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Continuing Education: 2.0 AIA/CES/HSW LU

“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 oY 04,,0
specific materials, methods, and services will be addressed z
at the conclusion of this presentation.
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Copyright Materials

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.
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14™ Annual Building Enclosure Event €CSI

Course Description

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
BECXx 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

1. Review the current cOodes 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.
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" Program Outline h

Drivers

* Failures

- Safe

 Durable

* Savings

- “Green”

 Timely

- Expectations (OPR)
Codes / Building Science
State of the Practice
Tomorrow’s Trends

" Environmental Separation A

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

W, =
y \0

I

I
===
=

"

2/28/2017

22



2/28/2017

" Sustainability Status A
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" Program Outline

Quality Drivers

« Failures

- Safe

* Durable

* Savings

- “Green”

s Timely

 Expectations (OPR)
Codes / Building Science
State of the Practice
Tomorrow’s Trends

\

" Energy Conservation

Solar Heat Gain U-Factor

Air Leakage
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/Energy Conservation

Transmittance

Reflectance

Absorptance
Emittance

\

Solar Heat Gain
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" Energy Conservation D

Thermal Discontinuities

\_
" Energy Conservation A
\ /
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Energy Modeling & BECx

View from Interior

Nominal (1D) vs. Assembly Performance Indicators

Base Assembly - Wall

View from Exterior

Thermal Performance Indicators

Assembly 1D Ripr.
(Nominal) R-Value | Rypy

Two base assemblies :
r = roof
w = wall (Detail 11)

Transmittance /
Resistance without

U, | “clear field” U- and R-
R, | values. Separate values
U,y | presented for the two

‘ n“ Anomaly R,y | base assemblies
E Surface T 0 = exterior temperature
= Temperature Index’ ' | 1 =interior temperature
g Linear Increm.ental increa:se in
i Transmittance v | transmittance per linear

length of parapet

Base Assembly — Roof

1Surface temperatures are a result of steady-state conductive heat
flow with constant heat transfer coefficients. Limitations are
identified in final report.

Rip Ror Uor
ft*hr°F / Btu f*-hr-°F / Btu Btu/ft® -hr °F
(m? K/ W) (m* K /W) (Wim? K)
R-21.2 (3.74) |R-21.0(3.69) | 0.048 (0.27)

Wall Exterior
Insulation 1D Rio 2 E“ Uow
RVakis it*hr°F / Btu ftehe"F /Bty | Bt hr °F
(M2 K W) (m* K/ W) (W/m? K)
(RSI)
R-5(0.88) | R-19.2(3.38) | R-13.40 (2.36) | 0.075 (0.42)
R-10 (1.76) | R-24.2 (4.26) | R-16.28 (2.87) | 0.061 (0.35)
R-15(2.64) | R-29.2(5.14) | R-18.49 (3.25) | 0.054 (0.31)
R-20 (3.52) | R-34.2 (6.02) | R-20.50 (3.61) | 0.049 (0.28)
R-25 (4.40) | R-39.2 (6.90) | R-22.14 (3.90) | 0.045 (0.26)

Reference ASHRAE 1365 -RP

" Energy Modeling & BECx

2/28/2017

29



" Energy Modeling & BECx

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

" 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

2/28/2017
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" Case Study

Blower Door Testing:

Building air leakage rate @ 75PA
. 0.50 cfm/ft? (Positive)
+  0.61 cfm/ft? (Negative)

Diagnostic Evaluation:

» Asignificant 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

\

e )

EEE———

" Oak Ridge National Lab - Study

- Test full-scale walls w/ and w/o air leakage in hot box
- Leakage limited to joints at sheathings

- Heat flux increased 25 to 50%

Q Sealed vs Q Imposed 10Pa

(ie in one wall and out the other, similar air leakage)

~
&
ES

Higher R-Value Walls |
50%
48%

45% 5

35% 34%
25%

24%

Percent Increase in Heat Flux

=
ES

Wall2 Wall 3 Wall4 Wall7 Wall8
Inset Stapled...  Face Stapled CFl XPSon FG 2X6 FG

2/28/2017

31



\

" Case Study

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

" 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.

2/28/2017
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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

Modeled Yearly Energy Cost Saved (%) = [(0.8-0.1)/0.8] x 100

35
30
25
20
15
10

0

m % Saved
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" DFCM'’s Case for Rigorous BECx

Why the Differences?

« 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

DFCM’s Case for Rigorous BECx

Centennial Commons Measured

Overall Average of All 201 Bldgs...

United Kingdom Superstores Measured
FSEC Measured

US Office Bldgs Max Measured
Canadian Office Bldgs Max Measured
Corps of Engineers Design Requirement

ASHRAE Definition of Leaky...

ASHRAE Definition of Tight...

2.5
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" DFCM'’s Case for Rigorous BECx

AIR BARRIER SF + BLDG GSF (8 OUT OF 8 PROJECTS) 33.0%

AIR BARRIER SF = BLDG ENVELOPE SF (8 OUT OF 8 PROJECTS) 283%

AIR BARRIER COST + PROJECT CONSTRUCTION COST (8 OUT OF 8 PROJECTS) 1.0%
AIR BARRIER COST + BLDG GSF (8 OUT OF 8 PROJECTS) $1.68/GSF
AIR BARRIER COST + AIR BARRIER SF (8 OUT OF 8 PROJECTS) 54.87/5F

COST OF AIR BARRIER COMMISSIONING & TESTING + TOTAL CONSTRUCTION

COST (6 OUT OF 8 PROJECTS) ek
BUILDING LEAKAGE RATE (3 OUT OF 8 PROJECTS) 0.079 CFM/SF?
MOCKUP COST (7 OUT OF 8 PROJECTS) 516,143

Metrics as of 2013.

" Achieve Exceptional Energy Savings

Building Envelope Commissioning

Over the years DFCM has learned the
immense value of having high performing
building envelopes. Quality systems that
perform as designed provide value to the
building and its occupants for decades.

In an effort to quantify the value of this
program, DFCM conducted an analysis
utilizing a sophisticated energy modeling
process to determine annual energy cost
savings ranging from 4% to 32%, with a
majority of buildings experiencing savings
in the 10% to 15% range.

