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Commissioning Process

Mozt project teams are famillar with the concepts of | m=eme |
Systems Comenissbaning, sipecially as required for
LEED certification |

- Third party wartficagion of perfarmance

- Energy opimization balanced with o ceupsst cmfart

+ Design reviews for malntainabisy

- Gonstna tion observation and installation verification |0
- Functiznal perfarmance testing

+ Gwner training
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BECx Design Reviews
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BECx Process - Design Phase

similar be Systems Commissioning. BECK is the
third-party procem of resiewing the design sed
senstruction of snusiope
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BECx - Post Construction

The Post-Censtruction Phase of
the Envelope Commissioning
process includes:
« Envelope Substansial
Completion Review
+ D&M Staff Training
+ Envelope Maintenance
Recommendations
+ Eommissioning Report
- 10 Month Warranty Review

Case Studies
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Commissioning Process

Mt project teams are tamiliar with the concepts of ™=
Systems Eommissioning, especially as required far
LEED certification

- Third party verification of performance

- Energy op

« Design reviews for maintainabiliy

. Construction observation and Instalation verification
- Bunctioral perfaamance tesking

- Ownes training

The Canstruction Phase of
the BECH process indudes:

BECx - Construction Phase

What is Commissioning?
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BECx Energy Considerations

New requirements for snclosure for energy:
- Bequirement for a contiraous air hasrier
- Barrisr must sxtend aver ALL ssivalops
surfaces
- All joints, poretrations must b datadied on
design documents
+ Caal Roofs are requered for Climate Zones 1193
- Imgeeved salar refloctance
- Increased imsulation requirements
- alaring limitatees
- Winium-Wall &atio < 0% of gross wall area
- Misger changus b SHEE ruqul remands aver
.1-2087

- Contmutty &f materprosing, thermal

- Potentiat potets o taluem

- Energy preTormance and sustanabilin

BECx Design Reviews
Focus of design review for envelope (waterproafing.
dampprealing, vapor barder, alr barrler, Insulatien,
roafing, sealants, glasing -
Inualation, wsd ale barriery
+ kttentios focused on comeletenss of
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BECk Bencfits and Costs

BECx Process - Design Phase

similar to Systems Commissioning, BECH is the
ehird-party precess of reviewing the design amd
canstruction of snvelope

Design Phase Steps:
- EresslaniBaview of Cmer's Braject Bmquirrmenis
PR} ared demigrer s et of Cusigs {800}
+ Commissi g Kick-0ft wlestieg
- Commanianing e
+ Deskgn Cocement beviews
- Commisianing Specifcations ncluing Ervalape

Mock-Alp Taaling Specifizatio
 Bewelapment af Instaliatien Checiliszs

The Post-Construction Phase of
the Envelope Commissianing
process includes:
- Envelope Substantial
Completion Review
= D&M Staff Training
- Envelope Maintenance
Recommendations
- Commissioning Report
= 10 Monch Warranty Review

BECx - Post Construction

Case Studies
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Learning Objectives

Recognize the steps in the Envelope Commissioning (BECX) process.

Recognize the value of the BECx process to the various stakeholders of the
project team.

Recognize BECx's value to high performance, sustainable buildings.
Recognize some of the testing techniques used in the BECx process.

Analyze real world project examples from design through construction
phases demonstrating the benefits of BECx.




I —

What is Commissioning?

