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material of construction or any method or manner of handling, using, 
distributing, or dealing in any material or product. 
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Questions related to specific materials, methods, and services will be addressed at the 
conclusion of this presentation. 
 



Learning Objectives  
1. Understanding of BECx methods to use during design 
and prior to bid 

2. Keys to successful implementation of  BE mockups 

3. Understanding of BECx methods to utilize after bid and 
during construction 

4. The importance of being specific within the BECx 
framework of specifications, submittals, testing and 
documentation. 

5.  Understanding the application of the building enclosure 
coordination process to building construction and BECx.  

 

 



Issues with Building Enclosure 
Performance are Not New  



BECx Case Histories  
• BECx is an investment. 
• Specific steps, at the right time, help 

produce value and reduce risk to the 
building owner.  

• Specificity and timing are critical. 
• Time and energy are limited; balance 

detailed preparation with practical 
simplicity. 



Case History 1: Use of a mockup as a test 
bed, versus use as performance benchmark. 
 
Case History 2: Deciding when in a 
sequence of construction to test complex 
enclosure systems. 
 
Case History 3: Use of a gap-analysis 
matrix. 



Case History # 1  
Implementation of enclosure performance 
mockups 



Case History # 1  
• Off-structure mockup panel. 
• Integration of air barrier and window 

was complex. 



• New window proposed. 
• Mockup not revised due to schedule; work 

proceeded on building, and performance 
verification testing was delayed until first work 
was completed. 

Case History # 1  



• Mockup performed as a design 
refinement tool, but not in original 
intended role of performance 
verification. 

• Result:  
– Late testing, 
– Direct expense to contractor for rework of 

flashings, 
– Indirect expense to owner due to delays. 

Case History # 1  



• Decide on this point as early as possible: 
is the mockup panel there to refine the 
design, or to be tested to verify 
performance? 

 
• These two roles are often in conflict. 
 

Case History # 1  



1. Ideal: enclosure trades integrate in 
coordinated shop drawings. 

2. Less ideal: enclosure trades coordinate 
integration on a mockup panel before 
start of building construction. 

3. Not ideal: coordination at first work on 
the building. 

 
In some cases the second option should be 
encouraged to avoid the third. 

Case History # 1  



• Conclusion: if a mockup is a design aid, 
devise BECx specifications to set aside time 
for that role, PLUS performance verification 
testing. 

• Ideal project: A/E and BECxA have 
anticipated enclosure component 
integration problems, and subcontractors 
submit coordinated shop drawings. 

• However, design the BECx process to 
accommodate  non-ideal revisions and 
delays. 

Case History # 1  



Case History # 2 
Specificity in performance verification 
testing 



Case History # 2 
• ASTM E1105 spray rack and pressure 

chamber water testing, specified in two 
steps: 
1. Window assembly alone. 
2. Window perimeter. 

• Window surrounded by precast trim. 
• Drainage layer behind the precast trim. 
• No distinction in specifications for when 

to test within construction sequence. 



Case History # 2 



Case History # 2 
• If tested with sealant in place, no water 

reaches the interface of the air/water 
barrier with the window perimeter. 

• If tested without the sealant in place, the 
configuration of the window and 
surrounding construction does not 
represent the finished condition. 

 



Case History # 2 
• Either configuration can be argued. 
• Conclusion: the testing specifications 

must be clear when in the sequence of 
construction to test. 

• A small amount of effort to establish this 
prior to release of the bid documents 
avoids later complications and 
arguments, when test failures have a 
dramatic impact on cost and schedule. 

 



Case History # 3 
Responsibility matrix and gap analysis 

• Project required a complex series of 
laboratory tests for a curtainwall window 
system. 

• Air infiltration, water infiltration, and 
blast resistance. 

• Required a project-specific and accurate 
laboratory mockup including surrounding 
construction. 

 



Case History # 3 

• Contractor’s schedule did not anticipate 
the work. 

 
• The applicable specifications were split 

between Division 1 and Division 8, and 
the contractor had confusion on 
responsibility. 

 



Case History # 3 

• BECxA was brought in by owner only at 
beginning of construction. 

• A responsibility matrix was developed to 
consolidate all inspection and 
performance verification testing. 