- John Burningham,

Energy Development Director

2/28/2017
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" Sustainability Drivers

Design Changes

Environmental

Symbols of
Success
Enengy Elficsancy

Rismg Energy Costs

Social

Regulatory

" 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

2/28/2017
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“Understanding the Owner’s Expectations
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Owner’s Project Requirements h
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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.

2/28/2017
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/History

2007:

« US Army Corps of Engineers

« Air barrier material air permeance not to exceed
0.004 cfm/ft2at 0.3 in. wg (1.57psf) (0.02 L/ssm? @
75 Pa)

«  Whole building’s air leakage rate must not exceed
1.25 L/ssm2 @ 75 Pa (0.25 cfm/ft2at 1.57 psf) when
tested according to ASTM E779

CSA Z320-11

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 o
Testing Aoy o
Addresses the objectives of e

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

2/28/2017
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" ASTM E2813-12 A

“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 R

| |Fundamental ___|Enhanced _____

Acoustic Performance
Air Leakage
Thermal Performance

Water Penetration

N < B <
N N

Sealant Durability

Number of tests required per assembly varies
Includes combinations of Field Mockup Testing and In-Situ Field Testing

Many other optional tests

47



" History

2011/2012: ANSI

« Baseline Standards: T
. IBC 2012 CODE COUNCIL
. IECC2012
.« ANSI/ASHRAE/IES 90.1 — 2010

« Enhancement Standards:
. IGCC Version 2.0 -2012
«  LEED 2012 - Public Version 2 e
«  ASHRAE 189.1 — Public Review Be:s @ 2% @

Vapor

Per IBC 2012
« Class | or Il vapor retarders provided on interior side of
frame wall in Zones 5-8 and Marine 4
+ Class lll permitted conditionally

Moist (A)

2/28/2017
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/History D

—— 2 OPTIONS:

IBC 2012 IECC 2012

2. C402.4

" History A

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/ft?

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

VWSSO NS
A VA NN A VAN

Vestibule Requirements

2/28/2017
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" Air Leakage Requirements

Continuous Air Barrier shall be provided

IECC: except Zones 1-3
ASHRAE: except semi-heated spaces in Zones 1-6

" Fenestration Air Requirements

TABLE C402.4.3

MAXIMUM AIR INFILTRATION RATE
FOR FENESTRATION ASSEMBLIES

FENESTRATION ASSEMBLY

MAXIMUM

TEST PROCEDURE

RATE(CFM/FT?)
Windows 0.20°
Sliding doors 0.20* AAMA/WDMA/
Swinging doors 0.20° CSA101/1.5.2/A440
Skylights — with conden- o
sation weepage openings 0.30 NFRC 400
Skylights - all other 0.20"
Curtain walls 0.06
Storefront glazing 0.06 NFR& 400
Commerclal glazed 1.00 ASTME 283 at 1.57 psf
swinging entrance doors (75 Pa)
Revolving doors 1.00
Garage doors 0.40 ANSI/DASMA 105,
NFRC 400, or

Rolling doors 1.00 ASTME 283 at 1.57 psf

(75 Pa)

For SI: 1 cubic foot per minute = 0.47L/s. 1 square foot = 0.093 m®.

a. The maximum rate for windows, sliding and swinging doors, and skylights
is permitted (o be 0.3 c[m per square foot of fenestration or door area when
tested in accordance with AAMA/WDMA/CSA101/1.S.2/A440 at 6.24 psf

(300 Pa).

IECC
2012

2/28/2017
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"What is an Air Barrier?

“What is an Air Barrier?

+ Materials with air permeability <0.004 cfm/ft?

« 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>1/2in.

«  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

2/28/2017
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Stucco: Air Vs. Flashing Require

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

Not All Air Barriers are Equal

ments

" Determining Air Infiltration

¢ 0,004 cim/sq.ft. @75 Pa ¢ 004 cfmlsq.. @75Pa

Testing alr barrier materiais Is Testing of air borrier assemblies Is an

neceszary but not guffldant. essertlal step to demonstrate
performanca of [nstalled air barrlere

Materials Assemblies Whole Building
o ASTM E2178 ¢ ASTME2357 o ASTME779

Testlﬁg whole buﬂd‘!n atthe end of
the preject mey be too late and/or
too expensiva to fix mistales

2/28/2017
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" Vapor Control Layer h

Vapor Retarders per IBC 2012:

« Class | or Il vapor = il s
retarders provided
on interior side of
frame wall in Zones
5-8 and Marine 4

« Class lll permitted
conditionally

Exceptions:
1. Basement walls.
2. Below-grade portion of any wall.

3. Construction where moisture or its freezing will not
damage the materials.

" Applicable Standards A

ASHRAE Guideline 0-2005 ﬁ%

(£Y) ASHRAE GUIDELINE _‘llli

4 INTERNATIONAL
The Commissioning £2813 — Standard
Practice for Building
PI'OCESS Enclosure

Commissionina

2™ National Institute of
Ui® BUILDING SCIENCES

NIBS Guideline 3-2012

Building Enclosure Commissioning Process BECx
This Guideline is for Use with ASHRAE Guideline 0-2005:

T e !

53



" Applicable Standards

(amst__
g/

pﬂlﬁ% INTERNATIONAL

American g Eﬂ
Architectural o ——
Rating Council®

Manufacturers
Association

CeSa
OfVGC

@®
ASCE Canadian General
= Standards Board

a " Society of Civil E

" Sustainability Programs

Energy
« LEED NC 2009 3TH of Energy Consumption iirﬁ'E'BtEd to Building Enclosure
+ LEED V4
g

Haring 1800,
Coaling 11.00%.
igrin ot
WL HEal TaTH
Wanliaketion TATH.

OHtiem Cquip TA00%.

2/28/2017
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"LEED NC 2009 )

« 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 V.4 R

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

©

55



" LEED V4

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 Version 4

Enhanced Commissioning Option 2

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.

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.

