BID # 16-29

L’ HOMMEDIEU HALL, NORTH HALL and PERFORMING ARTS CENTER
HVAC UPGRADES

\Y%
SECTION "C" TECHNICAL SPECIFICATIONS \Q\?\

OWNER A
O
c)%
Board of Trustees \@\
Middlesex County CoIIegeQe\
2600 Woodbridge Ava@e’
P.O. Box 3050)
Edison, New Jersg(%BSlS%OSO
O
Q
OQ*
\/Q
@?
O

?{\\ PREPARED BY

KeRi Engineering PC
730 Boulevard, Suite 15A
Kenilworth, New Jersey 07033
\c_) Tel: 973.866.KeRi (5374)

September 18, 2015



éo

SECTION C - TECHNICAL SPECIFICATIONS

TABLE OF CONTENTS
SECTION  TITLE PAGE
L. SCOPE OF WORK ...cvvvveeeemnneseeesssmmssssessssssssssmmssssssssssssssmmssssessesssssemssssessssssssmmmnssssssssssssmmnssesssssssssmmmssessseees 3@((/
2. MATERIALS....... (}>
3. COMPLIANCE «.ooeceeeveeeeeesseeeeesesssesssssessesssssmssssssssesessssesseesesssessssmasssseesseessssmenmsesssesssssmensssessssssssemmsese @Q.A
B.  SITE CLEANUP covvveeeeeeeeeeeeseeeeeessseeesssmssssssssssssssssssssmsssssssssassssssessemssesesssmessesssesmmssesessmmssesssssssss QJ\Q ......... 5
B TIME CONSTRAINTS coveennenoeeeeeeeeemssneesssesssemmssesesessssssemsssessssssssmmsmssessssssssmessssssssssssemmnsssssseereodomessesssssenes 5
6. WORK HOURS «..veveennneeeeemseeseeesmassseseessmssesssssssssssesssssmsssesssssmsssssessemssesssssmssessessamssseseesens \Q\ .................... 6
7. WARRANTY..oommmneeeeeeeeeessseseeseessssesssssessssssssssassssessssesssesesssessssessssmmmsssessssssssemesssessseees ®<< ............................ 7
8. PERIVMITS ovverreeereeeeesneeeeseessssessssesssssesssmsesssesesssesssssesessssnesssssssssssessssessssesssasssssens ?ﬁ ................................. 7
9. ADDITIONAL INFORMATION ceveonnnneeeveeemeesnessessesssmmmnsssessesssssmessssessssssssmmssses O’S ........................................ 7
SECTION 22 34 50 - NATURAL GAS PlplNec)% ............................................. 9
SECTION 23 01 30 - HVAC AIR DISTRIBUTION SYSTEM CLEANlNG.................fg\ ................................................. 15
SECTION 23 05 11 - BASIC MECHANICAL REQUIREMENTS.. 4\‘2‘ ...................................................... 22
SECTION 23 05 12 - BASIC MECHANICAL MATERIALS AND METHODS . & evvveeennseveeeenesesseasssessessasssssesssanessees 30
SECTION 23 05 13 - ELECTRICAL REQUIREMENTS FOR MECHANlt@\éuwMENT ................................................ 37
SECTION 23 05 16 - EXPANSION FITTINGS AND LOOPS FOR @ PIPING cvvvvveeennneeeeeesseeessseesssessssesmssssesssessssenns 55
SECTION 23 05 19 - METERS AND GAUGES........ O% ....................................................................... 57
SECTION 23 05 23 - HVAC PIPING AND VALVES ........ Qg ..................................................................................... 63
SECTION 23 05 29 - HANGERS AND SUPPORTS FORKHVAC PIPING AND EQUPIMENT .......... 76
SECTION 23 05 48 - VIBRATION CONTROLFORMIVAC, ELECTRICAL & PLUMBING «......vvveeeeensnneseeeseseesssesesssssssenns 84
SECTION 23 05 53 - IDENTIFICATION FOF;{\QC PIPING AND EQUIPMENT «..vvvveenreeeeeeeeeseesemssseseesmsssessessmssseeees 93
SECTION 23 05 93 - TESTING, ADJUSTQ@‘AND BALANCING «.cvvennneeeeeeesnnsssseesnesssssssssssesssssssssesssssemssessssssassesssssens 96
SECTION 23 07 00 - MECHANICAL&ULATION eeeaeeeeeeeemm e et e ettt e 106
SECTION 23 09 23 - BUILDINC\Q&NAGEMENT CONTROLS SYSTEM .evrreeeeeeeeeenseeseessssmmsssssesssssssemmssssessessssenns 116
SECTION 23 21 13 - BASICEIPING MATERIALS AND METHODS «.ccvvvvveeeeeeeesneeeesessseseessessssesessssssesssessmsssessessmsne 146
SECTION 23 21 16 - HYIHKONIC SPECIALTIES vvvvvvvvvnneeeseeeeeesssnnesesssseessssnessessssemmsmseesssssssesmsmssessssssssmmmmssssssssssenes 155
SECTION 23 21 23 KHYDRONIC PUMPS........cccccvesressssssesssssssesssssssassssssssssssssssssssssssssssssessssosssssssssssessosseses 162
SECTION 23 3100™- AIR DUCT AND ACCESSORIES «.....cvvevveeennnnesesesseesssesessssssssmmsssessssssssemmssseessssssssmmmnsessssssssenns 168
SECTION eﬁs T HVAC FANS oveeereeeeeeeeeseeseeseessssessssesssssssessessssssessessssessesesssssssssemsssssessenssssssessmsssessessenssesseesens 194
SECTIQND3 37 13 - HVAC AIR OUTLETS AND INLETS..cvvvvveesnnnneeeeeeseessssneseesssssmmsssessesssssesmsmseessssssssmmmmsessssssssenes 202
SECFION 23 52 16 - CONDENSING BOILERS....orevrvvssrsssssrsssssssssssssssssssssssssssssssssssssssssssssssssssssssns 206
SECTION 23 62 13 - AIR COOLED CONDENSING UNIT....cvveerreserseessesessesessesessesessesessessssesessessssesessesessoss 215
AKX/ SECTION 23 64 23 - AIR COOLED WATER CHILLERS w...r.reervrssssssesssssssssssssssssssssssessesssssessssssssssssesoes 221
SECTION 23 73 13 - AIR HANDLING UNIT .covvvvveeennnneeeseeseemssssesesssssessssssssssssssmmmssssssssssssesssssessssssssmmnnssssssssssenes 231

SECTION 23 82 16 - AIR COILS......cooviiiuniiiiiiiiniianiiiiinisssassseessssssssassssesesssssssasssaesssssssssssssaessssssssssnsssessssssssssnnans 246



Middlesex County College
NH, LH and PAC HVAC Upgrades
September 02, 2015

1. SCOPE OF WORK

The purpose of these specifications is the completion of a contract. This work will be
performed at the main Middlesex County College campus in Edison, New Jersey, at buildings é&
known as L' Hommedieu Hall (LH), North Hall (NH) and Performing Arts Center (PA). @Q/
N
O
The contractor shall provide all of the necessary labor, materials, tools and equifent

required to complete the work described on the drawings and in these specifi(@t?ons as

i A\
follows: O\?~
N
K
a. L’ Hommedieu Hall — Scope of work involves refurbishind)existing AHU by
application of a coating on the interior surfaces of the existj HU, cleaning exterior
casing as indicated and repair, patch and replace sectio§®f insulation as shown and
specified. ©
X
b. North Hall - Scope of work involves removingfxisting window AC units and installing

new central HVAC system with a split AC @rﬁ. New AC System shall consist of split
DX Air Handling Unit and Outdoor Copndgnsing Unit. New hot water condensing boiler
shall be installed for heating hot W@@r. New Louvers shall be provided for ventilation
air. New supply and return ducQgrk shall be provided with terminal VAV boxes with
hot water reheat coils and a@bdciated hot water piping. New shafts shall be built for
new ductwork. Plumbin %rk shall include relocating existing pipe in basement.
Install new building@trol system and connect to MCC's existing central Building

Management Sys@&f
X

C. Performing\%!\rts Center - Scope of work involves replacing existing Air Cooled

chi
\ﬁr%vided. Structural support shall be provided as shown. As part of this project the

@ supply and return ductwork shall be cleaned and the filters will be replaced. New

Cond Q§? and associated DX cooling coil with new air cooled chiller and associated
@% water cooling coil. New chilled water supply and return piping shall be

OC) Controls for chiller, cooling coil and demand control ventilation shall be provided as
%O specified.
&
O&Q}’ The contractor shall apply for and secure all required permits.

S

The contractor shall be required to attend a pre-construction meeting on Campus at a time to
be scheduled after the contract is awarded and other job progress meetings as required by
the College and the Engineer.

C-3



Middlesex County College
NH, LH and PAC HVAC Upgrades
September 02, 2015

The following is a list of drawings that are attached and are a part of these specifications and

3. COMPLIANCE
O

contract:
A0.00

North Hall OO

A0.10, A0.30, A1.01, A1.02, A2.01,S101, M0O1, M010, MO11, MO51, M101, “@&,

M103, M201, M301, M302, M401, M402, E001, E101, E102, E103 \fb

N
N

Performing Arts Center <<<<

A0.10, A1.01, S101, M001, M010, MO51, M101, M102, MlOB,@Q)l, M401

E001, E101 <« ¥
O
c)%
L’ Hommedieu Hall %\
N\
M001, M101 &
4
é\/
2. MATERIALS %O
%‘O

The materials used under this contracég@all be as specified on the drawings and in the
specifications, be of a quality accept& to the Engineer and meet applicable codes.

&

The Contractor shall comBty with all of the College’ s safety and work rules when performing
work at the college. Q@contractor employees, subcontractors, etc. shall sign-in daily at the
Facilities l\/lanageﬁent Building upon arrival on campus to be issued a contractors
identification@@dge. It is expected that all contractor employees will conduct themselves in a

professi%ﬁmanner.
((/%

Prigy*to performing any excavation work, the contractor shall call for a utility mark out AND
Qotify the College. Public utilities will be marked out by the appropriate utility and the college
<&  will mark out the college utilities.
&
O’\Q/ The college campus in Edison, New Jersey is located on a section of the Former Raritan

D

Arsenal (FRA) which operated from 1918 through 1963. The Army Corps of Engineers (ACE)
has completed investigations and remediation activities related to unexploded ordnance
(UXO) materials on the campus. While there are no known UXO’ s at this time, there

remains a possibility that they can be discovered when excavating on campus. The ACE has

Cc-4
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provided an information safety sheet which advises anyone excavating on the FRA to practice

the “ 3R’ s” . They are Recognize, Retreat and Report. If any material is discovered that

appears to be ordnance, the contractor shall immediately stop work, leave the area, call 911,

and notify the college. A procedure has been established for emergency responders and {(/é&
S

military personnel to safely address such a situation.

OC)

Middlesex County College is a smoke-free campus. Smoking is only permitted inside\@O
person’ s personal vehicle. Smoking is not permitted anywhere else on campus %%’any
construction equipment. The College Police will issue summonses with fines te)\gﬁyone found
in violation of this policy. Q<(\
O
Contractor shall have an escort flagman for any vehicles that will bexqming on any Campus
walkways. See “ Sheet Note” # 3 on Drawing A 0.00. é
NS
o
4. SITE CLEANUP &
<
N\
The work area shall be thoroughly cleaned on @ily basis. Any items remaining shall be
secured and surrounded with safety tape @%/or barriers. Any damage caused by the
contractor shall be repaired at no cost toé@college.
X
The contractor is to remove all t@gh excavated materials, and other waste off site and
disposed of it in accordance wi urrent regulations. Provide the college with weight tickets
for any materials that can wecycled. The cost for the testing of any materials prior to the

removal from the cam@ as required by regulatory agencies is the responsibility of the
O

&

Q.\

O

5. TIME CONSTRAINTS
N\

If t oard of Trustees of Middlesex County College has approved an award 10 days prior to
(§évember 30, 2015, the contractor shall complete the work in accordance with the following
%Oschedule:
\S
&
&Q}’ Performing Arts Center
O

S

contractor.

All work must be completed by April 1, 2016. The following work must be
completed between March 7fand March 11%"2016(the building will be

unoccupied during this time period):

C-5
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The existing Trane unit located on the roof must be removed.

Place on the roof all material that will be needed for the installation of

the replacement unit that will require crane use for placement. 0@
O
QO
Coil Replacement. Q
N\

2

All required duct cleaning. C)\
N

K

In order for the College to make arrangements for the b@g?ng to be

unoccupied, the Contractor shall advise the CoIIege«(tYéast 48 hours in

advance of the date the replacement unit is to begaced on the roof.

NS
North Hall - Between May 18 and August 12, 20@
\f’
L’ Hommedieu Hall - Fridays and Satur@% only between May 20 and June 18,
2016. The air handlin‘g% ipment must be operational from Monday

thru Thursday durj
0@5(@

If the Board has not approved the Qvfgrd by 10 days prior to November 30, 2015, then the

is time period, as the building will be occupied.

College will advise the contrac f an alternate schedule. All work schedules must be met. If
additional fees are required?'@‘ expedited delivery, the fees shall be included in the

OQ"
o

These time cons@éﬁ ts include up to calendar 30 days to obtain permits from the Township of
Edison. The (QQractor must submit the permit applications within 7 calendar days of the

Notice okA@ard. This 7 day period is excusive of the 30 days.

S

Contractors Bid.

6. w HOURS
OC)
%O Except as noted, all work is to be performed during normal work hours 8:00 am to 4:30 pm in
&® accordance with the above listed Time Constraints. If additional work hours are required, they
&Q}’ shall be included in the contractor's bid price and approval of the College shall be requested
O by the contractor in writing 48 hours prior to the desired work date. Excluding the March 7t

S

thru March 11" 2016time period, disruptive work in the Performing Arts Center building shall
be done after 10:00 PM.

C-6
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7. WARRANTY NY
&
All materials and workmanship shall be replaced at no cost for a period of one year from @9
date of final payment unless noted otherwise. Q
a. Hydronic Pumps, see specification section 23 21 23 Q)\O
b. HVAC fans, see specification section 23 34 16 O\VX’
c. Condensing Boilers, see specification section 23 52 16 <<<<\
d. Air Cooled Condensing Units, see specification 23 62 13 @)
e. Air Cooled Water Chillers, see specification 23 64 23 &?*é
f. Air Handling Unit, see specification 23 73 13 éo
NS
8. PERMITS O
&
The contractor shall apply for and secure all requirec{"/&uilding permits from Edison Township.
It is anticipated that the time to obtain a pergij® could be up to calendar 30 days. The
contractor shall allow for this when preparin%@ project schedule. The fee will be waived by
Edison when a letter provided by the Collé@ Is submitted with the application. As part of the
permit process, Edison also requires qﬁbntractor's License. This fee is the responsibility of
the contractor. The contractor is alsp' responsible for obtaining and paying for a fire permit or
any other such permit that matfé required by the Township of Edison.
QD
The contractor is also @onsible for coordinating and obtaining all inspections, approvals
and the final Certif'&’@@s of Occupancy or Approval. Final payment will not be made until all
work is complet@i\and the final Certificate and all close-out documents described in these
specificationQQe received.
&
9. ADDI @NAL INFORMATION
S
ditional information may be obtained from the following individuals:
Q
o
/\Q‘ Facility/specifications: Randolph R. Larate
&Q/ Director, Facilities Engineering
O 732-906-7780

S

Middlesex County College
NH, LH and PAC HVAC Upgrades
September 02, 2015

The work hours in this section take precedent over, and will supersede any conflicting

references to hours of work elsewhere in these plans and specifications.

732-906-4199 Fax
Rlarate@MiddlesexCC.edu
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Mitul Patel, PE

Principal

KeRi Engineering PC

Tel: 973.866.KeRi (5374) Q/é&
mpatel@keriengineering.com 00®

QO

Q)\O
\Y%
Q\C}v

&
O
S

David Fricke
Director, Purchasing & Inventory
732-906-2519
732-906-4236 Fax
DFricke@MiddlesexCC.edu
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SECTION 22 34 50 - NATURAL GAS PIPING

PART 1 - GENERAL

S
1.01 RELATED DOCUMENTS @Q/
A. Drawings and general provisions of Contract, including General and QO
Supplementary Conditions and Division 1 Specification sections, apply to this QO
section. Q
N\
B. The requirements of the following Division 23 Sections apply to this Sect@v.
o
1. Section 23 05 11: Basic Mechanical Requirements. <<<(\
2. Section 23 05 12: Basic Mechanical Materials and Me@s.
A
3. Section 23 05 13: Electrical Requirements for Me@nical Equipment.
4. Section 23 05 48: Vibration controls for HVA%\C')
Electrical and Plumbir,gg
<
1.02 SUMMARY é\’
A. This Section includes distribution pipi&?@ natural gas from connection to
existing piping to all equipment requ'kzo natural gas as shown on drawings:
O
1. Pipes, fittings, valves a <3pecia|‘[ies;
A\
B. Gas pressures for systemsg/)%cified in this section are limited to 5 psig.
1.03  DEFINITIONS Qe
QD
A. Pipe sizes usedﬁs Specification are Nominal Pipe Size (NPS).
B. Gas Distrit;%’«% Piping: A pipe within the building, which conveys gas from
existing piping to points of usage.

connecti&~ 0

1.04 SUBI\/IITTA%§<O
X

A. \ébduct data for each gas piping specialty and special duty valves. Include
@Q/rated capacities of selected models, furnished specialties and accessories,
" and installation instructions.

O
O
Q
1\.?&{0 QUALITY ASSURANCE
o\
&Q} A. Installer Qualifications: Installation and replacement of gas piping, gas
O utilization equipment or accessories, and repair and only a qualified installer
é shall perform servicing of equipment. The term qualified is defined as

experienced in such work (experienced shall mean having a minimum of 5
previous projects similar in size and scope to this project), familiar with
precautions required, and has complied with the requirements of the authority
having jurisdiction. Upon request, submit evidence of such qualifications to
the Architect.

22 3450 C-9 Natural Gas Piping
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B. Regulatory Requirements: Comply with the requirements of the following
codes:
1. NFPA 54 - National Fuel Gas Code, for gas piping materials and A
components, gas piping installations, and inspection, testing, and Q/e
purging of gas piping systems. 0@
O
2. BOCA Basic National Mechanical Code. QO
1.06 SEQUENCING AND SCHEDULING Q)\O
A\
A. Notification of Interruption of Service: Except in the case of an emerg\@\x;,
notify all affected users when the gas supply is to be turned off. <<<(
B. Work Interruptions: When interruptions in work occur while re@s or
alterations are being made to an existing piping system, Ieavq e system in
safe condition. é
1.07  EXTRA MATERIALS %\%
N
A. Valve Wrenches: Furnish to Owner, with recei&tf? valve wrenches for each
type of gas valve installed, requiring it. é\’ ’
%O
PART 2 - PRODUCTS %Q,
O
2.01  MANUFACTURERS OQQ
A. Subject to compliance wit r&uirements, provide gas piping system products
from one of the foIIovvin%?‘
1 Gas Cocks: &\O
. @IV
a. &nkins Bros.
&
N\ Lunkenheimer Co.
O
<% NIBCO, Inc.
&
@é& d. Powell Co.
Q® e. Stockham.
OC)
Q
2\.%2.0 PIPE MATERIALS
o\
<<;~ A. Steel Pipe: ASTM A 53, Schedule 40, seamless, black steel pipe, beveled
éo& ends.
B. Flexible connections to gas equipment shall be Dormont Model B with Model

V valve at each piece of equipment.

2.03  FITTINGS

22 3450 C-10 Natural Gas Piping
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A. Malleable-lron Threaded Fittings: ANSI B16.3, Class 150, standard pattern,
for threaded joints. Threads shall conform to ANSI B1.20.1.

2.04  JOINING MATERIALS

S
A. Joint Compound: suitable for natural gas. @Q/
2.05  PIPING SPECIALTIES OQ\\)

A. Unions: ANSI B16.39, Class 150, black malleable iron; female pattern; brass QO

to iron seat; ground joint. N

A\

B. Dielectric Unions: ANSI B16.39, Class 250; malleable iron and cast brc@}z?

with threaded or soldered end connections suitable for pipe to be j@ﬁe :

designed to isolate galvanic and stray current corrosion. @)
C. Protective Coating: When piping will be in contact with mabqigT or

atmosphere exerting a corrosive action, pipe and fittings Il be factory-

coated with polyethylene tape, having the following pr@e ties:

1. Overall thickness; 20 mils; \2@

4/\
2. Synthetic adhesive; é\’
3. Water vapor transmission rate, @@ns per 100 square inch: 0.10 or
less.
S
, O
4, Water absorption, perce@ 0.02 or less.
N
D. Prime pipe and fittings vvitvlgchompatible primer prior to application of tape.
2.06  VALVES &\Oé

A. \a

1. 2 Inch& Smaller: 150 PSI, WOG, bronze body, straightaway pattern,

squ ead, threaded ends.
A\
2. ée% Inch and Larger: 150 PSI, WOG, cast steel, flanged ends, bolted
Q onnet.
O

B. &Ienoid Valves: aluminum body, 120 volts AC, 60 Hz, Class B continuous
@Q/duty molded coil; NEMA 4 coil enclosure; electrically opened/electrically
C)\} closed; dual coils; normally closed; UL and FM approved and labeled.

2.07. QNot Used.

4
&
&Q/PART 3 - EXECUTION
éo 3.01 PREPARATION
A. Precautions: Before turning off the gas to the premises, or section of piping,
turn off all equipment valves. Perform a leakage test as specified in "FIELD

QUALITY CONTROL" below, to determine that all equipment is turned off in
the piping section to be affected.

22 3450 C-11 Natural Gas Piping
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B. Conform to the requirements in NFPA 54, for the prevention of accidental
ignition.
N
3.02 PIPE APPLICATIONS @Q/
A. Install steel pipe with threaded joints and fittings for 2 inch and smaller, and Q\\)
with welded joints for 2-1/2 inch and larger. QO
O
>
3.03  PIPING INSTALLATIONS A\
Ng
A. General: Conform to the requirements of NFPA 54 - National Fuel SCode.
O
B. Locations and Arrangements: Drawings (plans, schematics, agsdiagrams)

indicate the general location and arrangement of piping systens. Design
locations and arrangements of piping take into considerati@d pipe sizing, flow

direction, slope of pipe, expansion, and other design cqustderations. So far as
practical, install piping as indicated. %\
N
C. Drips and Sediment Traps: Install a drip leg at p'&nts where condensate may

collect, at the outlet of the gas meter, and in a“‘o'cation readily accessible to
permit cleaning and emptying. Do not insSﬁ%rips where condensate is likely

to freeze.
o)
&
@

D. Construct drips and sediment trapgDsing a tee fitting with the bottom outlet
plugged or capped. Use a minir@%ﬁw of 3 pipe diameters in length for the drip
leg. Use same size pipe for (%?;) eg as the connected pipe.

