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AB-1
ADVERTISEMENT
FOR BIDS
ADVERTISEMENT FOR BIDS
April 11, 2023

Morill Hall of Agriculture — Suite 121 HVAC Renovation

CP22128

for

MICHIGAN STATE UNIVERSITY
located at

EAST LANSING, MICHIGAN

BOARD OF TRUSTEES
MICHIGAN STATEUNIVERSITY

PLANNING, DESIGN AND CONSTRUCTION
Infrastructure Planning and Facilities
Michigan State University

Jeff Bonk  PHONE: 517-884-6746

Gregg Alchin PHONE: 517-712-1126

Until 3:00 p.m. on Tuesday, May 02, 2023, the Owner will receive bidsfor
the work as set forth in the Bidding Documents at via the Owner’s Oracle
Primavera Unifier Bid Manager, at which time and place all proposals will
be publicly opened. Bidders are responsible for properly registering for this
process-and familiarizing themselves with the system and its requirements.
Registration information can be found at
https://ipf.msu.edu/construction/partners/prospective-partners.

Proposals are invited for the following work:
Proposal 1 — General Construction Work


https://ipf.msu.edu/construction/partners/prospective-partners
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This project involves the addition of a variable refrigerant flow air-conditioning system.

Bids will only be accepted from MSU Base Contractors. For materials and methods not specified within
these documents, the Constructor is expected to refer to and comply with MSU technical standards and
standard details found at: http://ipf.msu.edu/resources/business-partners/standards-for-
construction/index.html..

The substantial construction completion date for the project, as set forth in the project manual and drawings
is September 20, 2023. See applicable start date and interim completion dates in the General Requirements
(Division One) — Part 1 Work Sequence section.

LIQUIDATED DAMAGES:
1 Shall, or & Shall not be assessed for Substantial Completion at:
$ PER DAY

[1 Shall, or X Shall not be assessed for Final Completion at:
$ PER DAY

EXCLUSIONS FROM MUTUAL WAIVERS OF CONSEQUENTIAL DAMAGES:
DEFAULT IS NONE. (If exclusions apply, project team to insert applicable exclusions below).

The complete set of documents is also available for viewing through our new MSU Plan Room or via the
MSU Planning, Design and Construction (PDC) web page at
https://ipf.msu.edu/construction/partners/prospective-partners, and then select “Construction projects out to
bid”.



http://ipf.msu.edu/resources/business-partners/standards-for-
https://ipf.msu.edu/plan-room
https://ipf.msu.edu/construction/partners/prospective-partners

BLAN ROOMS
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The Bidding documents are on file and may be examined at the following locations during regular business

hours, Monday through Friday:

Builders Exchange of Lansing &
Central Michigan

1240 East Saginaw

Lansing, MI 48906

Dodge Data & Analytics
914 E. Vine Street
Kalamazoo, MI 49001

Builders Exchange
P.O. Box 2031
Grand Rapids, M1 49501

Construction Association of Michigan
43636 Woodward Avenue

P. O. Box 3204

Bloomfield Hills, M1 48302-3204

CNS Construction News Service
of West Michigan, Inc.

1793 R. W. Berends Dr. SW.

Wyoming, MI 49509-4993

Builders Exchange of NW MI, Inc.
1373 Barlow St., Suite 4
Traverse City, MI 49686

Dodge Data & Analytics
25330 Telegraph Road, Suite 350
Southfield, M1 48009

Dodge Data & Analytics
1311 South Linden Road, Suite B
Flint, M1 48532

Tri-City Builders & Traders Exchange
334 South Water
Saginaw, MI 48607

Builders Exchange
3431 East Kilgore
Kalamazoo, M1 49001

MMSDC Michigan Minority Supplier
Development Council.

100 River Place STE 300

Detroit, M1 48207

Capital Imaging
2521 East Michigan Avenue
Lansing, MI 48912
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A pre-bid site inspection will be held on Friday, April 21, 2023 at 9:00 a.m.. All interested Contractors or
Bidders are encouraged to attend. Interested parties should meet at the front entrance to Morrill Hall of
Agriculture (west side). All Contractors submitting bids for the work will be held to have visited the site
prior to submitting bids. Last opportunity to submit a pre-bid RFI: Tuesday, April 25 at 5:00 pm.

Each proposal shall be accompanied by a bid security as set forth in the Instructions to Bidders.

The Owner reserves the right to reject any or all proposals either in whole or in part and to waive any
irregularities.

Withdrawal of any proposal is prohibited for a period of 120 days after the actual date of the opening thereof.
Performance and Labor and Material Bonds are required as set forth in the Instructions to Bidders.

All prospective Bidders, their Subcontractors and suppliers must be awardable by and in compliance with the
directives and guidelines of the Contract Compliance Division of the Michigan Civil Rights Commission.
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SUBCONTRACTING AND SUPPLIER DIVERSITY

The University makes a continuous effort to broaden its business relationships with Minority Business
Enterprise (MBE) contractors, Women Business Enterprise (WBE) contractors, and small business concerns
(including veteran-owned small business, service-disabled veteran owned small business, HUB Zone small
business, and small disadvantaged business concerns certified by the U.S. Small Business Administration).
For the purposes of this provision, suppliers are considered subcontractors. If third parties are needed to fulfill
contractual obligations to the University, you are strongly encouraged to consider all qualified sources,
including WBE, MBE, and small business subcontractors. For purposes of this paragraph, MBE is defined as
a business enterprise of which more than 50% of the voting shares or interest in the business is owned,
controlled, and operated by individuals who are members of a minority and with respect to which more than
50% of the net profit or loss attributable to the business accrues to shareholders who are members of a minority.
WBE is defined as a business enterprise of which more than 50% of the voting shares or interest in the business
is owned, controlled, and operated by women and with respect to which more than 50% of the net profit or
loss attributable to the business accrues to the womenshareholders.

The apparent Low Bidder shall, within 24 hours, after receipt of bids, provide the names of any
MBE/WBE/small business subcontractors, description of work to be done by each, dollar value of work, and
percentage of contract price. This information shall be included with the contract breakdown specified in
Section 012000.1.4 of the specifications.

The Michigan State University Purchasing Department maintains a list of known Minority and Women
Business Enterprises in the region for informational purposes. Bidders can obtain a copy of this list by
calling (517) 355-0357. This list is not intended to be comprehensive. Similarly, it does not constitute an
endorsement or certification of acceptability of the contractors and vendors included.
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INSTRUCTION TO BIDDERS
ARTICLE 1
DEFINITIONS
Bidding Documents include the Advertisement or Invitation to Bid, Instruction to Bidders, the Bid
Form, other sample bidding and Contract forms and the proposed Contract Documents including any
Addenda issued prior to receipt of Bids.
All definitions set forth in ConsensusDocs 200- Standard Agreement and General Conditions Between

Owner and Constructor (as modified by MSU) and in other Contract Documents are applicable to the
Bidding Documents.

Addenda are written or graphic instruments, issued by the Architect prior to the receipt of Bids, which
modify or interpret the Bidding Documents by addition, deletions, clarifications or corrections.

A Bid is a complete and properly signed proposal to do the Work or designated portion thereof, forthe
sums stipulated therein, supported by data called for by the Bidding Documents.

Base Bid is the sum stated in the Bid for which the Bidder offers to perform the Work described asthe
base, to which Work may be added or deducted for sums stated in Alternate Bids.

An Alternate Bid (or Alternate) is an amount stated in the Proposal to be added to or deducted from
the amount of the Base Bid if the corresponding change in project scope or materials or methods of
construction described in the Bidding Documents isaccepted.

A Unit Price is an amount stated in the Bid as a price per unit of measurement for materials or services
as described in the Contract Documents.

A Bidder is one who submits a Bid for a prime Contract with the Owner for the Work described in the
proposed Contract Documents.

A Sub-bidder is one who submits a Bid to a Bidder for materials or labor for a portion of the Work.

1.10 Bid Manager is the Oracle Primavera Unifier Bid Manager application used the by the Owner to

received competitive bids for this project.
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ARTICLE 2

BIDDER'S REPRESENTATION

2.1 Each Bidder, by making his/her Bid, represents that:

N
[N
=

They have read and understand the Bidding Documents and their Bid is made in accordance
therewith.

N
[N
N

They have visited the site and are familiar with the local conditions under which the Work isto
be performed.

N
[N
w

Their Bid is based upon the materials, systems and equipment described in the Bidding
Documents, without exceptions.

ARTICLE 3

BIDDING DOCUMENTS
3.1 COPIES
3.1.1 Bidders may obtain complete sets of the Bidding Documents via the MSU PLANNING, DESIGN
AND CONSTRUCTION web page at https://ipf.msu.edu/construction/partners/prospective-partners, or as
outlined in the Advertisement for Bids, page AB-2.

3.1.2 Complete sets of Bidding Documents shall be used in preparing Bids; neither the Owner nor
the Architect assume any responsibility for errors or misinterpretations resulting from the use
of incomplete sets of Bidding Documents.

3.1.3 The Owner or Architect, in making copies of the Bidding Documents available on the above

terms, does so only for the purpose of obtaining Bids on the Work and does not confer a
license or grant for any other use.