2/28/2017
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/Program Outline

Quality Drivers
Codes / Building Science
» Code Review
* Building Science 101
State of the Practice
Tomorrow’s Trends

Climate ’
Modifiers \\ -

Exterior
Environment

Loads

Micro

Enclosure )/ i

.'r_ External Interface

i",— Finish

__,-'_ Finish

”#%— Internal Interface

Loads

Interior
Environment

" Occupant Comfort

+ Acoustic
+ Visual

« Thermal %\:%
+ Physical

» Psychological
+ Air Quality

Sunlight

Airflow

=

Clothing

Temperature /~
Gl

¢

Humidity
Radiant
heat

§

Expectation

2/28/2017
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" Occupant Comfort

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 19.4°C and 27.8°F

Typical Residential Environments
e 22°C@30%RH
e Tdew=4.4°C

Environmental
Conditions for
Human Occupancy

Thermal

Category of
functions
SRR
Specific loadings g o § &
= @) O O
Gravity — Dead (assembly, etc.) .
Gravity — Live (people, snow, etc.) 0
>_ | Wind ® O
J}_’ ; Ground Movement (seismic, settlement, etc.) L
§ T [ Explosion D
o0 3 - -
% & § | Rheological (creep, shrinkage, etc.) L O
8 Impact (vehicles, missiles, people, ctc) ]
‘-5 Fire L
= Heat (thermal, etc.) Ole
e h% Air (pressure, movement, leakage, erc.) Q| e
EE 8 | Moisture (built-in, precipitation, etc) Qle
e 5 E Smoke L
2 E ‘£ | Solar radiation (incident, reflected, etc.) o O
85§ | Chemical anack/amospheric (acid rain, erc.) e[ O
F - S
g Particulate matter {dust, VOC’s, etc.) .
3 People (wear & tear, eic.) [e] L)
Insects, birds, s, (termites, rodents, erc.) .
St
= 3 | Light (natural, incandescent, fluorescent, eic,) L]
= El: Sound o] ® O
8 & [Viswal - local . .
@3 |
w Visual — contextual . .

" Interior and Exterior Loads

Primary significance
Sece I|1l15ln' ‘.;igﬂi l‘l['iln['(‘

Tertiary significance

Source:

Building Science Corporation

)
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Category of
functions
=|
& 832
Specific loadings g 95 2
£l @| O W
Gravity - Dead (assembly, etc.) Ld
Gravity — Live (people, snow, etc.) .
= Wind ® 0O
& g Ground Movement (seismic, settlement, etc.) L]
§ T | Explosion .
=] - :
£ & § | Rheological (creep, shrinkage, ete.) . o
° r o 3
8 Impact (vehicles, missiles, people, erc.) L
N Lige .
]
= Heat (thermal, erc.) Qle
e = Air (pre e, movement, leakage, etc.) Qe
ES Moistuse (builtin, precipits cic) Qe
eE X
£ 3 S | 5me ke .
R & S | Solar radiation (incident, reflected, ctc.) o O
85 | Chemical attack/atmospheric (acid rain, crc) e/ 0O
E] . = S
g Particulate matter (dust, VOC's, etc.) [ ]
3 People (wear & tear, cte.) o] .
Insects, birds, animals, (termires, rodents, ere.) LJ
>= I -
5 8 | Light (nawral, incandescent, fluorescent, erc.) .
k= E Sound o] e O
@ & [ Vil —local . .
il & | Visual - contextual . .

" Interior and Exterior Loads

Primary significance
Secondary significance

Tertiary significance

Source: Building Science Corporation

/

Heat

Air

Vapour

" Interior and Exterior Loads

HOT

HIGH PRESSURE

Moisture \ /
PATH OF LEAST RESISTANCE

COLD

LOW PRESSURE

HIGH PRESSURE LOW PRESSURE

2/28/2017
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" Interior and Exterior Loads

Heat

Vapour

HOT C Lw
Air

HIGH PRESSUR LOW PRESSURE

Moisture @ /'
G PATH OF LEAST RESISTANCE

HIGH PRESSURE LOW PRESSURE

" Control Layers

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

"““. 8

Q,_‘a L\
S

"\

>
ve
7
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" Modes of Bulk Water Transport D

Moisture Transport A

N\

2/3 Pint via Diffusion

N

Vapaor diffusion-

23 pint of water per I:: >

heating season

Air leakage (% inch hole -
50 pints of water per
healing saason

50 Pints via Air Flow

2/28/2017
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Stntnnd Toat s o
Weates Yapor Tranuméusion of Materisse’

" Vapor Retarder Class (IBC)

VAPOR RETARDER CLASS. A measure of a material or
assembly’s ability to limit the amount of moisture that passes
through that material or assembly. Vapor retarder class shall
be defined using the desiccant method of ASTM E 96 as fol-
lows:

Class I: 0.1 perm or less.

Class IT: 0.1 < perm < 1.0 perm.

Class III: 1.0 < perm < 10 perm.

ASTM E96
Wet Cup

0% RH 100% RH

Desiccant  50% RH Water  50% RH

Dry Cup

2/28/2017

62



" Air/Vapour Barriers

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 Il: 0.1 < Perms < 1.0
Class Ill: 1.0 < Perms < 10

Spray Palyurethane Foam {5PF)
Permeability Hange:
<1.0 = 2.3 Parms

a |

Self-Adhered Membrane
Pt reeabiSty Range:
<0.01 - <1 Perms

Fluid Applied Membranes
Permeahbility Range:
=0.1 - 36 Perms

Mechanacally Fastened
Fermeabikty Range
=0.1 - 50 Perms

Possible Unintended Vapour Barrier

" Enclosure Design

Brick veneer/stone veneer

Drained cavity

Exterior rigid insulation — extruded
polystyrene, expanded polystyrene,
isocyanurate, rock woal, fiberglass

Membrane or trowel-on or spray

applied vapor barrier (Class | vapor
retarder), air barrier and drainage
plane (impermeable)

Concrete block

Metal channel or wood furring

Gypsum board

NYNNNNNNNSNSA

Latex paint or vapor semi-
permeable textured wall fiinish
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" Enclosure Design h

Wall

" Enclosure Design
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r;
S .