E. Use fittings for all chan@rﬁ direction and all branch connections.
O
F. Install exposed pipi%\at right angles or parallel to building walls. Diagonal
runs are not permridted, unless expressly indicated.
G. Install pipin %e of sags or bends and with ample space between piping
SUPPOF%?S. 0 permit proper insulation applications.
O
H. Ins ﬂ(piping tight to slabs, beams, joists, columns, walls, and other
o anent elements of the building. Provide space to permit insulation

plications, with 1" clearance outside the insulation. Allow sufficient space
above removable ceiling panels to allow for panel removal.
Q‘O b ble ceili Is to allow f | |
)

@C) Make reductions in pipe sizes using eccentric reducer fittings installed with
Q the level side down.

N\
. onnect branch outlet pipes from the top or sides of horizontal lines, not from
‘2\ J C th h outlet pi f the t id f horizontal li tf
&Q} the bottom.
éo K. Hanger, supports, and anchors are specified in Division 23 Section "Basic

Mechanical Materials and Methods." Conform to the table below for
maximum spacing of supports:

22 3450 C-12 Natural Gas Piping
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1. Steel Pipe:
SIZE (NPS) SPACING IN MIN. ROD SIZE
FEET INCHES
1/2 5 3/8 A
3/4t0 1-1/4 6 3/8 Q/e
1-1/2 to 3 (horizontal) 16 1/2 @
C)
L. Install unions in pipes 2 inch and smaller, adjacent to each valve, at final QO

connections each piece of equipment, and elsewhere as indicated. Unions Q
are not required on flanged devices. N

A\
M. Install dielectric unions where pips of dissimilar metals are joined. \Q\v
3.04  PIPE JOINTS (§<
A. Threaded Joints: Conform to ANSI B1.20.1, tapered pipe thn&a& for field cut
threads. Join pipe, fittings, and valves as follovvs é

proximity of internal seat or wall, to deter how far pipe should be
threaded into joint. Refer to NFPA 54, for'suide for number and length
of threads for field threading steel piQ/. ’

1. Note the internal length of threads in fittjn@g}gﬁave ends, and

2. Align threads at point of assem@.o
3. Apply appropriate tape or<w‘2 d compound to male pipe threads only.
4, Assemble joint to apQgQ)) iate thread depth. When using a wrench on
valves place the wrenth on the valve end into which the pipe is being
threaded. %
B. Damaged Threads:@ not use pipe with threads, which are corroded, or

damaged. If a wa{@opens during cutting or threading operations, that portion
of pipe shall n e used.

bolt ti ning to make initial contact of flanges and gaskets as flat and
a?t-a |'as possible. Use suitable lubricants on bolt threads. Tighten bolts
ally and uniformly to appropriate torque specified by the bolt

\i%nufacturer
Vébﬁ INSTALLATIONS

C. Flanged gﬁs: Align flange surfaces parallel. Assemble joints by sequencing

Q Install valves in accessible locations, protected from physical damage. Tag
\% valves with a metal tag attached with a metal chain indicating the piping
\2\ systems supplied.
/\<</
éo 3.06 TERMINAL EQUIPMENT CONNECTIONS
A. Install flexible connector with gas cock upstream and within 6 feet of gas
appliance.

B. Sediment Traps: Install a tee fitting with the bottom outlet plugged or capped

as close to the inlet of the gas appliance as practical. Drip leg shall be a

22 3450 C-13 Natural Gas Piping
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minimum of 3 pipe diameters in length.
ELECTRICAL BONDING AND GROUNDING
A. Install above ground portions of gas piping systems, upstream from equipment

shutoff valves electrically continuous and bonded to a grounding electrode in
accordance with NFPA 70 - "National Electrical Code."

B. Do not use gas piping as a grounding electrode.
C. Conform to NFPA 70 - "National Electrical Code," for electrical ConnectionsQ)\

between wiring and electrically operated control devices. A\

O\?‘
FIELD QUALITY CONTROL <<<(\
@)

A. Piping Tests: Inspect, test, and purge natural gas systems in qg&)rdance with

NFPA 54, and local utility requirements. A

O
NS
X
END OF SECTION 22 34 50 A
N\
>
S
&
O
R
X
\/Q
@?
O
@?‘
OQ"
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A\
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<
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Q
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SECTION 23 01 30 - HVAC AIR DISTRIBUTION SYSTEM CLEANING

PART 1 - GENERAL A
S
0@

O
A. Drawings and general provisions of the Contract, including General and Sup%@entary

1.1 RELATED DOCUMENTS

Conditions and Division 01 Specification Sections, apply to this Section.

\?‘
&
<<<<
1.2 SUMMARY
§
A. Section includes cleaning HVAC air-distribution equipment, d@@s, plenums, and system
ts.
components \%
&
1.3 DEFINITIONS 4
é\/
A. ASCS: Air systems cleaning specialist. %O
&
B. NADCA: National Air Duct Cleaners As tion.
N
<2

1.4 INFORMATIONAL SUBMITTA@?‘

A. Qualification Data: Forg@%
B. Strategies and pr@é@ures plan.

Q.
C. CleanlinessQ@iﬂcation report.
A

1.5 QL@Y ASSURANCE

OO%SCS Qualifications:

&
Q&

A

1. Certification: Contractor shall be ASCS certified by NADCA on a full-time basis to be
&Q}’ qualified to perform the work of ductwork cleaning.

éo

B. UL Compliance: Comply with UL 181 and UL 181A for fibrous-glass ducts.

C. Cleaning Conference: Conduct conference at site.

230130 C-15 HVAC Air Distribution System Cleaning
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PART 3 -

3.1

3.2
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1. Review methods and procedures related to HVAC air-distribution system cleaning

including, but not limited to, review of the cleaning strategies and procedures plan.

2. Coordinate the schedule of work and area of work with the owner to minimize

disruption with normal business.

3. Coordinate with mechanical contractor and owner to shutdown the corresp@@ng
HVAC system Q
y 2
Ng
&
PRODUCTS (Not Used) <<<<
@)
e
&?*
EXECUTION O
e
NS
EXAMINATION \2@
«

Examine HVAC air-distribution equipment, duc@/plenums, and system components to
determine appropriate methods, tools, and eq%@went required for performance of the Work.

Perform "Project Evaluation and RecowQ@]dation” according to NADCA ACR 2006.

Q.
PREPARATION Oév

N
Prepare a written plan @ncludes strategies and step-by-step procedures. At a minimum,
include the following-Q=
K

Supervi&r_\%ntact information.

Woergedule including location, times, and impact on occupied areas.
!)(e‘g’?ods and materials planned for each HVAC component type.

. Q/ﬁequired support from other trades.

el N

Equipment and material storage requirements.
O

230130

Exhaust equipment setup locations.

Use the existing service openings, as required for proper cleaning, at various points of the

HVAC system for physical and mechanical entry and for inspection.

Comply with NADCA ACR 2006, "Guidelines for Constructing Service Openings in HVAC

Systems" Section.

C-16 HVAC Air Distribution System Cleaning
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3.3 CLEANING

A. Comply with NADCA ACR 2006.

A -
B. Remove visible surface contaminants and deposits from within the HVAC system. ®@$
C}\’
C. Systems and Components to Be Cleaned: QO
. . %
1. Air devices for supply and return air. \/Q)
2. Air-terminal units. \?‘
&
Ductwork: <<<(
@)
a. Supply-air ducts, including turning vanes and reheat s, to the air-handling
unit. éO
b. Return-air ducts to the air-handling unit. \%
c. Exhaust-air ducts. \%
&
. . . -
4, Air-Handling Units: N
>

a. Interior surfaces of the unit cast%

b. Coil surfaces compartment O

c. Condensate drain pans.oQ‘

d. Fans, fan blades, ar&ﬁgn housings.

N

5. Filters and filter hou&ﬁ@s.
\e

D. Collect debris remo during cleaning. Ensure that debris is not dispersed outside the

HVAC system du\fn& the cleaning process.

Q.

E. Particulate €dTlection:
N\
1. Q/Y?or particulate collection equipment, include adequate filtration to contain debris

0@ removed. Locate equipment downwind and away from all air intakes and other points

QC) of entry into the building.
\go 2. HEPA filtration with 99.97 percent collection efficiency for particles sized 0.3
&‘2\ micrometer or larger shall be used where the particulate collection equipment is
O&Q/ exhausting inside the building,
F. Control odors and mist vapors during the cleaning and restoration process.

230130 C-17 HVAC Air Distribution System Cleaning
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Mark the position of manual volume dampers and air-directional mechanical devices inside
the system prior to cleaning. Restore them to their marked position on completion of

cleaning.

On completion, all components must be returned to those settings recorded just pri
cleaning operations. Q
%
\/Q)
Ng
O
Clean visible surface contamination deposits according to NADCA&@ 2006 and the
following: <
&?*

1. Clean air-handling units, airstream surfaces, componen‘%@ondensate collectors, and

drains. \CJ

&)
2. Ensure that a suitable operative drainage systelxsb\ln place prior to beginning wash-

Clean all air-distribution devices, registers, grilles, and diffusers.

down procedures.
3. Clean evaporator coils, reheat coils, and o@ airstream components.
S
&

QO

1. Create service openings in th %AC system as necessary to accommodate cleaning.

Duct Systems:

2. Mechanically clean duct Wems specified to remove all visible contaminants so that
the systems are ca e of passing the HVAC System Cleanliness Tests (see
NADCA ACR 2006 ?'3

Debris removed @he HVAC system shall be disposed of according to applicable Federal,
state, and Ioca@_ uirements.

l\/lecha/r{@%leanmg Methodology:

1.®Q/Source-Removal Cleaning Methods: The HVAC system shall be cleaned using source-

O removal mechanical cleaning methods designed to extract contaminants from within

the HVAC system and to safely remove these contaminants from the facility. No
cleaning method, or combination of methods, shall be used that could potentially
damage components of the HVAC system or negatively alter the integrity of the

system.

a. Use continuously operating vacuum-collection devices to keep each section

being cleaned under negative pressure.

C-18 HVAC Air Distribution System Cleaning
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Coil Cleaning:
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b. Cleaning methods that require mechanical agitation devices to dislodge debris
that is adhered to interior surfaces of HVAC system components shall be
equipped to safely remove these devices. Cleaning methods shall not damage

the integrity of HVAC system components or damage porous surface materials

& .
S

such as duct and plenum liners. 0@
O

@)

Cleaning Mineral-Fiber Insulation Components: Q
Q)\O

a. Fibrous-glass thermal or acoustical insulation elements present in\@quipment or
ductwork shall be thoroughly cleaned with HEPA vacuumin eg-bipment while
the HVAC system is under constant negative pressure{)('and shall not be
permitted to get wet according to NADCA ACR 2006. ?‘é

b. Cleaning methods used shall not cause damage tg¥ibrous-glass components
and will render the system capable of passin&@] HVAC System Cleanliness
Tests (see NADCA ACR 2006). \@

c. Fibrous materials that become wet shall er iscarded and replaced.

Oé\/

Q/%

Measure static-pressure differenthﬁ%ross each coil.

See NADCA ACR 2006, "Coil S ce Cleaning" Section. Type 1, or Type 1 and Type 2,

cleaning methods shall be u$ed to render the coil visibly clean and capable of passing

Coil Cleaning Verificatio&ee applicable NADCA ACR 2006).

Coil drain pans shaIKb\e subject to NADCA ACR 2006, "Non-Porous Surfaces Cleaning

Verification." En that condensate drain pans are operational.

Electric—resi%@ce coils shall be de-energized, locked out, and tagged before

cleaning,. "\

Clearyz@ methods shall not cause any appreciable damage to, cause displacement of,

i h@t heat transfer, or cause erosion of the coil surface or fins, and shall comply with

ﬁml manufacturer's written recommendations when available.

%@ Rinse thoroughly with clean water to remove any latent residues.
O

O .
%Q Antimicrobial Agents and Coatings:
\S
&

230130

1.

Apply antimicrobial agents and coatings if active fungal growth is reasonably
suspected or where unacceptable levels of fungal contamination have been verified.
Apply antimicrobial agents and coatings according to manufacturer's written
recommendations and EPA registration listing after the removal of surface deposits

and debris.
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2. When used, antimicrobial treatments and coatings shall be applied after the system is
rendered clean.
Apply antimicrobial agents and coatings directly onto surfaces of interior ductwork.

4. Sanitizing agent products shall be registered by the EPA as specifically intended for {(/é&

use in HVAC systems and ductwork. 0@
&
3.4 CLEANLINESS VERIFICATION Q)\O
A\

A. Verify cleanliness according to NADCA ACR 2006, "Verification of &C System

Cleanliness" Section. <<<<
O

B. Verify HVAC system cleanliness after mechanical cleaning a@?“ before applying any
treatment or introducing any treatment-related substance toeg HVAC system, including
biocidal agents and coatings. \CJ

\8%

C. Perform visual inspection for cleanliness. If no cgqttagninants are evident through visual
inspection, the HVAC system shall be considere@h@an. If visible contaminants are evident
through visual inspection, those portions of thgg/stem where contaminants are visible shall
be re-cleaned and subjected to re—inspec&éécfor cleanliness.

o &
D. Additional Verification: QO
\Y
1. Perform surface comp@ testing or NADCA vacuum test.
2. Conduct NADCA va@m gravimetric test analysis for nonporous surfaces.
E. Verification of Coil ﬁﬂg:
\é
1. Measucé%‘tatic—pressure differential across each coil.
2. Coibyhll be considered clean if the coil is free of foreign matter and chemical residue,
Q/&s\ed on a thorough visual inspection.
F. pare a written cleanliness verification report. At a minimum, include the following:
QO
\g 1. Written documentation of the success of the cleaning.
&\2\ 2. Site inspection reports, initialed by supervisor, including notation on areas of
&Q}’ inspection, as verified through visual inspection.
éo Surface comparison test results if required.
4, Gravimetric analysis (nonporous surfaces only).
System areas found to be damaged.
230130 C-20 HVAC Air Distribution System Cleaning
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Photographic Documentation: Comply with requirements in Section 013233 "Photographic

Documentation."

1. Contractor shall take picture before cleaning and after cleaning for same areas and <
submit report with before and after pictures of areas cleaned. Q/é
S
OC)
RESTORATION Q

%

N\
Restore and repair HVAC air-distribution equipment, ducts, plenums, and @?%ponents
according to NADCA ACR 2006, "Restoration and Repair of Mechanical Syste\@\vSection.

Restore service openings capable of future reopening. Comply#@] requirements in
Section 233100 "Metal Ducts." Include location of service ope&i&s in Project closeout

report. eo
O
Replace fibrous-glass materials that cannot be restorewcleaning or resurfacing. Comply

with requirements in Section 233100 "Metal Ducts”.At&

N\
Replace damaged insulation according to Sec%o@%O?lO "Duct Insulation” .

%

Ensure that closures do not hinder or aI@?rﬂovv.
Q.

New closure materials, including Qsulation, shall match opened materials and shall have
removable closure panels fitte@}{h gaskets and fasteners.
O
Reseal fibrous-glass du&?&omply with requirements in Section 233116 "Nonmetal Ducts."
OQ"
&
A\

\C_) END OF SECTION 23 01 30
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SECTION 23 05 11 - BASIC MECHANICAL REQUIREMENTS
PART 1- GENERAL

1.01 RELATED DOCUMENTS é&
A. Drawings and general provisions of Contract, including General and Supplementary OQQ/
Conditions and Division 1 Specification Sections, apply to this section. OQ

Q

B. This section applies to all other sections of Division 23 \Q

\%

C. Related sections of Division 23 applicable to this section are: VX/
)
Division 23 - Section 230513 - Electrical Requirements for Mechanical Q@pment
Division 23 - Section 230512 - Basic Mechanical Materials and Metha@y
Division 23 - Section 232113 - Basic Piping Materials and l\/Iethod}%
Division 23 - Section 230548 - Vibration control for HVAC, Electx@ |
and Plumbing éo

1.02  SECTION INCLUDES %\c*)
\S

A. Following administrative and procedural requiremenfg;;)r mechanical installations are
included in this Section to expand the requireme@ specified in Division 1:
1. Codes and Standards

2. Intent %O

3. Drawings <(/

4. Interpretation of Drawings and Sygacifications
5. Visiting the Site Q‘

6. Submittals N)

7. Deliveries, Storage and I—Q/r%ling

8. Rough-ins \e

9. Mechanical installa @1%

1

0. Cutting and patcl@g
1.03  CODES AND STANDA@@S

NS
A. IBC Internati@f@Building Code 2006 as adopted by New Jersey with technical
amendmer‘@

B. II\/Ing’tg?national Mechanical Code 2006 as adopted by New Jersey with technical

a ments.
&

C ternational Fuel Gas Code 2006 as adopted by New Jersey with technical amendments.

Q% NFPA National Fire Protection Association

&‘2\ E. ASME American Society of Mechanical Engineers

23 0511

ANSI American National Standards Institute

ASTM American Society for Testing Materials

AWWA American Water Works Association

C-22
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[. IBR Institute of Boiler and Radiator Manufacturers
J.  NEMA National Electrical Manufacturers Association
K. ASHRAE American Society of Heating, Refrigeration and Air Conditioning Engineers

A -
S
L. SMACNA Sheet Metal and Air Conditioning Contractors National Associations, Inc. 0@
O

M. AHRI Air Conditioning Heating and Refrigeration Institute QO
N. UL Underwriters' Laboratories Q)\O
?y
0. AMCA Air Movement and Control Association Q\C)\
P. ADC Air Diffusion Council eQ<<
Q. AABC Associated Air Balance Council O&V‘
R. National Standard Plumbing Code 2006 as adopted by Nev@?sey with technical
amendments. AS
X
S. Local Water Company Rules and Regulations A

T. NFPA-90A Air Conditioning and Ventilation S@n\/s

U. National Electrical Code 2008 as adopte%@%ew Jersey with technical amendments.

<2O
1.04  INTENT §

A. ltis the intention of the Specifi zgions and Drawings to call for finished work, tested, and
ready for operation. All mat@?l‘s, equipment, and apparatus shall be new and of first-

class quality. &\O

B. Any apparatus, appli % material, or work not shown on Drawings, but mentioned in the
Specifications, or versa, or any incidental accessories, or minor details not shown but
necessary to m he work complete and perfect in all respects and ready for operation,
even if not parteularly specified, shall be provided without additional expense to the
Owner. @)

1.05 DRAWIN/Q@

A. & Drawings are generally diagrammatic and are intended to convey the scope of work
O nd indicate general arrangement of equipment; ducts, conduits, piping, and fixtures.

ch The locations of all items shown on the Drawings or called for in the Specifications that
\% are not definitely fixed by dimensions are approximate only. The exact locations
&\2\ necessary to secure the best conditions and results must be determined at the project
&Q} and shall have the approval of the Engineer/ Architect before being installed. Do not

éo scale Drawings.

C. Follow Drawings in laying out work and check Drawings of other trades to verify spaces in
which work will be installed. Maintain maximum headroom and space conditions at all
points. Where headroom and space conditions appear inadequate, Engineer/ Architect
shall be notified before proceeding with installation. This contractor is responsible to
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A.

C.

D.
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coordinate with electrical installation to prevent conflict with clearances and maintenance
space requirements of electrical equipment. Mechanical equipment, duct work, piping or
supports for mechanical equipment shall not be installed in the dedicated electrical space
above electrical equipment, including switchboards, panel boards, transformers and
control panels. Dedicated electrical space is the space directly above the electrical
equipment and from the top of the electrical equipment to the structural deck of floor
above. Similarly, mechanical equipment, ductwork, piping or supports for mechanical 0@
equipment shall not be installed in the dedicated working space directly in front of the_ ()
electrical equipment, minimum 30” wide or equal in width of the electrical equipm

3" -0" deep and from floor to the structural deck of floor above or the ceiling. \Q

If directed by the Engineer/Architect, without extra charge, make reasonable v
modifications in the layout as needed to prevent conflict with work of oth rdes or for
proper execution of the work. ((

Piping or ductwork connected to equipment may require different & connection than
indicated on the Drawings. The Contractor shall provide transﬂuzg%eces as required at
the equipment. é

©

Any questions or disagreements arising as to the tru'\mtent of this Specification or the
Drawings or the kind and quality of work requwe({“(t\qereby shall be decided by the
Engineer/ Architect, whose interpretations th shall be final, conclusive, and binding

on all parties. {(/9

In case of disagreement between Draw@?s and Specifications, or within either document
itself, the better quality, greater qu y or more costly work shall be included in the
Contract Price and the matter refé&h&d to the Engineer/ Architect's attention for decision
and/or adjustment.

aintain an awareness id space conflict with other trades.
Maint t<\%d flict with other trad

Purchase the equip Yand material required in accordance with field measurements
taken at the prop me during the construction progress.

1.07  VISITING THE S&Ls

A.

Before Lﬁ§m|tt|ng the final proposal, examine the site of the proposed work to determine
the ¢ ng conditions that may affect the work, as this Section will be held responsible
foré% assumptions in this regard.

1.08 Sé@ﬁITTALS

QCX List of Manufacturers:

23 0511

1. Within twenty (20) working days after the acceptance of the proposal, and prior to the
submission of any shop drawings for review, a complete list of manufacturers shall be
submitted to the Engineer/Architect of all equipment and materials proposed for the
work. No reviews will be rendered on shop drawings submitted before the complete
list of manufacturers is reviewed.

2. If material or equipment is installed before the Contractor obtained “ No Objections”
comment from Engineer/Architect, and/or in the opinion of the Engineer/ Architect
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the material or equipment does not meet the intent of the Drawings and
Specifications, the removal and replacement shall be made at no extra cost to the
Owner.

3. The materials, workmanship, design, and arrangement of all work installed under the A
Contract shall be subject to the approval of the Engineer/Architect. Q/e
S

B. Shop Drawings:

P g OC)

1. Prior to delivery to job site, but sufficiently in advance of requirements necess@y to
allow Engineer/ Architect ample time for review, submit six copies (as state@
"General Conditions") of shop drawings of all equipment, materials, pipi leeves,
conduit, ductwork, and wiring diagrams, and further obtain written con@jents
"Approved" or "Approved as Noted" for same from the Engineer/ Argﬂ\ﬁact, before
installing any of these items.

