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SECTION 01 91 19

BUI LDI NG ENCLOSURE COVM SSI ONI NG
05/ 2023

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: This guide specification covers building
encl osur e/ envel ope conmi ssi oni ng, i ncluding
requirenents for pressure testing a building's air
barrier for air leaks. Mnimzing air |eakage
through an air barrier hel ps reduce energy costs.
This specification is applicable to new buil di ng
constructi on and maj or renovations invol ving
upgrades to the building envel ope.

Adhere to UFC 1-300-02 Unified Facilities Guide
Speci fications (UFGS) Format Standard when editing
this gui de specification or preparing new project
specification sections. Edit this guide
specification for project specific requirenments by
addi ng, deleting, or revising text. For bracketed
itens, choose applicable iten(s) or insert
appropriate informtion.

Renove information and requirenments not required in
respective project, whether or not brackets are
present.

Conment s, suggestions and reconmended changes for
this gui de specification are wel come and shoul d be
submtted as a Criteria Change Request (CCR)

NOTE: TO DOMLQOAD UFGS GRAPHI CS AND APPENDI CES
G to
http://ww. wbdg. org/ffc/dod/unified-facilities-guide-specifications-ufgs/for

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

PART 1 GENERAL

EE R I R R S R I R I R I R S R R R R R S R I R I R I R R S R S R R R S

NOTE: This UFGS Section contains tailoring options
for Contractor (KTR) H RED COWM SSI ONI NG PROVI DER,
GOVT HI RED COWM SSI ONI NG PROVI DER, DESI GN\- BUI LD,
ARMY, and NAVY.
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Sel ect KTR HI RED COWM SSI ONI NG PROVI DER tail ori ng
for projects that require the Conm ssioning Provider
to be provided by the Construction Contractor.

Sel ect GOVT HI RED COVM SSI ONI NG PROVI DER tai l oring
for projects where the Conmi ssioning Provider is
retai ned under a separate Contract with the

Gover nnment .

Sel ect DESIGN-BUI LD tailoring for Design-Build
proj ect execution.

Sel ect ARMY tailoring for projects that will report
the real property asset for Air Force or Arny.

Sel ect NAVY tailoring for projects that will report
the real property asset for Navy or Marine Corps.

Verification of the energy performance of the
buil di ng envelope is required for all projects that
requi re conmi ssioning and verification in accordance
with UFC 1-200-02; facilities that require air
barrier inspection and testing are defined wthin
UFC 3-101-01. As directed in UFC 1-200-02, the

Conmi ssioning requirenents in this Section are based
on ASHRAE 90.1 as required for conmmercial and
multi-fam |y high-rise buildings; for projects
involving lowrise residential buildings this
Section will need to be edited to neet the
Conmi ssi oni ng requi renments of |ECC. For
conmi ssi oni ng requi renents of Medical Treatnent
Facilities, refer to UFC 4-510-01 and edit this
Section accordingly. Wien a project requires this
Section, edit and include UFGS Section 07 27 10

BU LDl NG Al R BARRI ER SYSTEM for additiona
performance testing and verification requirenents.
For projects where nore oversight is needed beyond
the m ni mum bui |l di ng envel ope requirenents of ASHRAE
90.1 and the requirenents of Section 07 27 10

BU LDl NG Al R BARRI ER SYSTEM revise this

speci fication accordi ngly. (Exanples include
facilities with pressurization or hunmidity control
requi renents such as arnories, electronic equi pnent
facilities, hospitals, and | aboratories.)

Coordinate this Section with the comi ssioni ng

requi renents of ASHRAE 90.1, as required by UFC
1-200-02, "Hi gh Performance and Sustai nabl e Buil di ng
Requi renent s" paragraph " Comm ssi oni ng. "

EE R I R R S I R R R I R I R S R R R R S R I R I R R R R R R R R

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: The basis for the air | eakage testing within

this specification is UFC 3-101-01 and the U S. Arny

Cor ps of Engineers Air Leakage Test Protocol for

Measuring Air Leakage in Buildings. This protoco

can be found at the followi ng web site:

htt ps://ww. wbdg. or g/ FFC ARMYCOE/ usace_ai r | eakaget est pr ot ocol . pdf .
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Thi s specification includes additiona
recomrendati ons not found in the aforenentioned
protocol. These reconmendati ons are based on
personal pressure test experience and di scussions
with industry experts.

An Excel spreadsheet titled Pressure Test Data

Anal ysi s, avail able for downl oad at

http://ww. wbdg. org/ffc/dod/unified-facilities-guide-specifications-ufgs/for
is an integral part of the building's air barrier

pressure test. Data obtained during the test nmay be

i nput into the spreadsheet to determine the air

barrier's | eakage rate.

Thi s specification describes the responsibilities of
the Contractor and the Contractor's pressure test
agency. The building designer is responsible for
creating, defining and detailing the air barrier
envel ope. The Contractor's pressure test agency is
responsi ble for preparing the building envel ope for
the pressure test, performng the test, recording
test results, and returning the building to pre-test
conditions. The test agency is also responsible for
performng the calculations to deternmine if the
envel ope passed the pressure test. Diagnhostic
testing is also the responsibility of the test
agency.

Thi s specification does not cover duct and HVAC
system pressure testing and is limted to the

envel ope penetrating danpers as deened applicable
for | eakage testing. Duct and HVAC system pressure
testing references can be obtained from ASHRAE
Handbook of Fundanental s, HVAC Design Section and
Chapters and ASHRAE Standard 215, Method of Test to
Det ermi ne Leakage of QOperation HVAC Air Distribution
Systens, shoul d duct and HVAC system pressure
testing be required by other specifications. See
Section 23 05 93, TESTING ADJUSTI NG, AND BALANCI NG
FOR HVAC for duct testing requirenents.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

1.1 SUMVARY

Use this Section in conjunction with UFGS 01 91 00.15 BU LDI NG
COW SSI ONI NG Bui I di ng Encl osure Conmm ssioning (BECx) is an essentia
part of overall Building Comm ssioning. The final BECx report is part of
t he Final Comm ssioning Report as defined in 01 91 00.15 BU LD NG

COW SSIONI NG.  This Section covers Buil ding Encl osure Conmmi ssioning for
all six surfaces (4 walls, roof, and floor, for a rectangul ar shaped zone)
of a building. Additional Quality Control and testing requirenents for
speci fic conponents of the building enclosure are described in the
Division 03 thru 08 UFGS Sections of the project specifications.

