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TOTAL BUILDING COMMISSIONING PROCESS

ASHRAE Guideline 0-2005: The Commissioning Process
(Used as the foundation of ASHRAE Guideline 1,
NIBS Guideline 3, and
other Total Building Commissioning Process technical guidelines)

ASHRAE NIBS Guidelines
Guideline 1-2007 Guideline 3-2006 2-200X & 4-200X
HVAC&R Exterior Enclosure through 14-200X
Technical Technical Technical commissioning
Requirements for Requirements for 9:;?5;{2?; dgli'c';?i(‘:’;'lth
The C(F))rrr:)rgelsssslonlng The CcF))rrrcl)Telsszlonmg lighting, interiors,

plumbing, etc.
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ANNEXES: Focus on Exterior Enclosure

B - Commissioning Process Flowchart

C - Costs and Benefits

D - Documentation and Responsibilities

F - Roles and Responsibilities - Cx Team Members

J - Owner’s Project Requirements

K - Basis of Design

L - Specifications

M - Construction Checklists

O - Systems Manual

R - Integration Requirements

S - Interference and Coordination with other Systems
U - Exterior Enclosure Testing Procedures

Z - List of Example Calculation Procedures and Tools

Annexes A, E, G, H, I, N, P, T, V, W, X, Y are not used, see GLO
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ANNEX B - REFINEMENT TO GL-0 APPROACH

e Expands on GLO flow diagram
e Building Development Process on Left
e Commissioning (Cx) process on right

e Each element of Cx process tagged to a section In
text of GL3-2006.

e Examples follow
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ANNEX B - PREDESIGN (1 of 5 pages)

Building Development Process Commissioning Process
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ANNEX C - COSTS (for Cx EE)

e General Estimate of Cx Costs for Exterior Enclosures
- Estimates provided are being checked now

e Recommended Structure for estimating Cx EE Costs
- OPR
- BOD
- Design Review
- Construction Checklist Creation
- Site Visits
- Testing
- Documentation
- Total

e Objective - develop general cost estimates by building siz
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ANNEX F -ROLES & RESPONSIBILITIES

OwnellCxA |Design Team ExEncl |Contractors Specialists Bldg Ops
Key
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g _ ole e 2 3 s 2 R Reviewed by
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S|5| ws388%|2 3|§52E:3|988F 8 <8098 ¢,
clElsSsEel|sElissoE|ieseazetlsgs
E|E|SEcs52¢S|sY|éess5l82c28Eeg|sE s
18125 2w E|d 5|88 8¢ u|E2S22EEw|f & 8| Notes
Pre-Design
5.2.2 Owner's Project Requirements A = T I R T B B P I 1 | 1 Design Team not hired yet?
5.2.3 Allocation PA U U U U U U P [ Design Team not hired yet?
5.2.4 Commissioning Plan A = R A A | | I 1 | 1 Design Team not hired yet?
5.2.4.4 Issues Log & Report R P/ U U U U U Il U U U U U u [ Design Team not hired yet?
53.1 Acceptance & Commissioning
e Process Report R P/ U U U U VU Uu uUu u u u u u u Close of Phase report
Design
611 Owner's Project Requirements
- (OPR) Update A P [ | | | | [
6.1.1.1 OPR - Schematic Design Phase A [ = T I B B | | | [ T R I B AR B |
Gl OPR - Design Development Phase A = S R R | | | | [ I
6.1.1.3 Phase A P [N R B | | | | [
6.2.2 Basis of Design A R P 11 11 | | | [
6.2.2.1 BOD - Schematic Design Phase A R/ P I 1 11 | [ T O A I B AR B |
6.2.2.2 BOD - Design Development Phase A R P 1 1 1 1 | | | o1
6.2.2.3 BOD - Construction Document A R P L1 1 1 | | | [
6.2.3 Commissioning Plan - Update R P U Uu u u I
6.2.4 Constryct_ion_ Specifications for May also be provided by Owner's
- Commissioning R P U [ I = (I Rep
6.2.4 Construction Checklists R A R R I R (I Contractor may not be hired yet
6.2.5 Systems Manual Outline - A P L 100 | R Uu u Contractor may not be hired yet
6.2.6 Specifications A R | R | | | |
627 Commissioning -Focused Design
- Reviews A P U U U U U | U | | [
Issues Log & Report A P/ U U U U U | U | | I
63 6.4 Acceptance & Commissioning Close of Phase report
T Process Report A P/ U U U U VU | | | | [ B
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ANNEX J - OWNER’S PROJECT
REQUIREMENTS (OPR)

e Commentary

e Example Checklist for an OPR (example below)
e Example OPR from a project

ANNEX GL3 - J:

Exterior Enclosure Checklist for

Owner’s Project Requirements (OPR)

1. Building Objectives

List the objectives that are unique to exterior enclosure and that expand upon the objectives and goals described in the
Whole Building Commissioning.