Commissioning is an offspring of the nautical
tradition of commissioning all of the systems on a
sea-going vessel to make sure they are functional
before it sets sail

Commissioning is a systematic process, led by a
Commissioning Agent (CxA), of ensuring that all
building systems perform interactively according to
the design intent and the Owner’s operational needs
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Commissioning Process

Commissioning Process Overview
': N

+ Select a commissioning lead
« Pre-Design Phase commidsioning meeting

Most project teams are familiar with the concepts of —

L+ Develop initial Commissioning Plan outline

Systems Commissioning, especially as required for T —

(If Pre-Design meeting didn't occur)

LEED certification et commasoniy

= Update Commissioning Plan

+ Develop commissioning requirements
for the specification

- Third party verification of performance « Begin phaviegforvecaton checkhs
- Energy optimization balanced with occupant comfort

L functional tests, Systems Manual and
training requirements

+ Construction Phase kick-off meeting

= Review submittals, monitor development

- Design reviews for maintainability || | ot toms

+ Review O&M Manuals

- Construction observation and installation verification | || e
- Functional performance testing | Fom deesiorenes
. = 2l B S « Develop Commissioning Report and
- Owner training « Owvniop AecommisianingFon
« Verify and review training of owner’s staff

+ Resolve oulstanding commissioning issues
+ Perform seasonal /defermed testing
= Perform near warranty-end review
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BECx Process - Design Phase

Similar to Systems Commissioning, BECx is the e\
third-party process of reviewing the design and Sl LT
construction of envelope =

Design Phase Steps: 7 N I NN

mmmmmm

- Creation/Review of Owner’s Project Requirements
(OPR) and designer’s Basis of Design (BOD)

- Commissioning Kick-Off Meeting

- Commissioning Plan

- Design Document Reviews

- Commissioning Specifications including Envelope/
Mock-Up Testing Specifications

- Development of Installation Checklists




$ 1531°-912°
T.0. NAILER

( T TONAILER
1 12"

<

—— —

1530" - 10 5%
T.0. BRICK

b e

04 2000 VA——
04 2000 W———K

, 04 2000.FB—————
07 2100.XP2
07 1113.60




BECx Design Reviews

Focus of design review for envelope (waterproofing,
dampproofing, vapor barrier, air barrier, insulation,
roofing, sealants, glazing):

- Continuity of waterproofing, thermal
insulation, and air barriers
- Attention focused on completeness of
details
- Interaction of differing materials for
assemblies
- Potential points of failure
- Constructability
- Maintainability
- Energy performance and sustainability

| BECx Benefits and Costs |

—




BECx Energy Considerations

New requirements for enclosure for energy:

- Requirement for a continuous air barrier
- Barrier must extend over ALL envelope
surfaces
- All joints, penetrations must be detailed on
design documents
- Cool Roofs are required for Climate Zones 1to 3
- Improved solar reflectance
- Increased insulation requirements
- Glazing limitations
- Window-Wall Ratio < 40% of gross wall area
- Major changes to SHGC requirements over
90.1-2007




BECx - Construction Phase

The Construction Phase of
the BECx process includes:

- Submittal and Shop Drawing Reviews

- Commissioning Meetings

- Pre-Installation Meetings with the various
envelope subcontracting trades to set clear
expectations and responsibilities.

- Site Observations

- Mock-Up Construction/Testing
- Envelope Testing
- Water Nozzle Testing
- Combined Air/Water Testing
- Flood Testing
- Infrared Thermography
- Combined IR and Blower Door Testing
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Envelope Testing

P I P —
Testing generally falls into one of two areas: Air Tightiess
» Water Tightness « Blower door testing
- Water leakage testing + Combined blower door/IR testing
- Combined air and water testing - Adhesion/thickness testing
- Flood testing

- Infrared thermagraphy
- Electronic Leak Detecth

(ELD)

#

Testing strateqies should be tallored to climate. Alr testing
technigues more important in colder climates and water
testing in warmer climates

— — — —

IR Thermography Blower Door Testing

ASTM E779 {Standard Test Method for
Determining Air Leakiage Rate by Fan
Pressurizationy:
+ Building differential pressurization
between 28 Pascals and 78 Pascals.
- Requires all gpenings (9 be sealed
during testing
+ USACE requires leakage rate < .25chmysf
of enclosure surface ares at 73 Pa
« LEED Multifamily: s 0.25cfm/sf at 50 Pa
+ Georgia Residential Amendmant to 2009
TECC: 7 ACH at 50 Pa
« This test can become very compl e/