2. For piping, sheet metal, sleeve layout and reflected ceiling pk@?shop drawings, submit
a sepia transparency. After the transparency is notated anfxorrected by the
Engineer/ Architect, it will be returned. Then the requi@ number of corrected prints
will be prepared. %\

N

3. Shop drawings shall consist of manufacturer's cé&n‘ied scale drawings, cuts, or
catalog sheets, including descriptive Iiterature‘gﬁd complete certified characteristics
of equipment, showing dimensions, capacj ode requirements, motor and drive
testing, as indicated on the Drawings o@ cifications.

4. Certified performance curves for aI@%mping and fan equipment shall be submitted

for review.
0@

5. Samples of materials or eq;{ignent, when requested by the Engineer/Architect shall
be submitted for revievvev
O | |
6. Samples, drawings $pécifications, catalog sheets, etc., submitted for review, shall be
properly labeled jqfMcating project name, specific service for which material or
equipment |s<<’r® e used, Section and Article number of Specifications.

7. Catalogs,pemphlets, or other documents submitted to describe items on which
review®%eing requested, shall be specific and identification in catalog, pamphlet,
etc..0€ item submitted shall be clearly made in ink. Data of a general nature will not
t}{‘&cepted.

%Q/ he comments "Approved" or "approved as Noted" rendered on shop drawings shall
C)\} not be considered as a guarantee of measurements or building conditions. Where

O drawings are reviewed, said review does not in any way relieve Contractor of
Q responsibility, or necessity of furnishing material or performing work as required by
\2@ the Contract Drawings and Specifications.
o\
<<;~ 9. "Approved as Noted" means, unless otherwise noted on the drawings approved for
O& construction, fabrication and/or manufacture subject the provision that the work shall

< be carried out in compliance with all annotations and/or corrections indicated on the
shop drawings and in accordance with the requirements of the Contract Documents.
If also marked "RESUBMIT", "Approved as Noted" is invalid and a corrected submittal
of the drawing is required.
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10. Failure to submit shop drawings in ample time for checking shall not entitle an
extension of Contract time, and no claim for extension by reason of such default will
be allowed.

11. Prior to submission of shop drawings, thoroughly check each shop drawing, reject A
those not conforming to the Specifications, and indicate (by signature) that the shop Q/e
drawings submitted meet Contract requirements. @

12. All shop drawings showing routing of ductwork, piping and conduit, shall be not
than 3/8" = 1'-0" scale. \Q

13. Label resubmitted shop drawings with a stamp indicating the submittal ber, for
example: SECOND SUBMISSION; THIRD SUBMISSION, etc. and sen%@} arate
transmittals for each item being submitted so that one transmittal not cover
more than one specific item or group of items from one manufact

14. Before request for acceptance and final payment for the wo vae a letter to the
Engineer/ Architect stating that all shop drawings are br@t to a condition "No
Exception" or "Exception as Noted". Any outstanding S(ljj) drawings must be cleared
with the Engineer/Architect. %

N

~2~

C. Coordination Drawings:

1. Submit coordination drawings before sub ng any shop drawing, in accordance with
Division 1 Section "PROJECT COORDI " to scale of 3/8"=1'-0" or larger;
detailing major elements, componen d systems of mechanical equipment and
materials in relationship with other(@tations where space is limited for installation
and access and where sequenc%and coordination of installations are of importance
to the efficient flow of the W ncluding (but not necessarily limited to) the
following: N

a. Indicate the prop<\ locations of piping, ductwork, equipment, and materials.

Include the follgiNng:

i Cleara for servicing and maintaining equipment, including tube removal,
filtep8moval, and space for equipment disassembly required for periodic
m&iatenance.

uipment connections and support details.
<2"Exterior wall and foundation penetrations.
év) Fire-rated wall and floor penetrations.
\ Sizes and location of required concrete pads and bases.
Q/é vi.  Valve stem movement.

\}® b. Indicate scheduling, sequencing, movement, and positioning of large equipment

O into the building during construction.
Q
\% c. Prepare floor plans, elevations, and details to indicate penetrations in floors,
‘2\ walls, and ceilings and their relationship to other penetrations and installations.

d. Prepare reflected ceiling plans to coordinate and integrate installations, air outlets
and inlets, light fixtures, communication systems components, sprinklers, and
other ceiling-mounted items.

D. Record Drawings
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1. During construction keep an accurate record of all deviations between the work as
shown on the Drawings and that which is actually installed.

2. Secure from the Engineer/ Architect, a complete set of Mylar transparencies of the
Drawings and note thereon all changes. Make a complete record of all changes and A
revisions in the original design, which exist, in the complete work. The cost for the Q/e
Mylar transparencies shall be paid for by each trade. 0@

3. Furnishing above transparencies and preparing these Record Drawings shall be ﬁao
additional cost to the Owner. When all revisions showing the work as finally igstdlled
are made, the corrected Mylar transparencies shall be submitted for review @y*the
Engineer/Architect. \?y

4. After review of the "Record Drawings" transparencies by the Architg ,\provide the
Owner with one set of black-line prints and Mylar transparencies,@*no additional
cost to the Owner.

&?*

E. Operation and Maintenance Manuals éo

1. Prepare maintenance manuals in accordance with D%T@IOI’I 1 Section "PROJECT
CLOSEOUT." In addition to the requirements spegj in Division 1, include the
following information for equipment items:

a. Description of function, normal opera characteristics and limitations,
performance curves, engineering d nd tests, and complete nomenclature and
commercial numbers of replace parts.

b. Manufacturer's printed operating procedures to include start-up, break-in, and
routine and normal opera?’@ instructions; regulation, control, stopping, shutdown,
and emergency instruc\ig s; and summer and winter operating instructions.

¢c. Maintenance proc@es for routine preventative maintenance and
troubleshootin%@isassembly, repair, and reassembly; aligning and adjusting
instructions,

Q.

d. Servici@nstructions and lubrication charts and schedules.
A\
1.09 DELIVERY, STQ@KGE, AND HANDLING

A. Deliv, ?@roducts to the project properly identified with names, model numbers, types,
gr@/@s , compliance labels, and other information needed for identification.

B \)%ke all necessary precaution in storing and handling equipment and materials. Replace
OC) damaged equipment and material at no cost to the Owner.

%O

N
RART 2 - EXECUTION
O&Q’z.m ROUGH-IN
Q

A. Verify final locations for rough-ins with field measurements and with the requirements of
the equipment to be connected.

B. Refer to equipment specifications in Divisions 2 through 16 for rough-in requirements.
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2.02 MECHANICAL INSTALLATIONS

A. General: Sequence, coordinate, and integrate the various elements of mechanical

systems, materials, and equipment. Comply with the following requirements: é&

1. Coordinate mechanical systems, equipment, and materials installation with other 0@
building components. OO

2. Verify all dimensions by field measurements. \QO

3. Arrange for chases, slots, and openings in other building components durdg progress
of construction, to allow for mechanical installations. \Q\

4. Coordinate the installation of required supporting devices and sIe@%s to be setin
poured-in-place concrete and other structural components, as?l;&y are constructed.

5. Sequence, coordinate, and integrate installations of mec@cal materials and
equipment for efficient flow of the Work. Give particula@ba tention to large equipment
requiring positioning prior to closing in the building.\%\

6. Where mounting heights are not detailed or di é$$sioned, install systems, materials,
and equipment to provide the maximum heat{/ ‘m possible.

7. Coordinate connection of mechanical S)@tgns with exterior underground and
overhead utilities and services. Com ith requirements of governing regulations,
franchised service companies, an%@ trolling agencies. Provide required connection
for each service. OQ_

8. Install systems, materials, @/8 equipment to conform with approved submittal data,
including coordination dra\ings, to greatest extent possible. Conform to
arrangements indicatg y the Contract Documents, recognizing that portions of the
Work are shown oni{ diagrammatic form. Where coordination requirements conflict
with individual s@ékgn requirements, refer conflict to the Engineer/Architect.

9. Install sys\’;%s@materials, and equipment level and plumb, parallel and perpendicular
to other&.' ing systems and components, where installed exposed in finished
spacerO

10. | s‘t%?l mechanical equipment to facilitate servicing, maintenance, and repair or
lacement of equipment components. As much as practical, connect equipment for
@Q/ease of disconnecting, with minimum of interference with other installations. Extend
C)\} grease fittings to an accessible location.

QO 11. Install access panel or doors where units are concealed behind finished surfaces.
\% Access panels and doors shall be as specified in Division 15 Section "BASIC
&‘2\ MECHANICAL MATERIALS AND METHODS".
<<}.
O& 12. Install systems, materials, and equipment giving right-of-way priority to systems
é required to be installed at a specified slope.

2.03 CUTTING AND PATCHING
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A. General: Perform cutting and patching in accordance with Division 1 Section "CUTTING
AND PATCHING". In addition to the requirements specified in Division 1, the following
requirements apply:

1. Protection of Installed Work: During cutting and patching operations, protect A
adjacent installations. Q/%
N

B. Perform cutting, fitting and patching of mechanical equipment and materials required t,

Q

1. Uncover Work to provide for installation of ill-timed Work. Q
>
2. Remove and replace defective Work. VX/
)
3. Remove and replace Work not conforming to requirements of the Cgﬁt}act
Documents. @)

Q

4. Remove samples of installed Work as specified for testing. &V”
5. Install equipment and materials in existing structures.\c)é

6. Upon written instructions from the Architect, un(ﬁ%?and restore Work to provide for
Architect/Engineer observation of concealed Vior .

7. Cut, remove and legally dispose of selecteﬁ%chanical equipment, components, and
materials as indicated, including but no@ ited to removal of mechanical piping,
heating units, plumbing fixtures and po{m and other mechanical items made obsolete
by the new Work. QO

8. Protect the structure, furnishj Q:ﬂnishes, and adjacent materials not indicated or
scheduled to be removed. N

o
9. Provide and maintain porary partitions or dust barriers adequate to prevent the
spread of dust and @st to adjacent areas.

10. Patch existin rshed surfaces and building components using new materials
matching exi&ting materials and experienced Installers. Installers' qualifications refer

to the m ials and methods required for the surface and building components being
patche@
S

11. B, ’1@'\ finished surfaces and building components using new materials specified for
Qﬁh original installation and experienced Installers. Installers' qualifications refer to
he materials and methods required for the surface and building components being

0\§® patched.

QO END OF SECTION 23 05 11

&
&
O
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SECTION 23 05 12 - BASIC MECHANICAL MATERIALS AND METHODS

PART 1- GENERAL

é&.

1.01. RELATED DOCUMENTS @Q/
N
OC)
A. Drawings and general provisions of Contract, including General and SupplementaréQ
Conditions and Division 1 Specification Sections, apply to this Section. Q)\
ol
o

<<\
&
@)
S

Division 23 - Section 230511 - Basic Mechanical Requirements , {~
Division 23 - Section 230548 - Vibration controls for HVAC, E@rical and Plumbing.
&
1.02.  SECTION INCLUDES \2@
«
<
A. This Section includes limited scope general c&uction materials and methods for
w

application with mechanical installations aéia) ows:

O%

1. Mechanical equipment namepg@ ata.

Q

2. Miscellaneous metals foQQ}f)port of mechanical materials and equipment.
O

3. Joint sealers for @ng around mechanical materials and equipment; and for sealing

B. Related sections of Division 23 applicable to this section are:

penetrationsé( re and smoke barriers, floors, and foundation walls.
2
4. Acces <-gLneIs and doors in walls, ceilings, and floors for access to mechanical
me\ﬁ’gials and equipment.
L
@Q/Selective demolition

N

O
O
1.0, OSUBMITTALS
\S
NS
&Q}’ A. General: Submit the following in accordance with Conditions of Contract and Division 1
O

S

B. Product data for the following products: Access panels, doors and Joint sealers.

C. Shop drawings detailing fabrication and installation for metal fabrications, and wood

supports and anchorage for mechanical materials and equipment.
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D. Coordination drawings for access panel and door locations in accordance with Division 23
Section "Basic Mechanical Requirements."

S

E. Samples of joint sealer, consisting of strips of actual products showing full range of colo%Q

available for each product. OO

QO

F. Welder certificates, signed by Contractor, certifying that welders comply with \fb\
requirements specified under "Quality Assurance" article of this Section. O\v
&
G. Schedules indicating proposed methods and sequence of operation%tg selective

demolition prior to commencement of Work. Include coordinatio&f%? shut-off of utility

services and details for dust and noise control. é
NS
o
H. Coordinate sequencing with construction phasing an@bwner occupancy specified in
Division 1 Section "Summary of Work". é .
>
1.04. QUALITY ASSURANCE Q/%
S

O

A. Installer Qualifications: Engage an\@?‘perienced Installer for the installation and

application joint sealers, acces nels, and doors.
@?
@)

B. Qualify welding proces és\and welding operators in accordance with AWS D1.1

"Structural Welding@e - Steel."
@)
NS

C. Certify that welder has satisfactorily passed AWS qualification tests for welding
processeQQ/olved and, if pertinent, has undergone re-certification.
&
&
D. Fj esistance Ratings: Where a fire-resistance classification is indicated, provide

cess door assembly with panel door, frame, hinge, and latch from manufacturer listed in
QO™ the UL "Building Materials Directory" for rating shown.

Q
o
&
&
éo 1.05. DELIVERY, STORAGE, AND HANDLING

E. Provide UL Label on each fire-rated access door.
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A. Deliver joint sealer materials in original unopened containers or bundles with labels
informing about manufacturer, product name and designation, color, expiration period for

use, pot life, curing time, and mixing instructions for multi-component materials. <

recommendations to prevent their deterioration and damage. OO

Q
©
1.06. PROJECT CONDITIONS 12

A\
g
Y
A. Conditions Affecting Selective Demolition: The following project Condcijff(éﬁs apply:

B. Store and handle joint sealer materials in compliance with the manufacturers'

1. Protect adjacent materials indicated to remain. Install and quimain dust and noise
barriers to keep dirt, dust, and noise from being transmit&géto adjacent areas.
Remove protection and barriers after demolition ope@‘t%ns are complete.

N
&

2. Locate, identify, and protect mechanical servieks passing through demolition area and
serving other areas outside the demolitiordk;nits. Maintain services to other areas
outside the demolition limits. When sqré@es must be interrupted, install temporary
services for affected areas. @)

4
X

1.07. SEQUENCE AND SCHEDULING \/Q
@?
A. Coordinate the shut—off?éﬁ disconnection of utility services with the Owner and the
utility company. Q‘®
O
N

B. Notify the A@' ect at least 5 days prior to commencing demolition operations.
O
<
PART 2 - PROD,Q@PS

S

%
2.01. %@ANICAL EQUIPMENT NAMEPLATE DATA

QO

\% A. Nameplate: For each piece of power operated mechanical equipment provide a
'\\2\ permanent operational data nameplate indicating manufacturer, product name, model

O&Q/ number, serial number, capacity, operating and power characteristics, labels of tested

é compliances, and similar essential data. Locate nameplates in an accessible location.

2.02.  MISCELLANEOUS METALS
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A. Steel plates, shapes, bars, and bar grating: ASTM A 36.

B. Cold-Formed Steel Tubing: ASTM A 500.
A -
S
S

OC)

D. Steel Pipe: ASTM A 53, Schedule 40, welded. \OO

C. Hot-Rolled Steel Tubing: ASTM A 501.

A\

E. Non-shrink, Non-metallic Grout: Premixed, factory-packaged, non—stainin%}&?n—
. . . . A\t

corrosive, nongaseous grout, recommended for interior and exterior apggatlons.

Q

F. Fasteners: Zinc-coated, type, grade, and class as required. &V”
O
2.03.  JOINT SEALERS \c“)
o
&

A. Fire-Resistant Joint Sealers: Two-part, foamed-in—klace, silicone sealant formulated for
use in through-penetration fire-stopping arou@\;cables, conduit, pipes, and duct
penetrations through fire-rated walls and Q&rs. Sealants and accessories shall have fire-
resistance ratings indicated, as establigh&d by testing identical assemblies in accordance
with ASTM E 814, by Underwriters' oratories, Inc., or other testing and inspection
agency acceptable to authoritie\sjaaving jurisdiction.

@?
. NS . . . .
B. Available Products:w to compliance with requirements, products, which may be

incorporated in the , include, but are not limited to, the following:

@)
S
C. Products: Sl{?i‘e t to compliance with requirements, provide one of the following or

approved(@@.lal:

"Q}vv Corning Fire Stop Foam, "Dow Corning Corp.
@Q/ Pensil 851," General Electric Co.
)

O
2.04.Q CCESS DOORS
N
&
<<}, A. Steel Access Doors and Frames: Factory-fabricated and assembled units, complete with
O& attachment devices and fasteners ready for installation. Joints and seams shall be

S

continuously welded steel, with welds ground smooth and flush with adjacent surfaces.

B. Frames: 16-gage steel, with a 1-inch-wide exposed perimeter flange for units installed in

unit masonry, pre-cast, or cast-in-place concrete, ceramic tile, or wood paneling.
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1. Forinstallation in masonry, concrete, ceramic tile, or wood paneling: 1 inch-wide-
exposed perimeter flange and adjustable metal masonry anchors.

2. For gypsum wallboard or plaster: perforated flanges with wallboard bead. {(/é&
S

3. For full-bed plaster applications: galvanized expanded metal frame. OO
Q

%
C. Flush Panel Doors: 14-gauge sheet steel, with concealed spring hinges or con{e/:g?ed

continuous piano hinge set to open 175 degrees; factory-applied prime pai@v

&
1. Fire-Rated Units: Insulated flush panel doors, with continuous ;@Qo hinge and self-
closing mechanism. &?“
O

6

D. Locking Devices: Flush, screwdriver-operated cam loc %
Q
«

E. Manufacturers: Subject to compliance with requi\r‘/éments, provide products by one of the

following: Oé
S
Bar-Co., Inc. %Q/
<2O
J.L. Industries. Q.
QO
Karp Associates, Inc. v

?\
O%

Milcor Div. Inryco, Inc\
\e
&
O

S
3.01. EXAI\/IINATIOQV\bQ‘

PART 3 - EXECUTION

A. Exa '\e substrates, areas, and conditions, with Installer present, for compliance with
@Qirements for installation tolerances and other conditions affecting installation and
O\)application of joint sealers and access panels. Do not proceed with installation until
Q unsatisfactory conditions have been corrected.

o
&
+.3.02. SELECTIVE DEMOLITION
&

S

A. General: Demolish, remove, demount, and disconnect abandoned mechanical materials

and equipment indicated to be removed and not indicated to be salvaged or saved.
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B. Materials and Equipment To Be Salvaged: Remove, demount, and disconnect existing
mechanical materials and equipment indicated to be removed and salvaged, and deliver
materials and equipment to the location designated for storage. <
C. Disposal and Cleanup: Remove from the site and legally dispose of demolished materials\\)Q
and equipment not indicated to be salvaged. OO

Q
O

D. Mechanical Materials and Equipment: Demolish, remove, demount, and discor{l@lt the
following items: &
<<\
N4
1. Inactive and obsolete piping, fittings and specialties, equipmen@@ctwork, controls
fixtures, and insulation. A
O
2. Piping and ducts embedded in floors, walls, and Ceilﬁmay remain if such materials
do not interfere with new installations. Remove m\s&grials above accessible ceilings.
Drain and cap piping and ducts allowed to re@-hin.
>
3. Perform cutting and patching required@ demolition in accordance with Division 1
Section "Cutting and Patching". O%
R
X
3.03.  APPLICATION OF JOINTS SEALER <
Oev
A. General: Comply with j i'ﬁi\sealer manufacturers' printed application instructions

applicable to produ@nd applications indicated, except where more stringent

requirements a .
S
< | -
B. Comply vQ@recommendanns of ASTM C 962 for use of elastomeric joint sealants.
&
C. C@Iy with recommendations of ASTM C 790 for use of acrylic-emulsion joint sealants.

N)

(D7 Tooling: Immediately after sealant application and prior to time shinning or curing begins,

Q

\% tool sealants to form smooth, uniform beads; to eliminate air pockets; and to ensure
.’\\2\ contact and adhesion of sealant with sides of joint. Remove excess sealants from
&Q/’ surfaces adjacent to joint. Do not use tooling agents that discolor sealants or adjacent
éo surfaces or are not approved by sealant manufacturer.

E. Installation of Fire-Stopping Sealant: Install sealant, including forming, packing, and other

accessory materials, to fill openings around mechanical services penetrating floors and
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walls, to provide fire-stops with fire-resistance ratings indicated for floor or wall assembly
in which penetration occurs. Comply with installation requirements established by testing
and inspecting agency.

S

3.04. INSTALLATION OF ACCESS DOORS OQQ/
@)

O
A. Set frames accurately in position and securely attached to supports, with face par\@?
plumb and level in relation to adjacent finish surfaces. \/@
o
B. Adjust hardware and panels after installation for proper operation. (<<(
O
&?*
O

END OF SECTION 23 05 12 %\@

Q&
A .
Oé

230512 C-36 Basic Mechanical Materials and Methods



Middlesex County College
NH, LH and PAC HVAC Upgrades
September 02, 2015

SECTION 23 05 13 - ELECTRICAL REQUIREMENTS FOR MECHANICAL EQUIPMENT

PART 1 - GENERAL A -
S
1.01  RELATED DOCUMENTS OQQ

QO

A. Drawings and general provisions of Contract, including General and Supplemen
Conditions and Division-1 Specification sections, apply to work of this section
)
B. Refer to Electrical Drawing Specifications for electrical components ac§(materials required

for field installation and electrical connections are applicable to thiSsection.

O&

C. Division 23 - Section 23 05 48 - Vibration mountings and C\@ ols, Vibration isolation and
seismic restraint specification for HVAC, Fire Protecti(\)??ilectrical and Plumbing.
&

1.02  SECTION INCLUDES é
>

A. This section specifies the basic requirem;é@rs for electrical components, which are an integral
part of packaged mechanical equip @QThese components include, but are not limited to
factory-installed motors, starters wriable frequency drives, and disconnect switches
furnished as an integral part chaged mechanical equipment.

