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Learning Objectives:
• Understand the evolution of building enclosures, and 

current accelerating trends.
• Recognize this evolution on previously segmented 

industries, and their ongoing unification.
• Understand challenges associated with properly integrating 

enclosure components and systems.
• Acknowledge holistic approaches to achieving code 

compliance and meeting owner expectations.

WHAT’S NEXT? 
EVOLUTION OF THE BUILDING ENCLOSURE 

AND FUTURE TRENDS



Topics

1. Building Code Requirements and Industry 
Standards

2. Speed to Market | Integrated Project 
Delivery | Delegated Design

3. Factory Fabrication of Building Materials 
and Systems

4. Field Quality Control Testing
5. Building Enclosure Commissioning (BECx)



Building Code Requirements 
and Industry Standards
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Evolution

• Building Code Requirements and 
Industry Voluntary Standards
– ASHRAE
– ICC Codes (IBC and IECC)
– CABO MEC
– BOCA
– UBC
– ASTM



Evolution: Vapor Retarders

1970s 1976 UBC: Vapor barriers required in built-up roof 
construction in cold climates

1979 UBC: No change from 1976 requirements



Evolution: Vapor Retarders

1980s 1981 BOCA: No reference to vapor retarders/barriers

1982 UBC: 1976 requirements and reference to vapor 
barriers in insulation requirements

1985 UBC: No change from 1982 requirements

1987 BOCA: “Vapor-type barrier” indicated for the 
interior of exterior walls where cavity is not adequately 
ventilated

1988 UBC: Vapor retarder first introduced as a defined 
term. Vapor barrier requirements/references largely 
unchanged from 1985

1989 ASHRAE 90.1: Vapor retarders recommended for 
consideration to prevent moisture from collecting within 
the envelope



Evolution: Vapor Retarders

1990s 1990 BOCA: Vapor barrier/retarder indicated for use in 
crawl and roof spaces, and for the interior of exterior 
walls where cavity is not adequately ventilated

1991 UBC: No change from 1988 requirements

1992 CABO MEC: Vapor retarder required on warm-in-
winter side of insulation for unventilated walls/floors/ 
ceilings, except in hot and humid climates.

1993 BOCA: 
-Vapor retarder first introduced as a defined term
- No change from 1990 requirements

1994 UBC: No change from 1991 requirements
1996 BOCA: Interior vapor retarder required to cover 
cavity for wood-framed exterior walls utilizing thermal 
insulation.
1997 UBC: No change from 1994 requirements

1998 IECC: Vapor retarder required on warm-in-winter 
side of insulation for unventilated framed walls/floors/ 
ceilings, except for climate zones 1-7 (note: climate 
zones numbered 1-19 at this time).



Evolution: Vapor Retarders

2000s 2000 IBC: Approved interior noncombustible vapor 
retarder required for exterior walls
2000 IECC: Largely unchanged from 1998 
requirements

2003 IBC: Approved vapor retarder required for 
exterior walls
2003 IECC: No change from 2000 requirements

2006 IBC: No vapor retarder requirements
2006 IECC: Vapor retarder required on warm-in-winter 
side of the insulation for walls/floors/ceilings, except for 
Climate Zones 1-3.

2009 IBC: Interior Class I or II vapor retarder required 
for framed walls in Climate Zones 5, 6, 7, 8, and 
Marine 4. Class III vapor retarders permitted for some 
conditions.
2009 IECC: No vapor retarder requirements



Evolution: Vapor Retarders

2010s 2012 IBC: Interior Class I or II vapor retarder required 
for framed walls in Climate Zones 5, 6, 7, 8, and 
Marine 4.
2012 IECC: No vapor retarder requirements

2015 IBC: 2012 requirements, plus: Class I or II vapor 
retarders not allowed at interior of framed walls in 
Climate Zones 1 and 2, and Class I vapor retarders not 
allowed at interior of framed walls in Climate Zones 3 
and 4.
2015 IECC: No vapor retarder requirements

2018 IBC: 2015 requirements, plus: Class I vapor 
retarders allowed for exterior walls in Climate Zone 
Marine 4.
2018 IECC: No vapor retarder requirements



Evolution: Air Barrier

2000s 2001 ASHRAE 90.1: Areas of the building envelope 
indicated to be sealed, caulked, gasketed, or weather-
stripped to minimize air leakage.