1.2 REFERENCES

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: This paragraph is used to list the
publications cited in the text of the guide
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specification. The publications are referred to in
the text by basic designation only and listed in

t hi s paragraph by organization, designation, date,
and title.

Use the Reference Wzard' s Check Reference feature
when you add a Reference ldentifier (RID) outside of
the Section's Reference Article to automatically

pl ace the reference in the Reference Article. Also
use the Reference Wzard' s Check Reference feature
to update the issue dates.

Ref erences not used in the text will automatically
be deleted fromthis section of the project

speci fication when you choose to reconcile
references in the publish print process.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

The publications listed below forma part of this specification to the
extent referenced. The publications are referenced within the text by the
basi c designation only.

AVERI CAN ARCHI TECTURAL MANUFACTURERS ASSOCI ATI ON ( AAMA)

AAMA 501. 2 (2015) Quality Assurance and Di agnostic
Wat er Leakage Field Check of Installed
Storefronts, Curtain Walls and Sl oped
d azing Systens

AMERI CAN SOCI ETY FOR NONDESTRUCTI VE TESTI NG ( ASNT)

ANSI / ASNT CP- 105 (2020) ASNT Standard Topical Qutlines for
Qualification of Nondestructive Testing
Per sonnel

ANSI / ASNT CP- 189 (2020) ASNT Standard for Qualification and
Certification of Nondestructive Testing
Per sonnel

ASNT SNT-TC 1A (2020) Recommended Practice for Personne

Qualification and Certification in
Nondestructive Testing

AVERI CAN SOCI ETY OF HEATI NG, REFRI GERATI NG AND Al R- CONDI TI ONI NG
ENG NEERS ( ASHRAE)

ASHRAE 90.1 - IP (2019) Energy Standard for Buil di ngs
Except Low Ri se Residential Buildings

ASHRAE 202 (2018) Commi ssioning Process for Buildings
and Systens

ASHRAE RP-935 (1998) Protocol for Field Testing of Tal
Bui | di ngs to Deternine Envel ope Air
Leakage Rate
ASTM | NTERNATI ONAL ( ASTM

ASTM C1193 (2016) Standard Guide for Use of Joint
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ASTM D3464

ASTM D4541

ASTM E779

ASTM E783

ASTM E1105

ASTM E1186

ASTM E1258

ASTM E1827

ASTM E2029

ASTM E2813

ASTM E2947

Seal ant s

(1996; R 2014) Standard Test Method for
Average Velocity in a Duct Using a Thernal
Anenonet er

(2022) Standard Test Method for Pull-Of
Strength of Coatings Using Portable
Adhesi on Testers

(2019) Standard Test Method for
Deternmining Air Leakage Rate by Fan
Pressurization

(2002; R 2018) Standard Test Method for
Fi el d Measurenent of Air Leakage Through
Install ed Exterior Wndows and Doors

(2015; R 2023) Standard Test Method for
Fi el d Determination of Water Penetration
of Installed Exterior Wndows, Skylights,
Doors, and Curtain Walls, by Uniform or
Cyclic Static Air Pressure Difference

(2022) Standard Practices for Air Leakage
Site Detection in Building Envel opes and
Air Barrier Systens

(1988; R 2018) Standard Test Method for
Airflow Calibration of Fan Pressurization
Devi ces

(2022) Standard Test Methods for
Determ ning Airtightness of Buildings
Using an Orifice Bl ower Door

(2011) Standard Test Method for Volunetric
and Mass Fl ow Rate Measurenent in a Duct
Using Tracer Gas Dilution

(2018) Standard Practice for Building
Encl osure Comi ssi oni ng

(2021) Standard Guide for Building
Encl osure Comi ssi oni ng

| NTERNATI ONAL ORGANI ZATI ON FOR STANDARDI ZATI ON (1 SO

| SO 6781

| SO 6781-2

| SO 6781-3

(1983) Thermal Insulation - Qualitative
Detection of Thermal Irregularities in
Bui | di ng Envel opes - Infrared Method

(2010) Performance of Buil dings -
Detection of Heat, Air, and Misture
Irregularities in Buildings by Infrared
Met hods - Part2: Equi prent Requirenents

(2015) Performance of Buil dings -
Detection of Heat, Air, and Misture
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1

Irregularities in Buildings by Infrared
Met hods - Part 3: Qualifications of

Equi prent Operators, Data Anal ysts, and
Report Witers

3 DEFI NI TI ONS
The definitions included here are specific to this Section. Refer to UFGS

01 91 00.15 for definitions that apply to both Sections. The follow ng
terns as they apply to this section

. 3.1 Air Barrier Envel ope

The surface that separates the inside air fromthe outside air. The
conbi nati on of air barrier assenblies and air barrier conponents,
connected by air barrier accessories are designed to provide a continuous
barrier to the novenment of air through an environnental separator. A
single building my have nore than one air barrier envelope. The air
barrier surface includes the top, bottom and sides of the envel ope. The
term"air barrier envelope" is also known as "air barrier system' or
simply "air barrier"”.

.3.2 Air Leakage Rate

A measurenent of air infiltration or exfiltration through the building
envel ope over tinme. The air |leakage rate is the rate of air flow across
the air barrier per unit surface area of the envel ope at a defined

di fferential pressure.