3.2 INTERPRETATION OR CORRECTION OF BIDDING DOCUMENTS

w
N
=

Bidders shall promptly notify the Architect of any ambiguity, inconsistency or errorwhich
they may discover upon examination of the Bidding Documents or of the site and local
conditions.

w
N
N

Bidders requiring clarification or interpretation of the Bidding Documents shall make a written
request to be received by the Architect at least fourteen days prior to the date for receipt of
Bids.

w
N
w

Any interpretation, correction or change of the Bidding Documents will be made by
Addendum. Interpretations, corrections or changes of the Bidding Documents made in any
other manner will not be binding, and Bidders shall not rely upon such interpretations,
corrections and changes.


https://ipf.msu.edu/construction/partners/prospective-partners
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SUBSTITUTIONS

w

3.1 The materials, products and equipment described in the Bidding Documents establish a
standard of required function, dimension, appearance, and quality to be met by any proposed
substitution.

w
N

No substitution will be considered unless written request for approval has been submitted by
the Bidder and has been received by the Architect at least fourteen days prior to the date for
receipt of Bids. Each such request shall include the name of the material or equipment for
which it is to be substituted and a complete description of the proposed substitute including
drawings, cuts, performance and test data, and any other information necessary for an
evaluation. A statement setting forth any changes in other materials, equipment or work that
incorporation of the substitute would require shall be included. It is the burden of the bidder
proposing the substitution to establish its merits. The Architect's decision of approval or
disapproval of a proposed substitution shall be final.

w
w

If the Architect approves any proposed substitution, such approval will be set forth in an
Addendum. Bidders shall not rely upon approvals made in any other manner.

ADDENDA

w

4.

[E=Y

The Architect and Owner will endeavor to notify all known plan holders of addenda issued,
but it is the Bidder’s responsibility to verify receipt of all addenda.

3.4.2 Copies of Addenda will be made available for inspection wherever Bidding Documents are on
file for that purpose.

3.4.3 Normally Addenda will not be issued later than five days prior to the date for receipt of Bids
except an Addendum, if necessary, postponing the date for receipt of Bids or withdrawing the
request for Bids.

3.4.4 Each Bidder shall ascertain prior to submitting their Bid that they have received all Addenda

issued, and receipt of all Addenda shall be acknowledged on their bid.

ARTICLE 4
BIDDING PROCEDURE

FORM AND STYLE OF BIDS

I
H
H

Bids shall be submitted via the Bid Manager on the formspecified.

I
H
()

All fields on the Bid Form shall be completed.

o
'—\
w

All requested Alternates shall be listed and quoted in the Bid Manager. Failure to quote a
requested Alternate will be cause to reject the Bid.
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4.1.3.1 If an alternate is added via Addendum, bidders will include by [adding new line to
bid form, clearly labeling ALTERNATE X(x being the number)] or [providing pricing on an
attachment, also clearly labeling pricing for Alternate.]

o
H
~

All requested Unit Prices shall be listed and quoted via attachment in the BidManager.
Failure to quote a requested Unit Price will be cause to reject theBid.

I
H
ol

Acknowledge the receipt of the last Addendum on the Bid Form. By acknowledging this
addendum, Bidder also acknowledges receipt of all prior consecutive addenda (e.g.,
acknowledging Addendum 3 also acknowledges Addendum 1 and 2).

o
H
o

Bidder shall make no additional stipulations on the Bid Form nor qualify its Bid inany
manner.

o
H
\l

By submitting a Bid via the Bid Manager, the Bidder has committed the offer to perform the
Work. The Owner will rely on this document as properly signed by the Bidder. The Owner
may rely on this commitment, including submitting a claim on the Bidder’s Bid Bond if they
fail to enter into a contract per the project manual.

4.2 BID SECURITY

4.2.1 Any base bid greater than $50,000 shall be accompanied by a Bid Security in the form of a bid
bond made payable to the Board of Trustees, Michigan State University, in the amount of not
less than five percent (5%) of the Base Bid, as a proposal guarantee, pledging that the Bidder
will enter into a Contract with the Owner on the terms stated in its Bid, and will furnish bonds
as described hereunder in Article 8 covering the faithful performance of the Contract and the
payment of all obligations arising thereunder. Bidder shall attach a scanned copy of the bid
bond to the bid in Unifier Bid Manager.

As an alternative to a bid bond, Bidders may provide certified check, cashiers’ check, or
money order made payable to the Board of Trustees, Michigan State University, in the amount
of not less than five percent (5%) of the Base Bid, to be delivered to MSU Infrastructure
Planning and Facilities, 1147 Chestnut Road, Room 101, East Lansing, M1 48824.  The
proposal guarantee of Bidders under consideration will be returned immediately after approval
of contracts by the Owner; those of all others will normally be returned upon request within 48
hours after bid opening.

Should the Bidder refuse to enter into a Contract or fail to furnish such bonds within 30 days
of notification of intent to award, the amount of the Bid Security shall be forfeited to the
Owner as liquidated damages, not as penalty.

o
N
N

The bonding firm must be listed on the current U.S. Department of Treasury Circular 570,
rated A- or better by Best, and be licensed to do business in the State of Michigan. The bonds
are to be made out to "Michigan State University, Board of Trustees."

I
()
w

The Owner will have the right to retain the Bid Security of Bidders under consideration until
either (a) the Contract has been executed and bonds have been furnished, or (b) the specified
time has elapsed so that Bids may be withdrawn, or (c) all Bids have beenrejected.
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SUBMISSION OF BIDS

I

3

[E=Y

I

3.

N

I

3.

w

Bids shall be completed prior to the time and date for receipt of Bids indicated in the
Advertisement or Invitation to Bid, or any extension thereof made by Addendum. Bids
received after the time and date for receipt of Bids will not be considered.

Bidder shall assume full responsibility for timely delivery at location designated for receipt of
Bids.

Oral, telephone, paper, or faxed Bids are invalid and will not receive consideration.

MODIFICATION OR WITHDRAWAL OFBID

o

4.1

I
~
N

o

4

w

A Bid may not be modified, withdrawn, or canceled by the Bidder during the stipulated time
period following the time and date designated for the receipt of Bids, and Bidder so agrees in
submitting his/her Bid.

Prior to the time and date designated for receipt of Bids, Bids submitted early may be modified
or withdrawn only by withdrawing current Bid, and resubmitting within the BidManager.

Bid security shall be in an amount sufficient for the Bid as modified or resubmitted.

BIDDER REGISTRATION

SN

5.1

o
(62]
N

o
(62]
w

The Owner will only receive Bids via the Bid Manager, which requires prior registration and
invitation. The Bidder is responsible to familiarize itself with this system and request access
in a timely manner.

The Owner will endeavor to maintain a list of all interested bidders and invite to all public
bids. Bidders interested in being added to this list must register. Registration information can
be found at https://ipf.msu.edu/construction/partners/prospective-partners.

Bidders are encouraged to continue to monitor projects via plan rooms and other advertising

venues. They must express interest to bid on MSU projects by request at least 7 days prior

to a bid opening. Owner takes no responsibility for inviting a bidder after that date.
ARTICLE 5

CONSIDERATION OF BIDS

OPENING OF BIDS

5.1.1

Unless stated otherwise in the Advertisement or Invitation to Bid, the properly identified Bids
received on time will be opened publicly and will be read aloud. Opening will generally take
place in MSU Infrastructure Planning and Facilities Building, 1147 Chestnut Road, East
Lansing, Michigan 48824.


https://ipf.msu.edu/construction/partners/prospective-partners
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5.1.1.1 Unless stated otherwise in the Advertisement or Invitation to Bid, the Owner will
endeavor to share bid results within 24 hours of opening.

5.1.1.2 The Owner will endeavor to stream the bid opening, and will share details in the bid
invitation

5.2 REJECTION OF BIDS
5.2.1 The Owner shall have the right to reject any or all Bids.

5.3 ACCEPTANCE OF BID (AWARD)

(63

.3.1 The Owner shall have the right to waive any informality or irregularity in any Bid received.
3.

ol

3.2 If the University accepts any alternates, it will do so in the order representing the Owner’s
opinion of the best value to Michigan State University. The Owner shall be the sole judge of
value. The low bidder will be determined on the basis of the sum of the base bid and the

alternates accepted.
54 ACCEPTANCE OF CONTRACTOR ANDSUBCONTRACTORS

5.4.1 Each portion of the Work shall be performed by an organization equipped and experienced to
do the Work in each particular field, and no portion shall be reserved by the Contractor unless
they are so equipped and experienced. Within 24 hours after the receipt of Bids, the successful
Contractor shall submit a list of each Subcontractor proposed for each section of the Work.
Subcontractors shall be satisfactory to the Owner. Unless authorized to the contrary in writing
from the Owner, Subcontracts shall be awarded to the firms named in this list. Acceptance of
the Bid does not imply approval of the Subcontractors subsequently named, but each
Subcontractor shall be approved individually.

ARTICLE 6
QUALIFICATION OF CONTRACTORS
6.1 SUBMISSION OF QUALIFICATIONSTATEMENT
6.1.1 Bidders to whom award of a Contract is under consideration shall submit to the Architect upon
his/her request, a properly executed Contractor's Qualification Statement, Consensus Docs 221
— Constructor’s Statement of Qualifications for a Specific Project, unless such a Statement has

been previously required and submitted as a prerequisite to the issuance of Bidding
Documents.
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6.2 NONDISCRIMINATION

»
N
=

In performing under this Contract, the Contractor agrees not to discriminate against any
employee, or applicant for employment, with respect to hire, tenure, terms, conditions or
privileges of employment, or any matter directly or indirectly related to employment,
because of race, color, religion, national origin, age, sex, height or weight, marital status or
handicap. Subcontracts with each Subcontractor will contain a provision requiring
nondiscrimination in employment, as herein specified. Any breach of this covenant may be
regarded as a material breach of this Contract. The foregoing is included as a part of the
University's institutional Affirmative Action/Equal Opportunity commitment.

6.3 APPROVED ASBESTOS ABATEMENTCONTRACTORS

(o3}

3.

[E=Y

The Department of Environmental Health and Safety (EHS) annually prequalifies asbestos
abatement contractors to perform asbestos abatement work on Campus. Asbestos abatement
work shall only be performed by one of the asbestos abatement contractors on the approved
list. The current list is available from the PDC Project Representative, the Environmental
Coordinator for EHS, and at https://ehs.msu.edu/_assets/docs/asbestos/2022-asbestos-

contractors.pdf.

ARTICLE 7

POST-BID INFORMATION

7.1 SUBMISSIONS

~

1.