2004 ASHRAE 90.1: No change from 2001 
requirements

2007 ASHRAE 90.1: No change from 2001 
requirements

2009 IECC: Air Barrier term introduced, but no air 
barrier requirements



Evolution: Air Barrier

2010s 2010 ASHRAE 90.1: 
- Continuous air barrier first introduced as defined term
- Continuous air barrier required, except in semi-heated 
spaces in Climate Zones 1-6, and in single-wythe CMU 
buildings in Climate Zone 2B.
- First inclusion of identified acceptable materials/ 
assemblies for continuous air barriers

2012 IECC: Continuous air barrier required, except in 
Climate Zones 1, 2, and 3



Evolution: Air Barrier

2010s 2013 ASHRAE 90.1: No change from 2010 
requirements

2015 IECC: 
- Continuous air barrier required, except in Climate 
Zone 2B
- Testing per ASTM E779 (fan pressurization test for 
whole building air leakage) introduced as a 
performance compliance option over prescriptive 
requirements for air barriers



Evolution: Air Barrier

2010s 2016 ASHRAE 90.1: 
- Continuous air barrier required, except in semi-heated 
spaces in Climate Zones 0-6, and in single-wythe CMU 
buildings in Climate Zone 2B.
- Clarification added that continuous air barrier is to 
extend over all surfaces of the building envelope (at the 
lowest floor, walls, and roof)
-Option added for continuous air barrier compliance via 
whole building pressurization testing

2018 IECC: No change from 2015 requirements



Evolution: Whole Building Air Leakage 
Testing

1990s 1996 ASTM: ASTM E1827 Standard Test Methods for 
Determining Airtightness of Buildings Using and Orifice 
Blower Door introduced

1999 ASTM: ASTM E779 Standard Test Method for 
Determining Air Leakage Rate by Fan Pressurization 
introduced



Evolution: Whole Building Air Leakage 
Testing

2010s 2015 IECC: Option added for testing per ASTM E779 
(whole building pressurization testing) in lieu of 
prescriptive requirements for the thermal envelope, 
including continuous air barrier requirements

2016 ASHRAE 90.1: Option added for continuous air 
barrier material/assembly compliance via whole 
building pressurization testing

2018 IECC: No change from 2015 requirements



Speed to Market 
Integrated Project Delivery

Delegated Design

Topic 2
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Delegated Design: 
Transferring design responsibility of some portion of the 
project to a party other than the Designer-of-Record

“Delegated-design solutions require specific input from a 
professional engineer retained by the constructor, 
supplier, fabricator, or manufacturer.
--The Construction Specifier, November 2018 

(Robinson, Franchuck, Murnane)



Benefits
 Design fees can be reduced
 Project schedule can be improved
 Specialty designs are prepared by specialists with unique 

knowledge of materials, systems, and construction
 Potential for reduced construction costs

22

Perils
 Blurred responsibility for interfaces between delegated 

and prime design elements 
 Contractual responsibility can be murky
 Licensing boards and building departments are not 

consistent regarding prime vs. specialty/delegated 
design responsibility 

Outcome
 More project control ceded to the Contractor



General 
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Subcontractor
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Specialty Design 
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Delegated Design: 
Transferring design responsibility of some portion of the 
project to a party other than the Designer-of-Record
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3.12.4 Shop Drawings, Product Data, Samples, and similar 
submittals are not Contract Documents.  Their purpose is to 
demonstrate how the Contractor proposes to conform to the 
information given and the design concept expressed in the Contract 
Documents for those portions of the Work for which Contract 
Documents require submittals.  Review by the Architect is subject to 
the limitations of Section 4.2.7.  Information submittals upon which 
the Architect is not expected to take responsive action may be so 
identified in the Contract Documents.  Submittals that are not 
required by the Contract Documents may be returned by the 
Architect without action. 