• However, the momentum of the 
contractors schedule was difficult to 
overcome, and adding the required 
testing resulted in delays. 



Case History # 3 

Construction 
Manager / 

Subcontractor
A/E BECxA

Product 
Manufacturer

079200 
1.7

Preconstruction 
laboratory 

compatibility and 
adhesion testing 
by manufacturer 

performed on 
submitted samples 

of all building 
materials in 
contact with 

sealant

Testing 
performed 

prior to 
sample 

installations

ASTM C794, 
ASTM 

C1135, 
ASTM 

C1248, 
ASTM C1087

Per test 
standard

Anticipate 
performing test 3 
months prior to 

construction. 
Perform C1135 

testing in project-
specific 

environmental 
conditions. 

Provide written 
reports for all test 

results.

Provide for 
manufacturer'

s testing
Lab testing

019119 
3.2

Adhesion pull test 
for each sealant 

and each substrate

Pre-
construction 

ASTM C1521 
Method A

Cohesive 
failure

X
Observe 
testing

079200 
1.5

Adhesion pull tests

Pre-
construction 
and during 

construction

Hand pull 
test 

procedure in 
specification

s

Cohesive 
failure; for 

each sealant 
and substrate: 

10 tests for 
first 900 ft, 

then one test 
ea. additional 

900 ft

Representative of 
A/E and sealant 
manufacturer to 

be present. 
Provide written 

reports for all test 
results. 

X

Direct 
location of 

testing, 
observe 
testing

Observe 
testing

Footnotes: 1 - Responsibilities are in addition to Contractor's quality control program and the BECxA audit of each work item

Test / Inspection 
Procedure 

Description
Test Criteria Remarks

Building 
Enclosure 

System

Mockup 
Required Per 
Specifications

Specificati
on 

Sections

Mockup, Pre-
Construction, 

or Post-
Construction

 RESPONSIBILITIES1  PER SPECIFICATIONS

Joint 
Sealants

Yes - sample 
installations at 
locations per 
A/E, 1 week 

prior to 
construction

Test / 
Inspection 
Standards

Example Responsibility Matrix – Joint Sealants 



Case History # 3 
Conclusions:  

– Develop as early as possible. 
 

– Performs two functions: 
• Pre-bid: a gap analysis tool, so all testing work 

assigned to a specific party, without duplication. 
• Post-bid: communication tool to focus attention. 
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Risk Management of Building Enclosures 



Thank you for the opportunity to be here today 
 

Humbled to visit with such an assembled group 
of professionals 

Provide some observations on enclosures 
Our discussions today are based upon risk 

management of building enclosures on 
over 200 projects and 15 years using BECP 

during construction  



Some people drink from the fountain of 
knowledge. Others just gargle." 
-- Robert Anthony, 
American business professor 



 
What is requisite  
for a project to have a chance to  have a 
building enclosure that performs ?  
  
 
  

A design /construction team that has assembled project 
documents that roadmap the path to enclosure 
 performance 





Title 2--Ten (10) Items that 
Architects, Engineers, 

Construction Managers, General 
Contractors, and Design Builders 
should implement within their 
projects to minimize building 

enclosure risks 



• Are we improving 
the building 
enclosure  
construction 
process ? 
 

Questions For The Construction Team  

 



The Industry Must Be Improving The 
Building Enclosure  Because We Have 

Better Tools  ? 
• Computer Modeling  - Thermal, Moisture  
• BIM 
• Virtual Mock Ups  
• Integrated Project Delivery 
• Co Located Design and Construction personnel during 

DD+CD    
• Construction site web portals/ wireless communications   
• Tablet  computers  
• Drones 
• Prevention thru Design- PtD 

 
 

 



How to Build 
Leaky Brick  
Walls with Good  
Materials – Letter to 
Editor to the EN& R 
magazine 



December 1, 1938 



IS ‘QUALITY MANAGEMENT’ AN OXYMORON ?  



ENR Article - Issue: 12/03/2012 
Contractors Confront the Growing Costs of Rework 

http://enr.construction.com/technology/construction_technology/2012/1203-big-data-little-data-and-aec.asp


 

ENR Article - Issue: 12/03/2012 
Contractors Confront the Growing Costs of Rework 

Rework plagues U.S. commercial construction projects, causing 
problems ranging from longer construction schedules and late 
delivery to worker injuries and billions a year in lost revenue. In the 
long term, rework can also affect a construction company's 
reputation and its ability to attract new business. 
 