=

Unless waived by the Architect, the apparent low Bidder shall, within 24 hours after receipt
of bids, submit the following information to the Architect:

7.1.1.1 A designation of the Work to be performed by the Bidder with their ownforces.
7.1.1.2 The proprietary names and the suppliers of principal items or systems of material
and equipment proposed for the Work.

7.1.1.3 Alist of names of the Subcontractors or other persons or organizations (including
those who are to furnish materials or equipment fabricated to a special design)
proposed for each division and/or major subdivision, for the Owner’s approval.

7.1.1.4 The names of the MBE/WBE and a description of work to be done by each, dollar
value of Work and percentage of Contract price.

7.1.1.5 List of representatives authorized to perform Unifier functions on behalf of the
contractor using the Unifier New Company Request, available at Unifier System
Vendor Information Form.

7.1.1.6 Certificate of Insurance demonstrating compliance with projectrequirements.

7.1.2 At the option of the Owner, the Bidder may be required to establish to the satisfaction ofthe

Architect and the Owner the capability, reliability, and responsibility of the proposed
Contractor and Subcontractors to furnish and perform the Work.


https://ehs.msu.edu/_assets/docs/asbestos/2022-asbestos-contractors.pdf
https://ehs.msu.edu/_assets/docs/asbestos/2022-asbestos-contractors.pdf
https://ehs.msu.edu/_assets/docs/asbestos/2022-asbestos-contractors.pdf
https://services.gis.msu.edu/facility-data/v1/index.cfm/edms/files/%7B531E6692-876A-11E3-0000-76DDD13A85C5%7D
https://services.gis.msu.edu/facility-data/v1/index.cfm/edms/files/%7B531E6692-876A-11E3-0000-76DDD13A85C5%7D
https://services.gis.msu.edu/facility-data/v1/index.cfm/edms/files/%7B531E6692-876A-11E3-0000-76DDD13A85C5%7D
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\'
[EEN
w

Subcontractors and other persons and organizations proposed by the Bidder and accepted by
the Owner and the Architect must be used on the Work for which they were proposed and
accepted and shall not be changed except with the written approval of the Owner and the
Architect.

ARTICLE 8

PERFORMANCE BOND AND LABOR AND
MATERIAL PAYMENT BOND

OWNER'S RIGHT TO REQUIRE BONDS

[0}
[E=Y
[EEY

Each Bidder under a proposal in which the base bid exceeds $50,000, shall include the
premiums for furnishing a Performance Bond and also Labor Material Bond, each in thefull
amount of the proposal sum as specified in the Owner / Constructor Agreement.

[00]
[N
N

The bonding firm must be listed on the current U.S. Department of Treasury Circular 570,
rated A- or better by Best, and be licensed to do business in the State of Michigan. The bonds
are to be made out to "Michigan State University, Board of Trustees."

[o0]
[N
w

In assuming assigned Subcontractor by the successful Bidder for general building work as
specified, each assigned Subcontractor for each Subcontract shall reimburse the General
Contractor his/her proportionate share of the premiums for bonds.

TIME OF DELIVERY AND FORM OF BONDS AND INSURANCE

[00]
N
=

The Bidder shall deliver two (2) copies of the required bonds and insurance to the Owner not
later than the date of execution of the Contract.

oo
N
N

The Bidder shall require the Attorney-In-Fact who executes the required bonds on behalf of
the surety to affix thereto a certified and current copy of his/her Power of Attorney.

ARTICLE 9

FORM OF AGREEMENT BETWEEN OWNER AND
CONTRACTOR

FORM TO BE USED

©
[EY
[N

The Agreement for the Work will be governed by the project manual, and by the terms and
conditions of ConsensusDocs 200- Standard Agreement and General Conditions Between
Owner and Constructor (as modified by MSU).

o
N
N

If the project is under $250,000, an MSU Purchase Order will be used and the terms and
conditions of ConsensusDocs 200- Standard Agreement and General Conditions Between
Owner and Constructor (as modified by MSU), will serve as the applicable General Conditions
for administration of the Work.




=

[N

=

N
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9.1.3 If the project is over $250,000, the ConsensusDocs 200- Standard Agreement and General
Conditions Between Owner and Constructor will be used and the terms and conditions ofthat
Agreement will be formalized through the execution of a Contract Finalization Form.

ARTICLE 10
APPLICATION FOR PAYMENT
FORM TO BE USED

10.1.1 Applications for Payment shall be submitted in Unifier in accordance with the Pay Apps
(Pay Applications) business process. Refer to the MSU IPF website for more information

ARTICLE 11
ELECTRONIC TRANSACTIONS
UNIFIER

11.1.1 The Owner reserves the right to require that any or all transactions and submissions be
conducted and delivered electronically through Unifier, a web-based project management software
system. Unifier functions on most popular web browsers. If the owner requires the use of Unifier,
the owner will provide the necessary licenses for access into Unifier and the initial training necessary
to use Unifier. Access to Unifier will be password restricted, and any proposal, acceptance, quote or
other information submitted through Unifier through the use of a party’s password shall be deemed
to be the submission of such party and any proposal, acceptance, quote or other information in the
submission shall be binding on such party as if such proposal, acceptance, quote or other information
was in a writing signed by such party. Owner shall not be required to verify the validity of any such
submission or inquire as to the authority of the user gaining access to Unifier through the use of a
party’s password. The following are the minimum Unifier user software and hardware

requirements. It is the responsibility of the vendor to verify compatibility of their systems with
Unifier. For more information, see Unifier System Vendor Information Form.

CONTRACT EXECUTION

11.2.1 The Owner may choose to accept a scanned signed contract, provided through Unifier, as
acceptance of the agreement. The Owner will rely on this document as properly signed by
the Constructor.


https://unifier.msu.edu/bluedoor
https://services.gis.msu.edu/facility-data/v1/index.cfm/edms/files/%7B531E6692-876A-11E3-0000-76DDD13A85C5%7D
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SECTION 238129 - VARIABLE-REFRIGERANT-FLOW HVAC SYSTEMS

PART 1 -

11

GENERAL

RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions

and Division 01 Specification Sections, apply to this Section. B. Related Sections include the following:

1.2

1. Division 23 Section “Refrigerant Piping.”

2. Division 26 Electrical Sections.

DEFINITIONS
Air-Conditioning System Operation: System capable of operation with all zones in cooling only.

Heat-Pump System Operation: System capable of operation with all zones in either heating or
cooling, but not with simultaneous heating and cooling zones that transfer heat between zones.

Heat Recovery System Operation: System capable of operation with simultaneous heating and
cooling zones that transfer heat between zones.

HRCU: Heat Recovery Control Unit. HRCUs are used in heat recovery VRF HVAC systems to
manage and control refrigerant between indoor units to provide simultaneous heating and cooling
zones. "Heat Recovery Control Unit" is the term used by ASHRAE for what different
manufacturers term as branch circuit controller, branch selector box, changeover box, flow
selector unit, mode change unit, and other such terms.

Low Voltage: As defined in NFPA 70 for circuits and equipment operating at less than 50 V or
for remote-control, signaling power-limited circuits.

Plenum: A space forming part of the air distribution system to which one or more air ducts are
connected. An air duct is a passageway, other than a plenum, for transporting air to or from
heating, ventilating, or air-conditioningequipment.

Three-Pipe System Design: One high pressure refrigerant vapor line, one low pressure refrigerant
vapor line, and one refrigerant liquid line connect a single outdoor unit or multiple manifold
outdoor units in a single system to associated system HRCUs. One liquid line and refrigerant
vapor line connect HRCUs to associated indoor units.

Two-Pipe System Design: One refrigerant vapor line and one refrigerant liquid line connect a
single outdoor unit or multiple manifold outdoor units in a single system to associated system
HRCUs. One refrigerant liquid line and refrigerant vapor line connect HRCUs toassociated
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indoor units. HRCUs used in two pipe systems act as an intermediate heat exchanger and include
diverting valves and gas/liquid separators to move high and low pressure refrigerant between
indoor units.

VRF: Variable refrigerant flow.

ACTION SUBMITTALS

Product Data: For each type of product.

1.

9.

10.

Include construction details, material descriptions, dimensions of individual components
and profiles, and finishes for indoor and outdoor units.

Include rated capacities, operating characteristics, electrical characteristics, andfurnished
specialties and accessories.

Include operating performance at design conditions and at extreme maximum and
minimum outdoor ambient conditions.

Include description of system controllers, dimensions, features, control interfaces and
connections, power requirements, and connections.

Include system operating sequence of operation in narrative form for each unique indoor-
and outdoor-unit control.

Include description of control software features.

Include total refrigerant required and a comprehensive breakdown of refrigerant required
by each system installed.

Include refrigerant type and data sheets showing compliance with requirements indicated.
For system design software.

Indicate location and type of service access.

INFORMATIONAL SUBMITTALS

Shop Drawings: For VRF HVAC systems.

1.

2.

Include plans, elevations, sections, and mounting and attachment details.

Include details of equipment assemblies. Indicate dimensions, weights, loads, required
clearances, method of field assembly, components, and location and size of each field
connection.
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Vibration Isolation Base Details: Detail fabrication including anchorages and attachments
to structure and to supported equipment. Include adjustable motor bases, rails, and frames
for equipment mounting.

Include diagrams and details of refrigerant piping and tubing showing installation
requirements for manufacturer-furnished divided flow fittings.

Include diagrams for power, signal, and control wiring.

Delegated-Design Submittals: Signed and sealed by the qualified professional engineer
responsible for their preparation.

1.

Include design calculations for selecting vibration isolators and for designing vibration
isolation bases.

Installing Contractor: Submit to the VRF system manufacturer project-specific refrigerant
pipe or tubing routing including but not limited to; fittings, offsets, and elevation changes,
which has been coordinated with other trades.

Manufacturer: Utilizing installation diagram of refrigerant piping or tubing, include design
calculations indicating sizing for each system installed. Determine number, size, and
location of oil traps, and other accessories required for proper system operation and
equipment warranty.