Roof Fload Testing

Testing methodalogy:

= Plug applicable roof drains

- Add water to 2" abawe drain height
{damming maybe reguired)

- Leave for 24 to 48 howrs (depending
an the deck type)

+ Dbserve conditions below after time
elapsed

- Safely remova water aftar test
conclusion {da nat completely open
roofl drains)

ASTM C1060:
- Tempersture differential of 12 to 18
degraes fram interiar te extarior
- Specific procedune Intended to reveal
miszing, Failed or defective msulation
- Alsg oazists with discovery af air beakage,
mmigture indrusion, misging sealant,
thermal bridging
+ Testing prerequisites
- Budlding is effectively 100% complete
- All inpulation, wally, sxteriar
assemiblies completed
- IR Thermography s very inexpensive and

seralght forward, cost effective can b Frectively with blawer expensive for larger bulldings. It cam be
Law slope roafs only doer testing to dagermine alr beakage. combined with IR ta determine air
Load-carrying capacity of structural leakages.
MUST be considered beforehand
— — N — R —
— — . -
Electronic Leak Detection (ELD) — —

Combined Air and Water Test

AAMA 50202 (Water Penetraticn and Air
Infiltration Testy
ASTM ETES an<d ASTM E1105
< Wiater pentration - eterier
-+ Spray rack assembly on lif
- 8.0 gal/Fedh ot 3 minimum
« Pressurization - intesior
- Comstrict an abrtight chamber
- Induce 3 minimum negatre
pressure of .24 psf
- Terst for & minimum ol 15 minutes
- This test s mare expensive, but
should be conssdered in coastal areas
o For buildings with significant!
enmplex eurtain wall systems,

- Find pinhole-size voids/breaches in
membrane that could result in water
infiltration

+ Electric current, void closes the circuit

« Testing optionsfapplications

- Effective on roofs with conductive decks
(metal, concrete - not wood}

- Dry application - Grounded apparatus,
sweeping across membrane

- Wet application - Wet surface, metal
wands inside a electrical field Ly

- Low Voltage - wetted surface |

- High Voltage - dry surface

« Testing standards

- RCI published literature on testing
procedures : .

-ASTMD?8?77 R

Water Leakage Testing

ARMUA 501 (Oymamic Water Resistance, Water
[——
Spray at 127 Srom mest exterisr window
wurlace
- Twsting for five minsites gar wctizn in
prescribed pattenn
Beatem warking up
Teating presequistis
- Camplrdnd rxieeior aswesmly including
sealamt and adjocent detadls imetal paneling.

intmricr (no wall insulstion.
rywall. nn fimishad Ssaricarpetingl
This test Is very Ineapeschve and effecthve for
llee, merie common cpesangs.




Testing generally falls into one of two areas:
- Water Tightness

- Water leakage testing

- Combined air and water testing
- Flood testing

- Infrared thermography
. Electronic Leak Detection (ELD)

a bk

N
Marine (C)

Dry (B) Moist (A)

v

Yam=kumid
Balow White Line




Air Tightness
- Blower door testing
- Combined blower door/IR testing
- Adhesion/thickness testing

Moist (A)

Testing strategies should be tailored to climate. Air testing
techniques more important in colder climates and water
testing in warmer climates




Water Leakage Testing

AAMA 501 (Dynamic Water Resistance, Water
Nozzle Testing):
- Spray at 12” from most exterior window
surface
- Testing for five minutes per section in a
prescribed pattern
- Bottom working up
Testing prerequisites
- Completed exterior assembly including
sealant and adjacent details (metal paneling,
masonry, etc.)
- Exposed areas on interior (no wall insulation,
no drywall, no finished floor/carpeting) e ——
This test is very inexpensive and effective for g j
smaller, more common openings.