\O%

B. Specific electrical reqylgements (i.e. horsepower and electrical characteristic) for mechanical

equipment are scf@u ed on the Drawings.
&
1.03 CODES AND S DARDS

<

)
A. NE&\Etandards MG 1: Motors and Generators
&

OQ:)\}\IEI\/IA Standard ICS 2: Industrial Control Devices, Controllers, and Assemblies.

Q

&\2@ C. NEMA Standard 250: Enclosures for Electrical Equipment

&
@) D. NEMA Standard KS 1: Enclosed Switches

S

E. Comply with National Electrical Code (NFPA 70).

1.04 SUBMITTALS
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A. No separate submittal is required. Submit product data for motors, starters, and other

electrical components with submittal data required for the equipment for which it serves, as

required by the individual equipment specification sections. {(/é&
S
1.056  QUALITY ASSURANCE OC)
Q
%
A. Electrical components and materials shall be UL labeled. \fb
Ng
O
PART 2 - PRODUCTS <

RS
201 MOTORS <« ¥
O
A. Each Contractor shall provide all electric motors require%?‘ec‘r)driving all motor driven
equipment required to be furnished under his SectioK@the Specification.
é .
B. All motors shall be designed for 3-phase, 60H@§Iternating current operation with nameplate
voltage across the motor terminals, excep@t, unless otherwise specified herein, all motors
1/2 HP and smaller shall be designed ®%Sing|e phase, 60Hz. alternating current at 120 volts
across the terminals. Before orde(rﬁ'motors, ascertain the actual voltages and other current
characteristics that will be avaL@gIe and permissible for each motor. Report the same in
writing to the Architect an(be\%%in approval before ordering motors. The designation of
current characteristics 'rﬁt\ese Specifications does not relieve the responsibility for
ascertaining the ac &bconditions of electric service available for each motor or for the proper
operation of allgga)rs under the actual conditions.
A\
C. The speeQQorsepower, type and other essential data for each motor, if not given under
para%é%’ns describing the various motor driven apparatus, or in schedules on the drawings
s@%e obtained from the manufacturer of the respective apparatus and shall be submitted

the Architect for his review. All two speed motors shall be single winding type.

O
OC)

& * D. Provide oversized motor junction box for 2 speed motors.
N
&
O&Q/ E. All motors shall be built in accordance with the latest rules of the National Electrical
< Manufacturers Assn., and of the Institute of Electrical and Electronic Engineers and also as
hereinafter specified.
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Motors 1/2 HP and larger shall be premium efficiency and have Class B insulation. All motors
shall be rated for continuous duty and shall be designed for temperature rises not to exceed
55 degrees for fully enclosed type, 55 degrees C. for splash proof types and 40 degrees C. for

all other motors excepting as otherwise specified herein. Motors shall be capable of %

withstanding momentary overloads of fifty per cent (50%) without injurious heating. TheQQ
shall operate without excessive heating, flashing or sparking under any conditions vvit@q)the
specified capacity of load and speed. All motors shall operate quietly and shall b@e%laced if,
in the Architect's opinion, they do not do so. All motors, which are in the airst@ans of air
conditioning units, shall be totally enclosed (TEFC/ TEAQ) type. O\v
&
Motors 1/2 HP and larger shall have ball or roller bearings with pre@Qe grease lubrication,
except where otherwise noted. A
O
Direct connected motors shall be furnished without an a@@table base. All motors connected
to driven equipment by belt shall be furnished with a@&table sliding bases, except fractional
motors with slotted mounting holes. é .
>

All motor leads shall be permanently ider%’r‘é@d and supplied with connectors.

@)

&£
Motors shall have nameplates g\iﬁng manufacturer's name, serial number, horsepower, speed,
voltage, phase and current racteristics.

QD
The insulation resis e between stator conductors and frames of motors at the time of final
inspection shall QQO‘[ less than one-half mega-ohm.
A\
All motorQQall be of the proper type for their proposed duty, and shall have sufficient torque
to st rt@nd run the equipment to which they are connected, and starting currents and running
c %nts shall not exceed the limits imposed by the laws or rules and regulations of the public
uthorities having jurisdiction or of the electrical utility company. All motors shall have

sufficient horsepower capacity and rated duty to operate the apparatus to which they are
connected so as to give the speeds and performances specified, but the horsepower shall be
in no case be less than that started herein or shown on the drawings. A schedule giving the
characteristics of the motors proposed for each type of service shall be submitted to the

Architect for approval.
The maximum full load speed of each direct connected motor shall be suitable for the
equipment it drives.
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N. Except where V-belt drive is specified, the fan wheels for ventilating fans shall be mounted on
the motor shafts, which shall be designed for this duty. All motors except motors furnished as

an integral part of equipment and factory installed on the equipment, shall be of same {(/é&

manufacture. )
O
O

0. Poly-phase motors shall be squirrel cage, induction, high efficiency, energy saver@;@,

suitable for the starting torque and current requirements. \/Q?

Ng
Y

P. Single phase motors shall be of the capacitor start induction run or spli ase type as

required for proper operation of the driven equipment. éo

&?*

Q. The efficiency of energy efficient motors shall be verified in a@%rdance with NEMA standard
NG1-12.53a. Minimum acceptable efficiency shall be as}oo\%vvs and in accordance with N.J.

Smart Start Buildings Programs: «@
-

. NN

Rating H.P. O Efficiency
S
&

200/460 Volts 1 HP to 55@ 86.5% to 89.5%
3-Phase, 60 Hz. 7.5 HP, 5 HP 91.0% to 93.6%
1.15 Service Factor 30 Qllszto 75 HP 94.1% to 95.0%
400C. Ambient d%lzm to 200 HP 95.4% to 95.8%

1800 rpm &\
@?‘

Q.

2.02  INDIVIDUAL MOTC&QARTERS

Q.\

A. Each SubQE%ntractor shall furnish and turn over to the Electrical Sub-Contractor, who shall
erect@\ provide power wiring for same, motor starting equipment for motors provided as
of the work. If motor is replaced (even same HP), provide new starter for that motor.

N)

@ For each motor 1/3 HP or smaller, starters shall be manual, with thermal overload protection,

\2@ and pilot light, except that where interlocking or automatic control (other than for unit and
Q}& cabinet heaters) is required, starters shall be 120 volts combination circuit breaker and
O& magnetic starter with pilot light.

S

C. For each motor 1/2 HP and over, starters shall be combination circuit breaker and magnetic

across the line. All magnetic starters shall have 3 thermal over current-units. Provide
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480/120-volt transformers for control circuits with a fused secondary. Confirm secondary

voltage required.

D. For motors requiring electric interlock, or automatic control features, starters shall be é&
equipped with the necessary auxiliary contacts, or terminals to provide the control featur@
desired. Such starters shall be provided with "hand-off-auto" selector switch mounte@q’?
cover. For two speed motors, provide "high-low-off-auto" four-position selector s\w h. In
"hand" position, all controls and safeties shall be operative. \fb

O\?‘

E. In addition to any auxiliary contacts required for interlocking purposes,@] magnetic starter
shall be equipped with one normally open auxiliary control circuit c@gct either for "sealing
in" or as a spare for future use. &V”

O

F. Transformer type, pilot lights shall be provided for all m%?%tic starters and for all remote

control stations. Pilot light shall be mounted on cove&@d shall have 6-volt bulb.

G. For two speed motors, provide a pilot light for@% speed. For starters for 10 HP and over,

provide adjustable 20-second time delay @/een Hi and Low Speed.
O%

H. Each starter shall be clearly identi@'after installation by engraved nameplates. The
nameplates shall be Bakelite b@& plates with 1/2" high white letters and shall be securely
fastened to starter or to w mediately below same. Sections furnishing starter shall

: N
provide nameplates. @?’S
Q.

|.  The Electrical C(Q@actor shall install all starting equipment except starters specified to be
factory mou@g@and wired as part of the equipment, and shall do all wiring necessary to
supply poQ@r to the starter, including connections from the starters to the motors. All selector
svvitg{@and pilot lights required in accordance with the preceding information shall be flush

n@ted in the cover of its respective starter.

S

@C) All enclosures shall be NEMA Type | sheet steel, with hinged cover, for general-purpose
\% indoor application, unless otherwise indicated. Enclosures shall be arranged for equipment or
{(}&\2\ wall mounting. Weatherproof NEMA Type 4X enclosures shall be provided for all outdoor
A starters.
O
é
K. Three phase motors under 50 horsepower shall be furnished with full voltage, combination

circuit breaker and magnetic across-the-line starters unless otherwise noted.
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L. Three phase motors 50 HP and over shall be furnished with combination circuit breaker

disconnect and reduced voltage starter such as wye-delta unless otherwise noted.

M. Stainless steel flush mounted starter and enclosures shall be provided for all starters Iocate%é&

in kitchen and dishwasher areas. 0@
O
O
OQ
N\
N. All starters, except those furnished as an integral part of equipment and factoQ//%stalled on
the equipment, shall be of the same manufacturer. O\v
N
&
2.03 MOTOR CONTROL CENTERS é
&?*
A DESCRIPTION OF WORK éo
NS

1. This Section describes the motor control centers«@luding starters, disconnecting

devices and controls, assembled as complete\~/énd fully operational units.

>

2. All microprocessor-based or other Cor@ter equipment shall be certified by the

manufacturer(s) to be year-2002 liant.

X
B RELATED WORK SPECIFIED EJ\/&WHERE
@?
1. Codes, Regulationseﬁq Standards - Division 1
Q.
2. Building I\/Iar(@@ment Controls System - Section 230900
A\

3. Race@s and Installation Components- Section 260533
O

4@‘9Vires and Cables- Section 260519

S

OC) 5. Safety and Disconnect Switches- Section 262816

Q
&
o\ 6. Fuses - Section 262813

&
éo C REFERENCE CODES AND STANDARDS- COMPLY WITH THE FOLLOWING IN ACCORDANCE
WITH DIVISION 1

1. International Electrical Testing Association (NETA)
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&
XS

2. National Electrical Manufacturers Association (NEMA)
3. National Fire Protection Association (NFPA) 70 {(/é&
National Electrical Code (NEC) 0@
O
QO
4. National Electrical Code (NEC) Q
N\
2
A\
5. Underwriters Laboratories, Inc. (UL) 845 Motor Control Centers Labeli@@nd Listing
Requirements. (<<<\
O
D SUBMITTALS &?“
O
1. The work of this Section shall be coordinated with tl%%ork of all other Contracts and
shall be so arranged that there will be no delay m«@e proper installation and completion
of all work. -
é\/
O
2. Submit shop drawings of motor contrqf(%nters, including wiring diagrams, and scaled
front view (outline) and plan view ings.
X
3. Submit manufacturer’ s prQ/é{lct data on all motor starter sizes and accessories, including
motor circuit protector rermal magnetic circuit breaker, trip sizes and overload sizes
for each motor. Fra@g\sizes are not acceptable.
Q.
4. Submit detai&'g@control wiring diagrams indicating control power transformers, fuses,
relays, c&l},\ contacts, pilot lights and H-O-A switches.
<<O
5. §<bc|%it list of heater elements (by type and size) used.

QC)

8.

7.
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S

C)\\§.§ Submit VA rating for each control power transformer.

Submit certified field test report.

Submit certification(s) from the manufacturer(s) that all microprocessor-based or other

computer equipment is year-2002 compliant.

E  APPROVED MANUFACTURERS- THE FOLLOWING MANUFACTURERS ARE APPROVED FOR
USE.

230513
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1. Allen-Bradley, Rockwell Automation.
. . A
2. Square D, Schneider Electric. {(/é
S
3. Cutler-Hammer/Eaton. OO
Q
%
F MOTOR CONTROL CENTERS o)

R
Provide 480 volt, 3 phase, 3 wire (with ground) 60 Hertz Motor Con@\)enters consisting
of vertical, unitized sections, complete with draw out type start%s%it for each motor in
accordance with the schedules on the drawings. A

O

The enclosure shall be NEMA Type 1A, completely e%:‘%sed and with gaskets. Each unit
shall be provided with a draw-out type base on w&w shall be mounted a combination
type starter. Each vertical section shall be ap{:foximately 90 inches high and 20 inches
deep for front access units. Units shall beé%ss [, Type “ B” construction, with wiring of
each unit brought to individual termin@ocks. Vertical and horizontal wiring channels
shall be provided in each section.dinate with the DDC System Installer for required
control point terminals. OQ‘

R
\

The external operating dle of each disconnecting device shall be interlocked with the
respective door so I'ﬁi}the handle must be in the “ off’ position before the door can be
opened, and shgé_@event applying power while the door is open. The handle shall include
provision f&@@jlocking in the “ off’ position with one (1) to three (3) padlocks. The

door int k shall be capable of being released with a screwdriver with the disconnect
deviw(Q the “ on” position.
&

&

4@$rovisions shall be made for adding future sections at each end.

N)

Insert unit-wiring diagrams in a protective pocket inside of the compartment for each

starter.

Verify the ratings and acceleration times of the high-efficiency motors actually installed,
and provide starters, motor circuit protectors or thermal magnetic circuit breakers and

thermal over-current elements to suit these ratings.
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7. Motor control centers shall be provided with a continuous horizontal and vertical copper

grounding bus, which shall be bonded to the grounding system.

8. Horizontal and vertical buses shall be copper and rated as required by the Contract é&
Documents. The buses shall be braced for 65,000 RMS symmetrical amperes. Minim@
bus capacity for vertical bus shall be 400 amperes. OO

QO

N\
Provide nameplates as specified in Section 260000. Nameplates for each t&er and
branch circuit breaker shall include the load identification number and cription as
. AN
shown on the drawings, the motor control center compartment nun"Q%r, and the load
watts or horsepower. Each motor control center shall have a 2—@ high laminated
phenolic master nameplate, with 1 inch high letters, Iocated&gme upper left-hand corner
of the main circuit breaker door. Master nameplate shall€@dicate motor control center
name and power source name. Nameplates shall be scx8wed to enclosure. Provide
N
nameplates for each spare and space. «‘2\
-
9. Provide isolating barriers between the po@bus and the wire ways and
Insulation/isolation of all vertical powQ/C-Buses. Provide rodent barriers.
@)
10. Compartments designated, as “"&pace” on drawings shall contain bus, hardware and
doors for future starters. SL@? shall be as shown on drawings.
@?
O
11. The motor control eﬁ\ﬁer shall have a UL-listed short-circuit current rating of 65,000 RMS
symmetrical am@_&&s or higher.
O
N
12. Provide gy ¥olating shutter mechanism for vertical bus stab openings.
<<O
13. IKC\@Ge variable-frequency drives (VFD) as scheduled as an integral part of the motor
Q/ﬁ)ntrol center. The VFD units shall be UL 508C listed for the motor control center short-
OV circuit current rating. VFD keypads, LED and operator controls shall be door mounted.

O Control power transformer with 100 VA extra customer capacity, in addition to that
\%O required for 120 volt control power and ventilation fans (as required), shall be provided for
.’\\2\ each unit. Line reactors, shall be included. Bypass starters as scheduled or specified shall
&Q/’ be NEMA-rated and provided in a barrier arrangement so that VFD and starter are
éo physically and electrically isolated from each other. Motors 30HP or greater shall have a

harmonic filter to reduce harmonics, Series D Matrix Harmonic Filter.

14. Include wye-delta starter for each motor rated at 50 horsepower and above.
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15. The motor control center shall be seismically braced and have bolt-down provisions for
Seismic Zone 2. <
S
16. Eaton is the basis of design and Motor Control Center shall not exceed 17'W x 16” D
90" H for MCC-1 and 18'W x 16"D x 90"H for MCC-2. OO

Q
Q)\O
R

) . . . . AN
1. Provide each motor control center incoming line section with a panQ{(mounted

G. SECONDARY METERING

microprocessor-based monitoring device to match the unit spe@g%l for the low-voltage

switchgear. The unit shall provide a digital readout of the foKang electrical parameters,

selectable via a front-mounted display selector and indi r.
O
a. AC current, all three phases. \%

X

b. AC voltage, phase-to-phase and phase—to;gé&utral.

N\
c. Breaker status — open, closed, trip. Qé

Q/%
2. The unit shall be equipped with a 485 communication port for communication over a

twisted-pair data line. oQ‘

R
\

3. Inputs to the unit shallé&tampere current transformer secondary leads and fused bus
potential leads. Cur, \t and potential ratios shall be selectable via field-accessible DIP
switches to pro@readouts in primary values.

<<O
4. Provide @}ential transformers (PTs) as required to monitor bus voltage for all three

phasé@CQnd current transformers (CTs) as required to monitor current for all three phases.
O

&
H. INSTAFATION AND WIRING (BY DIVISION 26, ELECTRICAL CONTRACTOR)

N)

Q> Install all motor control centers in locations shown or as directed by the Design Professional.

Q

\% Provide concrete housekeeping pads.
&
O&Q/ 2. Wire completely each motor control center.
3. Wire the starting equipment to the motors and control devices in accordance with the wiring
diagrams furnished by the equipment manufacturer.
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4. Provide one (1) spare set of heaters (thermal overcurrent element) for each different size

heater used.

5. Provide the Owner with a neatly typed list of all types and sizes of heater elements used, {(/é&

including references to motor and starter identification.
6. For motor connection requirements, see Section 260000. \OO

A\
7. For motors furnished with power factor correction, provide motor overload ed to suit the
. o . N
change in full-load current due to the capacitor installation. (<<(

Q

8. Coordinate with the DDC System Installer for installation of coniot wiring.

A

[. IDENTIFICATION \c“)
&
1. Provide permanent nameplates as specified in Se\e/hon 260000.
>
2. Furnish permanent identification of cable%@)r codes as specified in Section 260519.
<2O
J. STARTUP AND FIELD TESTING oQ‘
1. After installation, the equi t shaII be started up and field-tested to ensure that it
functions in accordanc%@}t the specifications.
2. As a minimum, Qgeld tests shall include the following:
N
a. Ensuretfat all shipping members have been removed.
b. Ch@k for damage (dents, scratches, frame misalignment, damage to panel devices,
Q/\Mssmg hardware, etc.).
O Ensure that interiors are free of foreign materials, tools and dirt.
S O d. Check each motor for proper rotation.
\S
,Qz‘ e. Check switches, pilot lights, pushbuttons, starters, contactors, etc. for proper operation by
&Q}’ exercising all active components.
O
f.  Check each motor control center for proper circuit breaker and overload sizes.
g. Before starter units are installed, megger test the motor branch circuits phase-to-phase
and phase-to-ground.
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h. Set time delay relay for each motor starter.
i. Verify appropriate anchorage, required area clearances and correct alignment.
j. Verify that the circuit breakers correspond to the drawings and approved short-circuit {(/é&

C)\\)@

electrical coordination study.

k. Verify tightness of accessible bolted electrical connections. QO

I.  Verify correct barrier and shutter installation and operation. Q)\O

m. Verify that filters are in place and/or vents are clear. O\?X/

n. Inspect control power transformers for damage (cracked insulatiobégken leads,
tightness of connections, overall general condition, etc.). ?‘é

0. Perform insulation-resistance tests on each bus section,@@%e-to-phase and phase-to-
ground. \@

p. Perform functional testing on each control devicg@

g. Verify operation of space heaters. éd ’
@)
S
3. Results of the field tests shall be on st@%fd test report forms. The certified report shall be
submitted upon completion of the&@%.
\/Q
@?
O
@?‘

A. Furnish Pilot devi<(§,"which are not integral to starter and, required for remote control of

2.04 MOTOR CONTROLLERS

motors. Thes@%tions include devices for motor control, such as pushbuttons, switches, etc.
OQ"
B. Unless\q%ervvise noted, motor controllers shall be housed in NEMA Type 1 general-purpose
en@ure located in electric closet or mechanical room. Outdoor controllers shall be provided

Nh weatherproof NEMA Type 4X enclosures.

P

OC. The controllers to be installed in finished areas shall be flush mounted.

&
&
O

D. The Electrical Contractor shall install and provide wiring for motor controllers.

2.05 VARIABLE FREQUENCY DRIVES
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A. Variable Frequency Drives (VFD) shall be suitable for the voltage specified on drawings. VFD
Power Factor shall be 0.96 or better, Efficiency 96% minimum VFD shall be in NEMA-1
enclosure, 66KAIC Interrupt Rating and shall be suitable for operation in 95% Relative
Humidity (non condensing). Provide 3-Contactors, Electronic Bypass, Disconnect Switch {(/é&
(Handle thru door) with Input Fuses and Bypass Fuses, Line reactor, filtering to minimize\\)Q

noise, ventilation fan within enclosure, microprocessor logic control with parameter sgtyirigs, 2
Normally open and 2 Normally closed contacts in Bypass contactor, digital Keypa\ nimum
of 4 programmable critical frequency lockout ranges. \/Q?
Ng
&
B. VFD shall be UL Listed and 1EEE 519 compliant. O<<<<

Q

C. VFD shall be equipped with the following protection features: &?“

1 Under voltage trip @ -35% %\%
N

&

2. Over voltage trip @ +30% -
é\/
O
3. Motor Overload in both drive and bypg%%ﬂodes.
<2O
4. VFD overload OQ‘
\/Q
5. Short Circuit Oév
QD
6. Stall prevention @
O
X
7. Locked rgtd
O
<

8. !;{O@r over-temperature
&.§ VFD over-temperature
O

QO

%) 10. Input transients

\S
&

O&Q/ 11 Phase failure in both drive and bypass modes.
D. VFD shall have the following capability:
1. RS-485 communication.
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2. Serial Communication capability for PID control adjustments, current limit and
acceleration/deceleration time adjustments. <

3. Allow BMS to monitor output speed/frequency, current, power (kW) and kilowatt hou@
(resettable), operating hours (resettable), digital inputs and diagnostic warning ar@qéult

information. Q
>
A\
4. Following readouts shall be available at the display: O\v
N
a. Status of drive <§<<<
b. Motor Speed &?*é
c. Output Frequency %éo
\
d. Output Voltage \@
&
e. Motor Current -
é\/
f.  Calculated Motor Power (kW) O
g. KWh meter (resettable) O%Q/

h. Digital input status QQ?
i. Analoginput values N\,

o
j. Calculated I\/Ioto&'\@rque

k. DCBus vmag%

l. Heatsn@'emperature (°F)
m. && Output Value
K\%apsed Time Meter (resettable)

Q/? Digital Output Status
Q
0\5

O

%O ELECTRIC HEAT TRACING

\S
/\Q*

&Q, A. GENERAL:
1. Furnish and install a complete UL Listed, CSA Certified, or FM Approved system of
heating cables, components, and controls to prevent pipes from freezing.
230513 C-50 Electrical Requirements

For Mechanical Equipment



Middlesex County College
NH, LH and PAC HVAC Upgrades
September 02, 2015

B. MATERIALS:

1. The self-regulating heating cable shall consist of two (2) 16 AWG nickel-copper bus wires
embedded in parallel in a self-regulating polymer core that varies its power output to %
respond to temperature all along its length, allowing the heating cable to be cut to len
in the field. The heating cable shall be covered by a radiation-crosslinked, modifiqgo
polyolefin dielectric jacket. To provide a ground path and to enhance the hea\t'@ cable
ruggedness, the heating cable shall have a braid of tinned copper and an %@r jacket of
(select: modified polyolefin (-CR) or fluoropolymer (-CT)), as require@XF section 427-

23 of the NEC-1996. <<<<\
O
2. Forinstallation on plastic piping, the heating cable shall be anlﬁed using aluminum tape
(AT-180). D
NS
N

3. In order to conserve energy and to prevent overh@fﬁng, the heating cable shall have a

self-regulating factor of at least 90 percent. Fe self-regulation factor is defined as the
percentage reduction, without thermostat'@%ntrol, off the heating cable output going
from 40° F pipe temperature operati%&wo" F pipe temperature operation.