Include design calculations with corresponding floor plans indicating that refrigerant
concentration limits are within allowable limits of ASHRAE 15 and governing codes.

Include calculations showing that system travel distance for refrigerant piping and controls
cabling are within horizontal and vertical travel distances set by manufacturer. Provide a
comparison table for each systeminstalled.

Coordination Drawings: Plans, elevations, sections, and details, drawn to scale, on which the
following items are shown and coordinated with each other, using input from installers of the
items involved:

1.

2.

Suspended ceiling components.

Structural floors, roofs and associated members to which equipment, piping, ductwork,
cables, and conduit will be attached.

Size and location of initial access modules for acousticaltile.

Wall-mounted controllers located in finished space showing relationship to light switches,
fire-alarm devices, and other installed devices.

Size and location of access doors and panels installed behind walls and inaccessible
ceilings for products installed behind walls and requiringaccess.
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Items penetrating finished ceiling including but not limited to the following:

Luminaires.

Air outlets and inlets.

Speakers.

Sprinklers.

Service access panels. D. Qualification Data:

® o0 o

For Installer: Certificate from VRF HVAC system manufacturer certifying that Installer
has successfully completed prerequisite training administered by manufacturer for proper
installation of systems, including but not limited to, equipment, piping, controls, and
accessories indicated and furnished for installation.

a. Retain copies of Installer certificates on-site and make available onrequest.

b. Brazing Certificates: As specified in Division 20 Section “Basic Mechanical
Materials and Methods,” and indicating technician’s proficiency utilizing nitrogen
purge while brazing pipe or tubing.

C. Warranties: Installer shall be eligible and perform work in a manner that qualifies
the equipment, piping, controls, and overall system for maximum available
warranty. Any exception must be approved by MSU projectrepresentative.

For VRF HVAC system manufacturer.
a. Manufacturer shall offer minimum 10-year warranty on all provided system
components. It is the responsibility of equipment manufacturer and/or contractor to

provide any certification that is required for maximum warranty qualification. Any
exception must be approved by MSU projectrepresentative.

For VRF HVAC system provider.

Product Certificates: For each type of product.

Software and Firmware Operational Documentation:

1.

2.

3.

4,

Software operating and upgrade manuals.

Program Software Backup: On CD or DVD, USB media, or approved cloud storage
platform, complete with data files.

Device address list.

Printout of software application and graphicscreens.

Product Test Reports: Where tests are required, for each product, for tests performed by a
qualified testing agency.
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H.  Source quality-control reports.

15 CLOSEOUT SUBMITTALS
A.  Field quality-control reports.

B.  Operation and Maintenance Data: For VRF HVAC systems to include in emergency, operation,
and maintenance manuals.

1.6 QUALITY ASSURANCE
A.  Source Limitations: Obtain products from single source from single manufacturer including.

B. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by
an NRTL, and marked for intended location and application.

C.  AHRI Compliance: System and equipment performance certified according to AHRI 1230.

D. ASHRAE Compliance:

1. ASHRAE 15: For safety code for mechanical refrigeration.

2. ASHRAE 62.1: For indoor air quality.

3. ASHRAE 135: For control network protocol with remotecommunication.

4, ASHRAE/IES 90.1 Compliance: For system and component energy efficiency. E.

UL Compliance: Comply with UL 1995.

1.7 DELIVERY, STORAGE, ANDHANDLING
A.  Deliver and store products in a clean and dry place.

B.  Comply with manufacturer's written rigging and installation instructions for unloading and
moving to final installed location.

C.  Handle products carefully to prevent damage, breaking, denting, and scoring. Do notinstall
damaged products.

D.  Protect products from weather, dirt, dust, water, construction debris, and physicaldamage.

1. Retain factory-applied coverings on equipment to protect finishes during construction and
remove just prior to operating unit.

238129VariableRefrigerantFlowHvacSystems
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2. Cover unit openings before installation to prevent dirt and dust from entering inside of units.
If required to remover coverings during unit installation, reapply coverings over openings after
unit installation and remove just prior to operating unit. E. Replace installed products damaged
during construction.

1.8 EXTRAMATERIALS

A. Furnish extra materials that match products installed and that are packaged with protective covering
for storage and identified with labels describing contents.

1. Filters:

a. One set for each unit with replaceablefilters.
b. One set for each unit type and unique size of washablefilters.

2. Indoor Units: One for each unique size and type installed.

3. Controllers for Indoor Units: One for each unique controller typeinstalled.

PART 2 - PRODUCTS

2.1 MANUFACTURERS/SUPPLIERS
A. Manufacturers/Suppliers: Subject to compliance with requirements, provide products by one of the
following (Note: Suppliers of an approved manufacturer’s product other than the listed suppliers

are not acceptable):

1. Mitsubishi Electric & Electronics America, Inc.; CITY MULTI VRF System; as supplied
by Trane — Lansing Office.

2. Daikin Applied; a member of Daikin Industries, Ltd.; Daikin AC; Variable Refrigerant
Volume Series with | Touch Controller; as supplied by ThermalNetics.

3. Samsung HVAC; VRF; as supplied by Hedrick Associates — MichiganOffice.

4, LG Electronics, HVAC Division; Multi V Series; as supplied by Michigan AirProducts.

2.2 SYSTEM DESCRIPTION

A. Direct-expansion (DX) VRF HVAC system(s) with variable capacity in response to varying cooling
and heating loads. System shall consist of multiple indoor units, outdoor unit(s), piping, controls,
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and electrical power to make complete operating system(s) complying with requirements

indicated.
1. Two-pipe or three-pipe system design.
2. System(s) operation, heat pump as indicated on Drawings.
3. Each system with one refrigerant circuit shared by all indoor units connected to

system. B. Capacities and Characteristics: As indicated on Drawings.

INDOOR, RECESSED, CEILING-MOUNTED UNITS

Description: Factory-assembled and -tested complete unit with components, piping, wiring, and
controls required for mating to ductwork, piping, power, and controls field connections.

Cabinet:

1.

Material: Painted steel, or coated steel frame covered by a plastic cabinet, with an
architectural acceptable finish suitable for tenant occupancy on exposed surfaces.

Insulation: Manufacturer's standard internal insulation, complying with ASHRAE 62.1,to
provide thermal resistance and prevent condensation.

Mounting: Manufacturer-designed provisions for fieldinstallation.

Internal Access: Removable panels of adequate size for field access to internal components
for inspection, cleaning, service, andreplacement.

DX Coil Assembly:

1.

2.

Coil Casing: Aluminum, galvanized, or stainlesssteel.

Coil Fins: Aluminum, mechanically bonded to tubes, with arrangement required by
performance.

Coil Tubes: Copper, of diameter and thickness required by performance.
Expansion Valve: Electronic modulating type with linear or proportional characteristics.
Internal Tubing: Copper tubing with brazed joints.

Internal Tubing Insulation: Manufacturer's standard insulation, of thickness to prevent
condensation.

Field Piping Connections: Manufacturer's standard.
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8. Factory Charge: Dehydrated air or nitrogen.

9. Testing: Factory pressure tested and verified to be withoutleaks.

Drain Assembly:

1. Pan: Non-ferrous material, with bottom sloped to low point drain connection.

2. Condensate Removal: Unit-mounted pump or other integral lifting mechanism, capable of
lifting drain water to an elevation above top of cabinet.

w

Field Piping Connection: Non-ferrous material. E. Fan and Motor Assembly:

=

Fan(s):
a. Direct-drive arrangement.

b. Single or multiple fans connected to a common motor shaft and driven by a single
motor.

C. Fabricated from non-ferrous components or ferrous components with corrosion
protection finish.
d. Wheels statically and dynamically balanced.
2. Motor: Brushless dc or electronically commutated with permanently lubricated bearings.
3. Motor Protection: Integral protection against thermal, overload, and voltage fluctuations.

4, Speed Settings and Control: Two (low, high), three (low, medium, high), or more than three
speed settings or variable speed with a speed range of least 50 percent.

5. Vibration Control: Integral isolation to dampen vibration transmission. F. Filter Assembly:

1. Access: Bottom, to accommodate field installation without removing ductwork and to
accommodate filter replacement without need fortools.

2. Efficiency: ASHRAE 52.2, MERV 7.
3. Media:

a. Replaceable: Extended surface, panel, or cartridge with antimicrobial treatment fiber
media.

Discharge-Air Grille Assembly: Mounted in bottom of unitcabinet.

1. Discharge Pattern: One-, two-, three-, or four-way throw as indicated on Drawings.
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a. Discharge Pattern Adjustment: Field-adjustable limits for up and down range of
motion.

b. Discharge Pattern Closure: Ability to close individual discharges of unitswith
multiple patterns.

Motorized Vanes: Modulating up and down flow pattern for uniform room air distribution.

Additional Branch Supply Duct Connection: Sheet metal knockout for optional connection
to one additional supply branch duct.

Return-Air Grille Assembly: Manufacturer's standard grille mounted in bottom of unitcabinet.

Outdoor Air Ventilation Connection: Sheet metal knockout for optional connection to outdoor air
ventilation duct.

Unit Controls:

1.

2.

Enclosure: Manufacturer's standard, and suitable for indoorlocations.
Factory-Installed Controller: Configurable digitalcontrol.

Factory-Installed Sensors: Unit inlet air temperature; Coil entering refrigerant temperature;
Coil leaving refrigerant temperature."

Features and Functions: Self-diagnostics, time delay, auto-restart, external static pressure
control, auto operation mode, manual operation mode, filter service notification, power
consumption display, drain assembly high water level safety shutdown and notification,
run test switch.

Communication: Network communication with other indoor units and outdoor unit(s).

Cable and Wiring: Manufacturer's standard with each connection labeled and
corresponding to a unit-mounted wiringdiagram.