Combined Air and Water Test

AAMA 503.03 (Water Penetration and Air
Infiltration Test):
ASTM E783 and ASTM E1105
- Water penetration - exterior
- Spray rack assembly on lift
- 5.0 gal/ft2h at a minimum
- Pressurization - interior
- Construct an airtight chamber
- Induce a minimum negative
pressure of 6.24 psf
- Test for a minimum of 15 minutes
- This test is more expensive, but
should be considered in coastal areas
or for buildings with significant/
complex curtain wall systems.




Roof Flood Testing

Testing methodology: B
- Plug applicable roof drains '
- Add water to 2” above drain height
(damming maybe required)
- Leave for 24 to 48 hours (depending
on the deck type)
- Observe conditions below after time
elapsed
- Safely remove water after test
conclusion (do not completely open
roof drains)
Straight forward, cost effective
Low slope roofs only
Load-carrying capacity of structural
MUST be considered beforehand




IR Thermography

ASTM C1060:
- Temperature differential of 12 to 18
degrees from interior to exterior
- Specific procedure intended to reveal
missing, failed or defective insulation
- Also assists with discovery of air leakage,
moisture intrusion, missing sealant,
thermal bridging
- Testing prerequisites
- Building is effectively 100% complete
- All insulation, walls, exterior
assemblies completed
- IR Thermography is very inexpensive and
can be combined effectively with blower
door testing to determine air leakage.




Blower Door Testing

ASTM E779 (Standard Test Method for
Determining Air Leakage Rate by Fan
Pressurization):
- Building differential pressurization
between 25 Pascals and 75 Pascals
- Requires all openings to be sealed
during testing
- USACE requires leakage rate < 0.25cfm/sf
of enclosure surface area at 75 Pa
- LEED Multifamily: < 0.25cfm/sf at 50 Pa
- Georgia Residential Amendment to 2009
IECC: 7 ACH at 50 Pa
- This test can become very complex/
expensive for larger buildings. It can be
combined with IR to determine air
leakages.




Roof ELD Testing

Electronic Leak Detection (ELD)

- Find pinhole-size voids/breaches in
membrane that could result in water
infiltration

- Electric current, void closes the circuit

- Testing options/applications

- Effective on roofs with conductive decks
(metal, concrete - not wood)

- Dry application - Grounded apparatus,
sweeping across membrane

- Wet application - Wet surface, metal
wands inside a electrical field

- Low Voltage - wetted surface

- High Voltage - dry surface

- Testing standards [ = S

- RCI published literature on testing et L :
procedures g, 4w b

- ASTM D7877 RS —
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BECx - Post Construction

The Post-Construction Phase of
the Envelope Commissioning
process includes:
- Envelope Substantial
Completion Review
- O&M Staff Training
- Envelope Maintenance

Recommendations
- Commissioning Report
- 10 Month Warranty Review




BECx Benefits and Costs

Sustainability

Envelope Cx helps project teams provide more
sustainable buildings:

- Energy Performance: Continuity of thermal
insulation and air barriers and validating
through site observation and testing, the
envelope performs as intended from an The Georgia Peach
energy standpoint Green Duiding Rering yster:

- Durability and Maintenance: Promote ey Eenny o Sskainstle Construcion
longevity of building envelopes by =
emphasizing smart detailing and identifying
and correcting durability problems during
design and construction
1IEQ: Promoting water and vapor tightness,

BECx helps prevent mold and other TAQ
problems

- Georgia Peach: Though not a specific
requirement of the rating system, Envelope
Cx has become common practice for State of
GA projects

Project Team Member Benefits

Design Team:
- Added quality control in waterproofing details
- Added layer of Construction Administration quality
control
Contractor:
- Fewer callbacks after project completion
Owner:
« Verification of air tightness and insulation continuity
helps decrease energy costs
+ Increased building durability and lower maintenance
costs

41 " i R ag
o

&8 NS g

Costs

The cost of BECx will vary based on the
size, complexity, location, testing
methods, and CA process.