The problem of rework has been largely ignored by the 
construction industry, but tighter profit margins during the recent 
recession have prompted contractors to look for new ways to shave 
expenses as well as boost earnings. Preventing, or at least 
curtailing, rework is one cost-cutting measure embraced by more 
and more contractors. Those efforts include using processes such 
as building information modeling and lean construction techniques 
to detect and correct mistakes virtually, as well as common-sense 
practices such as involving owners, users and other stakeholders 
throughout planning and construction. 
When you think about doing a job that costs a total of $100 million, 
you can spend something like $900,000 on rework," says Wayne 
Crew,  Construction Industry Institute  (CII )director. "The questions 
become: Can you afford that and how much effort do you put into 
saving $900,000?" 

 



Contractors Confront the Growing 
Costs of Rework - ENR 

The Cost of Rework-- $$$$  
 
Rework costs—including labor, materials, equipment and 
subcontractors—can run from 2% to 20% of a project's total 
contract amount. That equates to an estimated total of $15 
billion a year, according to the Construction Industry Institute. 
 
Breaking that down further, the institute found the direct cost 
of rework averaged 2.4% of total contract value for standard 
industrial construction projects and 12.4% for civil and heavy 
industrial projects. 
 
Some construction industry executives and consultants call 
the CII's annual dollar estimates low. "The $15-billion figure is 
a drop in the bucket," says McLin / Fails Management 
Intitute/FMI. 
 



Building Enclosure Management is 
an Industry Wide Challenge 

• In 2013, the US Census Bureau estimated the value of construction in the 
US at $883.9 billion in the following categories: 
 

• Private Construction     $622.8 B 
 

• Public  Construction     $261.1 B 
 

• In 2012, Zurich estimates the insurance industry spent about $5 billion to 
settle Construction Defect ( CD) claims in the United States  

• This equates to approximately 20,000 new CD 
claims for 2012 based on Zurich’s average CD 
claim value of $250K 

 

• Zurich data indicates there are 55 new CD claims reported every day 
 

• CD claims cost the insurance industry about $14 million per day 

 



Zurich Construction Defect 
claims study results 

 
CD Claims by Cause of Loss 

Water Intrusion
Poor Workmanship
Soil Issues
Building Envelope
Design Issues
Poor Supervison
All Other Causes
Mold



Questions For The Construction Team   

• Are project design 
and construction 
teams proactive with 
the verification and 
assurance of the 
building performance 
for the six sides of the 
box for the building 
enclosure?  
 



Zelda Says  
•  The building enclosure poses multiple risks to 

the management of a building project. While  
there are  proactive  construction management 
/construction firms that have implemented 
internal programs and processes to co-ordinate  
the building enclosure  inclusive of construction 
document review, mock ups, and field 
performance testing there remain those 
projects that construct ‘buildings with issues’.  
These projects  provide headline news of non 
performance and litigation.  
 



Questions For The Construction Team   

  
• What word should 

be banned in 
construction?  

• What is both the 
most overused and 
the most misused 
word in design and 
construction that 
begins with the 
letter Q?  
 



Zelda Says:  
• ‘Quality’ is  a word that is overused and 

misused within  both the design and  
construction industry. ‘Quality’ is  a word  that 
requires definition   – ‘It’ must be defined by the 
user .– In the instance of a construction project 
‘it’ must be defined by your specific plans and 
specifications. 

• Unfortunately there are as many definitions for 
the word ‘quality’ as there are construction 
team members  involved  with a project. 

• Suggest to substitute the word performance 
for the ‘Q’ word 
 



QUALITY 



PERFORMANCE  

Replace the use of the word  
Quality  

With the word – PERFORMANCE  



 - Ten (10) Items that Architects, 
Engineers and Construction 

Managers/General Contractors /Design 
Builders should implement within their 
projects to minimize building enclosure 
risks and assure that their projects are 
proactive for the delivery of enclosure 

performance  



Building Enclosure Coordination 
Process  

Building Enclosure Coordination Process  (BECP):  
 

The process by which the construction team 
designs and constructs  the performance of 
building enclosure materials, components, 
assemblies and systems to meet defined  
performance objectives of the project as  
required by the project contract documents- 
plans and specifications. 