Field Connection: Manufacturer's standard with each connection labeled and

corresponding to a unit-mounted wiring diagram. K. Unit Electrical:

Enclosure: Manufacturer's standard, and suitable for indoorlocations.

Field Connection: Single point connection to power entire unit and integral controls.
Disconnecting Means: Field-mounted circuit breaker or switch, complying with NFPA 70.

Control Transformer: Manufacturer's standard. Coordinate requirements with field power
supply.
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5. Wiring: Manufacturer's standard with each connection labeled and corresponding to a
unitmounted wiring diagram.

6. Raceways: Enclose line voltage wiring in metal raceways to comply with NFPA70.

2.4 OUTDOOR, AIR-SOURCE HEAT-PUMPUNITS

A. Description: Factory-assembled and -tested complete unit with components, piping, wiring, and
controls required for mating to piping, power, and controls field connections.

1. Specially designed for use in systems with either all heating or all cooling demands, but
not for use in systems with simultaneous heating andcooling.

2. Systems shall consist of one unit, or multiple unit modules that are designed by variable
refrigerant system manufacturer for field interconnection to make a single refrigeration
circuit that connects multiple indoor units.

3. Unit shall include an accumulator with refrigerant level sensors and controls.

4, All units installed shall be from the same product development generation. B. Performance
Requirements:

1. Heating: Minus 4 deg F to 60 deg F wet bulb.

2. Cooling: 23 deg F to 122 deg F dry bulb.

C. Sound Performance: Sound levels generated by operating HVAC equipment shall be within
requirements indicated.

1. Outdoor: Not to exceed 62 dBA. D.

Cabinet:
1. Galvanized steel and coated with a corrosion-resistantfinish.
2. Mounting: Manufacturer-designed provisions for fieldinstallation.
3. Internal Access: Removable panels or hinged doors of adequate size for field

access to internal components for inspection, cleaning, service, and replacement. E. Compressor

and Motor Assembly:

1. One or more positive-displacement, direct-drive and hermetically sealed scroll
compressor(s) with inverter drive and turndown to 15 percent of rated capacity.
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Protection: Integral protection against the following:

High refrigerant pressure.

Low oil level.

High oil temperature.

Thermal and overload.

Voltage fluctuations.

Phase failure and phase reversal.
Short cycling.

@ ~o o0 oW

Speed Control: Variable to automatically maintain refrigerant suction and condensing
pressures while varying refrigerant flow to satisfy system cooling and heating loads.

Vibration Control: Integral isolation to dampen vibration transmission.
Oil management system to ensure safe and proper lubrication over entire operating range.
Crankcase heaters with integral control to maintain safe operating temperature.

Fusible plug.

Condenser Coil Assembly:

1.

Aluminum Microchannel Coils:

a. Series of flat tubes containing a series of multiple, parallel-flow microchannels
layered between refrigerant header manifolds.
Single- or multiple-pass arrangement.
Construct fins, tubes, and header manifolds of aluminumalloy.

Plate Fin Coils:

a. Casing: Aluminum, galvanized, or stainlesssteel.

b. Fins: Aluminum or copper, mechanically bonded to tubes, with arrangement
required by performance.

C. Tubes: Copper, of diameter and thickness required by performance.

Hail Protection: Provide condenser coils with louvers, baffles, or hoods to protect against
hail damage.

Condenser Fan and Motor Assembly:

1.

Fan(s): Propeller type.

a. Direct-drive arrangement.
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b. Fabricated from non-ferrous components or ferrous components with corrosion
protection finish to match performance indicated for condenser coil.

C. Statically and dynamically balanced.

Fan Guards: Removable safety guards complying with OSHA regulations. If using metal

materials, coat with corrosion-resistant coating to match performance indicated for

condenser coil.

Motor(s): Brushless dc or electronically commutated with permanently lubricated bearings
and rated for outdoor duty.

Motor Protection: Integral protection against thermal, overload, and voltage fluctuations.
Speed Settings and Control: Variable speed with a speed range of least 75 percent.

Vibration Control: Integral isolation to dampen vibration transmission.

H.  Drain Pan: If required by manufacturer's design, provide unit with non-ferrous drain pan with
bottom sloped to a low point drain connection.

. Basepan Heater and Supplemental Basepan Heater:

1.

Each outdoor unit module shall be equipped with a basepan heater and a supplemental
basepan heater. Heater shall activate only when compressor is operating in heating mode
at an outdoor ambient temperature of 39 deg F or below.

J. Unit Controls:

Enclosure: Manufacturer's standard, and suitable for unprotected outdoor locations.
Factory-Installed Controller: Configurable digitalcontrol.
Factory-Installed Sensors:

Refrigerant suction temperature.
Refrigerant discharge temperature.
Outdoor air temperature.
Refrigerant high pressure.
Refrigerant low pressure.

Oil level.

-~ Do o0 o

Communication: Network communication with indoor units and other outdoor unit(s).

Cable and Wiring: Manufacturer's standard with each connection labeled and
corresponding to a unit-mounted wiringdiagram.
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Field Connection: Manufacturer's standard with each connection labeled and

corresponding to a unit-mounted wiring diagram. K. Unit Electrical:

Power Requirements: As scheduled on drawings.

Enclosure: Metal, similar to enclosure, and suitable for unprotected outdoor locations.
Field Connection: Single point connection to power entire unit and integral controls.
Disconnecting Means: Field-mounted circuit breaker or switch, complying with NFPA 70.

Control Transformer: Manufacturer's standard. Coordinate requirements with field power
supply.

Wiring: Manufacturer's standard with each connection labeled and corresponding to a
unitmounted wiring diagram.

Raceways: Enclose line voltage wiring in metal raceways to comply with NFPA 70.
Outdoor unit shall be controlled by integral microprocessors.
Control circuit between the indoor units, BC Controller and the outdoor unit shall be

24VDC completed using a 2-conductor, twisted pair shielded cable to provide total
integration of the system.

L. Unit Hardware: Zinc-plated steel, or stainlesssteel.

M.  Unit Piping:

1.

2.

Unit Tubing: Copper tubing with brazed joints.

Unit Tubing Insulation: Manufacturer's standard insulation, of thickness to prevent
condensation.

Field Piping Connections: Manufacturer's standard.
Factory Charge: Dehydrated air or nitrogen.

Testing: Factory pressure tested and verified to be withoutleaks.

25 SYSTEM CONTROLS

A.  General Requirements:

1.

Network: Indoor units, HRCUs, BC controllers, and outdoor units shall include integral
controls and connect through a TIA-485A control network.
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Network Communication Protocol: Open control communication between interconnected
units.

Integration with Building Automation System: ASHRAE 135, BACnet IP and certified by
BACnet Testing Lab (BTL), including thefollowing:

a. Ethernet connection via RJ-45 connectors and port with transmission at 100 Mbps
or higher.

b. Integration devices shall be connected to local uninterruptible power supply unit(s)
to provide at least 5 minutes of battery backup operation after a powerloss.

C. Integration shall include control, monitoring, scheduling, and change of value

notifications.
Operator Interface:
a. Operators shall interface with system and unit controls through the following:

1)  Operator interfaces integral to controllers.

2)  Owner-furnished PC connected to central controller(s).
3)  Web interface through web browser software.

4) Integration with Building Automation System.

b. Users shall be capable of interface with controllers for indoor units control to extent
privileges are enabled. Control features available to users shall include the
following:

1) On/off control.
2) Temperature set-point adjustment. B.

Wired Controllers for Indoor Units:

Single controller capable of controlling multiple indoor units asgroup.
Auto Timeout Touch Screen LCD: Timeout duration shall beadjustable.
Multiple Language.

Temperature Units: Fahrenheit and Celsius.

On/Off: Turns indoor unit on or off.

Hold: Hold operation settings until hold is released.

Operation Mode: Cool, Heat, Auto, Dehumidification, Fan Only, and Setback.
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Temperature Display: 1-degree increments.

Temperature Set-Point: Separate set points for Cooling, Heating, and Setback. Adjustable
in 1-degree increments.

Relative Humidity Display: 1 percentincrements.
Relative Humidity Set-Point: Adjustable in 1 percentincrements.
Fan Speed Setting: Select between available options furnished with theunit.

Airflow Direction Setting: If applicable to unit, select between available options furnished
with the unit.

Seven-day programmable operating schedule with up to eight events per day. Operations
shall include On/Off, Operation Mode, and Temperature Set-Point.

Auto Off Timer: Operates unit for an adjustable time duration and then turns unit off.
Occupancy detection.

Service Notification Display: "Filter."

Service Run Tests: Limit use by service personnel to troubleshootoperation.

Error Code Notification Display: Used by service personnel to troubleshoot abnormal
operation and equipment failure.

User and Service Passwords: Capable of preventing adjustments by unauthorized users.

Setting stored in nonvolatile memory to ensure that settings are not lost if power is lost.
Battery backup for date and time only.

Low-voltage power required for controller shall be powered through non-polar connections
to indoor unit.

2.6 SYSTEM REFRIGERANT ANDOIL

A.  Refrigerant:

1.

2.

3.

As required by VRF HVAC system manufacturer for system to comply with performance
requirements indicated.

ASHRAE 34, Class A1l refrigerant classification.

R-410a.
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B. Oil: As required by VRF HVAC system manufacturer and to comply with performance requirements
indicated.

2.7 SYSTEM REFRIGERANT PIPING

A.  Comply with requirements in Division 23 Section "Refrigerant Piping" for system piping
requirements.

B.  Divided-Flow Specialty Fittings: Where required by VRF HVAC system manufacturer for proper
system operation, VRF HVAC system manufacturer shall furnish specialty fittings with
identification and instructions for proper installation by Installer.

2.8 ACCESSORIES
A.  Equipment Stands for Outdoor Units:

1. Manufacturers: Subject to compliance with requirements, provide products by one of the
following:

a. Daikin Applied; a member of Daikin Industries, Ltd.; Daikin AC; Variable
Refrigerant Volume Series with | Touch Controller; as supplied by ThermalNetics.

b. LG Electronics, HVAC Division; Multi V Series; as supplied by Michigan Air
Products.