.3.3 Basi s of Design (BoD)

A docunent devel oped by the design team which includes technical concepts,
assunptions, calcul ati ons, decisions, and product selections to support
the Omner's Project Requirenents (OPR).

.3.4 Bi as Pressure

Al so known as zero flow pressure, baseline pressure, offset pressure or
background pressure. Wth the envel ope not artificially pressurized, bias
is the differential pressure that always exists between the envel ope that
has been prepared (sealed) for the pressure test and the outdoors. Bias
pressure is made up of two conponents, fixed static offset (usually due to
stack effect or the HVAC systen) and fluctuating pressure (usually due to
wind or a noving elevator). Because of pressure fluctuations many bias
pressure readings are recorded and averaged for use in the cal cul ati ons.

.3.5 Bl ower Door

Conmmonly used termfor an apparatus used to pressurize and depressurize
the space within the building envel ope and quantify air |eakage through

t he envel ope. The bl ower door typically includes a door fan and an air
resistant fabric or a series of hard panels that extends to cover and sea
t he door openi ng between the fan shroud and door frame. The door fan is a
calibrated fan capable of neasuring air flow and is usually placed in the
opening of an exterior door. Wth the air barrier otherw se sealed, air
produced by the door fan pressurizes or de-pressurizes the envel ope,
depending on the fan's orientation

SECTION 01 91 19 Page 9



1.3.6 Bui | di ng Encl osure (or envel ope)

The materials, conponents, systens, and assenblies intended to provide an
envi ronnent al separator between the interior and exterior or between
interior spaces with different environment requirements. "Enclosure" is
used i nterchangeably with "envel ope"

1.3.7 Bui | di ng Encl osur e Conmmi ssi oni ng ( BECX)

Techni cal service provided on behal f of the Governnent to provide a

qual ity-focused process for enhancing the performance of the building
encl osure by validating the design phase and verifying during the
constructi on phase that the perfornmance of the building enclosure

mat eri al s conponents, assenblies, and systenms are designed and installed
to neet the Omer's Project Requirenents (OPR).

1.3.8 Bui | di ng Encl osure Conmi ssi oni ng Provi der (BECxP)

An entity that functions as part of the overall Conm ssioning Teamand is
responsi ble for validating the design phase and verifying during the
constructi on phase that the performance of the building encl osure

mat eri al s, conponents, assenblies, and systens are designed and installed
to neet the Omer's Project Requirenents (OPR).

1.3.9 Constructi on Phase

The period of a project followi ng the award of construction Contract to
proj ect conpletion.

1.3.10 Desi gn Phase

The period of the project delivery process when a design supporting the
Owner's Project Requirenents is devel oped and translated i nto Contract
Docunent s.

1.3.11 Envi ronnent al Separ at or

The parts of a building that separate the controlled interior environnment
fromthe uncontrolled exterior environnent, or that separate spaces within
a building that have dissimlar environments. The term "environnental
separator" is also known as the "control |ayer".

1.3.12 Functional Performance Test (FPT)

A systematic process to verify that controls and other el enents of the
bui |l di ng project are capable of and configured to operate or perform as
required.

[1.3.13 Owner's Project Requirenments (OPR)

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: The Omer's Project Requirenments (OPR)
docurent nmay be included as deenmed appropriate by
the project teamor as required by sone Third Party
Certification (TPC) systens (such as LEED and G een
A obes). The prelimnary design deliverables and
prelimnary design authority (PDA) documentation
(such as 1391, Basis of Design, and UFCs) constitute
the Omer's Project Requirenents (OPR) and nmay be
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used in lieu of a stand-alone OPR. If used, the OPR
is referenced by the CxC during design review when
the specification is tailored for KTR H RED
COW SSI ONI NG PROVI DER.

NOTE: The Omer's Project Requirenents (OPR)
docunent may be included as deenmed appropriate by
the project teamor as required by sone Third Party
Certification (TPC) systems (such as LEED and G een
d obes). \When not otherw se required for TPC,

i nclusion of the OPR for CxC review nay be
beneficial for ensuring |arge or conplex projects
conformto the Owmer's needs. This may be
unnecessary for nore typical construction projects.
If used, the OPR is referenced by the CxC during
design review and during submttal review,

i nspections, and testing.

NOTE: |If used, insert the OPR as Appendix A to
Section 01 91 00.15 BUI LDI NG COW SSI ONI NG | ncl ude
a statenent on the OPR cover stating that the
docunent is provided for conmi ssioning review
purposes only and is not a Contract requiremnent.
Retain the bracketed references to Ower's Project
Requi renents (OPR) throughout the specification when
one is included. Delete the bracketed OPR

ref erences when the OPR i s not included.
EE IR I b R S I I I I IR I I I IR I I R S R I I I I R I R I I R R I I I I I I R R I S I S b E b I IR I R I R I S I I b b I b b I b I

A docunent that details the stakehol ders' requirenments for the project and
t he expectations for howit will be used and operated. The OPR is

provi ded for comm ssioning review purposes only and is not a Contract

requi renent.

11.3.14 Pressure Test

A generic termfor a test in which the envelope is either pressurized or
de-pressurized with respect to the outdoors.

1.3.15 Negative Pressure Test (Depressurization Test)
A test wherein air inside the envelope is drawn to the outdoors. This
pl aces the envel ope at a | ower (negative) pressure with respect to the
out door s.
1.3.16 Positive Pressure Test (Pressurization Test)
A test wherein outdoor air is pushed into the envelope. This air novenent
pl aces the envel ope at a higher (positive) pressure with respect to the
out door s.
1.3.17 Verification & Testing (V&T) Provider
An entity who conpletes the activities needed to inplenment the building

functional perfornmance testing (FPT) activities or verify that el enents of
the buil ding project nmeet stated requirenents.