@)
4. The heating cable shall operat&%ﬂ line voltages of 120 volts without the use of

\/Q
@?
. o . . .
5. The heating cabl@etal—mpe freeze protection shall be sized according to the table
heating cable output rating is in watts per foot at 50° F. (Heating

transformers.

below. The rqu_
cable selectiQQJased on 1-inch fiberglass insulation on metal piping).

<2~\
(}Q}e size (inches) Minimum Ambient Temperature
O
& o o
Q/é 0°F -20°F

0@ 3 orless 5 watts 5 watts

OC) 4 5 watts 8 watts

\go 6 8 watts 8 watts
’&\2\ 8 8 watts 2 strips-5 watts
&Q/’ 10 2 strips-5 watts 2 strips-8 watts

6. Power connection, end seal, splice, and tee kit components shall be applied in the field.
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7. Heating cable circuit shall be protected by a ground-fault device for equipment protection.
This requirement is in accordance with section 427-22 of the NEC-1996.

C. COMPONENTS {(/é&’
S
1. All heating-cable components shall be UL Listed, CSA Certified, or FM Approved @Cdse
as part of the system to provide (choose one: pipe freeze protection, flow mai@jaQance).
Component enclosures shall be rated NEMA 4X to prevent water ingress %&orrosion.
Installation shall not require the installing contractor to cut into the heafi\ig-cable core to
expose the bus wires. Connection systems that require the installiq@@ontractor to strip
the bus wires or that use crimps or terminal blocks, shall not be‘gg'?eptable. All
components that make an electrical connection shall be re—m’g}able for servicing. No
component shall use silicone to seal the electrical conneﬁg ns. An exception will be

made in areas where a conduit transition is required(-o\

&

<
é\/
@)

1. The system shall be controlled by a Iir@%ensing thermostat AMC-F5 fixed at 40° F set at
40° F directly in NEMA-4X enclos 2 AMP 480 Volt SPST contact, filled bulb 2.5 FT
capillary. Sensing range silico ~30° F to 140° F).

E. EXECUTION \/Q
@?
O
1. INSTALLATION. A
@?‘
Q.
a. System t be installed per manufacturer’ s recommendations.
A\
b. AQ@/ the heating cable linearly on the pipe after piping has been successfully
&@ressure—tested. Secure the heating cable to piping with cable ties or fiberglass tape.

S

%
O\)® c. Apply “ Electric Traced” labels to the outside of the thermal insulation.

D. SYSTEM CONTROL

QO
\% 2. TESTS
&
O&Q/ a. After installation and before and after installing the thermal insulation, subject
é Heating cable to testing using a 2500-Vdc Megger, Minimum insulation resistance
shall be 20 megohms or greater.
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PART 3 - EXECUTION

3.01 ELECTRICAL REQUIREMENTS
&.
S
S

OC)

1. The Electrical Contractor shall provide power wiring for all electrical devices, @ r

A. Power Wiring:

starters and un-mounted motors, furnished to him at the job site by othert\r/&es.
g

O

B. Control Wiring: ()QQ

1. The Heating, Ventilating and Air Conditioning Contractor shaﬂ%?ovide all HVAC control
wiring including, but not limited to, Automatic Temperatu@ ontrols, Combustion Control,
Burner and Boiler Control, and condenser water tre nt controls, except as otherwise

specified herein. &@

N\

2. The Electrical Contractor shall provide aII@%mbing control wiring, except as otherwise

specified herein. %Q/%

O

3. The HVAC contractor shall pro\vﬁe all control devices for HVAC equipment, except as

otherwise specified herein.\/<2

@?
. O . . . .

4. The Plumbing Cont, éc\or shall provide all control devices for Plumbing equipment, except

as otherwise spgfitied herein.

O
N
5. The Elec<t<{ib | Contractor shall provide all safety switches, except as otherwise specified
hereiQO
&

6@%@ Electrical Contractor shall provide all fractional horsepower manual starters and

N) toggle switches for mechanical equipment.

QC)
\% 7. The HVAC and Plumbing Contractors shall furnish individual motor starters and VFD' s
.’\\2\ for HVYAC and Plumbing equipment, unless otherwise specified herein.
&
éo C. Electrically operated equipment supplied by other trades, which are required to be installed

and power wired by the Electrical Contractor, shall be delivered with detailed instructions for
their installation and wiring in sufficient time and proper sequence to meet the work
schedule.
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D. Equipment which includes a number of correlated electrical control devices mounted in a
single enclosure or on a common base with equipment, shall be supplied for installation
completely wired as a unit with terminal boxes and ample leads ready for external wiring. {(/é&

S

E. All electrical items called for as part of the mechanical work shall conform to NEMA OO
Standards, to the requirements of the National Fire Protection Association, and to\éw
requirements of any local electrical code authority having jurisdiction. Any fie@/%odiﬂcations
required to insure such conformance shall be included as part of the mec{(h\é)?&al work.

F. The purchase and delivery of floor mounted motor starter equipme%gﬁ(all include the

purchase and delivery of channel sills for mounting the starter egu?ﬁment.

%%

G. Whether or not shown on drawings, all return air fan mo%?’s shall have disconnect switches,

provided by Electrical Contractor «@

H. The supplying of any and all "field instruction@%érams deemed necessary by the Architect
for the complete delineation of electrical %%g for mechanical equipment shall be included
as part of the mechanical work. The -’uﬁ) e requirements shall be met regardless of any
assignment between trades of the\;%ponsibility for the purchase, electric motors and

associated starters and Control\d/ vices.

@?
O
@?‘
Q.
<<O
Q_\é END OF SECTION 23 05 13
<<O
A
S
S
OC)
Q
&
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SECTION 23 05 16 - EXPANSION FITTINGS AND LOOPS FOR HVAC PIPING

N
PART 1 - GENERAL @Q/
N
OC)
1.01 RELATED DOCUMENTS QQ
>
. . . . \Y4
A. Drawings and general provisions of Contract, including General and Supple@)\?ﬁtary
Conditions and Division 1 Specification sections, apply to work of this %ﬁon.
@)
B. Requirements of the following Division 23 Sections apply to thiaQ&tion:
O
Division 23 - Section 230511 - Basic Mechanical Require‘%ﬁgﬂts.
Division 23 - Section 230512 - Basic Mechanical I\/Iaje@%s and Methods.
Division 23 - Section 232113 - Basic Piping Materigls and Methods.
N\
>
1.02  SECTION INCLUDES @9
S
<2O
A. Pack-less expansion joints. 0Q~
Q
A\
1.03  SUBMITTALS N
O
QD
A. General: Submit th&f\&&;wing in accordance with Conditions of Contract and Division 1
Specification SeQ@ns.
\3
B. Product Q?@ for each type of pipe expansion joints specified. Submit expansion
compe@ation schedule showing Manufacturer's figure number, size, location, and
fe@/ﬁres for each required expansion joint.
S
- Assembly-type shop drawings for each type of expansion compensation product,
(%) indicating dimensions, weights, required clearances, and methods of assembly of
S
A components.
&
éO PART 2 - PRODUCTS
2.01 MANUFACTURERS
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A. Pack-less Expansion Compensators:

1. Flexonics Inc., Metal Hose and Expansion Joint Div.

2. Keflex HVAC Products, Flex-Weld, Inc. 0@
O
QO
3. Metraflex Co. \O
%)
\Y%
2.02 PIPE EXPANSION JOINTS, GENERAL C)\v
AN

A. Pipe expansion joints shall provide 200 percent absorption Capacit)@ iping expansion
between anchors. A
O
O
o
&

A. Expansion Compensators: Conform to the standatils of the Expansion Joint
Manufacturers Association and shall be press@rated for 60 psi for low-pressure
systems and for 175 psi for high—pressure&tems. Units shall have 2-ply phosphor
bronze bellows, brass shrouds, and e tings for copper piping systems and 2-ply
stainless steel bellows, carbon ste\eﬁ*hrouds, and end fittings for steel piping systems.
Expansion compensators shall@Qe internal guides and anti-torque device and removable
end clip for proper positior@é?\

QD
N
PART 3 - EXECUTION R
O

2.03  PACKLESS EXPANSION JOINTS

N
3.01 INSTALLATION@_@ERAL

A. Install erQsion joints where indicated and required for adequate expansion of installed

pipin&‘s?y’stem.
S
3.02 E@SIONJOINTS
OC)

& A, Install expansion joints in accordance with manufacturer's instructions.
&

O&Q/ B. Align joints to avoid end loading and torsion stress.

S

END OF SECTION 23 05 16
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SECTION 23 05 19 - METERS AND GAUGES

PART 1 - GENERAL

A
%
go
\3

QO

A. Drawings and general provisions of contract, including General and Supplement%@

1.01  RELATED DOCUMENTS

Conditions and Division 1 Specification Sections, apply to this section.

\?‘
&
<<<<
§
Division 23 - Section 230511 - Basic Mechanical Requwementg&

B. Related sections of Division 23 applicable to this Section are:

Division 23 - Section 230512 - Basic Mechanical l\/laterlalsoijn Methods
Division 23 - Section 232113 - Basic Piping Materials I\/Iethods

Division 23 - Section 230548 - Vibration mountlngs ﬁ%\

seismic restraint specification for HVAC, Fire P@(echon Electrical and Plumbing.

controls, Vibration isolation and

Q/%
1.02  SECTION INCLUDES 2)
@)
&
A. Temperature gauges QO
A\
@?
B. Pressure gauges O

N
@
C. Flow meters
<<O
e
1.03  SUBMITTALS <2~
QO

A. Pro \ts Data: Submit product data for each type of meter and gauge. Include scale
@ge, rating and calibrated performance curves.

P

1.04 OQUALITY ASSURANCE
&
&Q/ A. Comply with applicable standards of ASME and Instrument Society of America pertaining

éo

to construction and installation of meters and gauges.

B. Firms regularly engaged in manufacture of meters and gauges of types and sizes required,

whose products have been in satisfactory use in similar service for not less than 10 years.
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1.05  DELIVERY, STORAGE, AND HANDLING

A. Follow Manufactures instructions to prevent instruments from damage during storage and <
handling. {(/é

P
PART 2 - PRODUCTS e

OQ
»Q’\
g
O
A. Furnish and install, where indicated on the Drawings and where specifi@herein,

2.01 THERMOMETERS

separable well-type dial or 9" mercury adjustable angle type in glas@ em, thermometers
as manufactured by American, Terrice, Weksler, Weiss or appro»’g&qual.
B. All thermometers shall be installed in such a manner as‘too\?ause a minimum of restriction

to flow in the pipes and so that they can easily be re&d?}rom the floor.

C. Dial thermometers shall be 5 inch hermeticall@\alled, bimetal with stainless steel cases,
anti-parallax dials with raised jet black%g?é!, stainless steel stems, and brass separable
sockets unless otherwise specified. T ometers for duct mounting shall have union
connections in lieu of separable s@e s. Separable wells shall be stainless steel for steel
pipe and brass for copper pipe\/&parable wells shall be standard type for un-insulated
pipe and logging extension %of proper length for insulated pipe. Stem shall extend a
minimum of 2-1/2" into_tR® fluid.

@?‘
D. The accuracy on@Qh‘ermometers shall be within 1% of the scale range.
3

E. All instruQ@]t wells for controls and indicators furnished by the temperature control
mané&f’a&urer shall be installed under this Section.

F. Qh:are conditions are such that thermometers would not be readable from the floor,

QO™ remote bulb dial thermometers shall be mounted on panel boards. The thermometers

Q shall be 5-inch dials and shall be vapor actuated. The thermometers shall have separable
wells. Panel mounted thermometers shall be provided with an engraved nameplate
mounted below each thermometer to identify its service. The nameplates shall be chrome
plated with black filled letters.
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G. A thermometer shall be installed in the hot water inlet and outlet of each heat

exchanger. Additional thermometers shall be installed where indicated on the

Drawings.
A -
S
H. The scale range for the thermometers shall be as follows: 0@
@)
QO
Service Temperature Range Q
>
Hot Water 300 to 3000 F N
. Ng
Chilled Water 00 to 1200 F O
K
O
PRESSURE GAUGES é
&?*
O
A. Furnish and install where indicated on the Drawings and w@% specified herein, Bourdon
spring type pressure gauges as manufactured by U.S. e, Weksler, Terrice, Marsh,
Ashcroft, or approved equal. A&
N\

B. All gauges shall be installed so as to be easj 3Qeadable from the floor. Where conditions
are such that gauges on piping would noé@ readable from the floor, the gauges shall be

O
4
X

C. The gauges shall have dull, bI@k enamel cast aluminum casings with chrome plated

installed on panel boards.

bezels or rims. The gauge\g all have white faces with black filled engraved numerals
and adjustable pointe e diameter of the dial shall be not less than 4-1/2 inches.

Gauges shall have&a s bronzed brushed rotary type movement.

\

D. Panel mou gauges shall be designed for flush mounting with back connections and
shall b %vided with an engraved nameplate mounted below each gauge to identify its
serv \ The nameplates shall be chrome plated with black filled letters.

I%')\)Jifferential pressure switches, pressure sensing pipe taps, furnished by temperature

control manufacturers shall be installed under this Section.

F. The accuracy of all gauges shall be within 1% of the scale range.

G. All gauges on water lines shall be fitted with filter type pressure snubbers consisting of
3/8" dia. x 1/8" thick, micro metallic stainless steel filter, as manufactured by Operating

and Maintenance Specialties or approved equal. All gauges on steam lines shall be fitted

with pigtails.
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H. A pressure gauge shall be installed in the suction and discharge of each hot water pump.

A pressure gauge shall be installed in the inlet and outlet of each heat exchanger.

Additional pressure gauges shall be installed where indicated on the Drawings. {(/é&
I.  The scale range of pressure gauges shall be as follows: 0@
@)
. QO
Service Pressure Range \O
High Pressure Steam 0 to 200 psig. \/Q?
Chilled Water 0 to 100 psig. o\
Hot Water 0 to 100 psig. O<<<<\
Low Pressure Steam 0 to 30 psig. é
&?*

All other pressure gauges shall have a range at least twice th@orking pressure, but in no
case less than 0 to 30 Ibs. A ball valve shall be installed@?@he waterside of each gauge.
A needle valve shall be installed on the system side K@ach steam gauge.

<
é\/
2.03  DRAFT GAUGES @)
S
%%
A. Furnish and install at each filter, draft ges for measuring the resistance of the air

through the filters as manufacture{})ﬁy Dwyer or approved equal.

R
Y

B. Each draft gauge shall be clined tube differential type for indoor units, equipped with
a shut-off cock openin 'EQ\atmosphere for checking zero setting, and with a shut-off cock
in the lines to point w&ﬁere the draft is measured. The scale shall have a white
background WithQ@avy black divisions and figures; shall not be less than 8" long, and
shall be gra d to read by hundredths of an inch up to resistances to be encountered.
Each gauQ:Qhall be provided with a bubble level gauge and with screw adjustment for

Zero é@n S.
,{ g
S

C. aft gauge for rooftop units and outdoors units shall be 2000 Series Magnehelic as made
QO™ by Dwyer or approved equal. Gauges shall be provided complete with two static pressure
\2@ tips, case, fittings and means of mounting. Scale shall be as required. Set gauges to be
.’\ easily readable from floor level.
&

%O 2.04  PRESSURE AND TEMPERATURE TEST STATIONS

A. Test stations and test kit shall be manufactured by Paterson Engineering Company, Inc. or

approved equal.
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&

Furnish and install in each supply and return run out to each reheat coil and where

indicated on the Drawings, a 1/4" MPT fitting to receive either a temperature or pressure

A -
probe 1/8" OD. Fitting shall be solid brass with valve core of Nordel (Max. 275°F.), fitted Q/%
with a color coded and marked cap with gasket, and shall be rated at 1000 psig. C)OQ

C. In addition, the installing contractor shall supply the Owner with six pressure gauge QO

adapters with 1/8" OD probe and 6 five inch stem pocket testing thermometers;q@

1250F, for chilled water and six 50-5000F, for hot water. )
Ng
O
D. Provide one pressure and temperature test kit consisting of one 0-60 &?I, water pressure
gauge and one 0-30psi water pressure gauge each with No. 500 ga@e adapter attached,
a 25-125°F, pocket testing thermometer, a 0-220° F, pocket te(t)’%hermometer, a No. 500
gauge adapter, and a protective carrying case. Provide on%:g ditional 0-60psi pressure

gauge and one additional 0-30psi pressure gauge. \%
&

E. Test kit shall be used by the Balancing Contrac@o balance the systems and then it
shall be turned over to the Owner. %O
&
O
R
X
A. Provide complete Venturi flom@«easuring system as manufactured by Barco Division,
Aeroquip Corp., or approy qual.
Sy

B. This shall be a co@mated system, including Venturi flow stations and portable master

2.05 FLOW MEASURING DEVICE

meter, supplie%t(ﬁ/ one manufacturer. Each Venturi station shall be complete with
pressure tié%n'pples, quick disconnect valves and safety shut-off valves, indented metal
identifi\%%on tag on chain, giving pipe side, Venturi series, station identification, and
meteireading at specified flow rate. Venturi stations shall be one-piece brass screwed
1@&/ through 2". Sizes 2-1/2" through 8" shall consist of plated cast iron Venturi insert
C)\)neld between specially machined self-centering 150# steel weld neck units. Sizes 10" and
Q larger shall be fabricated steel plated, with welding ends. Venturi size and series shall be
&\2}% selected so that design flow rate shall be between 10" and 40 inches of water pressure

., differential on a 0-50" meter with permanent pressure loss of not more than 10%
&

indicated flow rate differential pressure.

C. Minimum flow rates of 2-1/2 FPS are permissible. Venturi stations shall be compatible

with temperatures and pressure of the system.
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D. Master meter shall consist of 6" round dial, dry type meter supplied with scale reading
zero to 50 inches of water differential pressure and shall be mounted in a portable water
and rot-proof fiberglass carrying case complete with 10 ft. lengths of 1/4" high pressure
high temperature connecting hose, quick disconnect socket valves, venting valves, {(/é&
installation and operating instructions and capacity curves. Master meter shall become 0@

property of the Owner. OO

QO

A\
E. Upstream pipe diameters of straight pipe shall be five (5) minimum and dovvnitfg%m pipe
diameters shall be two (2) minimums as recommended by manufacturer. O\v

N
O<<<<
F. For location of Venturi flow stations refer to the Drawings. é
&?*
PART 3 - EXECUTION éo
NS
o
3.01  INSPECTION ,\Q\

N\

A. Contractor shall examine location where meterssand gauges are to be installed and
determine space conditions and notify Ach/%ct in writing of conditions detrimental to
proper and timely completion of the wo(Rh:

B. Do not proceed with the work L{]/% unsatisfactory conditions have been corrected.

?\
&
N

A. Install meters ar\Q@auges, in accordance with manufacturer's written instructions and

3.02  INSTALLATION

with recogni@b\industry practices, to ensure that HVAC Specialties comply with
requirem and serve intended purposes.
&
B. C@inate with other work as necessary to interface installation of meters and gauges

th other components of systems.

ooo
3(\3‘9 FIELD QUALITY CONTROL

&
&Q/’ A. Upon completion of installation of HVAC Specialties, test HVAC Specialties to
éo demonstrate compliance with requirements. When possible, field correct malfunctioning
units, then retest to demonstrate compliance. Replace units, which cannot be
satisfactorily corrected.
END OF SECTION 23 05 19
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SECTION 23 05 23 - HVAC PIPING AND VALVES

PART 1- GENERAL

1.01

1.02

1.03

&
Q&

&
XS

SECTION INCLUDES

S
A. Piping, valves, specialties and accessories. Q
Related sections of Division 23 applicable to this section are:

Division 23 - Section 230511- Basic Mechanical Requirements. (§<
Division 23 - Section 230512- Basic Mechanical Materials and Methodg®
Division 23 - Section 232113- Basic Piping Materials and Method§
Division 23 - Section 230516- Pipe Expansion Joints \c.)
Division 23 - Section 230519- Meters and Gauges ‘2}%
Division 23 - Section 230529- Supports, Anchors and Q\uﬁes.
Division 23 - Section 230548- Vibration l\/Iountinngn\d Controls, Vibration Isolation and
Seismic Restraint Specification for HVAC, Fire I?@Qection, Electrical and Plumbing
Division 23 - Section 232116- Water and S Specialties
§
SUBMITTALS <
R
A. Shop Drawings and Pron@Data:
@?‘
1. Shop Drawin%@q~
2
a. A ge‘nt ductwork shop drawings with piping systems in mechanical equipment
\Gyoms.
&
S
0@ b.

OC)

Q methods, pertinent information required to review the support systems.

Show plans and sections of HVAC piping systems. Show and detail structural

support system. Include sizes, weights, dimensions, materials, and connection

2. Product Data: Submit data for products specified. In addition, submit schedule

identifying each product, its size, material, capacity and location of use.