'\ G% GG

: _— Ballast
Jo oL Ao o P log ool 4
NS e VR G OL S 018 0 0iOrLia R o180 ; ’
})ﬂr(\yw(\éof_\/\f—%ﬂ/a.h@om/\‘ @R Y omy < Fllter fabnc
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" Enclosure Design

I o al U0~ Jo A al oS
O S PO R LS e e

LS Ao A

< Slab
< Control layers

L« Stones

<« Earth

" Enclosure Design

DATE: 20
FILE: Pt

se
PROJECT: SL
SUBJECT: W
LOCATION: Cx
WALL: w

Inside Temporature (Toak [ 72 |'F
Outste Temporstre Tomad [ 0 |'F
Roslathon Humidiey (038 |%

Total Wall R-Vahe (R} =| 23885 |hnFid
Total Wall U-vake (L) 5] 004 Bauht™F
Heat Fiow (0} =[__302_[Bashnt
Dow Poit Tomesenturs (To) =] ado8 |'F

Typical Wall Section
Nurmiber of wall SOCHONS My vy ~—
12 3 n

4 "“*—Inma Temperature
Temnperature
Throughout Wal A Meeside Al Film
/ /
7, for Secton 3
T, for Section 2
-
Outside Air Film
T, for Section 2
Cutsida Tomparaturs, Tyl Suctoes 4

.1
-
|
4

]

Eormulas

PEERE

I
H
o

0- Vol T ) v - 2

IR,
D mwe emperaiians in the fosowing equations are i “C and
are converied toffrom *F as needed in this spreadsheet.

&9 | 70 | 000

may occur

1, surface of the wall section.
The . v AP e if i lower (han the rocm Pumidity and thens is no
2. "Vapor Bamier” between e section inside surface and the insite of the room.
This indicates

Cafl Goior Legond
Informmation that must be inges by the user,
Typscal values that may b= changed I needed
Wakas that ane calcuated automatically.

N
. 237 ?hg| ol ] , .
Torsomg(Rg) TR
611 J
- Saturated Vagor Pressure
P, =6.11x10"
P 6llxl0® Actual Vapar Pressure
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" Enclosure Design

tion: Madison; cold year;

Wi Dry SPF
—— Y ; w— 1
4
>1000— g?ﬁ L ety | eve
75@!. g0 },
s 200 g
i

[mmih] st 1NN

g
|

M0 T 80
£ oLl [Lh

10 Em k“““*—-—_ b
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01 fie 0

=
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—1
=

=

01 25 51 01 1.5 25 25 159
Matal Panel Air Thermax Perm-A-Barmier SPF Hir Gyp.
Dens
Cross Section [cm]

£ 8
g

WUFID

Rel. Humidity [%]

"Heat Transfer Simulation

Two-Dimensional Building Heat Transfer Modeling

L] Tue I i

i

o

Easghads

T e ]

BESEESweustlss

BGH - CEMENT INFILL MO INSUL TN FRAME
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" Conceptual Assemblies

Cavity wall
* Masonry
» Metal panels
 Drained EIFS/Stucco

s

Conceptual Assemblies

Cavity wall
* Masonry
» Metal panels
» Drained EIFS/Stucco

Barrier wall
 Barrier metal wall panels
 Barrier EIFS/Stucco

2/28/2017
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" Conceptual Assemblies h
VI E
Cavity wall EX =
. = 2
+ Masonry :. i'i 3 = |
« Metal panels W : :
+ Drained EIFS/Stucco v, o
. - §
Mass wall AR =
8 vy N
» % b 5 :
‘ﬁ L i P e f
:“i & 4 i :
P T CEEA

\_ /

" Common Elements A

Substrates

Sources: : NIBS www.wbdg.org; nexusfocus.com; www.greenbuildingadvisor.com; www.wbdg.org; www.huggettbetten.com
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" Fluid-Applied h

* Asphalt
* Acrylic
« STPE

« Silicone

" Self-Adhered Sheet R

May include:
* Rubberized asphalt

» Cross-laminated HDPE
film

« Polypropylene

« Other polymers
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" Other

» Board

 Spray
polyurethane
foam

 Insulated metal
wall panels

" Insulation Types

« Foam plastics
Spray polyurethane foam (SPF)
Extruded polystyrene (XPS)
* Opencell
* Closed cell
Expanded polystyrene (EPS)
Polyisocyanurate

« Mineral wool

« Fiberglass

2/28/2017
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" Insulation Types

R

-

g
Fiberglass

" Exterior Wall
Cladding Types:

« Masonry/stone
* Precast concrete

» Panelized metal

finish system (EIFS)

« Stucco/adhered
masonry

« Exterior insulation and

Source:

www.globalstonesu

pplier.coi

m; img.archiexpo.com; www.masoncontractors.or
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" Exterior Wall
Attachment:

« “Continuous
insulation”

« Thermally improved
clips

» Corrosion resistance

14" Annual Building Enclosure Event

Chicago Chapter

10 Minute Break
Sponsor Tabletops are Open

DuPont™
Tyvelk
. Parksite

Roxu L 0 Oldcastle

The Better Insulation BuildingEnvelope
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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

4 Project Life Cycle

Environmental

i Land ~ hoompr
/ \

Demalition/ .

H . Geotechnical

i vl Project Senvices
‘ Life Cycle [

Property Building
| Services Sciences = =

| \ Material /

Testing
|
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" Common Forms of QA

Materials

Construction

Test Plan Testing
& Project
Management

Compliance
Plan
Development

. =)

SATELLITE™

¥

-. :"

Product

Certificatio
n Services

Project

L

=
Functional Building -
Building Performance Mock Up Programming /
Validation Design Review

Data Collection

&

fntergretation

ey

Prepare
Submittal =
Package

Data Usage

(&
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" Arena Blast Testing A

Hail Impact Testing h
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ASTM F 588
ASTM F 842
AAMA 1304
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" Forced Entry Resistance

2/28/2017

7



2/28/2017

" Structural Testing A

Program Outline

Quality Drivers
Codes / Building Science

State of the Practice -

» Materials 5 B
« Consulting / Design
« BECx

» Field Testing

* Inspections

PARK PLACE

B

Tomorrow’s Trends
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Field QA Inspection

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

011472015 Log 337

Field QA Inspection

« Electronic Field Reports

\_ %
" Consulting/Design QA A
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
+ 1year walk
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" Consulting/Design QA
Revit Model

B N e e s b = VT ]
3] FEESE 5. 4 2 N B oatEr N

" Consulting/Design QA

Building Enclosure Details Set

PARK PLACE
s

2/28/2017
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" Consulting/Design QA D

Building Enclosure Details Set

" Consulting/Design QA A
Building Envelope Details Set

_— RALWG ATTACHUENT AT POOLM
K" CANT OF WAMUFACTURER'S - LOW WALL, SEE DWGS BY OTHERS
APPRUVED SEALANT &, |

— WEEP SCREED
!