SECTION 01 91 19 Page 11



1.4 COMVUNI CATI ON W TH THE GOVERNMENT COVM SSI ONI NG PROVI DER

For communication responsibilities, see Section 01 91 00.15 BUI LDl NG
COW SSI ONI NG

1.5 COVMUNI CATI ON W TH GOVERNMVENT ACCCEPTANCE TESTI NG REPRESENTATI VES

R R I R I R I R R I R R R I R R R I R R I R R R I R R I R O

NOTE: The follow ng paragraph is tailored for use
on NAVY projects only.

kkhkkhkkhkkhhkkhhkkhhkhhkhhkhhkhkhhkhhkhhkhhkhhkhhkhkdhhkhhkhhkhhkhhkhkkhkhkkhhkk hkrhkhhkhhkhkhkhkk kkkihkihkihkhkk khkkikkikki*x*%

The QC Manager nust conmunicate directly with the Governnent Acceptance
Testing Representatives and Contracting O ficer's Representative regarding
Gover nment acceptance testing activities. Informthe Contracting

O ficer's Representative when systens are ready for testing to be

wi t nessed by Governnent Acceptance Testing Representatives, and all ow
access to the construction site and systen{s) to be tested

1.6 ENCLOSURE COVPONENTS TO BE COWM SSI ONED

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: The foll owi ng conponents are required to be
conmi ssi oned per ASHRAE 90.1. Select all systens
that are part of the scope. Add other systens as
required by the scope of the project or required by
the applied sustainable third-party certification
program

Whol e building air tightness testing is required for
all projects as outlined in the Editor's Note for
the Part 3 section BU LD NG ENVELOPE Al R TI GHTNESS
REQUI REMENT; however, this test is perforned near
the end of the project. Once the building enclosure
is fully constructed, installation corrections
needed to conply with the test requirenments nay
requi re substantial disassenbly and re-work. Smaller
scal e tests perfornmed on nock-ups or at the initial
installation of building components are reconmended
to validate the design and installation of building
encl osure el ements and systens. These tests may

i ncl ude:

Adhesi on tests on |iquid-applied or adhered
wat er proofi ng and ai r/weat her barrier such as ASTM
D4541, Test Method for Pull-off Strength Coatings
Usi ng Portabl e Adhesi on Testers.

Air | eakage testing of fenestration or opaque
wal |'s using a site-built test chanber to provide
di fferent pressures such as ASTM E783, Test Met hod
for Field Measurenent of Air Leakage through
Install ed Exterior Wndows and Doors.

Smal | scale tests of waterproofing or air weather
barriers such as the bubble test described in ASTM
E1186, Practices for Air Leakage Site Detection in
Bui | di ng Envel opes and Air Barrier Systens.

Wat er penetration tests of fenestration with a
site-built test chanber (sane chanmber as ASTM E783)
per ASTM E1105, Test Method for Field Determination
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of Water Penetration of Installed Exterior Wndows,
Skylights, Doors, and Curtain Walls by Uniformor
Cyclic Static Air Pressure Difference.

WAt er penetration testing using a hose with a
cal i brated nozzle such as AAVA 501.2, Quality
Assurance and Di agnhostic Water Leakage Field Check
of Installed Storefronts, Curtainwall, and Sl oped
d azing Systens.

Adhesi on and cohesion testing of seal ants
according to ASTM C1193, Cuide for Use of Joint
Seal ants: Fiel d-Applied Sealant Joint Hand Pull Tab

Dependi ng on the project conplexity, budget, and
interior environmental requirenments, consider
including the small-scale testing |isted above on
nmock-ups or early in the installation of that
construction conponent. Additional tests not listed
may be selected in consultation with the BECxP and
Desi gn Team See ASTM E2813 for additional test
options. Select and include additional building
encl osure tests required to verify envel ope
performance as appropriate to the project

conpl exity, OPR, environmental requirenents and
geographi ¢ | ocation

EE R I R R S I R R I R I R I R S R R R R S I R R I R R R S S R S R R

1.6.1 Verification of the Design and Installation of the Continuous Air
Barrier
a. Conduct periodic field inspection of the continuous air barrier

1

b

6.

2

materials and assenblies, including all penetrations through the six
sides of the air barrier, during construction while the continuous air
barrier is still accessible for inspection and repair (after
installation of all penetrations and wall claddi ng anchoring devices
and before the installation of interior finishes) to verify and
docunent conpliance with the requirements. Conduct inspections at
initial installation of each building envel ope conponent and at

i n-progress construction intervals as stated in Part 3 section titled
BUI LDI NG ENVELOPE | NSPECTI ON AND TESTI NG

Conduct Performance Verification Testing of the entire building

envel ope (systens, conponents, and assenblies) for air tightness in
accordance with Part 3 section titled BU LD NG ENVELOPE Al R Tl GHTNESS
REQUI REMENT. ]

I nspection of Fenestration and Doors
Fenestration and Doors nust be | abeled and inspected to verify
conpliance with Buil ding Envel ope energy requirenments, including
applicable U factors, Solar Heat Gain Coefficient (SHGC), Visible
Transmittance (VT), and air |eakage rates.

I nspect doors and wi ndows for coordination with the insulating plane
of the wall, continuity with the air/weather barrier, and flashing.

| nspect operation of doors, closers, and operating nmechani snms for
conformance with manufacturer's instructions.

I nspect seals and gaskets for fenestration and doors (including
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| oadi ng dock, sectional, and coiling doors) for proper installation
and to verify that seals are in good condition

1.6.3 I nspection of Opaque Roof, Walls, and Fl oors

Opaque roof, above-grade and bel ow grade walls, and floors, nust be
subject to the follow ng inspections during construction

a. Use of ASHRAE 90.1 - | P-conpliant materials and assenblies.
b. Insulation material meets design specifications and is continuous.
1.6.4 Fenestration | nspections

Conduct inspections of the follow ng fenestration-related itenms during
construction:

a. Skylights size and location in relation to the designed primary
sidelighted area and secondary sidelighted area bel ow.

b. Roof nonitor size and location in relation to the designed primry
sidelighted area and secondary sidelighted area bel ow.

c. Dynamic glazing conpliance with SHGC and U-factors, and testing of the
operation for confornance with the manufacturer's instructions.

d. Permanent fenestration projections installation and performance in
accordance with ASHRAE 90.1 - | P requirenments and the Contract
docunent s.

