to the completed building 
or finishes.

Design Phase: FPT Specification

Air Water
ASTM	E	1186	(4.2.6)	– Pass/fail	
criteria	shall	be	no	bubbles	observed	
in	the	leak	detection	liquid.

AAMA	501.1/	ASTM	E	1105	‐ No	
uncontrolled	water	leakage	when	
tested	under	a	pressure	as	defined	in	
fenestrations	above,	but	not	less	than	
6.24	psf.

ASTM	E	783	– Maximum	air	leakage	of	
0.04	cfm/ft at	an	air	pressure	
differential	of	1.57	psf

ASTM	E	1186	(4.2.7)	– No	major	air	
leaks.	A	major	leak	is	defined	as	air	
and	smoke	are	visible	and	easily	
detectable	by	hand	within	one	inch	of	
the	leak	location(s)

Air Barrier Performance
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Design Phase: FPT Specification

Air Water
ASTM	E	1186	(4.2.6)	– Pass/fail	
criteria	shall	be	no	bubbles	
observed	in	the	leak	detection	
liquid.

ASTM	D5957	– No	leaks	through	
membrane/roof	deck	after	48	hours	
of	2.5”	ponded	water	or.	Electronic	
Leak	Detection	(ELD)	may	be	
provided	in	lieu	of	flood	testing	in	
the	field	and	details	of	the	
membrane;	supplemental	flood	
testing	may	be	required	at	drain	
bodies	and	other	penetrations	that	
are	difficult	to	test	with	ELD.

Roofing System Performance

Functional Performance Testing

Performance Requirements
• Building Enclosure 
Functional 
Performance Testing 
Specification Section

• This Section shall 
supersede other 
Sections where 
contradictions occur
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Design Phase

Design Reviews:
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Design Phase

Design Review Examples:
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Design Phase

Design Review Examples:

Design Phase

Design Review Examples:
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Typical Interface Concerns

Penetrations:

Head Detail
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Typical Interface Concerns

Parapet Cap
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Extended Curtain Wall

Soffits
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Mechanical Equipment

Wall to Wall
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Typical Interface Concerns

Penetrations:

Wall to Foundation
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Typical Interface Concerns

Special Condition:

Successful Design

• Achieve environment 
separation

• Meet 
durability/sustainability

• Fulfills desired use

• Simple

• Redundant

• Constructible
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How Important are Aesthetics?
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Successful Design

• Achieve environment 
separation

• Meet 
durability/sustainability

• Fulfills desired use

• Simple

• Redundant

• Constructible

Successful Design

• Achieve environment 
separation

• Meet 
durability/sustainability

• Fulfills desired use

• Simple

• Redundant

• Constructible
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Successful Design

• Achieve environment 
separation

• Meet 
durability/sustainability

• Fulfills desired use

• Simple

• Redundant

• Constructible

Pre‐Construction Phase
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Pre‐Construction Phase

• Review the BECx process and purpose

• Review plans and specifications

• Review of shop drawings

• Construction schedule and sequencing

• Material selections and compatibility

• Field observation report process

• Functional performance testing

Pre‐Construction Trade Orientation Meeting

Pre‐Construction Phase

• Verify the performance 
of the systems

• Set construction 
standards

• Establish sequencing of 
work

• Verify material selection

Value of Mock‐ups:
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ASTM E283
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Pre‐Construction Phase

• Complete waterproofing system

• Interface of wall to roof condition

• Typical wall and roof penetrations

• A sample of cladding anchorage

• Typical fenestration assemblies

• Constructed to be air tight to facilitate testing

Mock‐ups should include:
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Pre‐Construction Phase

• Freestanding fully enclosed 

• Freestanding partially 
enclosed

• In‐situ

Types of Mock‐ups:

Pre‐Construction Phase

Who should witness?