6 x4
[ L7 NETAL FLASHNG

A /
e o
.-x""‘x._. i
— uQ E_::m??“\‘u:jplwqw WG,
- SEE DETAIL 1
PODIUM JULIET DECK TOWALL TRANSITION [ seuews [ 2 PODIUM RAIL I
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" Definition

Process that verifies enclosure
Basis of Design (BOD)

BECx: -VS-
Formal Process (start/end)

« Based on performance
More accountability

« Based on real world cond.

\

performance against the Owner’s
Project Requirements (OPR) and

Enclosure Consulting:

Could be only one task
Based on reducing liability
Less accountability

Based on standards

 Program Outline

Quality Drivers
Codes / Building Science
State of the Practice
« Materials
+ Consulting / Design
» BECx
« Field Testing
* Inspections
Tomorrow’s Trends

2/28/2017
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" Discipline Specific Cx

Primary

Lighting Waste

Secondary

Sub-Systems

4

2/28/2017
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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

2/28/2017
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/Commissioning Twin Track h
Performance
Systems to be Cx (OPR)

« Mechanical « Energy

« Electrical  Acoustical

* Plumbing « Air Quality

« Life Safety

. ICT

« Building Enclosure
\_ %
" Sub-Discipline Specific Cx A

Testing
Thermal Calibration
Structural Mock-up
Solar IAQ
Safety.S.ystems l Roofing
D_urablllty Glazing
Fire ) Facade
Acoustics Waterproofing
Blast ) Material
Water / Air Properties
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" BECx Process

Operation &

Pre-Design Procurement Construction :
Maintenance

Commissioning Process

\

/Pre—Design

: . * Introduce BECx process
Project Planning * Objectives

Conference ¢ Tasks and milestones
* Responsibilities

* Roles and responsibilities

BECx Plan + Communication protocols
* Format for reporting

Owner’s Project
Requ irements * Establish enclosure performance criteria

(OPR)

2/28/2017
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/Pre—Design/Design Development

OWNER'S PROJECT
REQUIREMENTS
(OPR)

* Durability/Service Life
* Air Leakage

» Water Leakage

» Thermal Performance
* Fire Resistance

* Acoustic Performance
* Testing Requirements

See NIBS Annex J

BASIS OF DESIGN
(BOD)

* Proposed system(s)
» Assemblies and
Materials

* lllustrate Compliance
with OPR

See NIBS Annex K

Pre-Design/Design Development

BUILDING ENCLOSURE
COMMISSIONING PLAN

+ Organization

 Schedule

* Allocation of Resources

* Roles and Responsibilities

* Documentation Requirements

See NIBS Annex G

TABLE OF CONTENTS

Table of ComMTEME e e

INtroduction ...
Commissigning Process Descrip

Building Enclosure Commissioning Plan ...cveeee

Design Phaze
Construction Phaze
Occupancy 2nd Operations Phass

Attachments:
Appendiz A — Terminology
Appendiz B — Roles and Responsibilities

2/28/2017
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Annex F: Roles and Responsibilities Matrix

/Pre-Design/Design Development

NIBS Guideline 3-2006

O
g H
Phase & H 3 E £ i ¥ E
6L3 i g 8| i i g 'E .
Section : b1 E HE 5 ,i _ £
number  Document g i §;€E iil'i E;
E - R é E £9
5 i§§3£§§ RS i
4 & =
RS 1idiisly
% Thwrrs Praeet LN AR NN RN L3 Thowign Toarm rit Twred yotT
523 Adocation paluiviviulululy [3 Dasign Team not rured yech
(57 Comerasiong Pan A P T T ‘Dosign Team rox hired yer?
§2ad  Tsaues Log & Repent AP U0 U0 T 0 00000 Cieaign Tanm res hited yor©
531 Aecaphare B Comminnining I (RN ENE
[ R |ejujulujulu] |vjujujejuju Cican of Puse repert
EB” Thwwars s
Update R 2NNnne 1 1 1 ' [ANAE]
BEAT  OPR- Schemalic Desgn Phase A LI | I [ L L L )
B113 Dasign Davelopment Phase | A | P | 1 1| L1 | 1 il | ] (NN
8113 - Prase A | P 100 L[0]1 1 N (] ] (RN
[¥¥] Basis of Design A TRIPII | ] [ (RN
G221 OO Scemaic esgn Prass | A | R [P0 0 T it
B227  BOD.D4sign Developmen Prase | A | K [P 1| 11| 1 1 1 i) (RENE]
Giid  BOD-Conwrucson DocumemPrase A | R (P 01T | | i (RN
BEY Eammissianng Plan - Lipdats R I FIU | W uu (NN
[ gl R PlU i R P PR oS
g ommistiaring | | [N Ren
) Consirustion Checkinis R &R R 1R A Gt ey ot b i et
(L3 Systers Mariasl Outing | N | 3] | ulu Contrmetor mary net b hired ot
[¥11) Soaciicatons A B ' (3 ] ] ]
o e
Reriews, | alrlulujuluju | u [ i | K]
Issues Log & Kepert A Fluuulu | ] ] (RN
53.04 kued.v?&&&mﬂilwﬁ'\q | Closa of Phass report
. Procass Ragont A |rjujujujuju 1 ' ] ' (R E]

Documents

Other BECx
Activities

Construction

Design Review(s)

" Construction Documents

* At multiple phases: SD, DD, CD
* Review drawings and specifications
* Comment on water, air, thermal, and vapor control

* Review for compliance with OPR (Owner’s Project
Requirements) and the Basis of Design (BOD)

* Incorporate BECx requirements into the CDs:
* Building Enclosure Commissioning (BECx) specification
* Functional Performance Test (FPT) specification

* Update BECx and FPT specifications each design phase

* Update the OPR
* Update the BECx Plan
* Building enclosure systems maintenance manual

2/28/2017
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/Design Phase h
BECx Specification:

SECTION 019115
BUILDING ENCLOSURE COMMISSIONING REQUIREMENTS

PART 1 GENERAL
1.01 SECTION INCLUDES

A The work underthis Section is subject to requirements of the Confract Documents, including
the Owner's General Conditions and articles of the Construction Manager's General
Conditions.