[1.6.5 Loadi ng Dock Weat herseal |nspections

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Include this paragraph where | oadi ng dock
weat herseal s are a part of the project.

EE R I R R S I R R I R I R I R S R R R R S R R I R R R I R R R R O

I nspect | oadi ng dock weat herseals for proper installation and to verify
the seals are in good condition

1[1.6.6 Addi ti onal Buil ding Encl osure Tests

EE R R R S I R R I R I R I R S R R R R S R R I R R R R R S R R R O

NOTE: Include any additional testing needed to
verify performance of the buil ding enclosure
elements in this paragraph, with exanples in the
prior Editor's Note.

EE R I R R S R I R I R I R S R R R R R S R I R I R I R R S R S R R R S

Conduct the follow ng building enclosure tests on nock-ups or early in the
installation of the related buil di ng conponents:

[ ]
11.7  SUBM TTALS

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Review submittal description (SD) definitions
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in Section 01 33 00 SUBM TTAL PROCEDURES and edit
the following list, and correspondi ng subnittal
items in the text, to reflect only the submttals
required for the project. The CGuide Specification
techni cal editors have classified those itens that
requi re Governnent approval, due to their conplexity
or criticality, with a "G" GCenerally, other
submittal items can be reviewed by the Contractor's
Quality Control System Only add a “G to an item
if the submittal is sufficiently inportant or
conplex in context of the project.

For Arny projects, fill in the enpty brackets
following the "G' classification, with a code of up
to three characters to indicate the approving
authority. Codes for Arny projects using the

Resi dent Managenent System (RVS) are: "AE" for
Architect-Engineer; "DO'" for District Ofice

(Engi neering Division or other organization in the
District Ofice); "AO" for Area Ofice; "RO for
Resident O fice; and "PO' for Project Ofice. Codes
following the "G' typically are not used for Navy
and Air Force projects.

The "S" classification indicates subnmittals required
as proof of conpliance for sustainability Quiding
Principles Validation or Third-Party Certification
and as described in Section 01 33 00 SUBM TTAL
PRCOCEDURES.

Choose the first bracketed itemfor Navy and Air

Force projects, or choose the second bracketed item
for Arny projects.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

Covernment approval is required for submttals with a "G' or "S"
classification. Subnittals not having a "G' or "S" classification are
[for Contractor Quality Control approval.][for information only. Wen
used, a code following the "G' classification identifies the office that
will reviewthe submttal for the Government.] Subnmit the following in
accordance with Section 01 33 00 SUBM TTAL PROCEDURES:

SD-01 Preconstruction Subnittals

Bui | di ng Encl osure Conmi ssioning Specialist Qualifications; G,

[ 1]
Bui | di ng Encl osure Testing Work Plan; G [, |

SD- 03 Product Data
Thermal |maging Canera; ¢, [ 11
Test Equi pnent; C[, |
SD- 05 Design Data

Envel ope Surface Area Calculations; C[, [_ 11
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SD- 06 Test Reports
Conpl et ed Bui |l di ng Envel ope I nspection Checklists; C[, |
Pressure Test Procedures; C, [ 11
Air Leakage Test Report; C[, [
Di agnostic Test Report; ¢, [ 11

SD-07 Certificates
Pressure Test Agency
Ther nogr apher Qualifications
Certificate of Readi ness

SD- 10 Operation and Maintenance Data
Training; C, [__ 11

8 BUI LDI NG ENCLOSURE TESTI NG WORK PLAN

For each building enclosure test to be perforned, subnit the follow ng not
later than [120] | ] cal endar days [after Contract award, but] before
start of testing work, steps to be taken by the lead test technician to
acconplish the required testing.

a. Menorandum of test procedure.

(1) Proposed dates for conducting the tests.

(2) Submt detailed test procedures prior to the test. Provide a
pl an vi ew showi ng proposed | ocations (personnel doors or other
simlar openings) to install equipnment (such as bl ower doors or
flexible ducts for trailer-nounted fans, if used).

b. Test equiprment to be used.
c. Scaffolding, scissor lifts, power, electrical extension cords, duct
tape, plastic sheeting and other Contractor's support equi pnent

required to performall tests.

d. Oher Contractor's support personnel who will be on site for testing.

.9 ACCESSI Bl LI TY REQUI REMENTS

Air barrier conmponents, insulation, fenestration, and doors for
conmi ssi oned systens nust be nade accessible for inspections. Contractor
must nake necessary nodifications at Contractor's own expense if systens
and encl osures are not accessible for inspections and testing. Assist
conmi ssioning teamin testing and i nspections by renoving equi prent
covers, opening access panels, and other required activities that assist
wi th visual oversight. Furnish |adders, flashlights, nmeters, gauges, or
ot her inspection equi pnent as necessary.
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10 SCHEDULI NG

kkhkkhkkhkkhhkkhhkkhhkhhkhhkhhkhkhhkhhkhhkhhkhhkhhkhkdhhkhhkhhkhhkhhkhkkhkhkkhhkk hkrhkhhkhhkhkhkhkk kkkihkihkihkhkk khkkikkikki*x*%

NOTE: The follow ng paragraph is tailored for

NAVY. For Navy projects, roof systens are
considered critical systens per NAVFACI NST 3960. 1.
Qual ity Assurance functions by NAVFAC i s done on the
roofing systems to ensure Contractor's construction
quality control (CQC) program and conm ssioni ng
deliver a high quality and properly functioning
critical system

R R R R R I R R R R R I R R I R I R R I R R R R I R I R I O O

Notify the Contracting Officer a mnimum|[14][ ] cal endar days in advance
of site visits and inspections by the roof system manufacturer technica
representative for coordination with the Governnent Acceptance Testing
Representative

11 COORDI NATI ON

Refer to Section 01 91 00.15 BU LDI NG COMM SSI ONI NG for requirenents
pertaining to coordination during the conmm ssioning process. Coordinate

wi th the Conmi ssioning Provider in accordance with Section 01 91 00.15 and
in accordance with the Comissioning Plan to schedul e i nspections as
required to support the conmi ssioning process. Furnish additiona

i nformati on requested by the Conm ssioning Provider.