- $0.25 - $0.75 per square foot is a good |
range to consider

- Compare to $0.40 - $1.00 per square
foot for Systems Commissioning

Compare these costs to the cost of
disrupted operations caused by water
infiltration and remediation efforts.

+ Unlike HVAC systems, which can
often be repaired with minimal
disruption to operations, faulty wall
and window systems often lead to
shutting down sections of a facility
while repair operations take place




Sustainability

Envelope Cx helps project teams provide more
sustainable buildings:
- Energy Performance: Continuity of thermal
insulation and air barriers and validating
through site observation and testing, the

&>

envelope perfor.ms as intended from an The Georgia Peach
energ¥ ‘Standp0|niz Green Building Rating System:
- Dura bl"ty and Maintenance: Promote Energy Efficiency and Sustainable Construction
. I Standards for State Buildings
longevity of building envelopes by -
emphasizing smart detailing and identifying Snergy Eiclomcy sr Sustainable Construction Actof 2008

and correcting durability problems during
design and construction

- IEQ: Promoting water and vapor tightness,
BECx helps prevent mold and other IAQ
problems

- Georgia Peach: Though not a specific
requirement of the rating system, Envelope
Cx has become common practice for State of
GA projects




Project Team Member Benefits

Design Team:

- Added quality control in waterproofing details
- Added layer of Construction Administration quality
control
Contractor:
- Fewer callbacks after project completion
Owner:
- Verification of air tightness and insulation continuity
helps decrease energy costs

- Increased building durability and lower maintenance
costs
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Costs

The cost of BECx will vary based on the
size, complexity, location, testing
methods, and CA process.

- $0.25 - $0.75 per square foot is a good
range to consider

- Compare to $0.40 - $1.00 per square
foot for Systems Commissioning

Compare these costs to the cost of
disrupted operations caused by water
infiltration and remediation efforts.

- Unlike HVAC systems, which can
often be repaired with minimal
disruption to operations, faulty wall
and window systems often lead to
shutting down sections of a facility
while repair operations take place




BECx - Owner's Perspective

Warranty Comglaints 2008 - 2015
Y

LT %

Goals for Commissioning

+ Durability mom Water infiltration warranty complaints
- Relia bility “ﬁ have decreased by 49% from 2005 to 2014
- Maintainability oo Division 07000 Complaints

- Design intent is met 2005 vs, 2014

- Construction quality is provided

=
=1

How can we address it before it becomes a warranty complaint?

&

& 2 B

mumber of Complaints per year
ra
=]

ool Sane Fanzi-g
& Iwerl—orl Com=kmon

& GSFIC

BUILDING CECRGIA'S FUTURE

NIBS Guideline 3-2012
"Commissioning the enclosure
differs from commissioning

other building systems ... The We pay for brand new.

enclosure is designed and field i o We expect brand new.
assembled from numerous -

materials with varying

properties. These materials are

manufactured by different

How did Bullding Envelope Cammissianing become a companies... assembled ...by
B many different tradespeople,
- Mistarical nity | . .
- Fmsaha e proacin working for different

contractors ... in all possible
weather conditions with the
intention of meeting well
defined performance criteria.”




Goals for Commissioning
- Durability
- Reliability
- Maintainability
- Design intent is met
- Construction quality is provided

eorgia State F

/Ill\\\ & invesiment Commissr

7 GSFIC

BUILDING GEORGIA’S FUTURE




We pay for brand new.

We expect brand new. BNDNEN
\SED TIRES!

$10.00 - up!




How did Building Envelope Commissioning become a
standard at GSFIC?