2. Site Description and Requirements

List criteria that have a major influence on the Architectural development of the building design. Coordinate with
Site/Civil.

2.1.

2.2.

2.3.

2.4.

Neighborhood / Context
Existing Buildings
Master Plan

Circulation / Access

Describe the influence of the project site, neighborhood and context on the building design.
Describe existing buildings and their influence on the design.

Describe existing or in progress master planning issues which affect the design

Describe the opportunities and constraints imposed by circulation issues and required access.
Major Building Access:

Secondary Building Access:
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ANNEX K - BASIS OF DESIGN

e Commentary

e Example Checklist for BOD (example below)
e Example BOD from a project

1 E . E | Describe compliance with criteria for the thermal performance of the
. Exterior Envelope exterior envelope.
Thermal
Performance
111 Describe the method of analysis used.
1.1.2 Coordinate this section carefully with the Mechanical Engineers and with
other paragraphs below describing the exterior systems.
Describe alternate analysis methodology if used, to verify compliance.
1.1. Alternate y 9y y P

Compliance

1.1.1. Envelope
Method

1.1.2. Total Building
Method
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ANNEX L - SPECIFICATIONS

e Likely Specification Sections with Cx EE specs
e Cx EE MasterSpec Section
e Several examples from projects
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ANNEX M - CONSTRUCTION CHECKLISTS

AM. Blank Family Offices Page-1
SBC&H - 207138 Building Envelop — Prefunctiona’ Checklist

Prefunctional Checklist
BUILDING ENVELOP SYSTEM

Components included: ___ unit masonry, ___ limestone veneer, ___ caststong, ___ shest
metal flashing & trim, ___roof, ___ joint sealants, ___ wood windows/doors

® 12 exam p I e 1. Submittal / Approvals

Submittal: The above components and systems integral to them are complete and ready for
- functional testing. The checklist items are complete and have been checked off only by parties
h k I I having direct knowledge of the event, as marked below, respective to each responsible
contractor. This prefunctional checklist is submitted for approval, subject to an attached list of
outstanding items yet to be completed. A Statement of Correction will be submitted upon
completion of any cutstanding areas. None of the outstanding items preclude safe and reliable

funcfional tests being performed. ____ List attached.

Sealant Contractor Date Glazing Contractor Date
Ext. Limestone Veneer Date Sheet Metal Contractor Date
Contractor

Masonry/Cast Stone Date Steel Fabricator Date
Contractor

General Contractor Date Roof Contractor Date

Prefunctional checklist items are to be completed as part of installation & initial checkout,
preparatory to functional testing.

+ This checklist does not take the place of the manufacturer's recommended checkout and
installation procedures or reporting requirements.

+ ltems that do not apply shall be noted with the reasons on this form (N/A = not applicable,
BO = by others).

+ Confractors’ assigned responsibility for sections of the checklist shall be responsible to see
that checklist items by their subcontractors are completed and checked off.

+ “Contr.” column or abbraviations in brackets to the right of an item refer fo the confractor
responsible to verify completion of this item. A/E = architect/engineer, All = all contractors,
CA = commissioning agent, GC = general contractor, LVC = limestone veneerisheet metal
contractor, SC = sealant contractor, GLC = glazing contractor, UMC = masonry/cast
stonelsheet metal contractor, RC = roof confractor, SMC = sheet metal contractor

Approvals: This filled-out checklist has been reviewed. lis pleticn is app d with the plicns
noted below.
Commissioning Agent Date Owner's Representative Date
(] w . % - & =
©Commissioning & Green Building Services 2003 April 29, 2003

CxGES

www.CxGBS.com
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ANNEX O - SYSTEMS MANUAL

e QOutline of Structure of an Example Systems Manual
e Example Sections
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ANNEX R - INTEGRATION REQUIREMENTS