B. This section includes the commissioning requirements for the Building Enclosure systems.
Refer to Section 019117 for Building Enclosure Functional Performance Testing.

1. The commissioning requirements for the Building Enclosure systems given in this section
are entirely separate from, and in addition to, the General Commissioning Requirements
for this project. The General Contractor (GC), Subcontractors, and Suppliers are required
to parficipate in both commissioning processes as required and any supplemental General
Commissioning requirements

1.02 DESCRIPTION

A. Building Enclosure Commissioning (BECx) is a systematic process of ensuring all building
enclosure systems responsible for environmental separation perform interactively according

Design Phase A
FPT Specification:

SECTION 019117
BUILDING ENCLOSURE FUNCTIONALPERFORMANCE TESTING REQUIREMENTS

PART 1 GENERAL

1.01 SECTION INCLUDES

A This section includes the functional performance testing requirefnents for the Building
Enclosure systems. Refer to Section 019115 for Building Enclosure Commissioning
Requirements

1.02 RELATED DOCUMENTS

A Drawings and general provisions of the Contract, including General and Supplementary
Conditions and other Division 01 Specification Sections, apply to this Section. Divisions 03,
04, 07, 08 and 09 Specification Sections also apply to this section. Where conflicts arise
regarding building enclosure testing, this Section shall supersede other Sections where
contradictions occur

1.03 TESTING AGENCY

A. The Owner will retain a Building Enclosure Testing Agent (BETA), which may be the same
entity as the Building Enclosure Commissioning Agent (BECA). In such cases, the BECA

90



" Functional Performance Testing

Procedure for a Failed Test:

« Determine cause of failure
+ Isolated issue
+ Systemic problem

« Remediation
* Re-test failed specimen 2 '
+ Additional testing of similar systems [ =

" Functional Performance Testing

Typical Failures:

T

Concrete cracks Z-girt fasteners Brick ties

2/28/2017
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" Functional Performance Testing D

Typical Failures:

Curtain wall gaskets Perimeter seal

" Functional Performance Testing A

Typical Failures:

Stem wall connection Mullion intersection

2/28/2017
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" Functional Performance Testing D

Typical Failures:

Unsealed holes Roof-to-wall interface

/Design Phase: FPT Specification A

Fenestration Systems Performance

ASTME 1186 (4.2.7) - No major air AAMA 501.1/ ASTM E 1105 - No
leaks. A major leak is defined as air uncontrolled water leakage when

and smoke are visible and easily tested under a pressure difference
detectable by hand within one inch  equivalent to the greater of 20% of
of the leak location(s) the maximum positive pressure in

ASTM E 783 - Maximum air leakage zone 5 of the ASCE 07 wind load

of 0.09 cfm/ft atan air pressure calculations or 20% of the positive

differential of 6.24 psf wind tunnel recorded pressure but
not less than 6.24 psf
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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 Barrier Performance

Air
ASTM E 1186 (4.2.6) - Pass/fail AAMA 501.1/ ASTM E 1105 - No
criteria shall be no bubbles observed  uncontrolled water leakage when
in the leak detection liquid. tested under a pressure as defined in

ASTM E 783 - Maximum air leakage of fenestrations above, but not less than

0.04 cfm/ft at an air pressure

6.24 psf.

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)

2/28/2017
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/Design Phase: FPT Specification h

Roofing System Performance

Air
ASTME 1186 (4.2.6) - Pass/fail  ASTM D5957 - No leaks through

criteria shall be no bubbles membrane/roof deck after 48 hours
observed in the leak detection of 2.5” ponded water or. Electronic
liquid. 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.

Functional Performance Testing A

Performance Requirements
« Building Enclosure

Functional
Performance Testing . Fefori T
omponent -
.ps . . Bir Wit
SpECIflcatlon Section ASTWE 1788 @ 2.7 = No majer ar | ARMA 50T ASTI E TT05 T
ek A eryor leak e defmed as e | uncontrolled walor leakage whin
. . Custam Wl | =19 3m0ke s wisible and ey tested under 8 pressure
» This Section shall Tunge Wl |8 d within ane inch of | difference af 8.0 bfisq f
Skylights L
supersede other it
ol .24 py
H ASTM E 1106 (4 2.6) - Pass/fail AAMA 501.17 ASTM E 1105 - Na
SeCt 1ons w h ere criteria shall be no bubbles observed | uncontrolled water leakage when
. . in the leak datection liquid tasted under a prassure
EETM E 783 - Mawimum ai leakage | diffurence of 8 0 lfisq 8
contra d ictions occur af 04 cfmift at an air pressure
Air Bamer p
et | cutturontcal at 157 gl
TE 1185 (@.2.7) - Mo majer ar
etk A ersjor leak e difmedd s e
and simohe are visible and easily
detectable within ane inch of
the lek location(s)
Roafin ASTM E 1186 {4.2.8) - Pass/fal ASTM D5E5T - No leaks through
Soain® | ctena shall be no bubbles observed | membransiroo! deck afier 45
SYSIemS | i the leak detection liquid hours of 2.5 ponded water

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

1. Water i3 comamed and drained 10 the fenor.
2 Ther is no wetting of a surface tha ble to the hudding accupants
3 There s wauld be o stanng or atber damage to the completed Bulding of Gnishis
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" Design Phase D

Design Reviews:
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" Design Phase

Design Review Examples:

ir barnor should be turned
to rough opening and frame
rimeter shall be sealed
rectly to air barrier. ATI