- LEED

- Historical warranty issues

- Reactive vs. Proactive

&

The Georgia Peach

Green Building Rating System:
Energy Efficiency and Sustainable Construction
Standards for State Buildings

In Accordance with the
Energy Efficiency and Sustainable Construction Act of 2008
(0.C.G.A. § 50-8-18)



NIBS Guideline 3-2012
“Commissioning the enclosure
differs from commissioning
other building systems ... The
enclosure is designed and field
assembled from numerous
materials with varying
properties. These materials are
manufactured by different
companies... assembled ...by
many different tradespeople,
working for different
contractors ... in all possible
weather conditions with the
intention of meeting well
defined performance criteria.”




Warranty Complaints 2009 - 2015
W 01000

L 03000
B 04000
= 05000
@ 06000
8107000
£ 08000
0@ 09000
@ 10000
@ 11000
012000
013000
014000
015000
016000

How can we address it before it becomes a warranty complaint?




Water infiltration warranty complaints
have decreased by 49% from 2005 to 2014

Division 07000 Complaints
2005 vs. 2014
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Tech College - South Georgia

College - Metro Atlanta

College - North Georgia

Private College Library - Metro Atlanta

Case Study #71

Envelope Ex was conducted on the
Technical College in South Georgia
+ Good copparation with Cx acress the
design team
« In design review, found several items
Imcluding:
- Downspout and gutter detalling
- Wall Nashing and weeps at brick
arches and ACM panels
+ Ingulaticn continuity at 2nd foor
slab
« Roof to wall flashing details
+ Warranty specifications

Cose Study #1

Construction Phase BECk
+ Site Observations
+ Damage to ice and water shield at
roof ridge during construction
+ Envelope Testing
+ Insufficient sealing of 15t floor
windows and failed sealant adhesion
tests
+ Water testing showed leakage under
the wall and at the storefront system
sill at the Znd floor balcony
+ Additional Efforts
+ Past-Construction review led to
di y of improperly installed
windaw/wall assembly
+ Gutter venting system consideration

Case Studies

—
Cose Study #3

35,000 square foot renavation project in 2010
inclsding replacement of windows.

- Epsten Group was contracted In late 2012
to conduct Investigatien, Infrared Testing
and Water Testing an newly installed
window assemblies

- Water Testing revealed majority of
replaced windows wers laaking dua to
lack of drainage plane beyond brick
veneer wall

- Additionally, a lack af flashing and
insufficient sealant at existing window
assemblies

» Infrared Testing revealed location of
wiater infiltration as well as lack of air
tightness

Cose Study #2
Numerous issues found during
construction:
+ Waterproofing left expasad for
extended duration without backfill =
ing d

g

unbanding

- Water penetrating under instalied
roofing system (concrete deck,
tapered insulation. modified bitumen
cap sheet)

. Water Testing was initially planned
for selected units as a sample, but
Lesting immediately led o discovery
ef water infileration inte window unit
through the masenry ta window jaint

« A5 a result of numerous faillures,
100% testing was undertaken until
all windaws passed

Case Study #2

Extensnes BECK activitios wers requastad by
GSFIC for this praject in additian te MEP
systams comimlsskaning, Deskgn phase
activities were very productive werking with
the Architect, ineliding:
- Established requirements for a mod-up
- Setting strong testing requirements
including water testing, airfwater testing,
flood testing, adhesion testing, air barrier
thickness testing.
- Makn Diesign Review findings included:
« Lack of alr barrier continuity at certain
rramsitionsincations
« Mingr Issues invelving roofing details
- Curtaln wall assambly flaghing

Case Study #3

« Based on Epsten Group findings and recommendations:
» Exiisting brick walls were removed entirely from 3
elevations
- New air barrier and waterproofing installed
« Drainage plane with flexible Aashing installed
- Ideally the BECx process would have been engaged from
Design through Construction, the problems could have
baen diagnosed before project turnover with no
i to building operations.

Case Study #4

Epsten Group performed both

systems commissioning,

architectural improvements:

- HVAC Replacement and

architectural upgrades to
allow modification of
environmental reguirements
from 750F/50% RH and
B0oF/40% RH) to increase
longevity of archived
materials,

- Testing to verify sy
performance with tight

control reg 5

Case Study #4

-+ Blower door and infrared testing to
confirm interior wall integrity and
insulation completeness (ASTM E779-03).