15t - Within Exterior Enclosure Subsystems
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| Air flow Control
l.a__|Air Barrier * |P_|D D |D D |[D D |D P _|P [P D P P D
L.b Natural/Hybrid Ventilation P |* [D P |D P _|D P _|P P D P P [P |P
I.c Biological/Chemical Isolation D |P |* D P |P [P |P P P IP |P |P |P
1l Water Vapor Flow Control
I.a_[Vapor Retarder PP FPT PPEPPDPPT PPTTTTTTTTPTITTTTTTTTTTTTTIP]
b _Self-Drying Assemblies PP T T FT PP PPPPT T PPPT T T T T T T T T T T T T T T T T T T T T T T Jrp]
1] Rain Penetration/Water Control
li.a |Drainable/Rain Screen Systems D |p |P D |p * D plp [p|p P |p P plplplr Ip
li.b | Thin Barrier Systems D P D |P * P |p P P plp PP |P |P
Ill.c |Massive Barrier Systems D |P P |DD * D |D D |P |P D |P P P |ID |ID |ID (P |D |D |D |D
lIl.d_|Double Facades D |D [P D _|P D P [P [ D D [P [P D | |p D [P P [P [P P IP [P P IP
lil.e |Below-Grade Systems/ Foundations P P * p Ip
v Heat Flow Control
IV.a |Reduce Heat Loss P |P D |P P |p D P P D 3 )
IV.b_|Thermal Mass P_|D P_|D PP PP P I P P P _|P P P DIP [P [P |P |B__
IV.c_|Structure Outside of Thermal Envelope D P * P |P |P |P DI|P[D|P ID P |
IV.d_|Reduce Heat Gain * |
vV Light, Solar, other Radiation Control
V.a |Daylighting P D D |p [p * |o |p |p P [P P P P
V.b__|Shading P D D |[D |P D |* |D P P _|P
V.c_|Glare Control D [D D |[D |*
UV Control
V.d__|Photovoltaic Generation P P P P IP |P |*
V.e |Radio/Electromagnetic Control P D * P |P P P [P
V.f |Green Roof D [P |P D P |P * P P P [P P P [P
Vi Noise and Vibration Control
Vi.a_|Acoustic Isolation PIolPT T T T T Pl [ ol T PT T T T T T EFPITTTTIPP[IP]TIT]]
Vib_|Vibration Control [ T T T T T T Tl T TR TTITTTTTTPRFTTTTRIP[ ] T |
VII_[Fire Control
Vll.a |Passive Fire Protection P P P plp IDIp P * plp Ip plp Ip
VIl.b |Active Fire Protection P pllplrIrlr
Vil.d_|Catastrophic Fire Protection P P |P P P P P D [P |* |P P [P [P |P P
IX Structural Performance
I1X.a_|General Structural Performance E E |E E P P P I* P P
IX.b_|Seismic Resistance E E |E E P P P |* P P
IX.c |Blast Resistance E |P PP |[E E P P |* [P |P |P P
IX.d |Forced Entry Resistance E |P P P E plp I+ Ip
IX.e |Hurricane/High Wind Loads P (P P PP |P «~ Ip |p [P
IX.f _|Stiffness of Structure P P PP |P P D ID|P [D [* |ID |D
I1X.g |High-Rise Buildings E P P P [P |P |P P [P P [P [P [P |P [P |* |P
IX.h |Geotechnical Bearing Capacity D |D D D |P E D |P |P [P [P |D |*
X Durability
X.a_|Extended Life Span D P D P P D |P D |P |P |P |D P |*
X.b  [High Reliability D P D P ploplololp [P [P |D P
X.c__[Microbial Growth Resistance D |P D |P D P |P
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ANNEX R - INTEGRATION REQUIREMENTS
2nd - Between EE and Other Building Systems