B. Manufacturer's Installation Instructions: Submit manufacturer's installation instructions.

C. Certifications:
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1. Certify that field tests have been performed and that work meets or exceeds specified
requirements.
S
2. Welder's certification. 0@
O
O

3. Inspection certificates for pressure vessels from Authority having jurisdiction.\oQ
2
A\
D. Operation and Maintenance Data: Include assembly views, lubrication inst?Xfions and
. N
replacement parts list. O<<<<

Q

1.04  QUALITY ASSURANCE &V”
O
A. Conform to ANSI/ASME B31.1, B31.5 and B31.9. %\%
N
&
B. Conform to ANSI/ASME Boiler and Pressure Vesile\t Code.
>
C. Welding Materials and Procedures: Confé(é?to ANSI/ASME Section 9.
<2O
D. Welder's Certification: In accorda@‘with ANSI/ASME Section 9 and ANSI/AWS D1.1.
Q
A\
1.06  DELIVERY, STORAGE AND HA&YJNG
QD
A. Deliver, store and p ¢t products under provisions of Section 01600.
O
S
B. Store valves@\hipping containers with labeling in place.
<<O
C. Prot%’t\%ange faces from damage with wood, plastic or soft metal.
Q/%

D. otect pipe threads from damage with plastic caps.

O
P,\Rj'% - PRODUCTS
NS

O&Q/’Z.Ol PIPES, VALVES AND FITTINGS FOR INDOOR AND OUTDOOR ABOVE GROUND SYSTEMS

S

A. Refrigerant Piping:

1. Pipe: Seamless copper tubing, Type ACR, hard drawn; ASTM B280.
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2. Fittings: Wrought copper solder joint pressure fittings; ANSI B16.22.

3. Pipe Joints: {(/é&
A. Remove scale, slag, dirt, and debris from inside and outside of pipe and fittings 0@
before assembly. OC)

Q
O

?y
or welding, to prevent scale formation. C)\
N

C. Soldered Joints: Construct joints according to ASTM B 828 @@DA'S "Copper Tube
Handbook." &V”
O
D. Brazed Joints: Construct joints according to AW%S\O%razing Handbook," Chapter
n H n \
Pipe and Tube. «‘2\
i Use Type BCuP (copper—phosphorus\)/%floy for joining copper socket fittings
with copper pipe. O
ii. Use Type BAg (Cadmium—fre@ver) alloy for joining copper with bronze or
steel. O%
R
X
4. Shut-off Valves: Refrigerar%gall Valve type, forged brass body and bonnet, positive
back seating when full Q\p%n raised seat with nylon seat disc, stainless steel spring,
flared or soldered cg@ections, UL listed. Henry Valve Company Type CRN or
approved equalq_®
O
N
5. Check vgé\ze : Forged brass body, Teflon seat, guided piston, stainless steel spring,
acce @e internal parts, operable in all positions. Rated for 300°F and 600 psi. Henry
\,/Q@ Company Magni-Chek or approved equal.
((/é
B.\\§¥illed Water, Make-Up Water, Hot Water and Dual Temperature Water and Condenser
O~ Water (see Paragraph C for piping exposed in Mechanical Rooms)

Q
&
N
’\\2\ 1. Pipe:

<<}.
O& a. 2" and Smaller: Type L hard drawn, seamless copper; ASTM B88.

S

b. 2%" to10” : Schedule 40, welded or seamless steel, black; ASTM A53 or A106,
Grade B.

2. Joints:
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a. 2" and Smaller: Soldered.

b. 2%” and Larger: Butt-welded.

3. Joint Material:
a. 2" and Smaller: Grade 95 TA solder; ASTM B32.

b. 2%" and Larger: Welded; ANSI/AWS D1.1.

4. Fittings:

<
a. 2" and Smaller: Wrought copper, soldered; ANSI/ASME B16.2&%

September 02, 2015

b. 2%" and Larger: Wall thickness as specified for pipe, b{t?—\/velded, flanged at
valve and equipment connections, long radius elbow@STl\/l A234, ANSI B16.9.

%\@
5. Unions: \¢
Q&
a. 2" and Smaller: Bronze, soldered joint. -
S

b. 2%"” and 3" : Malleable-Iron, grou@_g@oint, threaded.

O%

6. Flanges: Qg

a. 2" and Smaller: Cast %&ze, companion type, 150psi; ANSI B16.24.

o
b. 2%"” and Larger: @sed—face, welding neck, forged steel, 150psi (flat faced

N
when matched @'.&125psi flanges); ASTM A181, ANSI B16.5

Q.

7. Boltsand N QCarbon steel hex head studs with heavy hex nuts; ASTM A307 Grade

B, AST(SI\,@.\HM Grade 2H.

<
O

8. @askets: Material, thickness, pressure and temperature to suit system (ring type for

@Q/raised face; full face for flat faced).

0\5
O
%O 9. Dielectric Fittings: Isolation flanges, unions & couplings, Epco Sales Inc or approved
&® equal.
&
%O 10. Shut-Off Valves:
a. 2 Inch and Smaller: 400psi two-piece, bronze body ball valve, soldered joint,
Grinnell Figure 3500SJ or approved equal.
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QOC) A106, Grade B.
\2@ e. 26 to 60-Inch: 0.500-inch wall thickness, welded o.d. or spiral butt weld pipe;
.& ASTM A139, Grade B.
&
O
2. Joints:

a. 2 Inch and Smaller: Soldered.
b. 21/2to 24 Inch: Roll grooved.
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b. 21/2to 36 Inch: 150/200psi ductile iron, lug type, quarter turn butterfly valve,
bronze aluminum disc, EPDM seat, multi-position locking handle, gear operated
above 6-inch size gear operated with chain- wheel where specified, stem 316 SS

with TFE bushing, Grinnell LD- 828 or approved equal.

11. Globe Valves: @)

Q

a. 2 Inch and Smaller: 200psi bronze, renewable disc, rising stem, union bo%éat,

soldered joint, Grinnell Figure 3240SJ or approved equal. ?§,
N\
b. 21/2to 10 Inch: 200psi flanged iron body, bronze mounted, yoké@a%, bolted
bonnet, nibco Figure F718B or approved equal. eO
&?*
12. Check Valves: éO

a. 2 Inch and Smaller: 300psi bronze, renewable di\gj\?\readed bonnet, soldered
joints, swing type, Grinnell Figure 3300S)J or @oved equal.

b. 21/2to 30 Inch: 150psi flanged iron bo@bfonze renewable seat and disc, globe
style silent check, Grinnell Figures 5«%@/2 to 530 or approved equal.
&
Chilled Water, Make-up Water, Hot er, Dual Temperature Water and Condenser
Water, Exposed in Mechanical R@c\v\s:
_ Sl
1. Pipe: &\O
a. 2" and Sm k@?nype L hard drawn, seamless copper; ASTM B88.

b. 21/2 toéQQCh: Schedule 40, welded or seamless steel, black; ASTM A53 or A106,

Grad@}.

O
C. \cg%o 12 Inch: Schedule 30, welded or seamless steel, black; ASTM A53 or A106,
& Grade B.
e

&
0@ d. 14 to 24-Inch: Standard weight, welded or seamless steel, black; ASTM Ab3 or

&
K\
N

é&.
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c. 26 to 60 Inch: Welded.

3. Joint Material:

NY
a. 2 Inch and Smaller: Grade 95 TA soldered; ASTM B32. @Q/
b. 21/2 Inch and Larger: Joint Lubricant. O\\)
OQ
4 Fittings: Q)\

a. 27 and Smaller: Wrought copper, soldered; ANSI/ASME B16.22. O\v

b. 21/2 to 24 Inch: Wall thickness as specified for pipe, roll groo@ mechanical
joint, flanged at valve and equipment connections, long rad@ elbows; ASTM
A234, ANSI B16.9. O&

c. 26 to 60 Inch: Wall thickness as specified for pipe,\@Jtt—welded, flanged at valve
and equipment connections, long radius elbo@ STM A234, ANSI B16.9.

5. Unions (2 Inch and Smaller): Oé\/

S
a. 2 Inch and Smaller: Soldered Joc)cporonze

b. 21/2to 3" : Malleable- Igm%round Joing, Threaded.
6. Flanges: Oév
QD
a. 2" & Smaller: t Bronze, companion Type, 150psi; ANSI B.16.24.

b. 21/2to %@nch Vic Flange, Style 741 or 742, steel, 150psi; 125psi rated when

mat@@to 125psi flanges.

é ch and Larger: Raised-face, welding neck, forged steel, 150psi; ASTM A181,
NSI B16.5.

§ Bolts and Nuts: Heat treated carbon steel hex head studs with heavy hex nuts,

OO minimum tensile 110,000psi; ASTM A183.
&
8. Gaskets:
/\<</
é a. 2 Inch and Smaller: Material, thickness, pressure and temperature to suit system

(ring type for raised face; full face for flat faced).

b. 21/2 Inch and Larger: EPDM Grade E, for water service up to 230 degrees F;
ASTM D2000.
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9. Dielectric Fittings: Isolation flanges, unions & couplings, Epco Sales, Inc or approved
equal.
A -
S
10. Joint Couplings (2 1/2 Inch to 24 Inch): Roll grooved, Style 07, malleable iron, "Zero 0@

Flex" or approved equal. OO

Q
%

11. Shut-Off Valves: \/Q?
o
a. 2Inch and Smaller: 400 psi two-piece, bronze body ball valve, S(y(@ed joint,
Grinnell Figure 3500SJ or approved equal. <§<

b. 21/2to 36 Inch: 150/200 psi ductile iron, lug type, quar{ekﬁrn butterfly valve,
bronze aluminum disc, EPDM seat, multi-position loc handle, gear operated
above 6 inch size, gear operated with Chain—wheel@]ere specified, with 316SS
with TFE bushing Grinnell LD-828 or approvi@al.

<4
12. Globe Valves: Oé\’

a. 2 Inch and Smaller: 200psi bronzeQ/%newable disc, rising stem, union bonnet

soldered joint, Grinnell Figure SJ or approved equal.

b. 21/2 Inch to 10 Inch: ZO@QQI;Ianged iron body, bronze disc, bronze mounted,
yoke top, bolted boan?M\Iibco Figure F7188 or approved equal.
O
13. Check Valves: ®?~

a. 2lInch ar&@qn;aller: 300psi bronze, renewable disc, threaded bonnet, soldered
joints @ing type, Grinnell Figure 3300SJ or approved equal.

<&

b. ZQQ to 30 Inch: 150psi flanged iron body, bronze renewable seat and disc, globe
&\cé)tyle silent check, Grinnell Figures 502 1/2 to 530 or approved equal.

%ﬁndensate Drain, In Supply or Return Air Plenums:
O

Q
&
Q&

O’\Q/ 2. Joints: Soldered, Solder Grade 95 TA; ASTM B32.

S

1. Pipe: Hard drawn seamless copper tubing, Type L; ASTM B&8.

3. Fittings: Wrought copper, soldered ends; ANSI B16.29.

E. Condensate Drain, Outside of Air Plenums:
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1. Pipe: PVC, Schedule 40; ASTM D1785 or ASTM D2241, SDR21 or 26.

2. Joints: Solvent weld; ASTM D2855. {(/é&
S

3. Fittings: PVC, Schedule 40; ASTM D2467. OO

Q

O
F. Chemical Feed: %)
A\
O\?‘
1. Pipe and Fittings: PVC Schedule 80. PVC compound shall be TypeQ{(érade 1, PVC
1120 (cell class 12454-B) as identified in ASTM D 1784. Q
&?*

2. Jointing: Shall be solvent joints. Requirements of solven@mll comply ASTM
Standards D-2564 and F-493, for primers they shall goo\%)ply with ASTM Standard
ASTM F-656 and for the procedure of jointing AS'&F&\D—2855.

3. Shut-Off Valves (2 Inch and Smaller): 15Q$>/PVC Ball Valves, with Flouroelastomer
O ring seals and self lubricating and s%%djusting TFE seats, Chemtrol Series 45HV-V
Horizon Ball Valves or approved e&@ .

X
4. Check Valves (2 Inch and %gller): 100psi, PVC Horizontal Swing Check Valves by

Thermoplastic Valves Ingdbr approved equal.

N
N
Q.
ADDITIONAL PIPINGQQQUIREI\/IENTS
A\
A. The syst%Qhall be supplied with valves in all branch mains and risers, at points where
unde&gs&md pipes enter or leave the building at all pumps, tanks, reducing and control
v@s, heating and cooling surfaces and at all apparatus; so located, arranged and

erated as to give complete shut-off. Except where flanged valves are used, each

QO™ connection to equipment shall be made with screwed or flanged unions on the equipment

2.03
&
&
Q}.
S
230523

or discharge side of the valve.

B. All valves shall be installed with the best workmanship and are to have neat appearance

and be arranged so that they are easily accessible.
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C. Each valve shall have the maker's name or brand, the figure or list number and the
guaranteed working pressure case on the body or stamped on the bonnet, or shall be
provided with other means of easy identification.
é&‘
D. Check valves installed in the horizontal position shall be swing checks; valves installed m\\)@{(/
the vertical position shall be silent checks, except that all check valves in pump OO
discharges shall be silent checks.

Q)\O

E. Provide blow-off valves at all strainers, and where shown on the Drawingso\w
&

F. Provide valve operating chain on all valves in Mechanical Equipmen%[%oms - 4" and
larger, which are more than 7'-0" above the operating floor. Unit&i%ll be complete with
adjustable sprocket, chain and guide (Crane "Babbit" type). @a ide hook to keep chain
out of the way. \%\

&

G. Allvalves 2 inches in diameter and smaller shall be\all bronze with bronze bodies. Valves
2 1/2 inches in diameter and larger shall have@n bodies with bronze mountings (except
where otherwise noted). Q/%

O%
N

H. All flanged-end valves shall have r&/vable metal seat rings and discs. On gate valves

these parts shall be of bronze, QgQaII globe valves they shall be of bronze and suitable for

throttling service. %v
O
QD
[.  All screwed-end glo@_&&z\lves shall be of the union bonnet type with renewable Teflon
discs. (<O

\3
J. Al valves{e@all have their bonnets back-seated to provide for packing under pressure. All
gate,{a@es shall be of the solid tapered wedge type.
K. ain valves shall be provided on tanks, receivers, risers and where they may be required

Q™ or necessary, for draining the lines and equipment. Drain valves shall be provided at the

\% low points for proper drainage. Drain valves shall be provided with threaded ends for
.’\\2\ hose connections with bronze cap and chain.
&
éo L. Valves for steel pipe up to 2 inches in diameter shall have screw ends, 2 1/2 inches in

diameter and over shall have flanged ends. Valves for copper tube shall have sweat ends.

Valves 2 1/2" and larger which are non- rising stem, shall have position indicators.
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M. All bronze and iron valves shall be furnished with Teflon Impregnated packing.

N. All hand-wheels shall be of malleable iron.
A -
S
S
O
O
P. Provide bypass piping with isolation valves to facilitate pressure testing and flush@%f

0. No Asbestos shall be used in construction of valves including the gaskets.

. %)
piping systems. 9
Ng
O
K
PART 3 - EXECUTION éo
,\V
3.01 INSPECTION éo
O
o

A. Contractor shall examine location where the piping s‘y\s&éms are to be installed and
determine space conditions detrimental to proper-dnd timely completion of the work. Do
not proceed with the work until unsatisfactor@nditions have been corrected.

&

3.02 INSTALLATION @)

&£
A. Coordinate with other work as e<gessary to interface installation of piping systems with
other components of systeBéY
QD
B. Provide and erect i orkmanlike manner, according to the best practices of the trade,
all piping show§@the Drawings or required to complete the installation intended by
these Specifigations.
QO
C. The Rr’*&%/ings indicate schematically the size and location of piping. Piping shall be set up
a@own and offset to meet field conditions and to provide adequate maintenance room
d headroom in the Mechanical Rooms.

(D7 Study the General Construction Specifications and Plans, of the exact dimension of

Q

\% finished work and of the height of finished ceilings in all rooms where radiation, units,
.’\\2\ equipment or pipes are to be placed and arrange the work in accordance with the
O&Q/ Schedule of Interior Finishes, as indicated on the Architectural Drawings.

S

E. All exposed piping shall be run perpendicular and/or parallel to floors, interior walls, etc.
Piping and valves shall be grouped neatly and shall be run so as to avoid reducing

headroom or passage clearance. Provide min. 7'-6" headroom under passageway in
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Mechanical Equipment Room. All valves, control and accessories concealed in furred
spaces and requiring access for operation and maintenance shall be arranged to assure
the use of a minimum number of access doors.

S
F. All pipe lines made with screwed fittings must be provided with sufficient number of 0@

flanges or unions to make possible any taking down of the pipes without breakage of OO

fittings. Q
>

A\
G. All piping shall be erected as to insure a perfect and noiseless circulation @Xﬁghout the
. . N
system. No bullhead tees will be permitted. O<<<<

Q

H. All valves and specialties shall be so placed as to permit easy o gtion and access.

<

I.  Provide proper provision for expansion and contraction i%échportions of pipe work, to
prevent undue strains on piping or apparatus connegi\e@therewith. Provide double swings
at riser transfer and other offsets wherever possibie; to take up expansion. Arrange riser
branches to take up motion of riser. Oé\/

Q/%

J. Approved bolted, casketed, flanges (s @%ed or welded) shall be installed at all apparatus
and appurtenances, and whereverfﬁ'e required to permit easy connection and
disconnection. Screwed unions\sﬁall be used on piping 2" or less.

@?
O

K. All piping connections o‘c\)ils and equipment shall be made with offsets provided with

screwed or welded d flanges so arranged that the equipment could be serviced or
removed Without(égmantling the piping.
A\

L. If, after p{g@ is in operation, any coils or other apparatus are stratified or air bound (by
vacuKr’r\qar pressure), they shall be re-piped with new approved necessary fittings, air
v%ﬁ or vacuum breakers at no extra cost. If connections are concealed in furring, floors,

ceilings, bear all expenses of tearing up and refinishing construction and finish, leaving

O~ same in as good condition as before it was disturbed.

Q
&
Q&

O&Q/ piping to provide for proper drainage or venting. Steel pipe bends shall be made of the

M. Fittings shall be of the eccentric reducing type, where changes of size occur in horizontal
é very best grade open hearth, low carbon steel, leaving a smooth uniform exterior and

interior surface. Pipe bends shall be made with seamless steel pipe, having a minimum

radius of not less than five (5) pipe diameters.
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N. Tubing shall be of the erected neatly in a workmanlike manner. Bends shall be made in
soft copper tubing using benders to prevent deformation of the tubing in the bends.

Approved seat-to-pipe threaded adapters shall be provided for junctions with valves and

other equipment having threaded connections. {(/é&
S
O. Vertical sections of main risers shall be constructed of pipe lengths welded together. @§)
couplings shall be used.
&

A2
P. The ends of all pipe and nipples shall be thoroughly reamed to the full insi@x%?ameter of
the pipe and all burrs formed in the cutting of the pipes shall be remove{é(\

Q. Piping shall be installed in accordance with the latest edition of&h?ASl\/lE Code for
Pressure Piping. Pipe supports shall be seismic as indicated{hq}rawings SGME-1 and
SGME-2. \%\

&

R. All piping shall be concealed above furred ceilin@‘ rooms where such ceilings are
provided (except where specifically indicated @%erwise on the drawings, or in walls or

partitions, except as otherwise indicated.g{og

@)
S. Dissimilar piping shall be connect ith dielectric connector as made by Ebco Company
or approved equal. \/Q
@?
O

T. Piping at all equipment aﬁqﬁ control valves shall be supported to prevent strains or
distortions in the Co@%%cted equipment and control valves. Piping shall be supported to
allow for remm&@equipment, valves and accessories with a minimum of dismantling
and Without@}}uiring additional supports after these items are removed.

QO

U. Scre ‘t@eads shall be cut clean and true; screw joints made tight without caulking. No
c@mg will be permitted. A non-hardening lubricant shall be used. No bushings shall be

ed. Reductions, otherwise causing objectionable water or air pockets, to be made with

Q™ eccentric reducers or eccentric fittings.

Q

o
"\\2\ V. Pitch water piping upward one inch per 100 feet in direction of flow to ensure adequate
&Q/’ flow without air binding, and to prevent noise and water hammer. Pitch drains piping 1/8
éo inch per foot in the direction of flow. Branch connections to mains are to be made in such

a manner as to prevent air trapping and permit free passage of air. To meet job
conditions, mains shall set up to maintain headroom, and clear other trades. Provide

oversized float operated automatic air vent (with valve). Avoid 90 Deg. lift set-ups in
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supply lines by using 45 degree ells. Where 90 Deg. lifts exceed 12" install with automatic
air vent in supply lines. All lifts in return lines shall be installed with automatic air vents.
Pipe outlet of all automatic air vents to an open sight drain if the vent is concealed, or to

within two feet of the floor within machine rooms. All water piping shall pitch back to low

points for drainage. Low  points shall be provided with 3/4-inch hose cocks. 0@
O
O
Provide drain valves at the heel of all interior main water risers. Provide drain vah@ t
the hell of all perimeter water risers. \/Q?
O\?‘

Miscellaneous drains, vents, relief, and overflows from tanks, equipme@@ping, relief
valves, pumps, etc., shall be run to the nearest open sight drain or r,@pdrain. Provide
drain valves whenever required for complete drainage of piping @guding the system side

O

of all pumps. <
O
)

Provide domestic water connections from valve outle@}o any equipment requiring it.

N\
All drain piping from condensate drain pans s@}be properly trapped in accordance with
the static pressures involved. CondensateQ/%in piping sizes shall be not less than 1-1/2".
S
O

Horizontal piping shall be support@'rom building structural steel or auxiliary steel
attached to building structure. \\//grtical pipes at floors shall be supported by steel angles
anchored to the floor. O%

N
&

FIELD QUALITY CONT

<<O
Upon compl@i})ﬁof installation of piping (partial or complete) test piping to demonstrate
complianqg\/ith requirements. Where possible, field correct malfunctioning piping, then
retes{t’g)demonstrate compliance. Replace piping, which cannot be satisfactorily

c%ﬁcted. Refer to Section - Test and Balancing.