- Integrated Systems Testing to verify
duration of temperature and humidity
performance in the event of building
power lass.




Tech College - South Georgia

College - Metro Atlanta

College - North Georgia

Private College Library - Metro Atlanta




Case Study #1

Envelope Cx was conducted on the
Technical College in South Georgia
- Good cooperation with Cx across the
design team
- In design review, found several items
including:
- Downspout and gutter detailing
- Wall flashing and weeps at brick
arches and ACM panels
- Insulation continuity at 2nd floor
slab
- Roof to wall flashing details
- Warranty specifications




Case Study #1

Construction Phase BECx
- Site Observations
- Damage to ice and water shield at
roof ridge during construction
- Envelope Testing
- Insufficient sealing of 1st floor
windows and failed sealant adhesion
tests
- Water testing showed leakage under
the wall and at the storefront system
sill at the 2nd floor balcony
- Additional Efforts
- Post-Construction review led to
discovery of improperly installed
window/wall assembly
- Gutter venting system consideration




Case Study #2 e

Extensive BECX activities were requested by ComTER P ; :— ¢ o v vz e sy
GSFIC for this project in addition to MEP . i 1 M‘“““““*‘v
systems commissioning. Design phase Ssp—— ik S 7_—Ef.iffi'iff"f:'f};’;‘;
activities were very productive working with gz RO | M
the Architect, including: e 1=
- Established requirements for a mock-up PR
- Setting strong testing requirements g y ;" :.'. + e e e
including water testing, air/water testing, R -
flood testing, adhesion testing, air barrier R : ‘. J J

thickness testing.
- Main Design Review findings included:
- Lack of air barrier continuity at certain
transitions/locations
« Minor issues involving roofing details
- Curtain wall assembly flashing




Case Study #2

Numerous issues found during
construction:

- Waterproofing left exposed for
extended duration without backfill -
resulting in excessive blistering and
unbonding

- Water penetrating under installed
roofing system (concrete deck,
tapered insulation, modified bitumen
cap sheet)

- Water Testing was initially planned
for selected units as a sample, but
testing immediately led to discovery
of water infiltration into window unit
through the masonry to window joint.

- As a result of numerous failures,
100% testing was undertaken until
all windows passed




Case Study #3

35,000 square foot renovation project in 2010
including replacement of windows.

- Epsten Group was contracted in late 2012
to conduct investigation, Infrared Testing
and Water Testing on newly installed
window assemblies

- Water Testing revealed majority of
replaced windows were leaking due to
lack of drainage plane beyond brick
veneer wall

- Additionally, a lack of flashing and
insufficient sealant at existing window
assemblies

- Infrared Testing revealed location of
water infiltration as well as lack of air
tightness




Case Study #3

- Based on Epsten Group findings and recommendations:
- Existing brick walls were removed entirely from 3
elevations
- New air barrier and waterproofing installed
- Drainage plane with flexible flashing installed
- Ideally the BECx process would have been engaged from
Design through Construction, the problems could have
been diagnosed before project turnover with no
disruption to building operations.




Case Study #4

Epsten Group performed both
systems commissioning,
architectural improvements:
- HVAC Replacement and
architectural upgrades to
allow modification of —a -
environmental requirements
from 750F/50% RH and
600F/40% RH) to increase

I
Insulation and drywall applied to Room #1

longevity of archived = ——
materials. =

- Testing to verify system e
performance. with tight = j\ — AVaS
control requirements.




Case Study #4

- Blower door and infrared testing to
confirm interior wall integrity and
insulation completeness (ASTM E779-03).

- Integrated Systems Testing to verify
duration of temperature and humidity
performance in the event of building
power loss.