Coordi nate scheduling of air barrier inspections and air barrier pressure
testing with the conm ssioning team Upload plans, reports, notes, and

ot her docunmentation to the Comm ssioning Provider's web-based
conmi ssi oni ng software, or as specified in the comm ssioning plan, as it
is conpl eted.

.12 QUALI TY CONTRCL

.12.1 Modi fi cati on of References

Performall pressure and diagnostic tests according to the referenced
publications listed i n paragraph REFERENCES and as nodi fied by this
section. Consider the advisory or recommended provisions, of the referred
ref erences, as nandatory.

.12.2 Qualifications

.12.2.1 Bui | di ng Encl osure Conmi ssi oni ng Specialist Qualifications

See UFGS 01 91 00. 15 BUI LDI NG COW SSI ONI NG for the qualification
requi renents of the Buil ding Encl osure Comni ssioning Specialist.

.12.2.2 Pressure Test Agency

Submit, no later than [15] | ] cal endar days after Contract award,
infornmation certifying that the pressure test agency is not affiliated
wi th any other conpany participating in work on this Contract. The work
of the test agency is limted to pressure testing the building envel ope,
perform ng a thernmography test and fog test, and investigating, through
various nethods, the location of air |eaks through the air barrier. See
Part 3 paragraph PRESSURE TEST AGENCY for additional requirenents. For
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t her nogr apher qualifications, see paragraph THERMOGRAPHER QUALI FI CATI ONS

Use the sanpl e TEST AGENCY QUALI FI CATI ONS SHEET form (Appendix C), to
submt the follow ng information

a. Verification of [2]] ] years of experience as an agency in
pressure testing commercial or industrial buildings.

b. List of at least ten commercial/industrial facilities with building
envel opes that the agency has tested within the past 2 years. |nclude
bui | di ng name, address, and name of prine construction Contractor and
Contractor's point-of-contact information.

c. Confirmation of 2 years of conmercial and or industrial building
pressure test experience for the | ead pressure test technician and the
t her nogr apher in using the specified ASTM E779 or ASTM E1827 testing
standard. References fromfive Contracting Officers for facilities
where the |l ead test technician has supervi sed comrercial and or
i ndustrial building pressure tests in the last 2 years.

d. Verification that the | ead pressure test technician has been enpl oyed
by a building pressure testing agency in the capacity of a | ead
pressure test technician for not |less than 1 year

.12.2.3 Ther nogr apher Qualifications

To performan infrared di agnostic eval uati on, use a | ead thernographer who
has at |east an active Level Il Certification that is based on the

requi renents in ANSI/ASNT CP-105 or ANSI/ASNT CP-189 and is in accordance
Wi th ASNT SNT-TC-1A. The course of study is to be specifically focused on
i nfrared thernography for building science. The thernographer nust have
at least two years of building science thernography experience in IR
testing commercial or industrial buildings. The thernographer must al so
have experience in building envel opes and buil ding science in order to
make effective recommendations to the Contractor should the envel ope

requi re additional sealing. Thernographic equi pnment operators, data

anal ysts and report witers nust conply with the requirenents of |SO 6781- 3.
Submit the thernographer's certificate for approval. Submit a list of at

| east ten comercial/industrial buildings on which the thernographer has
performed IR thermography in the past two years. The thernographer is to
have a current active certification. Submt certification at |east 60
days prior to thernography testing.

.12. 3 Test Reports

No | ater than 14 days after conpletion of the pressure test, submt

el ectronic copies of an organized report[ and [ ] bound paper copies
in a durable 3-ring binder]. The report is to contain a table of
contents, an executive sunmary, an introduction, a results section and a
di scussion of the results. Submit the air |eakage test report as

descri bed in paragraph AlR LEAKAGE TEST REPORT. Submit a diagnostic test
report as described in paragraph LOCATI NG LEAKS BY DI AGNOSTI C TESTI NG
The di agnostic test report is to include the Thernographic Investigation
Report and the Fog Test Report (if perforned).

Submit field data and conpleted report forms found in the appendices. Use
the sanple forns, Test Agency Qualification Sheet, Air Leakage Test Form
and Air Leakage Test Results Formto summarize the tests for the
appropriate building envel ope. Submit both electronically popul ated and
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field hand filled-in forns.

Report Data. Include in the report the follow ng information for al
tests:

a. Date of issue

b. Project title and nunber

c. Nanme, address, and tel ephone nunber of testing agency
d. Dates and |ocations of sanples and tests or inspections
e. Nanmes of individuals naking the inspection or test

f. Designation of the work and test nethod

g. ldentification of product and specification section

h. Conplete inspection or test data

i. Test results and an interpretation of test results

j. Comments or professional opinion on whether inspected or tested work
conplies with Contract docunent requirenents

k. Recommrendations on retesting
.13  CLI MATE CONDI TI ONS SUI TABLE FOR A PRESSURE TEST

As the test date approaches, nonitor the weather forecast for the test
site. Avoid testing on days forecast to experience high winds, rain, or
snow. Monitor weather forecasts prior to shipping pressure test equi prment
to the site. Based on current and forecast weather conditions, the
Contracting Officer's representative is to grant final approval for
testing to occur.

.13.1 Rai n

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Leakage through some floor, roof, and wal
assenblies can be affected by heavy rain when m nute
cracks and hol es becone tenporarily sealed. Rain
may cl ose potential |eaks, making the envel ope
appear tighter than it would be in drier

conditions. Rainwater can al so bl ock pneumatic
tubes used in pressure testing thereby altering

di fferential pressure readings.