AIA A201-2017: 3.12 Shop Drawings, Product Data and Samples
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3.12.10  The Contractor shall not be required to provide professional 
services that constitute the practice of architecture or engineering
unless such services are specifically required by the Contract 
Documents for a portion of the Work…

3.12.10.1  If professional design services or certifications by design 
a professional are specifically required of the Contractor by the 
Contract Documents, the Owner and the Architect will specify all 
performance and design criteria that such services must satisfy…

…the Architect will review and approve or take appropriate action on 
submittals only for the limited purpose of checking for 
conformance with information given and the design concepts 
expressed in the Contract Documents.

3.12.10.2 If the Contract Documents require the Contractor’s 
design professional to certify that the work has been performed in 
accordance with the design criteria, the Contractor shall furnish 
such certifications to the Architect…

AIA A201-2017: 3.12 Shop Drawings, Product Data and Samples





1.1.A. Section Includes:  Administrative and procedural 
requirements for portions of the Work the design of which is 
delegated to the Contractor.

1.1.B.1 Delegated:  Means transferred by the Architect to the 
Contractor.



1.3.B. The Contractor is professionally liable for delegated 
design work, including design, engineering, and conformance to 
specified performance requirements.



3.1.A. Unless otherwise indicated or specified, maintain the design 
intent and conform to the performance requirements indicated 
on the Drawings and in the Specifications, as determined by the 
Architect.
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Section 107 - Submittal Documents

107.3.4.1  Deferred submittals

 Deferral of any submittal items shall have prior approval of the 
building official.  The registered design professional in responsible 
charge shall list the deferred submittals on the construction 
documents for review by the building official.

 Documents for deferred submittal items shall be submitted to the 
registered design professional in responsible charge who shall 
review them and forward them to the building official with a 
notation indicating that the deferred submittal documents have 
been reviewed and found to be in general conformance to the 
design of the building.

 The deferred submittal items shall not be installed until the 
deferred submittal documents have  been approved by the 
building official.



36

Owner

A/E
(Designer-of-Record)

Contractor

Specialty
Designer

SubcontractorContracts
Submittals
Review

Building
Official



Project Workflow for a Project with Integrated Project Delivery –
Unitized Curtain Wall (Design Assist) 
 Architect/Construction Manager selected
 Schematic Design
 Design Development
 Curtain wall subcontract bid/interviews
 Review proposed curtain wall systems/manufacturers
 Curtain wall subcontract awarded
 Design-assist meetings commence
 100% Construction Documents (Issued for permit/construction)
 Design-assist meetings continue
 Bulletins issued by Architect
 Curtain wall shop drawings issued for preliminary review
 Fabrication commences (dye profiles, etc.)
 Review and comment on curtain wall shop drawings
 Revise curtain wall shop drawings
 Additional fabrication
 Performance mock-up
 Shop drawing calculations issued 
 Installation commences
 Shop drawings approved by CM and DOR
 Installation continues and shop drawings revised throughout project

Time Lag?

Review?



Factory Fabrication of 
Building Materials and 

Systems
Topic 3

















RCI Interface 
March 2017

2016:  ~75% of 
roofs are single 
ply membranes





Roofs were previously manufactured at the site.  
Now they are assembled at the site. –Rolf Snobeck







You can have something: 
• FAST & CHEAP but it won’t be good quality
• CHEAP & GOOD QUALITY but it won’t be quick or on time
• ON TIME & GOOD QUALITY but it won’t be cheap



MBI founded 
in 1983







Schedule Advantage/Speed to Market

Time
Quality

Cost





Field Quality Control 
Testing

Topic 4



Is the Quality of Building Enclosure finally being 
taken seriously?
 It depends…
 What is quality?
 Quality refers to the project requirements 

established by the contract documents.
 Quality does not have a universal definition.
 Quality is always project-specific.