 



Questions For The Construction Team  

•  What are the top 
ten items  that 
successful projects 
instigate to manage 
risks to the building 
enclosure?  
 



1.Require the CM/GC to 
provide the implementation 

of a Building Enclosure  
Co-ordination Process (BECP) 

• Require the CM/GC to provide a BECP 
and a  specific  individual responsible 
for the coordination of the building 
enclosure interfaces with 
subcontractors and manufacturers  



2. Integrated specifications 

• Cross link the individual specifications 
across all specification divisions  



2. Integrated Specifications 
Continued… 

 
Division 1 – Provide sections for mockup, performance testing , site 
specific performance plan,  construction & temporary protection, 
scheduling with tasks included for the building enclosure  field testing :   
 

• Submittals, shop drawings, building enclosure trade installation 
 activities, mock ups, lab testing, field performance testing. 
•  Temporary protection of the installed enclosure materials. 
•   Shop Drawings integrated to demonstrate the continuity of the 
 air, water and thermal barriers.  
•     Compatibility of materials regarding waterproofing, air barrier, 
 roofing sealants, and fenestration. 
 

      



3. Responsibility Matrix  

• Utilize to perform a ‘Gap Analysis’ of 
the specifications and provide a 
roadmap for the building enclosure 
first level QC,  performance testing, 
and documentation required within 
the specifications.  



3. Performance Verification 
Specifications- 14000 

• Provide specific listings of the  
responsibilities for each member of 
the Construction Team in reference to 
the enclosure.  



• Specific delegation within the specifications  
of the individual responsibilities of each 

party to the project  

• Owner, Architect, Consultants 
• Construction Manager, General 

Contractor  
• Subcontractors for the Enclosure  

• Manufacturers 
• Independent Testing Agencies  

4.Performance Specifications  



5.Coordinated Shop Drawings 

• Require the submittal of coordinated shop 
drawings specific to the project. 

 
• The coordination between trades is similar to 

above ceiling coordination for Mechanical, 
Plumbing, Electrical, Fire Protection, and 
Communications  



6. CM/GC Responsible for 1st 
Level Performance Control 

Verification 

• Require the CM/GC to create and implement 
a non-conformance process to inspect, 
document, track and require formal 
submittals for approval prior to field repairs 
and requiring mock ups of field repair work.   



Require Pre-construction meetings to be scheduled after the shop 
drawings are approved and a minimum of 4 weeks prior to the start 
of construction activity  

CM/GC Coordinates an Enclosure Coordination Meeting attended by  
all the  enclosure subcontractor  trades with a detailed agenda and 
published meeting minutes naming the specific responsibilities of 
each  subcontractor for the preparation of substrates and protection 
of installed wall materials.  

7. Pre-Construction Meetings  



8. Require Site Constructed Mock 
Ups That Are Field Performance 

Tested 

• Utilize a separate Mock Up 
specification placed in Division 1 



9. Field Performance Testing and 
Documentation by the CM/GC  

• The project specifications provide 
requirements for first level  field testing, 
locations, frequency, scheduling and the 
acceptance metrics.  



10. A 10 Month Warranty Walk 
Through for the Building 

Enclosure 

• Utilize the enclosure issues log and punch lists 
to discuss the current enclosure observed 
performance with a walk through attended by 
the Owner, Facility Maintenance Personnel, 
Construction Manager, General Contractor, 
subcontractors, and Manufacturer’s technical 
representatives.  





 
Thank you  

Benjamin W. Townsend, P.E. 
William R. Nash, P.E.  
WDP & Associates 
703-257-9280  
btownsend@wdpa.com; bnash@wdpa.com   

 

Remember whatever you do – “do it well” 
 
You can not improve what you do not measure. 



Zelda says  
 
“Thank You For  
Your  Attendance  and 
Interest in Improving   
Building Enclosures ”  



QUALITY 



Some people drink from the fountain of 
knowledge. Others just gargle." 
-- Robert Anthony, 
American business professor 
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