=

w
T
e

B0 JONT,
A TERIATING COURSE , ST
E4.08 A8 RECAURED

ADUUSTABLE STRAP

\wcwm

METAL STUD FRAMING

/_ Integration of
indow should be mducaled
and shown, including location
1 of primary seals. ATl
ROD

L PLAN DETAIL
L]

Discontinuity in thermal
!Jarlier._significanﬂy .y

g the p
for condensation. ATI
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" Design Phase D

Design Review Examples:

" Design Phase A

Design Review Examples:
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/Typical Interface Concerns

Penetrations:

——— FRAING"
———— ACCEFTABLE SHEATHING®

SPOT FASTEMERS WITH
ENEFSHELD-HP OF ENERGHIELDH

SEALANT AT PERMETER OF
PENETRATION"

ENEFCHELD-HP OR
ENERSHELD-|

Head Detail

AIR / WATER BARRIER

//“
—_ | BRICK
= [~ EXTERIORGYP
—H— - SHEATHING
4_\>‘ | FLASHING
S—"/
\\\ WEEPS
. | = 24"0C .
&
N
[a']

1

PAINT ANGLE TO MATCH
COLOR OF BRICK

/ SHEET METAL
] |y Vs 2 / FLASHING

BACKER ROD &

ALUMINUM GLAZED
I CURTAINWALL

A
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/Typical Interface Concerns

By et

" Parapet Cap

NG
PREFINISHED METAL CAP
WITH WATER TIGHT

JCINTS AND CONTINUOUS SLOPE 10
e E12 My,

ROCFING NEMBRANE.
\IRAP OVER TOP AND

DOWN THE 00D

BLOCKING AT EXTERIOR
FACE

FIRE-TREATED 3¢ PLYWOOD
BLOCKING, ANCHOR TO
STRUCTURAL WALL

(2) LAYERS 34" FIRE-
| TREATED PLYWOOD

EEP G
EGLD“NT TR | FASTENER 127 0.
AT -‘-'—HZ'MN(
FLUD APPLIED AR :
£ ANDVAPOR ™~ &
Kot ? N
BARRER Y i 58" GYPBOARD 0
j 4] L SHEATHING
3HING & .‘\
HOF ACMPANEL K : VAPOR BARRIER
R enzee j‘\ i g
EADSOF A TAGHED TO STUD 5 (‘b SLBIIN fustne
MENBRANE OVER
HING \WOOD BLOCKING
EE §*NETAL STUD
jﬂNGS FRAMING
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" Extended Curtain Wa

[ )

SELF-ADHERED ROOFING
UNDERLAYMENT - UNDERLAYMENT
QVERLAPS HOT FLUID APPLIED
'WATER PROCFING

16 GA. ALUMINUM BRAKE METAL

HOT FLUID APPLIED WATER

PROOFING - RETURNS UP AND
QVER & WIDE CONCRETE CURB
AND OVERLAPS ALUMINUM

_C [— STRUCTURAL 5
GLAZED

f—— CURTAINWALL !

MULLION

CURTAINWALL
PROVIDER

2 112" MIN.|

METAL CAP
WITH WATER

TIGHT JOINTS &
CONTINUQUS

CLEATS FINISH
OF COPING TO
MATCH FINISH

OF

CURTAINWALL
SYSTEM - SET
METAL CAP IN
(CONT. BEAD OF
SEALANT

2" GAP BETWEEN CURB,
WALL & CURTAINWALL E N

5" CURTAINWALL CAP AT
VERTICALS BEYOND

e S

WINDOW
SYSTEM - SEE
ELEVATIONS

CURTAINWALL GUARDRAIL AT CONC. s
CURB

Al
SCALE: 3"=1-0"

" Soffits

15¥ NETALETLD | IS UETALSTUD

£ 407" ACM RETURN.
ROUT AND FOLD CORMER

S GYP. SHEATHING —

;

WA ZELP — ;
ATTACHED TO STUD

H
%

ACM SOFFIT TO G.F.R.C.

SCALE: 117" = 148

B3

| — e s T STU0conm

CONT. BACKER ROD & -~ mmru B |
L R0, SPRAY FOAM

AL APPLED AR A et

2/28/2017

101



" Mechanical Equipment

MECHANICAL EQUIPMENT e
FLASHING AND ————_
COUNTER FLASHING
2" RIGID INSULATION ————

SINGLE-PLY ROOF ——_
MEMBRANE & FLASHING ;

CONT. SEALANT

PROTECTION BOARD — <
HIGH DENSITY RIGID ——
conT.vapdSURATION
STEELDECKING ——_ =

STEEL STRUCTURE

02/18/2015 02:42 PH

“Wall to Wall
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Penetrations:

/Typical Interface Concerns

“Wall to Foundation

VAPOR BARRIER,

3" EFS FOAM
INSULATION, R-15.

518" GLASS MAT
SHEATHING

I* CLOSED-CELL
SPRAY FOAM
S LATION, SEE

Ensure that air fir :
barrier ful semss'cpmr CATIONS

STANDARD FACE
BRICK, VENEER. 348"
ETALS

Q

ETAL STUDS. SEE
2LELICTURAL
DRAWINGS

508" TYPE %' GYPSUM
WALLBOARD, PT-|

BRI 1ES,
STRUCTURAL
DRAWINGS.