 Owner’s expectations:
 Developer of condominiums vs. healthcare, e.g.
 Initial cost (testing) versus long-term risk trade-offs
 Impact on schedule

 Contractor risk management:
 Litigation and insurance company concerns
 Water intrusion claims make up more than 70 

percent of construction litigation







Roofing/Waterproofing System Testing
075323 - EPDM Roofing 
 
3.1. FIELD QUALITY CONTROL 

A. Testing Agency: [Owner will engage] [Engage] a qualified testing agency to perform 
tests and inspections. 

B. Perform the following tests: 
1. Flood Testing: Flood test each roofing area for leaks, according to 

recommendations in ASTM D 5957, after completing roofing and flashing.  
a. Flood to an average depth of [2-1/2 inches] for [48] hours. 

2. Infrared Thermography: Testing agency shall survey entire roof area using 
infrared color thermography according to ASTM C 1153. 
a. After infrared scan, locate specific areas of leaks by electrical 

capacitance/impedance testing or nuclear hydrogen detection tests. 
b. After testing, repair leaks, repeat tests, and make further repairs until 

roofing and flashing installations are watertight. 
3. Electrical Capacitance/Impedance Testing: Testing agency shall survey entire 

roof area for entrapped water within roof assembly according to 
ASTM D 7954/D 7954M. 

4. Nuclear Hydrogen Detection Testing: Testing agency shall survey entire roof 
area for entrapped water within roof assembly according to SPRI/RCI NT-1. 

5. Low-Voltage Electrical Conductance Testing: Testing agency shall survey 
entire roof area and flashings to locate discontinuity in the roof membrane using 
[an exposed metal electrical loop to create an electrical field tested with 
handheld probes]. 

C. Prepare test and inspection reports. 



The "Who, What, Where, How, and When" 
of Field QC Testing Specifications



The Effect of Load Rate on Pull-Off Adhesion Strength



The Effect of Load Rate on Pull-Off Adhesion Strength

~40 psi / second  41 psi~1 psi / second  22 psi

~86% increase



ASTM E 1186 – Standard Practices for Air 
Leakage Site Detection in Building 
Envelopes and Air Barrier Systems



ASTM E 1186 – Standard Practices for Air Leakage Site Detection in Building 
Envelopes and Air Barrier Systems



ASTM E 1186 – Standard Practices for Air Leakage Site Detection in Building 
Envelopes and Air Barrier Systems



ASTM E 779 – Standard Test Method for Determining Air Leakage by Fan Pressurization
Building enclosure is tested to quantify the air tightness. 
The test measures air leakage rates through the enclosure 
under controlled pressurization and depressurization.
Requirements for whole building testing are: 
• State of Washington 
• United States General Services Administration 
• United States Army Corps of Engineers projects
• Performance-based option (IECC) that many designers 

are requiring.

IECC 2021? 2024?



ASTM E 779 – Standard Test Method for Determining Air Leakage by Fan Pressurization

C402.5.1.2 Building test. The completed building shall be tested and the air 
leakage rate of the building envelope shall not exceed 0.40 cfm/ft2 at a 
pressure differential of 0.3 inches water gauge (2.0 L/s x m 2 at 75 Pa) at the 
upper 95 percent confidence interval in accordance with ASTM E 779 or an 
equivalent method approved by the code official. A report that includes the 
tested surface area, floor area, air by volume, stories above grade, and leakage 
rates shall be submitted to the building owner and the Code Official. If the 
tested rate exceeds that defined here, a visual inspection of the air barrier 
shall be conducted and any leaks noted shall be sealed to the extent 
practicable. An additional report identifying the corrective actions taken to seal 
air leaks shall be submitted to the building owner and the Code Official and any 
further requirement to meet the leakage air rate will be waived.

C402.5.1.1 Air barrier construction. The continuous air barrier shall be 
constructed to comply with the following: 

5. Construction documents shall contain a diagram showing the 
building’s pressure boundary in plan(s) and section(s) and a calculation 
of the area of the pressure boundary to be considered in the test.