C. Mitsubishi Electric & Electronics America, Inc.; CITY MULTI VRF System; as
supplied by Trane — Detroit Main Office.

d. Samsung HVAC; VRF; as supplied by Hedrick Associates — MichiganOffice.

g. Or as specified in Division 20 Section “Hangers and Supports.”

2. Constructed of heavy gage, high grade steel with thermally fused polyester powder coat finish
meeting ASTM D3451 standards. Furnish complete with galvanized mounting hardware
that meets ASCE 7 overturning safety requirements.

B. Snow/Hail Guards:

1. Manufacturers: Subject to compliance with requirements, provide products by one of the
following:

a. Daikin Applied; a member of Daikin Industries, Ltd.; Daikin AC; Variable
Refrigerant Volume Series with | Touch Controller; as supplied by ThermalNetics.

b. LG Electronics, HVAC Division; Multi V Series; as supplied by Michigan Air
Products.

C. Mitsubishi Electric & Electronics America, Inc.; CITY MULTI VRF System; as
supplied by Trane — Detroit Main Office.

d. Samsung HVAC; VREF; as supplied by Hedrick Associates — MichiganOffice.
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2. Constructed of 20-gage G-90 galvanized steel with polyester-based powder coat to match
equipment.

C.  Wall Sleeve-Seal Systems:
1. Manufacturers:
a. Airex Manufacturing, Inc.; Pro-System Kit.
2. Description: Exterior wall seal system for HVAC refrigerant line set piping penetrations
through the building envelope.
2.9 SOURCE QUALITY CONTROL
A.  Factory Tests: Test and inspect factory-assembled equipment.
B.  Equipment will be considered defective if it does not pass tests and inspections.

C.  Prepare test and inspection reports for historical record. Submit reports only ifrequested.

PART 3 - EXECUTION

3.1 EXAMINATION

A. Examine substrates, areas, and conditions, with Installer present, for compliance with
requirements for installation tolerances and other conditions affecting performance of the Work.

B.  Examine products before installation. Reject products that are wet, moisture damaged, or mold
damaged.

C.  Examine roughing-in for piping and tubing to verify actual locations of connections before
equipment installation.

D.  Examine roughing-in for ductwork to verify actual locations of connections before equipment
installation.

E.  Examine roughing-in for wiring and conduit to verify actual locations of connections before
equipment installation.

F. Examine walls, floors, roofs, and outdoor pads for suitable conditions where equipment will be
installed.

G.  Prepare written report, endorsed by Installer, listing conditions detrimental to performance of the

Work.
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H.  Proceed with installation only after unsatisfactory conditions have been corrected.

3.2 EQUIPMENT INSTALLATION, GENERAL A.
Clearance:
1. Maintain manufacturer's recommended clearances for service and maintenance.
2. Maintain clearances required by governing code.
B. Loose Components: Install components, devices, and accessories furnished by manufacturer, with
equipment, that are not factory mounted.
3.3 INSTALLATION OF INDOORUNITS
A. Install units to be level and plumb while providing a neat and finished appearance.

B.  Unless otherwise required by VRF HVAC system manufacturer, support ceiling-mounted units
from structure above using threaded rods; minimum rod size of 3/8inch.

C.  Adjust supports of exposed and recessed units to draw units tight to adjoining surfaces.

D.  Protect finished surfaces of ceilings, floors, and walls that come in direct contact with units.
Refinish or replaced damaged areas after units areinstalled.

E. In rooms with ceilings, conceal piping and tubing, controls, and electrical power serving units
above ceilings.

F. In rooms without ceiling, arrange piping and tubing, controls, and electrical power serving units
to provide a neat and finished appearance.

G.  Provide lateral bracing if needed to limit movement of suspended units to not more than 0.25
inch.

H.  For floor- and wall-mounted units that are exposed, conceal piping and tubing, controls, and
electrical power serving units withinwalls.

I Floor-mounted units located in mechanical rooms.
J. Install floor-mounted units on support structure indicated on Drawings.
K.  Install floor-mounted units on cast-in-place concrete equipment bases. Comply with requirements

for equipment bases and foundations specified in Division 20 Section “Basic Mechanical
Materials and Methods.”

238129VariableRefrigerantFlowHvacSystems
04/07/2023



M Morrill Hall of Agriculture — VARIABLE-REFRIGERANT-FLOW HVAC SYSTEMS

Suite 121
CP22128

L.

M.

3.4

HVAC Renovation
PAGE 238129-19

Attachment: Install hardware for proper attachment to supported equipment.

Grouting: Place grout under equipment supports and make bearing surface smooth.

INSTALLATION OF OUTDOORUNITS

Install units to be level and plumb while providing a neat and finished appearance.

Install outdoor units on support structures indicated onDrawings.

Pad-Mounted Installations: Install outdoor units on cast-in-place concrete equipment bases.
Comply with requirements for equipment bases and foundations specified in Division 20 Section

“Basic Mechanical Materials and Methods.”

1. Attachment: Install anchor bolts to elevations required for proper attachment to supported
equipment.

2. Grouting: Place grout under equipment supports and make bearing surface smooth.

D. Roof-Mounted Installations: Install outdoor units on equipment supports specified. Anchor units to

3.5

supports with removable, stainless-steel fasteners.

GENERAL REQUIREMENTS FOR PIPING INSTALLATION

Install piping and tubing in concealed locations unless otherwise indicated and except in
equipment rooms and service areas.

Install piping and tubing at right angles or parallel to building walls. Diagonal runs are prohibited
unless specifically indicated otherwise.

Install piping and tubing above accessible ceilings to allow sufficient space for ceiling panel
removal.

Install piping and tubing to permit valveservicing.

Install piping and tubing at indicated slopes.

Install piping and tubing free of sags.

Install fittings for changes in direction and branchconnections.
Install piping and tubing to allow application ofinsulation.

Install groups of pipes and tubing parallel to each other, spaced to permit applying insulation with
service access between insulated piping and tubing.
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J. Install sleeves for piping and tubing penetrations of walls, ceilings, and floors. Comply with
requirements for sleeves specified in Division 20 Section “Basic Mechanical Materials and
Methods.”

K.  Install escutcheons for piping and tubing penetrations of walls, ceilings, and floors. Comply with
requirements for escutcheons specified in Division 20 Section “Basic Mechanical Materials and
Methods.”

3.6 INSTALLATION OF REFRIGERANT PIPING

A. Install refrigerant piping according to ASHRAE 15 and governing codes.
B.  Comply with requirements in Division 23 Section “Refrigerant Piping.”

C.  Unless otherwise required by VRF HVAC system manufacturer, slope refrigerant piping and
tubing as follows:

1. Install horizontal hot-gas discharge piping and tubing with a uniform slope downward away
from compressor.

2. Install horizontal suction lines with a uniform slope downward to compressor.
3. Install traps to entrain oil in vertical runs.
4, Liquid lines may be installed level.

D.  Beforeinstallation, clean piping, tubing, and fittings to cleanliness level required by VRF HVAC
system manufacturer.

E.  Purge pipe and fittings with nitrogen, during brazing to prevent scale formation.

3.7 INSTALLATION OF METAL HANGERS AND SUPPORTS
A.  Metal Pipe-Hanger Installation: Comply with MSS SP-69 and MSS SP-89. Install hangers,
supports, clamps, and attachments as required to properly support piping from the building
structure.

B.  Metal Framing System Installation: Arrange for grouping of parallel runs of piping, and support
together on field-assembled metal framing systems.

C.  Comply with MFMA-103 for metal framing system selections and applications that are not
specified.

D.  Fastener System Installation:
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1. Install mechanical-expansion anchors in concrete after concrete is placed and completely cured.

Install fasteners according to manufacturer's written instructions. E. Pipe Stand Installation:

1. Pipe Stand Types except Curb-Mounted Type: Assemble components and mount on
smooth roof surface. Do not penetrate roof membrane.

2. Curb-Mounted-Type Pipe Stands: Assemble components or fabricate pipe stand and mount
on permanent, stationary roof curb.

F. Install hangers and supports complete with necessary attachments, inserts, bolts, rods, nuts,
washers, and other accessories.

G. Install hangers and supports to allow controlled thermal movement of piping systems, to permit
freedom of movement between pipe anchors, and to facilitate action of expansion joints,
expansion loops, expansion bends, and similar units.

H.  Install lateral bracing with pipe hangers and supports to preventswaying.

. Install building attachments within concrete slabs or attach to structural steel.

1. Install concrete inserts before concrete is placed; fasten inserts to forms and install
reinforcing bars through openings at top of inserts.

J. Load Distribution: Install hangers and supports so that piping live and dead loads and stresses
from movement will not be transmitted to connected equipment.

K.  Pipe Slopes: Install hangers and supports to provide indicated pipe slopes and to not exceed
maximum pipe deflections allowed by ASME B31.9 for building services piping. L. Piping and

Tubing Insulation:

1. Install MSS SP-58, Type 40, protective shields on cold piping with vapor barrier. Shields
shall span an arc of 180 degrees.

2. Shield Dimensions for Pipe: Not less than thefollowing:
a. NPS 1/4 to NPS 3-1/2: 12 inches long and 0.048 inch thick.
M. Horizontal-Piping Hangers and Supports: Install the following types:
1. Adjustable, Steel Clevis Hangers (MSS Type 1): For suspension of noninsulated or
insulated, stationary pipes NPS 1/2 to NPS 30.
2. Pipe Hangers (MSS Type 5): For suspension of pipes NPS 1/2 to NPS 4, to allow off-center

closure for hanger installation before pipe erection.
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3. Clips (MSS Type 26): For support of insulated pipes not subject to expansion or
contraction.

4, Multiple horizontal pipes located indoors may use metal framing systems with split
clamp attachment for each pipe in lieu if individual clevishangers.