34" CHAMFER, ‘\

Expused concrete oreates
risk of leakage at cracks,
Consider a permeatls
airiwater barrier an in interior

Consider matal

flashing (green of the concrele or spray foam
inelto act as mass for addtional protction
uiater shed. againet leakaga

[Consider using a sell aghered
lashing fblu ine) at the wallto
concrete transition and over
meal flashing

MASONRY - FOUNDATION WALL TRANSITION /s
112 =10 @

BIA! 214G LIAT

\
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/Typical Interface Concerns )

Special Condition:

ROOF HATCH W INSULATED COVER
AND CURBS

‘SNGLE PLY ROOFING SYSTEM RUN

UNDER HATCH FLASHING EDGE

ROOF VAPOR BARRER & MEMBRANE
3 CONTINERRE S

ROOF HATCH sTedl

16034 SHEET METAL CLOBURE AT g
AL SIDES OF DPENNG, PAZGH T

——— WALL SEEPLANFORTYPE  coyicr

g £

bfu FLOGR

j‘i comc

@ TYP ROOF HATCH DETAIL :
SCALE: 12 = 740 n'“-

\

" Successful Design A

« Achieve environment
separation

* Meet
durability/sustainability

« Fulfills desired use
 Simple

« Redundant

« Constructible
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"How Important are Aesthetics? D
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" 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
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" Successful Design

separation
* Meet

« Fulfills desired use
« Simple

« Redundant

« Constructible

« Achieve environment (

durability/sustainability

 Pre-Construction Phase

Meetings

Review for
Compliance with
the OPR and
Contract
Documents

» BECx kickoff meeting
* Preconstruction meetings

* Submittals

« RFI, ASI, CCD

» Change Order

* Substitution Request
* Value Engineering

* Construction
+ Observation
+ Testing

2/28/2017
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" Pre-Construction Phase

Pre-Construction Trade Orientation Meeting

 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 Phase
Value of Mock-ups:

« Verify the performance
of the systems

« Set construction
standards

« Establish sequencing of
work

« Verify material selection

2/28/2017
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 Pre-Construction Phase A

Mock-ups should include:

« 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
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" Pre-Construction Phase

Types of Mock-ups:

« Freestanding fully enclosed

* Freestanding partially
enclosed

* In-situ

 Pre-Construction Phase
Mock-up Testing:

Who should withess?
Contractor

Air barrier
subcontractor

Roofing subcontractor

Glazing subcontractor # -

2/28/2017
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" Pre-Construction Phase
Mock-up Testing:

When failures occur

Contractor to e
investigate cause(s) and | Bt
propose solutions
A/E and BECXA review
and comment on
approach

Repair or remedial wor
documented by BECxA

 Pre-Construction Phase
Other Pre-Construction Items:

« RFI, ASI, PR

« Change order

« Substitution request
« Value engineering

2/28/2017

112



" Construction

Field
Observations

Functional
Performance
Verification

Other BECx
Activities

= Quality assurance tool
= Verifying compliance with:

» Contract documents

« Submittals and shop drawings

= Product installation instructions
« Industry standards

= Verify the performance of the systems (including interfaces)
= Verify installation methods
» Avoid late stage (expensive) problems with early detection.

= BECx meetings to review building enclosure schedule, testing, and

Issues.

= Update OPR and BECx plan
= Review contractor checklists
= Construction phase BECx report

" Functional Performance Testing

Typical Testing:

« Standalone Mock-up Testing
« In-Situ (First Installation) Testing
« Continuing Quality Assurance Testing

2/28/2017
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" Program Outline h

Quality Drivers

Codes / Building Science

State of the Practice
 Materials
 Consulting / Design =¢
* BECx
« Field Testing
* Inspections

Tomorrow’s Trends

\_ /
" Functional Performance Testing A
Common Challenges:
Site
Capable water source
Clear access to test location
Loose building materials/debris
Lift and operator
Site work (landscaping/concrete)
Weather
N _/
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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

o

E—ﬁ
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" Functional Performance Testing D

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 A

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

2/28/2017
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" Functional Performance Testing D
ASTM E1186, Practice 4.2.6

" Functional Performance Testing A

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

2/28/2017
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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

2/28/2017
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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

2/28/2017
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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

2/28/2017
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" Quantitative Field Air Testing
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" Field Observations

Typical Observations:

Curtain wall fasteners Unadhered flashing

2/28/2017
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" Field Observations

Typical Observations:

Thin air/vapor barrier Missed fasteners

" Field Observations

Typical Observations:

Insufficient spray foam Unsealed electrical box

2/28/2017
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" Field Observations

Typical Observations:

Air/Vapor Barrier Unsealed holes Holes in flashing

" Field Observations

s Tests = e
Checkis! Lines Test Lines

@) = 5 (%) 9363cays .= o
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"0 & 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

2/28/2017
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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

2/28/2017
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" Primary Air and Water Seal

Silicone Sheet

/Primary Air and Water Seal

Silicone Sheet

2/28/2017
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" Case Study 1- Philadelphia

* Builtin 1980’s ‘

* Active water and air leakage

* Client is upgrading building
to increase commercial

leasing value/solve
problems.

* 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

2/28/2017
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" Case Study 2 — New York City

* Builtin 1940’s :
* 14 stories, 460,000 sf Ty

 Concrete encased steel =f
frame

* Client is upgrading building

to change use from manf. to
education

* Client looking to greatly
increase energy
performance

* Minor fagade repairs

* 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

2/28/2017
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" Case Study 3 — New Jersey D

~Location

T WEST THELEVATION
T O A -
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/ Case Study 3 — New Jersey h

"bb' "’;«
~Yhp W
A} \vA

v Glass
L. Fabrication

K Defining BECx Energy Usage Construction Operations Case Study
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— New Jersey

" Case Study 3
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/ Case Study 3 — New Jersey h
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" Case Study 4 — New York City

¢ Builtin 1930’s
e 7 stories

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

* Modest facade repairs
* Desire energy savings

* 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
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Vapor Control Layer

Variable Permeance Materials

MemBrain™, The SMART Vapor
Retarder & Air Barrier Film

PRODUCT DESCRIPTION

Basic Use: CertainTeed MemBrain Smart Vapor
Retarder is a vapor refarcer sheeting intended
for use with unfaced, vapor permeable mass
insulation (fiber glass and mingral wood) in wall
and celling cavities.

Benefits; MemBrain Smart Vapor Retarder is

a polyamide film that changes its permeability
with ambient humidity conditions. The: product’s
permeance is 1 parm or less when tested in accordance with ASTM E 96, dry cup methad, and
increases to greater than 10 perms using the wet cup method. This process allows closed building
envelope systems to increase thelr drying potential with seasonal climatic changes. With a high

" 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

2/28/2017
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14™ Annual Building Enclosure Event €cs,

Chicago Chapter

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.
DuPont™

Tyvelc (o ROXUL

_ The Better Insulation
Parksite
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