WASHINGTON STATE ENERGY CODE, COMMERCIAL PROVISIONS (2015)



Proposed Scope of Guide
 Assist in the specification, design, and performance 

testing of field-constructed exterior wall assemblies 
 Testing procedures for water penetration resistance, air 

leakage resistances, etc.
 Exterior wall mock-ups:
 Curtain walls, windows, doors, masonry walls, 

precast concrete, cast-in-place concrete, EIFS, 
roofing interfaces, stucco, wood siding, metal panels, 
sealants, appurtenances, penetrations, louvers, etc.

 Intersections between wall systems





Building Enclosure 
Commissioning (BECx)

Topic 5



Building Enclosure Commissioning (BECx)
History of Process Development

2006
• NIBS Guideline 3 - BECx Process (Edition 1)

2012
• NIBS Guideline 3 - BECx Process (Edition 2)
• ASTM E2813 - Standard Practice for BECx

(Edition 1 – numerous subsequent revisions)

2014
• ASTM E2947 - Standard Guide for BECx

(Edition 1 – subsequent revisions in 2015 and 
2016)



Building Enclosure Commissioning (BECx)
NIBS GL3

• “The purpose of this guideline is 
to describe the specific 
application of the BECx process 
described generically in ASHRAE 
Guideline 0.”

• “…intended to be usable by all 
owners for all building types.”

• Not a ‘one-size-fits-all’ approach. 
BECx objectives may vary by:

– Type of Owner
– Occupancy
– Use
– Size
– Project Requirements

• Describes a process



Building Enclosure Commissioning (BECx)
ASTM E2813



Building Enclosure Commissioning (BECx)
ASTM E2813

Primary Differences
Fundamental BECx Enhanced BECx

BECx provider engaged during Design 
phase

BECx provider engaged during pre-design 
phase

Review of preliminary OPR Assist with preliminary OPR development

Minimum of 1 design peer review at CD 
completion

Minimum of 3 design peer reviews at SD, 
DD, and CD phases

9 total mandatory field mock-up test types 11 total mandatory field mock-up test 
types

11 total mandatory field in-situ test types 15 total mandatory field in-situ test types



Building Enclosure Commissioning (BECx)
ASTM E2947

• Table A2.1 – BECx Performance Testing Requirements



Building Enclosure Commissioning (BECx)
ASTM E2947



Building Enclosure Commissioning (BECx)
LEED

Version Energy and Atmosphere (EA)

EA Prerequisite: Fundamental 
Commissioning

EA Credit: Enhanced Commissioning

V3 (2009) 
and earlier

No requirements related to building enclosure (BE)

V4 (2016)

References NIBS GL3-2012

BE requirements to be included 
in OPR and BOD

2 points for BECx

Review of the OPR and BOD 
relative to BE

Review of BE contractor submittals

1 design peer review of BE Develop on-going Cx plan

Prepare an O&M Plan (including training in 
CDs)

Verify operator and occupant training 
delivery and effectiveness

Verify seasonal testing



Building Enclosure Commissioning (BECx)
2018 NIBS/ASTM/RCI JOINT STATEMENT



Building Enclosure Commissioning (BECx)
CONSULTANT’S ROLE AND FOCUS

• Primary BECx Tasks by Design Phase
– Pre-Design Phase: Kick-off meeting, BECx plan, Owner’s 

Project Requirements (OPR) development
– Design Phase: Peer reviews at SD, DD, and CD
– Pre-Construction: Shop drawing/submittal review, mock-up 

performance testing, and pre-con meetings
– Construction: Field observation and performance testing
– Occupancy: Post-occupancy walk-through, warranty 

review/report, and final BECx report



Building Enclosure Commissioning (BECx)
CONSULTANT’S ROLE AND FOCUS

• Major Focus: Transition detailing/tie-ins 
(water management, heat transfer, air seal/air barrier
continuity)
– Roof-to-exterior wall
– Cladding system transitions
– Window jamb/head/sill conditions



Building Enclosure Commissioning (BECx)
CONSULTANT’S ROLE AND FOCUS



Building Enclosure Commissioning (BECx)
CONSULTANT’S ROLE AND FOCUS

?



What Does the Future Hold?
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