5. Pipe stands for horizontal pipes located outdoors.

6. Provide copper-clad hangers and supports for hangers and supports in direct contact with
copper pipe.

7. On plastic pipe, install pads or cushions on bearing surfaces to prevent hanger from
scratching pipe.

N. Horizontal Piping Hanger Spacing and Rod Size: Install hangers for drawn-temper copper piping
with the following maximum horizontal spacing and minimum rod sizes:

1.

2.

7.

Sizes through NPS 3/4: Maximum span, 5 feet; minimum rod size, 1/4inch.
NPS 1: Maximum span, 6 feet; minimum rod size, 1/4inch.

NPS 1-1/4: Maximum span, 7 feet; minimum rod size, 3/8inch.

NPS 1-1/2: Maximum span, 8 feet; minimum rod size, 3/8inch.

NPS 2: Maximum span, 8 feet; minimum rod size, 3/8inch.

NPS 2-1/2: Maximum span, 9 feet; minimum rod size, 3/8inch.

NPS 3 and Larger: Maximum span, 10 feet; minimum rod size, 3/8 inch. O.

Plastic Pipe Hanger and Support Spacing:

1. Space hangers and supports according to pipe manufacturer's written
instructions for service conditions.

2. Maximum spacing, 5 feet; minimum rod size, 1/4inch. P.  Vertical-Piping

Clamps: Install the following types:

1. Extension Pipe or Riser Clamps (MSS Type 8).

2. Carbon- or Alloy-Steel Riser Clamps (MSS Type 42): If longer ends are required for riser

clamps.

Q.  Support vertical runs at roof, at each floor, and at midpoint intervals between floors, not to exceed

10 feet.
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R.  Comply with MSS SP-69 for pipe-hanger selections and applications that are notspecified.

S. Use hangers, supports, and attachments with galvanized coatings unless otherwise indicated.

T. Hanger Adjustments: Adjust hangers to distribute loads equally on attachments and to achieve
indicated slope of pipe.

U.  Trim excess length of continuous-thread hanger and support rods to 1inch.

V.  Refer to Division 20 Section “Hangers and Supports” for additional requirements.

3.8 INSTALLATION OF DUCT, ACCESSORIES, AND AIROUTLETS

A.  Where installing ductwork adjacent to equipment, allow space for service and maintenance.

B.  Comply with requirements for metal ducts specified in Division 23 Section "Metal Ducts."

C.  Comply with requirements for air duct accessories specified in Division 23 Section "Air Duct
Accessories."

3.9 ELECTRICAL INSTALLATION

A.  Comply with requirements indicated on Drawings and in applicable Division 26 Sections.

B.  Toextent electrical power is required for system equipment, components, and controls, and is not
indicated on Drawings and addressed in the Specifications, the design for such electrical power
shall be delegated to VRF HVAC system provider.

1. Delegated design of electrical power to equipment, components and controls, and associated
installation shall be included at no additional cost to Owner.

C.  Connect field electrical power source to each separate electrical device requiring field electrical
power. Coordinate termination point and connection type withInstaller.

D. Install nameplate or acrylic label with self-adhesive back for each electrical connection indicating
electrical equipment designation and circuit number feedingconnection.

1. Nameplate shall be laminated phenolic layers of black with engraved white letters. Letters
at least 1/2 inch high.
2. Locate nameplate or label where easily visible.
E. Install manufactured conduit sweeps and long-radius elbows ifpossible.
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F. Install metal conduits with grounding bushings and connect with grounding conductor to
grounding system.

3.10 SOFTWARE
A.  Cybersecurity:

1. Software:

a. Coordinate security requirements with Owner’s IT department.
Ensure that latest stable software release is installed and properly operating.
Disable or change default passwords to password using a combination of uppercase
and lower letters, numbers, and symbols at least eight characters in length. Record
passwords and turn over to party responsible for system operation and
administration.

2. Hardware:

a. Coordinate location and access requirements with Owner’s ITdepartment.

b. Enable highest level of wireless encryption that is compatible with Owner's ICT
network.

C. Disable dual network connections.

3.11 INSTALLATION OF SYSTEM CONTROL CABLE A.
Comply with NECA 1.
B.  Installation Method:
1. Install cables in raceways except as follows:

a. Within equipment and associated control enclosures.
b. In accessible ceiling spaces where open cable installation method may be used.
C. In gypsum board partitions where cable may be enclosed within wall cavity.

2. Conceal raceway and cables except in unfinished spaces. C.
General Requirements for Cabling:
1. Comply with TIA-568-C Series of standards.
2. Comply with BICSI ITSIMM, Ch. 5, "Copper Structured Cabling Systems."

3. Terminate all conductors; no cable shall contain unterminated elements. Make terminations
only at indicated outlets, terminals, and cross-connect and patchpanels.
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Cables may not be spliced and shall be continuous from terminal to terminal. Do not splice
cable.

Cables serving a common system may be grouped in a common raceway. Install control
cable in separate raceway from power wiring. Do not group conductors from different
systems or different voltages.

Secure and support cables at intervals not exceeding 30 inches and not more than 6 inches
from cabinets, boxes, fittings, outlets, racks, frames, andterminals.

Bundle, lace, and train conductors to terminal points without exceeding manufacturer's
limitations on bending radii, but not less than radii specified in BICSI ITSIMM, Ch. 5,
"Copper Structured Cabling Systems." Install lacing bars and distribution spools.

Do not install bruised, kinked, scored, deformed, or abraded cable. Remove and discard
cable if damaged during installation and replace it with newcable.

Cold-Weather Installation: Bring cable to room temperature before dereeling. Do not use
heat lamps for heating.

Pulling Cable: Comply with BICSI ITSIMM, Ch. 5, "Copper Structured Cabling Systems."
Monitor cable pull tensions.

Support: Do not allow cables to lie on removable ceiling tiles or access panels.

Secure: Fasten securely in place with hardware specifically designed and installed so as to
not damage cables.

Provide strain relief.
Keep runs short. Allow extra length for connecting toterminals.
Do not bend cables in a radius less than 10 times the cable OD.

Use sleeves or grommets to protect cables from vibration at points where they pass around
sharp corners and through penetrations.

Ground wire shall be copper, and grounding methods shall comply with IEEE C2.
Demonstrate ground resistance.

Balanced Twisted-Pair Cable Installation:

1. Comply with TIA-568-C.2.

2. Do not untwist balanced twisted-pair cables more than 1/2 inch at the point of

termination to maintain cable geometry. E. Open-Cable Installation:
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1. Suspend copper cable not in a wireway or pathway a minimum of 8 inches above ceilings
by cable supports not more than 30 inches apart.

2. Cable shall not be run through or on structural members or in contact with pipes, ducts, or
other potentially damaging items. Do not run cables between structural members and
corrugated panels.

F. Separation from EMI Sources: Comply with BICSI TDMM and TIA-569-D recommendations for
separating unshielded cable from potential EMI sources including electrical power wiring and
equipment.

3.12 FIRESTOPPING

A.  Comply with requirements in Division 07 Section "Penetration Firestopping."”

3.13 GROUNDING INSTALLATION

A.  For data communication wiring, comply with TIA-607-B and with BICSI TDMM, "Bonding and
Grounding (Earthing)" Chapter.

B.  For low-voltage control cabling, comply with requirements in Division 26 Section "Grounding
and Bonding for Electrical Systems."
3.14 IDENTIFICATION

A. Identify system equipment, piping, tubing, and valves. Comply with requirements for
identification specified in Division 20 Section "Mechanical Identification."

B. Identify system electrical components, wiring, cabling, and terminals. Comply with requirements
for identification specified in Division 26 Section "ldentification for Electrical Systems."

1. Identify each control cable on each end and at each terminal with a number-coded identification
tag. Each cable shall have a unique tag.

3.15 FIELD QUALITY CONTROL

A. Manufacturer's Field Service: Engage VRF HVAC system manufacturer's service representative to
advise and assist installers; witness testing; and observe and inspect components, assemblies, and
equipment installations, including controls and connections.

1. Field service shall be performed by a factory-trained and -authorized service representative
of VRF HVAC system manufacturer whose primary job responsibilities are to provide
direct technical support of its products.
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Manufacturer shall provide on-site visits during the course of construction at installation
milestones indicated. System Installer shall coordinate each visit in advance to give
manufacturer sufficient notice to plan thevisit.

a.

T o0 o

First Visit: Kick-off meeting.

Second Visit: At approximately 25 percent completion ofsystem(s).
Third Visit: At approximately 50 percent completion ofsystem(s).
Fourth Visit: At approximately 75 percent completion of system(s).
Fifth Visit: Final inspection before system startup.

Kick-off Meeting:

a.

Meeting shall include system Installer and other related trades with sole purpose of
reviewing VRF HVAC system installation requirements and close coordination
required to make a successful installation.

Meeting shall be held at Project site and scheduled at a mutually agreed to time that
occurs before the start of any part of systeminstallation.

Meeting shall cover the following as a minimumrequirement:

1) Review of latest issue of Contract Documents, Drawings, and Specifications,
relevant to VRF HVAC systems.

2) Manufacturer's installation requirements specific to systems being installed.

3)  Review of all relevant VRF HVAC system submittals, including
delegateddesign submittals.

4)  Required field activities related installation of VRF HVACsystem.

5) Project team communication protocol, contact information, and exchange of
responsibilities for each party involved, including manufacturer, supplier,
system Installer, and other related trades.

Site Visits: Activities for each site visit shall include the following:

a.

b.

Meet with VRF HVAC system Installer to discuss field activities, issues, and
suggested methods to result in a successful installation.

Offer technical support to Installer and related trades as related to VRF system(s)
being installed.

Review progress of VRF HVAC system(s) installation for strict compliance with
manufacturer's requirements.

Advise and if necessary assist Installer with updating related refrigerant calculations
and system documentation.