• Contractor

• Air barrier 
subcontractor

• Glazing subcontractor

• Roofing subcontractor

Mock‐up Testing:
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Pre‐Construction Phase

When failures occur

• Contractor to 
investigate cause(s) and 
propose solutions

• A/E and BECxA review 
and comment on 
approach

• Repair or remedial work 
documented by BECxA

Mock‐up Testing:

Pre‐Construction Phase

• RFI, ASI, PR

• Change order

• Substitution request

• Value engineering

Other Pre‐Construction Items:
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Construction

Functional Performance Testing

• Standalone Mock‐up Testing

• In‐Situ (First Installation) Testing

• Continuing Quality Assurance Testing

Typical Testing:
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Program Outline

Quality Drivers

Codes / Building Science

State of the Practice

• Materials

• Consulting / Design

• BECx

• Field Testing

• Inspections

Tomorrow’s Trends

Functional Performance Testing

Common Challenges:
Site

• Capable water source

• Clear access to test location

• Loose building materials/debris

• Lift and operator

• Site work (landscaping/concrete)

• Weather
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Functional Performance Testing

Common Challenges:
Installation

• Uncured sealant

• Incomplete systems

• Temporary systems

• Rain screens/sunshades

• Interior seals

• Interior insulation/gypsum

Functional Performance Testing
ASTM E783

• Field Measurement of Air Leakage Through Installed 
Exterior Windows and Doors

• Quantitative Air Infiltration Test
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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

Functional Performance Testing
ASTM E1186, Practice 4.2.6

• Standard Practices for Air Leakage Site Detection in 
Building Envelopes and Air Barrier Systems –
Chamber Pressurization or Depressurization in 
Conjunction With Smoke Tracers

• Qualitative Air Infiltration/Exfiltration Test
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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
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Functional Performance Testing
ASTM E1186, Practice 4.2.7

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
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Functional Performance Testing
ASTM E1105

• Standard Test Method for Field Determination of 
Water Penetration of Installed Exterior Windows, 
Skylights, Doors, and Curtain Walls, by Uniform or 
Cyclic Static Air Pressure Difference

• Water Penetration Test

Functional Performance Testing
AAMA 501.1

• Standard Test Method for Water Penetration of 
Windows, Curtain Walls, and Doors using Dynamic 
Pressure

• Water Penetration Test
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Functional Performance Testing
AAMA 501.1

Functional Performance Testing
AAMA 501.2

• Quality Assurance and Diagnostic Water Leakage 
Field Check of Installed Storefronts, Curtain Walls 
and Sloped Glazing Systems

• Water Penetration Test
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Functional Performance Testing
ASTM D4541

• Standard Test Method for Pull‐Off Strength of 
Coatings Using Portable Adhesion Testers

• Quantitative Adhesion Test

242
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243

Test Duration?

 Cmu	photo
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248
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Quantitative Field Air Testing

Surface Preparation
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Field Observations

Typical Observations:

Curtain wall fasteners Unadhered flashing
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Field Observations

Thin air/vapor barrier Missed fasteners

Typical Observations:

Field Observations

Insufficient spray foam Unsealed electrical box

Typical Observations:
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Field Observations

Air/Vapor Barrier Holes in flashingUnsealed holes

Typical Observations:

Field Observations
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O & M Phase
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Program Outline

Quality Drivers

Codes / Building Science

State of the Practice

Tomorrow’s Trends

• One world

• Tighter Schedules

• Ambiguity in Qualifications

• Robust energy models

• Desire for green
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Geographical Expansion

• The recognition of building 
enclosure commissioning 
has expanded beyond US

• International labor force

• Increase in foreign 
fabrication /materials

Primary Air and Water Seal

Sealant
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Primary Air and Water Seal

Silicone Sheet

Primary Air and Water Seal

Silicone Sheet
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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
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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
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Project 
Location

Case Study 3 – New Jersey

Case Study 3 – New Jersey
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Glass 
Fabrication

Energy Usage Design Construction OperationsDefining BECx Case Study

Case Study 3 – New Jersey
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Mock-up 
Testing

Case Study 3 – New Jersey
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Project 
Location

Case Study 3 – New Jersey

Case Study 3 – New Jersey
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Case Study 4 – 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 4 – 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



2/28/2017

149

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
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14th Annual Building Enclosure Event

Questions?

This	concludes	The	American	Institute	of	Architects	
Continuing	Education	Systems	Program.

AIA/CES	Sign‐in	Forms		and	Certificates	of	Completion	
available	at	the	registration	table.