N)

END OF SECTION 23 05 23

C-75 HVAC Piping and Valves

& .
S



Middlesex County College
NH, LH and PAC HVAC Upgrades
September 02, 2015

SECTION 23 05 29 - HANGERS AND SUPPORTS FOR HVAC PIPING AND EQUPIMENT

PART 1 - GENERAL

A -
S
1.01 RELATED DOCUMENTS \\)@
O
A. Drawings and general provisions of contract, including General and Supplementary <)
Conditions and Division 1 Specification Sections, apply to this section. Q)\
A\
O\?‘
B. Related sections of Division 23 applicable to this section are: <<<<\
@)

Q

Division 23 - Section 230511 - Basic Mechanical Requirements , {~
Division 23 - Section 230512 - Basic Mechanical Materials an ethods
Division 23 - Section 232113 - Basic Piping Materials ands@ethods
Division 23 - Section 230548 - Vibration isolation and\%é%mic restraint specification for
HVAC, Fire Protecti&n&lectrical and Plumbing.
é\/
1.02  SECTION INCLUDES O

A. Pipe Supports OQg

B. Equipment Supports ?\/
O
C. Factory Fabricated Rog\?/burbs
OQ"

N

D. Duct Supports\é
OQ"
1.03 SUBI\/IITTAJ%)§<
N\
&

A. uct data: Including installation instructions for each type of support and anchor.

C)\)Submit pipe hanger and support schedule showing Manufacturer's figure number, size,

Q location, and features for each required pipe hanger and support.
N\
&
., . ow dimensional drawing, material of construction and method of installation of roo
& B. Show di ional drawi terial of tructi d method of installati f roof
éo& curb.

1.04  QUALITY ASSURANCE

230529 C-76 Hangers and Supports
For HVAC Piping and Equipment



Middlesex County College
NH, LH and PAC HVAC Upgrades
September 02, 2015

A. Submit product certificates signed by the manufacturer of hangers and supports certifying

that their products meet the specified requirements.

B. The Contractor shall certify that welders are qualified in accordance with AWS D1.1 {(/é&
S
C. Manufacturers shall be firms regularly engaged in manufacture of roof curbs, support@o

and anchors of types and sizes required, whose products have been in similar se@ for

not less than 10 years. \fb
O\?‘
<<\
&
1.05  DELIVERY, STORAGE, AND HANDLING é
&?*
A. Follow Manufacturer's instructions in storage and handling th\éoproducts to prevent them
from damage. \%\
&
PART 2 - PRODUCTS -
é\/
O
2.01  PIPE HANGERS AND SUPPORTS Q/%
S

O

A. Provide necessary structural mem@?, hangers and supports of approved design to keep
piping in proper alignment and,Qfgvent transmission of injurious thrusts and vibrations. In
all cases where hangers, b ets, etc. are supported from metal decking and/or concrete
or penetrate waterproo rﬁg’ All hangers and supports shall be capable of screw
adjustment after pipiRe'is erected. Hangers supporting piping expanding into loops, bends
and offsets shal@@secured to the building structure in such a manner that horizontal
adjustment @}pendicular to the run of piping supported may be made to accommodate
displacerQQt due to expansion. All such hangers shall be finally adjusted; both in the
vertige‘?@nd horizontal direction, when the supported piping is hot, or chilled, as required.
HaRfgers in contract with copper or brass pipe shall be copper plated steel.

S
Q™ Pipe hangers shall be clevis and pipe roll types, except where otherwise noted.

Q
&
o\ B. PIPE HANGERS SCHEDULE

&
éo 1. Make and Model
Anvil F & M Paterson Carpenter
Pipe Type of Hanger Fig. No. Fig. No. Fig. No.
230529 C-77 Hangers and Supports
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XS
7.
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5

2" & smaller
(steel)

2" & smaller

(copper)

2-1/2" to 4"
(steel)

2-1/2" to 4"
(copper)

5" & above

Clevis Hanger

Adjustable
Wrought Iron

Adjustable
Swivel Pipe Roll

Adjustable
Wrought Ring

Two Rod Roller

Hanger

260

CT-65

174

CT-269

171

239 100 ..
<<§
0@
364 100cT
Q)\Q
2729 \@Vy
<<<<
O
??
A
S
%\9’
,Q% 170 142
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N\
Beam clamps - Hangers supported from f@steel shall be attached with approved |

beam clamps. | beam clamps for han@% supporting piping 2 inches and smaller shall

be C & P Fig. No. 148 adjustable ;:@' clamps. For piping 2-1/2 inches and larger, |

beam clamps shall be wrough

Where piping is run ne

R
Y

el. C & P Fig. No.268 or equal.

e floor and not hung from the ceiling construction but is

supported from the ?f\g\)r, such supports shall be of pipe standards with base flange

and adjustable

S

Yyoke similar to C & P Fig. 247 or equal.

<<O

All verticalWiping shall be anchored by means of heavy steel clamps securely bolted

or Wed'{Qd to the piping, and with end extension bearing on the building.

o
<N

Q/ﬁil vertical piping shall be guided at each floor by use of clamps fastened to building

pipe or insulation.

0\5® structure. Provide 3600 protective saddles at guides. Saddles shall be fastened to

Vertical runs of pipe not over 15 feet long shall be supported by hangers placed not

over one foot from the elbows on the connecting horizontal runs.

Vertical runs of pipe over 15 feet long but not over 60 feet long and not over 6 inches

in size, or not over 30 feet long and not over 12 inches in size, shall be supported on

heavy steel clamps. Clamps shall be bolted tightly around the pipes and shall be set

C-78
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securely on the building structure without blocking. Clamps shall be welded to the

pipes or placed below couplings. Clamps shall be type 8, Federal Specification WW-

H-171C, unless other types are approved.

8. For all chilled water dual temperature water/ and makeup water and insulated

& .
N
%
S

refrigerant piping, provide "Insulshield" as made by Insulcoustic Corp. or pipe covg@é

protection shield C & P Fig. 265P with steel shield min. 9 inches long, with va@

barrier jacket. For steam, condensate, hot fuel oil and hot-water heating p@ﬂ?g 2

inches and smaller, same as above. For steam, condensate and hot—we@sheating

and high temperature hot water piping 2-1/2 inches and larger, proqﬁésteel pipe

covering protection saddles C & P Fig. 353 series.

C. Support spacing and hanger rod diameter shall be as follows&é

Pipe Size Rod Diameter
NS
1-1/4 inch & below 3/8 inch Oé
S
&
1-1/2 and 2 inch O~ 3/8 inch

Q..Z
QO

VX/
2-1/2 and 3 inch %
O
@?‘
Q.
4 and 5 inc&o 5/8 inch
A\

8 |
6 |ncla'< 3/4 inch

O
A

Q/‘%inch & above 7/8 inch

S

1/2 inch

&
O

@ Max.Spacing

6!_0”

10'-0" (copper

10'-0" (copper

12!_0!!

12!_011

12"0”

(D~ Hanger rods shall be attached to preset concrete inserts with steel reinforcing rod

through the insert and both ends hooked over the reinforcing mesh. For pipes 4 inches

and larger, rods shall extend through concrete slab above where they shall be attached to

steel bearing plates 6" x 6" x 1/4".

Piping shall not be hung from other piping ducts, conduits or from equipment of other

trades and no vertical expansion shields will be permitted. Hanger rods shall not pierce

ducts.
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F. All water piping connected to rotating equipment within all mechanical spaces shall be
isolated from the building structure by means of vibration hangers inserted in the hanger
rods. The vibration hangers shall consist of a steel spring in combination with a double {(/é&
deflection neoprene element within a rectangular steel housing. Combined static 0@
deflection shall be 1.375" minimum. Hangers shall have capability of supporting the OO
piping at a fixed elevation during installation and shall incorporate an adjusting d%c to
transfer the load to the spring. Deflection shall be indicated by means of scalgfa?ibration
hangers shall be type PCDNHS made by Mason Industries. O\v

&

G. All steam condensate piping within all mechanical spaces shall be i@@ted from the
building structure by means of double deflection neoprene vibra&o%hangers inserted in
the hanger rods. The vibration hangers shall consist of a do deflection neoprene
element within a rectangular steel housing. Minimum st(aoﬂ@deflection shall be 1.375".
Vibration hangers shall be type PCDNHS as made by&@son Industries.

\f’
H. Where additional steel is required for the sup@%of hangers, furnish and install it subject

to the approval of the Architect. Piping szfpnot be supported from concrete slab

O%

<
X

[.  All piping running on walls shaLU)% supported by means of hanger suspended from heavy

construction at ceiling.

angle iron wall brackets. all hooks will be permitted.
QD
J.  Lateral bracing of h ntal pipe shall be provided where required to prevent side sway
or vibration. ThQQeral bracing shall be of a type approved by the Architect and shall be
installed whey&irected by the Architect.

O
<
ANCHOF;Q\CJ
((/é
A. | anchors shall be separate and independent of all hangers, guides, and supports.

QO™ Anchors shall be of heavy blacksmith construction suitable in every way for the work

approved by the Architect. Anchors shall be welded to the pipe and fastened to the

structure with bolts.

B. Anchors shall be fabricated and assembled in such a form as to secure the piping in a
fixed position. They shall permit the line to take up its expansion and contraction freely in
opposite directions away from the anchored points; and shall be so arranged as to be

structurally suitable for particular location, and line loading. Submit details for approval

C-80 Hangers and Supports
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C. All Heavy piping or any combination of closely spaced pipes weighing more than 15 Ib. per
linear foot, shall be supported at all cross points with overhead floor beams by fastening
to the flange of such beams with steel clamps or other suitable means. {(/é&

S

D. Where such heavy piping runs parallel with the floor beams properly designed auxiliar@o
steel must be provided. The spacing of such auxiliary steel shall in no case be gre@e
than the spacing of the floor beams running perpendicular to the Corrugations\o/ﬂ?he
permanent slab steel forms. O\v

&

E. Assume the responsibility for the proper transfer of the loads of the@%ng systems to the
structure. No additional cost to the owner should be expected fo(gﬁy corrective work
during construction. <

NS

&
2.03 EQUIPMENT SUPPORTS «@

N\
A. Fabricate structural steel stands to suspend @pment from structure above or support
equipment above or support equipment aé@% floor.

O
B. Grouting: Place grout under suppg@gor piping and equipment.
Q

204 ROOF CURBS A

A. ACCEPTABLE I\/IQQJ FACTURER

N
Q.
1. Pate Q@npany.
&
%‘éenn Ventilator Company.

S
OC) 3. Thy Curb.

Q

&
A B. MATERIALS
&
éo 1. Dimensionally coordinate curbs and supports with supporting steel and accepted

equipment.
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2. Curbs and Supports: Except where specified otherwise; 18 inch high, 18 gauge
galvanized steel sides, treated wood-nailers, fully mitered corners with welded seams

and rigid glass fiber insulation in thickness specified.

3. Roof Curbs:

& .
N
%
S

OC)

i Type A: Use with exhaust fans; 16 gauge galvanized steel, 2 inch thi({bQ
insulation, Pate Model PC or Penn Ventilator Model Sonotrol [Uni@&m].
O\?‘
ii. Type B: Use with roof mounted utility type fume exhaust fan\with stacks,
and equipment exceeding 36 inches in width; custom fabric@g , one-piece,
internally reinforced galvanized steel base with counteﬁf?éshing, 11/2 inch thick

insulated sides and solid top. Pate Company I\/Iog) EB [SCEB-53].

%\

iii. Type C: Use with pipe or duct penetratio@ntegral base plate, 2 inch thick
insulation, acrylic clad ABS plastic co\v/é«; boots and stainless steel clamps.
Pate Company Model PCA. Oé
Q/%
2.05 DUCT AND PIPING SUPPORT SYSTEM F, HE DUCTWORK AND PIPING INSTALLED ON
THE ROOF 0@
Q
A\
A. ACCEPTABLE MANUFACT&&YJQ
QD

1. PHP System D \

O
5
All duct and piping supports exposed on the roof shall be designed by PHP
SysteQ@esign. Contractor shall ensure that system shall be designed for wind and
S bﬁ?load and shall submit drawings with calculation certified by a Professional

@Q/‘Engineer.

oc’o

Q
o

. RT 3 - EXECUTION
&

éo 3.01 INSTALLATION

A. Coordinate with other work as necessary to interface installation of support with other

components of systems.
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Q
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<<\
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B. Provide and erect all supports and anchors in a workmanlike manner according to the

best practices of the trade.
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SECTION 23 05 48 - VIBRATION CONTROLFOR HVAC, ELECTRICAL & PLUMBING
PART 1- GENERAL

&.
1.01  SCOPE Q/e
S

A. Unless otherwise noted on equipment schedules or specification, all equipment shall &
mounted on vibration isolators to prevent the transmission of vibration and mech@cally
transmitted structure-borne noise to the building structure. The scope of this\dy |

purpose specification encompasses the necessary design and product speKQ}?cations for

the vibration isolation and seismic restraint of mechanical equipment, i§ping, and

ductwork, and is part of the general conditions for the HVAC, plum@g, fire protection

and electrical contract A

O
NS
1.02 REQUIREMENTS (%)
QS
«
A. All vibration mountings shall be manufactured in\f/ﬁ\e'United States.
O

1.03  INTENT é(,%

QO

A. ltis the intent of the seismic restr portion of this specification to provide restraint of
non-structural building compaqnents. Restraint systems are intended to withstand the
stipulated seismic acceler@s applied through the component center of gravity. The
work in this section inc '%\es the following:

1. Vibration i%gegon elements for equipment
Q.\
2. Equirﬁ%nt isolation bases
N\

&
&%iping flexible connectors
C)\B
QO 4. Seismic restraints for isolated equipment
&
.& 5. Seismic restraints for non-isolated equipment
&
O

6. Certification of seismic restraint designs and installation supervision
7. Certification of seismic attachment of housekeeping pad

22 34 50 C-84 Vibration Control for HVAC,
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1.04  DEFINITIONS

A. The term EQUIPMENT will be used throughout this specification. It includes all non- {(/é&
structural components within the facility and/or serving this facility, such as equipment 0@
located in outbuildings or outside of the main structure on grade within five feet of th@o
foundation wall. Equipment buried underground are excluded but entry of service@
through the foundation wall are included. The term "equipment" shall refer (bu&ot be

limited to) the following \C)\v

O<<<<
AC units, Cabinet Heaters, Conduit, Light Fixtures, Transformers é
Air Handling Units, Cable Trays, Cooling Towers, Meter, ControIanﬁters, Unit Heaters

Air separators, Chillers, Ductwork, Piping, Unit Substations é
Battery Chargers, Compressors, Electrical Panels, Pump%’(gﬂ types) Unit Ventilators
Battery Racks, Comp. Rm. Units, Fans (all types), Ro&‘fe%p Units, Var. Freq. Drives
Boilers, Condensers, Generators, Switching Gear,\-\flater Heaters
Bus Ducts, Condensing Units, Heat Exchange@ﬁ’anks (all types)
Q/%
. . S
B. Life Safety systems shall be defined %?
X
1. All systems involved with fi{e;%rotection including sprinkler piping, fire pumps, jockey
pumps, fire pump contggénels, service water supply piping, water tanks, and smoke
N
exhaust systems@é
Q.
2. All systems jg¥elved with and/or connected to emergency power supply including all
generat%g,\ ransfer switches, transformers and all circuits to fire protection, and
smo acuation.
&
3@%” medical and life support systems.

N
N

Q™ 4. Fresh air relief systems on emergency control sequence including air handlers,

Q

\% conduit, duct, etc.
&
O&Q/ C. Positive attachment shall be defined as a support location with a cast-in or wedge type
é expansion anchor, a double-sided beam clamp, a welded or through bolted connection to
the structure.
22 34 50 C-85 Vibration Control for HVAC,

Electrical & Plumbing



1.05

1.06

Q
S
D
&
RS
22 34 50

Middlesex County College
NH, LH and PAC HVAC Upgrades
September 02, 2015

Transverse Bracing - Restraint(s) applied to limit motion perpendicular or angular to the

centerline of the pipe, duct, or conduit.

Longitudinal Bracing - Restraint(s) applied to limit motion along the centerline of the pipe,

& .
S

duct, or conduit. 0@
O

@)

RESPONSIBILITIES QO
N

\%

The manufacturer of vibration isolation and seismic restraint shall determi\@&% sizes
and locations of isolators and seismic restraints, provide equipment iso{é{ion and seismic
restraints as specified, guarantee specified isolation system deflect] Q provide
installation instructions, proper drawings, and shall certify COH’GS{I’%SS of installation upon
completion. <

NS
The Contractor shall cause all vibration isolation sys@s, including the isolators, seismic
restraints/snubbers and flexible connectors betwekn the isolated equipment and
associated piping, ducting and/or electrical weﬁ%\{o be designed by a Manufacturer
experienced in this type of work. This pro&(&on, however, shall not be construed as
relieving the Contractor of his overall onsibility for the work. The Contractor shall
provide to the manufacturer of vib@%n isolation products a listing of all mechanical
equipment to be isolated inclu@% RPM, total weight, center of gravity, and mounting
attachment points. The str ral integrity of the supported equipment shall be the
responsibility of the e&@nent manufacturer.

DESIGN - VIBRATIOQ@OLATION SYSTEMS

N

A. Vibration@ators shall be selected based on known or estimated operating weight

distrj&b@ons of the isolated equipment, with the quantity and location as shown on the
c@onent drawing. Isolator type shall be tabulated for each isolated piece of equipment.
olators shall have either known non-deflected heights of spring element or calibration
markings so that, after adjustment, when carrying their load, the deflection under load can
be verified to determine if the load is within the proper range of the isolator and if the
correct degree of vibration isolation is being provided. Isolators shall function in the
linear portion of the load versus deflection curve. Theoretical vertical natural frequency

shall not differ from the design objectives by more than 10%

C-86 Vibration Control for HVAC,
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Substitution of internally or externally isolated and restrained equipment supplied by the
equipment vendor, in lieu of the isolation and restraints specified in this section, is
acceptable provided all conditions of this section are met. The Equipment manufacturer

shall provide a letter of guarantee from their Engineering Department stamped and

certified per the section on Seismic Restraint Design (paragraph 1.07) stating that the 0@

seismic restraints are in full compliance with these specifications OO

QO

A\
Letters from field offices or representatives are unacceptable. All costs for coql@rting to
the specified vibration isolation and/or restraints shall be borne by the equifnent vendor

in the event of non-compliance with the preceding. Internal isolation |sq{6t acceptable

for: é

&
1. Rooftop equipment over or adjacent to é
a. Patient or operating areas %\c)
\S
b. Theater space &Q\

. Office locations A
d. Assembly areas Oé\/
Q/%

Unless the equipment incorporates u '@%nstruction using an integral unit frame or is
specified otherwise, each item of @f‘manical equipment, along with its drive unit, shall be
mounted on a rigid steel or ste%gnd concrete base. The equipment, including the base,
shall be mounted on, or su ded from, vibration isolators to prevent the transmission of
vibration and mecharﬂ&@transmitted structure borne sound to the supporting structure.
Isolation hangerQ@QaTl be used for all piping, in equipment rooms or for 50 feet, from
vibrating eq@ﬁent, whichever is greater. To avoid reducing the effectiveness of
equipmerQQoIators, at least three of the first hangers from the equipment should provide
the s&h@ deflection as the equipment isolators, with a maximum limitation of 2-inch
d@tion. The remaining hangers shall be spring or combination spring and rubber with

minimum of 0.75-inch deflection. To prevent load transfer to the equipment flanges
when the piping system is filled, the first three hangers adjacent to the equipment shall
be the positioning type (specification type 5). Floor supports for piping in equipment
rooms and adjacent to isolated equipment shall use restrained vibration isolators. They

should be selected according to the guidelines for hangers.

1.07  NOT USED.
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1.08  SUBMITTALS

A. A seismic design Errors and Omissions insurance certificate must accompany submittals <
from the seismic engineer. Manufacturers product liability insurance certificates are not Q/é
acceptable. 0@

OC)

B. The manufacturer of vibration isolation products shall submit an itemized list of a\bo
isolated and non-isolated equipment with detailed schedules showing isolator{/gﬂd
seismic restraints proposed for each piece of equipment, referencing mate@}??;md seismic
calculation drawing numbers. The schedule shall include the weight, cqﬁér of gravity,
and RPM of each piece of equipment. When equipment center of g@ y is not available,
assumed locations for center of gravity shall be identified in sué{p%.?als.

<

C. Submittals for hangers and mountings shall indicate spe@i‘f@model numbers with
complete dimensional and deflection data and color&ts@e. Base drawings for equipment
shall include dimensions, structural member size\st\and support point locations.

>

D. Seismic calculations, signed by a qualifie%?e’ensed Professional Engineer, shall be
submitted showing adequacy of bolt s and type. Calculations shall be furnished for
anchors on restraint devices, cabl%Q‘olators and rigidly mounted equipment.
Calculations shall specify anchQr/%oIt type, embedment, concrete compressive strength,
minimum spacing between hors, and minimum distances of anchors from concrete
edges. All performanc &broducts (such as strut, cable, anchors, clips, etc.) associated
with restraints mus supported with manufacturer's data sheets or certified
calculations. S Q@c analysis must indicate calculated dead loads, derived loads, and
materials utgéz} for connections to equipment and structure. Analysis must detail

anchorin&@ethods, bolt diameter, embedment and/or weld length.
O

1.09 RELA@WORK
S

@C.) Housekeeping pad design shall be by the project structural engineer. Attachment shall be

Q
&
Q&

O&Q/ section contractor. Housekeeping pads shall be sized to accommodate a minimum of six

designed and certified according to this section by the seismic/isolation supplier.

Material and labor required for attachment and construction shall be by the concrete

é (6) inches of clearance all around the equipment and its mounting package. Structural
support and connections for all equipment, including roof-mounted equipment, specified

in other sections shall comply with the seismic requirements of this section.
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PART 2 - PRODUCTS

2.01  DESCRIPTION {(/é"
S

All vibration isolators and seismic restraints described in this Section shall be the produc@@a

single manufacturer. The basis of this specification is The VMC Group, including Vibr@&

Mountings & Controls, Amber/Booth or Korfund Dynamics. Products from other n{t/@?]ally

recognized manufacturers are acceptable provided their systems strictly comp&)‘xfth these
specifications and have the approval of the specifying engineer. I\/Ianufactué(\shall be a

regular member of VISCMA (Vibration Isolation and Seismic Controls !\/@%‘acturers

Association). See Form VL-1 listing other manufacturers to be consi{e?éd for use on this

project. <

O
N4
2.02 VIBRATION ISOLATION TYPES «\2\
A. Type A: Spring Isolator — Free Standing -
A* Oé

Q/%

1. Spring isolators shall be free stan &and laterally stable without any housing and
complete with a molded elast ic cup or ¥4” elastomeric acoustical friction pad
between the bottom of isolqt/gr and the support.