Issue a report for each visit, documenting the visit.

1) Report to include name and contact information of individual making the
Visit.

2) Date(s) and time frames while on-site.

3) Names and contact information of people meeting with whileon-site.
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4)  Clearly identify and list each separate issue that requires resolution. For each
issue, provide a unique identification number, relevant importance, specific
location or equipment identification, description of issue, recommended
corrective action, and follow-up requirements needed. Include a digital photo
for clarification if deemed to be beneficial.

5. Final Inspection before Startup:

a.

Before inspection, Installer to provide written request to manufacturer stating the
system is fully installed according manufacturer's requirements and ready for final
inspection.

All system equipment and operating components shall be inspected. If components
are inaccessible for inspection, they shall be made accessible before the final
inspection can be completed.

Manufacturer shall provide a comprehensive inspection of all equipment and each
operating component that comprise the complete system(s). Inspection shall follow
a detailed checklist specific to each equipment and operatingcomponent.
Inspection reports for indoor units shall include, but not be limited to, the following:

1) Unit designation on Drawings.

2) Manufacturer model number.

3)  Serial number.

4) Network address, if applicable.

5) Each equipment setting.

6) Mounting, supports, and restraints properly installed.

7)  Proper service clearance provided.

8)  Wiring and power connections correct.

9) Line-voltage reading(s) within acceptable range.

10)  Wiring and controls connections correct.

11) Low-voltage reading(s) within an acceptable range.

12) Controller type and model controlling unit.

13) Controller location.

14) Temperature settings and readings within an acceptablerange.
15) Humidity settings and readings within an acceptablerange.
16) Condensate removal acceptable.

17) Fan settings and readings within an acceptable range.

18) Unit airflow direction within an acceptable range.

19) If applicable, fan external static pressuresetting.

20) Filter type and condition acceptable.

21)  Noise level within an acceptable range.

22) Refrigerant piping properly connected and insulated.

23) Condensate drain piping properly connected andinsulated.
24)  If applicable, ductwork properly connected.

25) If applicable, external interlocks properly connected.

26) Remarks.
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e. Inspection reports for outdoor units shall include, but not be limited to, the
following:

1) Unit designation on Drawings.

2)  Manufacturer model number.

3)  Serial number.

4) Network address, if applicable.

5) Each equipment setting.

6) Mounting, supports, and restraints properly installed.
7)  Proper service clearance provided.

8)  Wiring and power connections correct.

9) Line-voltage reading(s) within acceptable range.

10)  Wiring and controls connections correct.

11) Low-voltage reading(s) within an acceptable range.

12) Condensate removal acceptable.

13) Noise level within an acceptable range.

14) Refrigerant piping properly connected and insulated.

15) Condensate drain piping properly connected andinsulated.
16) Remarks.

Perform the following tests and inspections with the assistance of manufacturer's service
representative:

1.

Perform each visual and mechanical inspection and electrical test stated in NETA
Acceptance Testing Specification. Certify compliance with testparameters.

Leak Test: After installation, charge system and test for leaks. Repair leaks and retest until
no leaks exist.

Operational Test: After electrical circuitry has been energized, start units to confirm proper
motor rotation and unit operation.

Test and adjust controls and safeties. Replace damaged and malfunctioning controls and
equipment.

System Refrigerant Charge:

1.

Using information collected from the refrigerant tubing evacuation testing, system Installer
shall consult variable refrigerant system manufacturer to determine the correct system
refrigerant charge.

Installer shall charge system following VRF HVAC system manufacturer's written
instructions.

System refrigerant charging shall be witnessed by system manufacturer's representative.
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4, Total refrigerant charge shall be recorded and permanently displayed at the system's
outdoor unit.

D.  Products will be considered defective if they do not pass tests andinspections.

E. Prepare test and inspection reports.

3.16 STARTUP SERVICE

A. Engage a VRF HVAC system manufacturer's service representative to perform system(s) startup
service.

1. Service representative shall be a factory-trained and -authorized service representative of
VRF HVAC system manufacturer.

2. Complete startup service of each separate system.

3. Complete system startup service according to manufacturer's written instructions. B.
Startup checks shall include, but not be limited to, thefollowing:

1. Check control communications of equipment and each operating component insystem(s).

2. Check each indoor unit's response to demand for cooling andheating.

3. Check each indoor unit's response to changes in airflowsettings.

4, Check each indoor unit and outdoor unit for proper condensateremoval.

5. Check sound levels of each indoor and outdoor unit.

C. Installer shall accompany manufacturer's service representative during startup service and provide
manufacturer's service representative with requested documentation and technical support during
startup service.

1. Installer shall correct deficiencies found during startup service for reverification. D.

System Operation Report:

1. After completion of startup service, manufacturer shall issue a report for each separate
system.

2. Report shall include complete documentation describing each startup check, the result, and
any corrective action required.
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3. Manufacturer shall electronically record not less than two hours of continuous operation of
each system and submit with report for historical reference.

a. All available system operating parameters shall be included in the information
submitted.

3.17 ADJUSTING

A.  Adjust equipment and components to function smoothly, and lubricate as recommended by
manufacturer.

B.  Adjust initial temperature and humidity set points. Adjust initial airflow settings and discharge
airflow patterns.

C.  Set field-adjustable switches and circuit-breaker trip ranges according to VRF HVAC system
manufacturer's written instructions, and asindicated.

D.  Occupancy Adjustments: When requested within 12 months from date of Substantial Completion,
provide on-site assistance in adjusting system to suit actual occupied conditions. Provide up to
two visits to Project during other-than-normal occupancy hours for thispurpose.

3.18 PROTECTION

A.  Protect products from moisture and water damage. Remove and replace products that are wet,
moisture damaged, or mold damaged.

B.  Protect equipment from physical damage. Replace equipment with physical damage that cannot
be repaired to new condition. Observable surface imperfections shall be grounds for removal and
replacement.

C.  Protect equipment from electrical damage. Replace equipment suffering electrical damage.

D.  Cover and seal openings of equipment to keep inside of equipment clean. Do not remove covers
until finish work is complete.

3.19 DEMONSTRATION

A. Engage a VRF HVAC system manufacturer's factory-authorized service representative to train

Owner's maintenance personnel to adjust, operate, and maintain entire system. B. Instructor:

1. Instructor shall be factory trained and certified by VRF HVAC system manufacturer with
current training on the system(s), equipment, and controls that are installed.

2. Instructor's credentials shall be submitted for review by Owner before scheduling training.
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Instructor(s) primary job responsibility shall be Ownertraining.

Instructor(s) shall have not less than three years of training experience with VRF HVAC
system manufacturer and past training experience on at least three projects of comparable
size and complexity. C. Schedule and Duration:

Schedule training with Owner at least 20 business days before first training session.
Training shall occur before Owner occupancy.

Training shall be held at mutually agreed date and time during normal business hours.
Each training day shall not exceed eight hours of training. Daily training schedule shall
allow time for one-hour lunch period, and 15-minute break after every two hours of

training.

Perform not less than eight total hours of training.

D.  Location: Owner shall provide a suitable on-site location to host classroomtraining.

E.  Training Attendance: For record purposes, document training attendees at the start of each new
training session. Record attendee's name, signature, phone number, and e-mailaddress.

F.  Training Format: Individual training modules shall include classroom training followed by
handson field demonstration and training.

G.  Training Materials: Provide training materials in electronic format to each attendee.

1.

Include instructional videos showing general operation and maintenance that are
coordinated with operation and maintenance manuals.

Video record each classroom training session and submit an electronic copy to Owner
before requesting Owner acceptance of training.

H. Acceptance: Obtain Owner’s written acceptance that training is complete and requirements indicated
have been satisfied.

END OF SECTION 238129

238129VariableRefrigerantFlowHvacSystems

04/07/2023



	Morill Hall of Agriculture – Suite 121 HVAC Renovation
	CP22128
	TABLE OF CONTENTS
	DIVISION 23 - HEATING VENTILATION AND AIR CONDITIONING
	SCHEDULE OF DRAWINGS
	ADVERTISEMENT FOR BIDS
	PROJECT TITLE: Morill Hall of Agriculture – Suite 121 HVAC Renovation
	LIQUIDATED DAMAGES:
	PLAN ROOMS

	MMSDC Michigan Minority Supplier
	100 River Place STE 300
	SUBCONTRACTING AND SUPPLIER DIVERSITY
	INSTRUCTION TO BIDDERS

	Word Bookmarks
	MSU_BASE_CONTRACTORS_ONLY
	SPECIFICATION_FOR
	Morill_Hall_of_Agriculture_–_Complete_HV
	PROJECT_NUMBER
	CP22128
	MICHIGAN_STATE_UNIVERSITY
	Infrastructure_Planning_and_Facilities
	Planning,_Design_and_Construction
	TABLE_OF_CONTENTS
	CONTRACTOR'S_AFFIDAVIT,_WAIVER_OF_LIEN_A
	CERTIFICATE_OF_INSURANCE_FOR_PURCHASE_OR
	DIVISION_23_-_HEATING_VENTILATION_AND_AI
	SCHEDULE_OF_DRAWINGS
	No._of_Sheets:_8
	ADVERTISEMENT_FOR_BIDS
	FOR_BIDS
	PROJECT_TITLE:__Morill_Hall_of_Agricultu
	PROJECT_TITLE:_Morill_Hall_of_Agricultur
	PROJECT_NUMBER:_CP22128
	AB-2
	ADVERTISEMENT
	This_project_involves_the_addition_of_a_
	The_substantial_construction_completion_
	LIQUIDATED_DAMAGES:
	AB-3
	ADVERTISEMENT___________________________
	PLAN_ROOMS
	MMSDC_Michigan_Minority_Supplier
	100_River_Place_STE_300
	SUBCONTRACTING_AND_SUPPLIER_DIVERSITY
	INSTRUCTION_TO_BIDDERS
	ARTICLE_5