EE R I R R S I R R I R I R I R S R R R O S I R R R R R S R R S R R R

For safety reasons, avoid testing during rain or if rain is anticipated
during testing. |If pneumatic hoses are installed and exposed to rain

i nspect the hose to ensure rainwater has not migrated into the hose ends.
Oient all exposed hose ends to keep them out of water puddles. Success
in tenporarily sealing outdoor ventilation conponents such as |ouvers and
exhaust fans nmay al so be conprom sed by rain. Don't seal roof-nounted
ventil ation conmponents during tinmes of potential |ightning.
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1

13.2 W nd

Because wi nd can skew pressure test results, test only on days and at

ti mes when winds are anticipated to be the cal nest. Avoid pressure
testing during gusty or high wind conditions. Avoid installing test fans
on the wi ndward side of the building if wind gusts during the test are
anticipated to be greater than 16.1 kiloneters/hour 10 miles per hour

14 CERTI FI CATE OF READI NESS

Rk Ik kR IR Rk O kO e S S R ARk Rk R R R e I O O R SRR I b S R R

NOTE: This paragraph contains tailoring options for
ARMY and NAVY. Select or insert the nunmber of

cal endar days for desired notification prior to
system conmi ssioning tests. Include the |ast
bracketed sentence when the project requires air

ti ght ness testing; whole building envel ope air
tightness testing is required for projects as
outlined in the Editor's Note for the Part 3 section
BU LDl NG ENVELOPE Al R TI GHTNESS REQUI REMENT.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

Prior to scheduling the Conmi ssioning Tests as required by this Section
submt Certificate of Readiness docunmentation in accordance with Section
01 91 00.15 BUI LDI NG COVMM SSI ONI NG for each encl osure-rel ated system
certifying that inspections have been conpl eted, open issues have been
resol ved, and the systemis ready for the Conm ssioning Tests.
Docurent ati on woul d i ncl ude Buil di ng Envel ope I nspection Checklists as
required within this Section, as well as any inspections or test reports
required within each encl osure-related technical specification section
Additional Quality Control and testing requirenments for specific
conponents of the building enclosure are described in the Division 03 thru
08 UFGS Sections of the project specifications.

Submit the Certificate of Readiness for each system [30][__ ] cal endar
days [20][ ] working days prior to Comissioning Tests of that system
Do not schedul e Conmi ssioning Tests for a systemuntil the Certificate of
Readi ness is approved by the Governnment. [Do not schedule air tightness
testing of the building envel ope systemuntil Certificates of Readi ness
and supporting docurmentation for enclosure-rel ated systens have been
subm tted, reviewed and approved by the Government. ]

PART 2 PRODUCTS

2.

1 TEST EQUI PMENT

Provide all equiprment required to performtesting for the systens and
conponents to be commi ssioned. Provide all testing equipnent of sufficient
quality and accuracy to test and neasure system perfornmance with the

tol erances specified. Provide a sufficient quantity of two-way radi os for
each subcontractor.

Submit a signed and dated list of instruments to be used for testing,
their application, manufacture, nodel, serial nunber, range of operation
accuracy, and date of npbst recent calibration. Calibration data applicable
to fan systens nust be in accordance with ASTM E1258. Also list special
equi prent and proprietary tools specific to a piece of equiprment required
for testing.
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2.

2 PRESSURE TEST EQUI PMENT

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: The size of the envel ope and t he abundance of
| eaks through the envel ope determ nes the type and
guantity of pressure testing equi pment needed. A
singl e bl ower door systemusually provides
sufficient airflow (2360 to 3775 L/s5000 to 8000 CFM
) to test an average single fam |y residence. A
buil ding the size of a basketball gymmasi um may
require two or nore bl ower door systens.
Logistically there nmay be an upper linmt to the
nunber of bl ower door systens that can be installed
and operated together. The author of this

speci fication has anecdotal know edge of up to 24

bl owers being used in one test to deliver about
90,615 L/s 192,000 CFNV at 75 Pa. This nmeans that a
bui | di ng envel ope of up to about 71,350 sq. n
768,000 sq. ft can be pressure tested to neet a

| eakage rate of 1.27 L per sec/sq. m 0.25 cfnisq
ft. at 75 Pa using bl ower door equipnent. Trailer
mounted fans that can typically deliver up to 28, 317
L/s 60,000 CFNV may be used for both pressurization
and de-pressurization. Blower door systens and
trailer munted fans may al so be used together in a
test. |If blower door systens and trailer nounted
fans provide insufficient air for pressure testing,
the building's own air handling system can be used
inlieu of blower door fans and trailer nounted
fans. otaining accurate flow readi ng when using a
buil ding's own air handling systemmay be especially
chal | engi ng. Del ete unnecessary pressure test

nmet hods as necessary.
EE IR I Sk S S I S S S I O R R R Rk S S Sk S O R R S Ik S I S R R Sk I O

Dependi ng on site conditions and size of the envel ope, the test may be
conduct ed using [bl ower door equipnent] [and] [trailer-nmounted fans] [or
the building's own supply air systen]. The testing agency is to supply
sufficient quantity of bl ower equipnent that will produce a mninumof 75
Pa differential pressure between the envel ope and outdoors using the test
nmet hods descri bed herein. Supplying additional blower test equipnent to
provi de additional airflow capacity or to act as a backup is highly
reconmended.

2.1 Bl ower Door Fans and Trail er Mounted Fans

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: For General Information Only.

There currently are only 3 nanufacturers of bl ower
door equipment in the United States. Infiltec,

M nneapol is Bl ower Door and Retrotec. The author
has anecdotal know edge of bl ower door and
trailer-munted fan testing being used i n Canada,
Geat Britain, Ireland, Australia and some

Scandi navi an countri es.