Issues & Opportunities

c
Material/System Type or Criteria 2 I3
D = Direct Interrelationship % g » N %
_ - . . > »
P = Possible Interrelationship é £ 5 5 g ; g
& 22 5 52 8 a 3 3 3
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] Air flow Control
Il.a__|Air Barrier 1.3 V2 S6,7 H.3
Il.c_ [Natural Ventilation 1.5 V4 C2,4 S.8. . El13 |En.4
Il.b  |Biological/Chemical Isolation 1.4 V3 S.2. H.4 |
11 Water Vapor Flow Control
lil.a_|Vapor Retarder [1.3 | | | | [s7.9 | [H.5 | | |
lIl.b_[Self-Drying Assemblies | | | | | |s10 | [H.5. | | |
\Y Rain Penetration/Water Control
IV.a |Drainable/Rain Screen Systems S11 H.6.
IV.b |Thin Barrier Systems 1,6 S12
IV.c |Massive Barrier Systems S.10,13 H1,7 E.2 En5,6
IV.d |Double Facades V5 C.3 S.14 H1,2,6,8 En.7
IV.e |High Below-grade Watertable Ex.18,18a 17 [STSEE N - o B3 El4 |
| Heat Flow Control
l.a [Increased enclosure insulation EX-1 D.2 I I [H1-2 EIL
I.b Thermal Mass EX-4 .1 V1 S3,4 H1,2 ElL1l
l.c Structure Outside of Thermal FEX-3 1.2 F.1
I.d__[Reflective Solar Barrier EX-2 H1,2 ElL1
\ Light, Solar and other Radiation
V.a |Daylighting 1.8,9,10 C.1 S17,18 H.5,10,11 EL5
V.b_[Shading 111 C.4 S.18 H.12. EL5,13
V.c__|Glare Control
V.d_[Photovoltaic Generation
V.e |Radio Frequency/Electromag-netic H13,14
V.f _|Green Roof S.19 H1,2 |EH
Vi Noise and Vibration Control
Vl.a_|Acoustic Isolation I [ I [ | S.3. H15,16 [El8. [ |
VI.b | Vibration Control Ex28-29 | | | | | H15,16 |El8 | |
VII_|Fire Control
Vll.a |Passive Fire Protection S.22. H.19
VIl.b |Active Fire Protection 1.12 H.19 EL9.
VIl.d |Catastrophic Fire Protection E.3 S.24 H.18,19 EL10
IX__|Structural Performance
1X.a_|Seismic Resistance Ex.34.
1X.a_|Seismic Resistance [Ex.34.
IX.b_|Blast Resistance |Ex35-37 H20,21 EI10,11
IX.c |Forced Entry Resistance S.3,27 H20,22 El.10,11.
IX.d [Hurricane/High Wind Loads S.28 H.23.. El.10,12.
1X.e_|Stiffness of Structure
IX.f _|High-Rise Buildings
IX.g |Geotechnical Bearing Capacity
X Durability.
X.a_|Extended Life Span S.29
X.b |High Reliability H.10,18
X.c_|Microbial Growth Resistance | |
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ANNEX R - INTEGRATION REQUIREMENTS

3rd - Lists of Issues and Actions

R.1 Air Flow Control

R.1.1 Air Barriers

AB.1 Air Barrier: Air barriers are an extremely impartant companent in the
contral of the separation of the internal and external air masses, with
resulting impacts on durability, indoar air quality, and energy
consumption. Air barrier detailing must be complete around the full
perimeter of exterior enclosure and across all systems.

The Commissioning Authority should verify the following:

o Design Phase: Design Phase: The Design Team has selected
systems with appropriate air barriers and permeance for each
component of the enclosure, and has detailed continuity of air barrier
across joints between the air barriers.

o Construction Phase: Test air leakage through exterior systems.

AB.2] Air Barrier Penetrations: MNurmerous penetrations are likely through
the air barrier, including MEF systems, anchorage devices for cladding,
or electrical outlets and other penetrations of interior faces of exterior
walls.

The Commissioning Authority should verify the foll owing:

o Design Phase: Thatthe Design Team has reviewed the extent of
penetrations and provided detailing, including:
* Sleeves with integral flanges at mechanical penetrations,
* Means of sealing at electrical conduit and plumbing piping

penetrations.

In addition, That the Design Team has evaluated the type of
anchorage and substrate to which the anchors are being installed to
or through to determine likelihood for future voids to be created in
the air barrier due to future actions of the wall, such as movement
due to thermal cycling.

o Construction Phase: Werify that sealing of penetrations are properly
installed. Periodically inspect penetrations for proper sealing and
integration with the air barrier.

Slide 19 NIBS Guideline 3-2006 Exterior Enclosure Cx Tech. Req. NCBC 2007 _




ANNEX U - TESTING PROCEDURES

Ul: Laboratory Testing

—U.la: Example Laboratory Testing of Assemblies and Mock-ups Case
Study

U2: Field Testing

—U.2a: Example Field Testing Case Study

—U.2b: Recommended Practice for Incremental Inspection
and Field Air and Water Testing

—U.2c: Example Doors & Windows Functional Test for a recent project
—U.2d: Example Mock up Window Functional Test for a recent project
—U.2e: Example Windows & Girills Test Procedure for a recent project