Closing Summary

BECXx Process Post Construction
Design Phase: - O+M Staff Training
- OPR and BOD Review - Systems Manual/Re-Cx
- Cx Kick-Off Meeting Procedures
- Design Document Reviews - Final Cx Report
- Cx Specifications - Upload LEED Documentation
- Installation Checklist (When Applicable)
Development Envelope Testing Techniques
Construction Phase - Water Nozzle Testing
- Submittal/Shop Drawing - Combined Air and Water Testing
Review - Infrared Thermography
- Cx Meeting - Blower Door Testing
- Site Observations - Other Common tests
- Mock-Up Testing - Adhesion testing
- Envelope Testing - Barrier thickness

- Flood testing

Clesing Summary




Benefits of BECXx
For Design Professionals:
- Improved Quality Control in
detailing
- Improved Quality Control in
Construction Administration
For Contractors:
- Fewer callbacks after completion
For Owners/Facility Managers:
- Improved energy performance/
cost
- Improved durability and lower
maintenance costs




Envelope Commissioning
USG FOC 2017

October 26, 2017
John Jefferson, RA, PMP
Darren Draper, PE, CxA

Commissioning Process

Mt project teams are tamiliar with the concepts of ™=
Systems Eommissioning, especially as required far
LEED certification

- Third party verification of performance

- Energy op

« Design reviews for maintainabiliy

. Construction observation and Instalation verification
- Bunctioral perfaamance tesking

- Ownes training

The Canstruction Phase of
the BECH process indudes:

BECx - Construction Phase

What is Commissioning?

Cammimsianing bs an o ffaprieg ol the neuticsl
tra e of Commissining all of the 3T o o
waa-gaing v sl tn maks 5w thiy ara fanctisnal
Ebara it salssad

‘Comminsiansg i s sysEmatic pracens, ded b1
Commissianing gest [CabL of enirng that o

BuRding rystems perlerm mbaractiealy scoanding t
the deipn inest éd K Gomers oger stsanal nesds
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Learning Objectives

praject taam.

Hacngeian HECK's vahsa to high paricemuncs, nintainabis buldings.

the BECx prozess.

from design
hase demenilraling Lbe bunefils of 880

BECx Energy Considerations

New requirements for snclosure for energy:
- Bequirement for a contiraous air hasrier
- Barrisr must sxtend aver ALL ssivalops
surfaces
- All joints, poretrations must b datadied on
design documents
+ Caal Roofs are requered for Climate Zones 1193
- Imgeeved salar refloctance
- Increased imsulation requirements
- alaring limitatees
- Winium-Wall &atio < 0% of gross wall area
- Misger changus b SHEE ruqul remands aver
.1-2087

- Contmutty &f materprosing, thermal

- Potentiat potets o taluem

- Energy preTormance and sustanabilin

BECx Design Reviews
Focus of design review for envelope (waterproafing.
dampprealing, vapor barder, alr barrler, Insulatien,
roafing, sealants, glasing -
Inualation, wsd ale barriery
+ kttentios focused on comeletenss of

« Inimrsctien af Sfaring maceriks for

Cenatuctability
Nealeapin s iy

BECk Bencfits and Costs

BECx Process - Design Phase

similar to Systems Commissioning, BECH is the
ehird-party precess of reviewing the design amd
canstruction of snvelope

Design Phase Steps:
- EresslaniBaview of Cmer's Braject Bmquirrmenis
PR} ared demigrer s et of Cusigs {800}
+ Commissi g Kick-0ft wlestieg
- Commanianing e
+ Deskgn Cocement beviews
- Commisianing Specifcations ncluing Ervalape

Mock-Alp Taaling Specifizatio
 Bewelapment af Instaliatien Checiliszs

The Post-Construction Phase of
the Envelope Commissianing
process includes:
- Envelope Substantial
Completion Review
= D&M Staff Training
- Envelope Maintenance
Recommendations
- Commissioning Report
= 10 Monch Warranty Review

BECx - Post Construction

Case Studies