EE R R R S R R I R R I R S R R R R S R R I R I R R S R R R R O

Each air flow nmeasuring systemincludi ng bl ower door fans and trailer
mounted fans are to be calibrated within the last 5 years. Calibrated
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bl ower door fans and trailer nmounted fans must neasure accurately to
within plus or minus 5 percent of the flow reading. Blower door equiprent
and trailer nounted fans are to be specifically designed to pressurize
bui | di ng envel opes. Each set of bl ower door equipment is to include
fan(s), digital gage(s), door frame, door fabric or hard panels.

2.2.2 Digital Gages as Test Instrunents

Use only digital gages as neasuring instrunments in the pressure test;
anal og gages are not acceptable. The gauges must be accurate to within
1.0 percent of the pressure reading or 0.15 Pa, whichever is greater

Each gage is to have been calibrated within two years of the test. The
calibration is to be checked against a National Institute of Standards and
Technol ogy (NI ST, formerly National Bureau of Standards) traceabl e

st andar d.

2.3 THERVAL | MAG NG CAMERA REQUI REMENTS

The thermal imagi ng canera used in the thernography test nust have a
thermal sensitivity (Noi se Equival ent Tenperature Difference.) of +- 0.1
degree C at 30 degrees C 0.18 degrees F at 86 degrees F or less. Ensure
the canera's operating spectral range falls between 2 and 15 m croneters.
Ensure the canera's IR i mage view ng screen resol ution nmeasures at | east
320x240 pi xels. Ensure the canera has a neans of recording thernal inmages
seen on the canera viewi ng screen. The canmera is to display output as

i ndividual still franme inmages that al so can be downl oaded and inserted
into an el ectroni c Thernographic Investigation Report. All thernographic
equi prent must conply with the requirenents of |SO 6781-2. Submit canera
make and nodel, and catal og information that defines the canera therm
sensitivity for approval.

PART 3 EXECUTI ON

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Select and include in Part 1 of this Section
and later in Part 3 those building enclosure tests
required to verify envel ope perfornance as
appropriate to the project conplexity, OPR
environnental requirements and geographic | ocation
Tests should be selected through consultation

bet ween t he BECxP and Desi gn Team ASTM E2813
provides a |list of options for building enclosure
tests that mght be included. Note that all testing
listed in ASTM E2813 is not required; thus, the text
bel ow states to foll ow ASTM E2947 except where it
ref erences ASTM E2813.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

Conduct buil di ng encl osure comm ssioning in accordance with ASHRAE 202 and
ASTM E2947 in addition to the requirenents herein. Follow ASTM E2947
except where it references ASTM E2813. Conmm ssi oni ng nust docunent in
sufficient detail compliance of the building envel ope with the design
intent as defined in the Contract docunents.

3.1 VEETI NGS

Attend all neetings in accordance with Section 01 91 00.15 BU LD NG
COW SSI ONI NG
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Provide tinely updates on construction schedul e changes so Conmi ssi oni ng
Provi der has scheduling informati on needed to execute comi ssioni ng
process efficiently. Notify Contracting Oficer of anticipated
construction delays to conm ssioning activities not yet performed or not
yet schedul ed.

.2 DESI GN PHASE COCRDI NATI ON MEETI NG

Rk Rk Sk R R R R Sk O S O S I SRR o S Sk S Rk O O b S S R R SRRk S

NOTE: This Article is tailored for inclusion in
DESI G\-BUI LD projects only. This Article al so
includes tailoring for ARMY and NAVY. Sel ect which
design submttal will include the design phase
conmi ssi oni ng coordi nati on nmeeting. Also, select or
i nsert which Government representatives need to be
invited to the neeting.
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Participate in a design phase conm ssioning coordi nati on neeting | ed by
the CxC prior to the [35] [50] percent design submittal for systenms to be
conmi ssi oned. The purpose of the neeting is to discuss the comm ssioning
process, including project Contract requirenments, |ines of comunication
roles and responsibilities, schedul es, docunentation requirenments, and to
devel op a Prelimnary BECx Pl an

The Quality Control team Designer of Record, and the Government
Acceptance Testing Representatives and ot her Government team nenbers mnust
attend this neeting. Invite the User and[ a Directorate of Public Wrks
Representative][ a Reserve Support Conmand Representative][ ][ a Public
Works Division Representative][ ] to attend this neeting. Meeting may be
conducted by tel econferencing.

.3 PRELI M NARY BECx PLAN
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NOTE: The Article contains tailoring options for
DESI G\N- BUI LD and DESI G\- Bl D- BUI LD proj ect s.
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Submit the Prelimnary BECx Plan no later than 14 cal endar days after the
Desi gn Conmi ssi oni ng Coordi nati on Conmi ssi oni ng Ki ckoff Meeting. Submit
the Prelinmnary BECx Plan for inclusion in the Design Phase Interim
Construction Phase Conmm ssioning Plan as identified in Section 01 91 00. 15
BUI LDI NG COMM SSI ONI NG Coordi nate the devel opment of this plan with the
conmi ssioning plans required in Section 01 91 00.15 BU LD NG

COW SSIONING.  CQutline the conm ssioning process, comi ssioning team
nmenbers and responsibilities, |lines of comrunication, inspections, and
docunentation requirenents for BECx. Identify the Comi ssioning Standards
chosen for the project. Establish appropriate and quantifiabl e encl osure
rel ated performance netrics, test standards, and test nethodol ogy in
accordance with referenced standards for inclusion in the Contract
docunents. Provide a list of team menbers for systenms to be conm ssi oned
with contact information, a list of tests as required to conplete the
scope of all conmi ssioning and a copy of the project schedule as required
by Section 01 32 17.00 20 COST- LOADED NETWORK ANALYSI S SCHEDULE

01 32 01.00 10 PRQJECT SCHEDULE for inclusion in the Prelimnary BECx Pl an

The Prelimnary BECx Plan nust include, a