U.3: Resources for Testing
—U.3a: Reference Standards for Field Testing
—U.3b: Technical information Resources
—U.3c: Testing Resources by Wall Assembly
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ANNEX U - LAB TESTING CASE STUDY

Figure 1. Lab mockup during ASTM E283 air infiltration test



ANNEX U - LAB TESTING CASE STUDY

Figure 2 Dynamic Water test
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ANNEX U - LAB TESTING CASE STUDY

Figure 3. Strain gauges for measuring inter-story drift



ANNEX U - FIELD TESTING CASE STUDY

A chamber is created using polyethylene and a simple wood
frame (Figure 2), a smoke device is released, or generated using
theatrical foggers, while air from a fan depressurizes or
pressurizes depending on the configuration.
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ANNEX U - TESTING PROCEDURES

Sub-Annex Ub2:
Recommended
Practice for
Incremental Field
Air and Water
Testing

Ub2-1 Recommended Practice for the Incremental Inspection and
Field Air and Water Testing of Exterior Enclosure Elements

Ub2-1.1 ferawental fiekd air and water inspection and of 51 thies
incremental field air and water testing of subazsemblies of all building exterior enclosure
elements should he a standardized practice on projects of all sizes. The "Incremental”
concept signifies testing of critical sir and water management enclosure components,
such as air barriers, window and door air and water seals, flashings, etc. while those
components are still visible and before those components are buried or covered ug by
other construction in & completed azsembly, 2o that repairs can be done effectively and
inexpensively.

Ub2-11.1  Dwring team selection, & criterion in the owner's selection of the architect shauld
include the architect's track record in specifying the incremental and final field water
testing of the full range of exterior enclosure elements. Likewize, & criterion inthe
awvnet's selection of the General Contractor or Construction Manager should include
their track record in designing and successtully carrying out incremental field water
testing of all huilding exterior enclosure elements.

Ub2-1.1.2  During design, Cweners should be informed that water leskage can be 5 source of
significant problems downstream, and that increment al field water testing iz a practical,
lowe-tech, and low cost means of identitying and avoiding such leaks. Cwners should be
made aware that eliminating such testing as a result of value engineering or other cost
cutting messures during construction could result in significant costs and potentisl health
hazards later during building operations. Air leak age can result in condensation, mold,
rust, decay, indoor air quality problems, premature failure of enclosure azsemblies, and
iz & major source of energy loss.

Ub2-11.3  Construction documents for the building exterior enclosure should include specific
provisions for planning and accomplishing the incremental field water testing being
recommended in Section U221, of this, Annex,

Ub2-14.4  The scope of air barrier and building assembly testing for air leakage and air
harrier continuity should be discussed with the Cwner, and included in the specifications.
A list of such inspections and testing iz included herein.

Coordinstion is required betwesn subcortractors to provide cortinuity of an air barrier
system and achieve an airtight building enclosure; the interconnections between
materials and aszemblies of materials and the penetrations should be a focus.

Deter mining who is responsible for the interface joint between the different air barrier
zystem assemblies, where one trade stops and the other starts, and the trade
responsible for the joint between the teeo is vital.  Determining who is resporzible for
zealing penetrations should be establizhed. Segquencing construction operations zo that
the joints are acceszible and constructible is an importart milestone dizcusszion ina
COMmMISSioning process

Ub2-11.5 Each manufacturer should provide specific instructions for the incremental fizld
water testing of subassemblies within the installation instructions for its exteriar
enclosure products.

NIBS Guideline 3-2006 Exterior Enclosure Cx Tech. Req. NCBC 2007 —



ANNEX U - FIELD TESTING CASE STUDY

Chamber depressurization using detection liquids utilizes a device
nicknamed the “bubble gun” (Figure 3). A bubble solution is spread on the
suspected penetration or joint, such as a brick tie fastened to a wall. The
plastic dome of the device is placed over the area and depressurized to 500
Pa (2.0" w.g.). Bubbles form if there is an air leak.
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ANNEX Z - Tools and Resources

e Lists of resources and tools available for Cx EE
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NEXT STEPS for Cx EE

e Continued work of Cx EE Project Committee
e Supplement on Daylighting

e Supplement on Cx EE for Small Buildings

e Expand all Annexes

e Refine process for Design-Build situations

e Add Annex on Training for Cx EE

e Better integration with GL-0 (online?)
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THANK YOUI!

ANY QUESTIONS?

Prepared by: Joseph Deringer, AlIA, LEED AP
jjd@deringergroup.com
jderinger@whiteboxtechnologies.com
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