@?
. o g .
2. All mountings shallvhﬁﬁe leveling bolts that must be rigidly bolted to the equipment.
N

3. Spring diam@@. shall be no less than 0.8” of the compressed height of the spring at

rated logd.N
QO
4, %@gs shall have a minimum additional travel to solid equal to 50% of the operating

%eflection.
Q‘o

N
2.03 @Co)t used
Q
N
.’?\ 4 Not used
&
éo 2.05 FLEXIBLE CONNECTORS

1. Type FC-2: Flexible Stainless Steel Hose

22 34 50 C-89 Vibration Control for HVAC,
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3.01 EQUIPMENT ISOLATION

22 34 50

Middlesex County College
NH, LH and PAC HVAC Upgrades
September 02, 2015

SS-FP, SS-FW, SS-PM, SS-WE

i. Flexible stainless steel hose shall have stainless steel braid and carbon steel fittings.

Sizes 37 and larger shall be flanged. Smaller sizes shall have male nipples. {(/é&
Type BC-2 connector shall be braided bronze for Freon connections. OO
i.  Minimum lengths shall be as tabulated:

Flanged Male Nipples
3x14 10 x 26 Y%x9 1% x13 D
4x15 12 x 28 % x 10 2x 14 &?“
5x19 14 x 30 1x11 2% x 18 éo
6 x 20 16 x 32 1%x12 \c“)
>
8 x 22 &
\f’
ii. Hoses shall be installed on the equipmen‘@%e of the shut-off valves horizontally and
parallel to the equipment shafts wQ%ever possible.

O
4
X

N/
@?
O
?\

Isolation and seis estraint systems must be installed in strict accordance with the
manufacturer's@itten instructions and all submittal data. Locations of all vibration
isolation pr@ucts shall be selected for ease of inspection and adjustment, as well as for
proper @%ration Electrical and plumbing connections to vibration-isolated equipment

sha }ﬂemble Equipment shall be isolated and restrained as indicated in the vibration

s@etmn schedules.

The minimum operating clearance under bases shall be 1". All bases shall be placed in
position and supported temporarily by blocks or shims prior to the installation of the
equipment, isolators and restraints. Spring isolators shall be installed after all equipment
is installed without changing equipment elevations. After the entire installation is
complete and under full operational load, the spring isolators shall be adjusted so that the

load is transferred from the blocks to the isolators. Remove all debris from beneath the

C-90 Vibration Control for HVAC,
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equipment and verify that there are no short circuits of the isolators or the isolation

system.

3.02 PIPING AND DUCTWORK ISOLATION {(/é&

S

A. Vibration isolation hangers shall be positioned as close as possible to the structure OO
without coming in contact with any object (including the structure). Hanger rods@a not
contact any object, which would short circuit the isolator. Parallel running pip{/&nay be
hung together on a trapeze, which is isolated from the building. Do not mi@%ration
isolated and non-isolated pipes on the same trapeze. Attention must bQ%\aid to
movements of piping caused be expansion and contraction. é

&?*

B. Type 6 hangers may be substituted for all other hangers list elow. Pre- compressed

hangers shall only be used if installed along with piping.%\c“)
&

C. lIsolation hangers shall be installed for all piping imdequipment rooms or for 50 ft. from
vibrating equipment, whichever is greater. Tog%id reducing the effectiveness of
equipment isolators, at least three of the TQ% hangers from the equipment should provide
the same deflection as the equipmentj&Ttators, with a maximum limitation of 2-inch
deflection. The remaining hanger@?ll be spring or combination spring and rubber with
a minimum of 0.75-inch deflec@g To prevent load transfer to the equipment flanges
when the piping system is fiffdd, the first three hangers adjacent to the equipment shall
be the positioning type ép\eciﬂoation type 5). Floor supports for piping in equipment
rooms and adjacen 'solated equipment shall use restrained vibration isolators. They
should be selec ccording to the guidelines for hangers. Vertical riser supports for
pipe 4" diarrk%t~ and larger shall be isolated from the structure using type 11 and type 12
anchors Q@guides.

&

D. A%ﬁﬁctwork over four square feet face area located in the mechanical equipment room(s)

all be isolated with type 8 hangers with a minimum of 0.75 inch deflection. Emergency

Q™ generator exhaust shall be isolated with type 8 hangers with a minimum of 0.75-inch

Q

\% deflection.
&
O&Q/ E. Install type 14 flexible connectors at all connections of pipe to pumps and chillers and to
é other isolated equipment only as shown on drawings. Where they are not installed on
isolated equipment, insert spool pieces on the equipment side of shutoff valves.
22 34 50 C-91 Vibration Control for HVAC,
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3.03 Not used.
3.04 Not used. <
S
3.05  INSPECTION 0@
O
O
A. Upon completion of installation of all vibration isolation and seismic restraint dev@@,a

certification report prepared by the manufacturer or the qualified representati\@@nall be

submitted in writing to the contractor indicating that all systems are install@?ﬁroperly and

in compliance with the specifications. The report must identify those a.{éé\s that require

corrective measures or certify that none exists. Any field coordinatj@ ype changes to

the originally submitted seismic restraint designs must be Cleathkfined and detailed in

the report. <

NS
o
END OF SECTION 23 05 48:2\
<
e
O
S
&
O
R
X
\/Q
@?
O
@?‘
Q.
O
&
A\
Q.
O
<
O
&
@é
S
O
O
Q
N

&
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SECTION 23 05 53 - IDENTIFICATION FOR HVAC PIPING AND EQUIPMENT

PART 1 - GENERAL

A -
S
1.01 RELATED DOCUMENTS @
0\5
A. Drawings and general provisions of contract, including General and Supplementary QO
Conditions and Division 1 Specification Sections, apply to this section. \Q
2
ol
B. Related sections of Division 23 applicable to this section are: \C)\
K
Division 23 - Section 230511 — Basic Mechanical Requirements é
All sections of Division 23 requiring identification devices speci herein
Division 23 - Section 230548 - Vibration isolation for H\/\é;} Electrical and Plumbing.
&
1.02  SECTION INCLUDES éé
@)
A. lIdentification of mechanical equipment agé%ping systems.
@)
&
1.03  SUBMITTALS )

R
\

A. Product Data: Submit man ?{urer‘s technical product data and installation instructions
for each identification @%rial and device required.

Q.
1.04  QUALITY ASSURA%Q@
A
Q.

A. l\/lanufac’d(@r's Qualifications: Firms regularly engaged in manufacturer of identification
devigeé\%f types and sizes required, whose products have been in satisfactory use in

sidaNar service for not less than 5 years.

N)

O
@~ ANSI Standards: Comply with ANSI A13.1 for lettering size, length of color field, colors,

\% and viewing angles of identification devices.
&

&
O PART2- PRODUCTS

2.01 ACCEPTABLE MANUFACTURERS

230553 C-93 Identification for HVAC Piping and Equipment
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A. Seton Nameplate Corporation

B. Brady Sign mark Division
A -
S
S
O

O
2.02  MANUFACTURERS' IDENTIFICATION \QQ

\%

A\
A. Manufacturer's nameplate, name or trademark, shall be permanently affixe@%all

C. Craft mark Identification Systems.

equipment and material furnished under this Specification. Where suc%@uipment isina
finished occupied space, the nameplate shall be in a concealed but@@essible location.
The nameplate of a Subcontractor or Distributor will not be ac%q&ble.
2.03  EQUIPMENT NAMEPLATES \c')é
>
&

A. Provide for each equipment, including air handlinglunits, heat transfer equipment, control
devices, pumps, fans, compressors, boilers, e’@,éa permanently attached nameplate made
of black surface, white core laminated bal@%—t’e with incised letters. Subcontractor
furnishing equipment shall provide ’-@o ate. Pneumatic, electric and mechanically
actuated gauges shall have a brief&'t complete description of their function.
Nameplates shall be a minimu%% 3" long by 1-1/2" wide and shall bear the equipment
name and item number of Wigh white letters as designated in the equipment
schedule. Mounting scg@s shall have chrome plated acorn headed screws.

N

204  TAGS AND CHART§<O
N

A. Furnish aQ@attach to each valve in piping systems (except local shut -off valves), a 1-
1/2"{|\&%1eter brass tag with 1/2" indented numerals filled with durable black compound.
T shall be securely attached to stems of valves with copper wire and "S" hooks.
S

@~ Valve charts shall consist of schematic drawings of piping layouts, showing and

\% identifying each valve and describing the function. Upon completion of the work, one (1)
.’\\2\ copy of each chart, sealed to rigid backboard with clear lacquer placed under glass and
&Q/’ framed, shall be hung in a conspicuous location in the main equipment room, unless
éo otherwise directed by the Architect. Two (2) additional un-mounted copies in 8-1/2" x

11" leather ring binders shall be delivered to the Architect. Also furnish three (3) copies

of schematic flow chart with corresponding valve numbers noted on chart.
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2.05 IDENTIFICATION

A. Provide identification for piping and ductwork and conduit for electrical work. <
B. Pipe shall be lettered and valves tagged. Lettering shall be located near each valve and 0@
branch connection and at intervals of not over 40 feet (10 feet on fire lines and on pip&)
in the Mechanical Equipment Rooms) on straight runs of pipe. Provide flow arrom@@r all

piping at each marker. Adjacent to the legend, stencil the size of the pipe, cond iR or

A\
ductwork. Letter colors shall be yellow with black letters, green with vvhited}?‘fers, blue

with white letters and red with white letters. (<<<\
@)
N
C. Schedule of identification material shall be as follows: A
O
é
OUTSIDE DIAMETER OF INSULATION OF PIPE  "SIZE OF LETTERS
(INCHES) & (INCHES)
4
N
3/4TO 1-1/4 Oé 1/2
1-1/2 7O 2 @9 3/4
2-1/2T0 6 Qo% 11/
8 TO 10 0Q~ 21/2
Over 10 \/Q 31/2
@?
PART 3 - EXECUTION /\\O
@?‘
3.01 PREPARATION OQ~
&
A\
A. Degreaseé(lﬁ-clean surfaces

©

3.02 INSTA%/*{NION

All identification items shall be installed to the Owner's satisfaction and in accordance
O with manufacturer's instructions.
N
&
&
O

END OF SECTION 23 05 53

230553 C-95 Identification for HVAC Piping and Equipment



Middlesex County College
NH, LH and PAC HVAC Upgrades
September 02, 2015

SECTION 23 05 93 - TESTING, ADJUSTING AND BALANCING

PART 1- GENERAL

1.01

1.02

1.03

RELATED DOCUMENTS @
N

A. Drawings and general provisions of contract, including General and Supplement

Conditions and Division 01 Specification Sections, apply to this section. Q)\
ol
o
<<\
&

B. Related sections of Division 23 applicable to this section are:

Division 23 - Section 230511 - Basic Mechanical Requireme&t&*

O
Division 23 - Section 230548 - Vibration mountings an@ontrols, Vibration isolation
and seismic restraint specification for HVAC, Fire ection, Electrical and Plumbing.
<
SECTION INCLUDES é\’
@)
S

A. Requirements and procedures for te@ mechanical systems testing, adjusting, and

balancing to meet design specingtions.

N
<
\Y
SUBMITTALS %v
O
A. Copy of AABC ce@gﬁation within 30 days after award of Contract.
O
B. Name of A@hcy's representative responsible for coordination with Contractor.
QO

C. Co@of AABC National Project Performance Guarantee prior to commencing system

Q/\hélance.

C[)Co List of each instrument to be used, and latest date of calibration.

Q

&\2@ E. Procedures and Agenda - Submit a synopsis of the testing, adjusting, and balancing
&Q}’ procedures and agenda proposed to be used for this project.
O
F. Reports:
1. Submit all test reports on AABC forms. Complete all applicable parts of each
form.
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2. Modify forms or submit multiple forms where required for maximum and

minimum flows, temporary and future conditions, or other conditions, to suit

the Project. é&
&
N

3. Submit report for review prior to final acceptance of the Project. Provide @3%
copies for A/E and Contractor for inclusion in operating and maintena@
manuals. %)

A\
Ng
O
4. Bind reports in soft cover, letter size, 3-ring binder manualséomplete with
index page and indexing tabs, with cover identification %%nt and side.
v
A
5. Include diagrams to clarify locations of compone@cpeadings within a system.
\
&
G. Certificates: «@
. N\ . .
1. By Contractor: Certify that each em is prepared for testing and balancing
and that products and system%@eet or exceed specified requirements.
@)
. < . o
2. By Balancing Agency: \C)mey that instruments flow measuring primary

elements and read—\o/& meters have been calibrated to NBS Standards.

Include Contra ?Furnished permanently installed and portable devices.

QD
1.04 GENERAL REQUIREME, \
@)
N
A. All pipin@g\qd equipment shall be tested. Labor including standby electrician,

mate@, instruments and power required for testing shall be furnished unless
g{hec?vvise indicated under the particular Section of the Specification.
BC)0® Tests shall be performed in the presence of and to the satisfaction of the Architect

OC) and such other parties, as may have legal jurisdiction.
&
.’\ C. In no case shall piping, equipment, or accessories be subjected to pressure exceeding
&Q/’ their ratings.
O
D. All defective work shall be promptly repaired or replaced and the tests shall be

repeated until the particular system and component parts thereof receive the approval
of the Architects.
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Any damage resulting from tests to any and all trades shall be repaired and damaged

materials replaced, all to the satisfaction of the Architect.

The duration of tests shall be as determined by all authorities having jurisdiction, but {(/é&
in no case less than the time prescribed below. 0@

OC)

Equipment and systems, which normally operate during certain seasons of th%e r,
shall be tested during the appropriate season. Tests shall be performed oql@ividual
equipment, systems, and their controls. Whenever the equipment or sy@&‘m under test
is interrelated and depends upon the operation of other equipment(éi}tems and
controls for proper operation, functioning and performance, the@@er shall be
operated simultaneously with the equipment or system bein&&ted.
<
All fans and duct systems shall be completely balan%bf%y the adjustment of sheaves,
dampers, registers and other volume and divertiljg@ntrol devices, to obtain the air
quantities indicated on the design dravvings.\i?eplace sheaves if required to meet
design conditions. O
Q/%
All pumps and piping systems sh ?completely balanced by the adjustment of plug
cocks, globe valves or other co&@bl devices, to obtain flow quantities indicated on the
design drawings. \/Q
@?
Tests shall be perf @\gg in presence and to satisfaction of Engineer, and such other
parties as may @% legal jurisdiction. Submit completed reports for approval. If air
and water b cing cannot be verified in two, four-hour tests (total of eight hours)
the Con ﬁr shall pay the Engineer or his representative for any additional time

spenQ@balance the system.
&

Q)
1.05 QU@ASSURANCE

N)

@
%O
&
Q}.
S
230593

Prior to installation of the mechanical systems, engage the services of an independent
air and water-balancing firm that shall be subject to the approval of the Engineer. The
firm shall have no affiliation with a mechanical contracting or sheet metal company.
Balancing and testing company shall be a member of the Associated Air Balance
Council. The balancing firm shall have at least one member of its full time staff who
is a licensed professional engineer who shall supervise the balancing work. Prior to
balancing, a list of instruments to be used shall be submitted to the Engineer. All

instruments shall be calibrated within six months before tests.
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PART 2 - PRODUCTS (NOT APPLICABLE)
& .
PART 3 - EXECUTION S
S

3.01 FIELD TEST OF PIPING OO

QO

A. During construction properly cap or plug all lines to prevent the entrance %@nd, dirt,
etc. The system of piping shall be blown through wherever necessary r
completion (for the purpose of removing grit, dirt, sand, etc., from aQ‘é}uipment and
piping), for as long a time as is required to thoroughly clean th@ aratus.

&?*
B. Use anti-freeze solution for piping to be tested in Winter.é
%\CJ
C. All piping shall be tested as hereinafter specified. Tests &h& be made after erection and

before covering is applied or piping painted or conceatdd, and as sections of mains and
groups of risers are completed. The extent of the@rk completed before the Architect shall

determine pressure tests are made. Q/%
S
O
D. All piping, unless otherwise specified,@%‘% be tested to a hydrostatic pressure at least 1-1/2

times the maximum designed Work'(wgpressure (but not less than 50 Ibs. per square inch) for
a sufficiently long time to dete | leaks and defects; and after testing shall be made tight in
the most approved manner "{@sts shall be repeated once after leaks and defects have been
repaired. When automatigXtontrol valves, equipment and similar devices which are incapable
of withstanding tes sures applied to piping, such devices shall be removed, or otherwise
protected durin%ég\s s. After approval of such tests, devices shall be installed and tested with
operating meQ@n to operating pressures. The following shall be tested for four consecutive
hours an{)g%ved tight. Leaks shall be remedied by replacing defective work.

S

%
O\)® Hydrostatic

OC) Item Field Test
o _
&
&Q/’ Medium pressure steam and condensate piping 300 psi
éo Low pressure steam and condensate piping 100 psi
Pumped low pressure condensate returns (discharge) 100 psi
Compressed Air (temperature controls) 100 psi
Overflow and drain 50 psi
Hot water heating 100 psi
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Chilled water 100 psi
Chemical Treatment-Hot water 100 psi
. . . . A
E. Leaks appearing during the various pressure tests shall be corrected by replacing all Q/é

defective materials or welds and subsequent tests shall be made until the piping is 0@
found perfect. Caulking of screwed joints or pending of welds is prohibited. OO
Wherever it is necessary to cut out a weld and the ends of the pipe cannot beo

N
conveniently brought together, then a short piece of pipe shall be fitted in%ﬁé welded

as approved by the Engineer. C)\v
<<\
N4
F. Provide all other tests required by the Building Department, Fir partment and all
other authorities having jurisdiction. &V”
O
3.02  RUNNING TEST OF PIPING SYSTEMS %\c‘)
N
&
A. When directed, any section of the work, after #\tas been completed and otherwise

satisfactorily tested, shall be putin actua@%é/ration and operated for a period of two
(2) days of 24 hours each, during vvhicQ/%?me any defects which may appear shall be
remedied and any adjustment Whié ay be necessary shall be made.
X
B. During the time of the test%%pack all valves, make all adjustments and otherwise
put the apparatus in p t condition for operation, and instruct the Owner's
representative in&gﬁu\se and management of the apparatus.
Q.

3.03 TEST OF REFRIGE&@N PIPING
A

A. Refrigg@tion piping shall be tested in accordance with the recommendations of the
r&ﬁ%eration equipment manufacturer and in the following sequence for a period of 24

Q/%UI’S.

N
N

O High Side - Nitrogen at 450 psi
\%O Low Side - Nitrogen at 150 psi
.’\\2\ Entire System - Freon at 5 psi
&
éo B. No visible leaks, losses in pressure or increase in vacuum occur during test period.

3.04  EQUIPMENT TEST

A. Demonstrate that all equipment and apparatus fulfill the requirements of the
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Specifications and that all equipment shall be operated and tested for rated
capacities and specified characteristics. Voltage and amperage readings shall be

taken on all electric motors.
é&‘
¥
O
O
A. The testing of all joints for air leakage after erection and the repair of any Iealg)g?e

3.05 AIR LEAKAGE TEST FOR MEDIUM PRESSURE DUCTWORK

positive requirements. Leakage must be kept to a specified minimum. Th &% for air
leakage is divided into two phases; namely, testing of individual vertic@&ers and

testing of all branches. Provide all required instruments. (<<<\
O
B. Test shall be made at 6 inches water gauge static pressure.KAYrisers, branches and

run outs shall be tested after installation before insulatio@n applied and before the
air mixing units are installed. The total allowable Ie%é?e for the entire system shall
be no more than one (1) percent of the total syst@%bcapacity. Submit the test report
to engineer for review and approval. -
>
C. Equipment necessary for performing t@est shall include a rotary hand blower
calibrated orifice section and a "U @ibe gauge board complete with cocks and rubber
tubing. The test hookup, as w, s details for the fabrication of the orifice section
shall be in accordance Witf\tfga recommendation of the "High Velocity Duct
Manual" of Shisémetal and Air Conditioning Contractors National

o N\

Association, Inc. ?'S

N

3.06 TEST PREPARATIOg(QID PROCEDURE
A\
A. On |nQ@ startup, prior to any tests, check the rotation and running amperage of all

f&h@nd pump motors to prevent damage to equipment by overload.

BC)0® Final balancing must be done with all systems completely installed and operating and

OC) after the automatic temperature controls have had their final adjustment.
&
.’\ C. New, clean filters must be installed in all supply systems prior to balancing.
&

éo D. All water systems shall be completely filled and vented, and all strainers cleaned prior
to balancing. Inspect expansion tanks for proper water level and operating of makeup
water valves.

E. All main supply air ducts shall be traversed, using a pivot tube and manometer. The
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manometer shall be calibrated to read two significant figures in all velocity pressure

ranges.

A main duct is defined as either of the following:

1. A duct serving five or more outlets. OO
Q
%
2. A duct serving two or more branch ducts. \/Q?
Ng
O
3. A duct serving a reheat coil. (<<(
O
4, A zone duct from a multi-zone unit. &?“
O
5. A duct emanating from a fan discharge or pl%@l and terminating at one or
more outlets. «@

N\
The intent of this operation is to measure@raverse the total air quantity supplied by
the fan and to verify the distribution oéﬂ to zones.
O%

Submit data in support of all s@ﬂy fan deliveries by the following four methods:

A\
1. By summation8$¥é air quantity readings at all outlets.
QD
2. By duct erse of main supply ducts.
O
N

3. a‘\ﬁotating vane traverse across a filter or coil bank.

<<O
lk\c) By plotting RPM and static pressure readings on the fan curve. Air density

Q/é corrections must be indicated.

N
N

For return air and exhaust fans, summation and duct traversing shall be sufficient.

Inspect all fan scrolls and remove objects or debris. Inspect all coils and remove

debris or obstructions. Verify that all fire dampers are open.

The supply air systems shall be completely balanced prior to the final balancing of the

water systems.

Upon completion of all air and water balancing, all duct dampers, plug valves and
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other throttling devices shall be marked in the final adjusted position.
AIR BALANCE

A. Record the following design requirements for all fans and fan motors from the 0@

approved shop drawings. OO

Air quantities - CFM
Approximate fan speed - RPM C)\
Fan static pressure (total or external) - inches of water. (<<<\
Maximum tip speed - FPM é
Outlet velocity - FPM &?“
Motor horsepower éo
Volts, phases, cycles and amps at design CO%@)HS.
QS
«
B. Record the following data from all fans and f@motors installed at the project:
>
Manufacturer, model and size{og
Motor horsepower, servic @%or and RPM
Volts, phases, cycles a@full load amps
Motor starter and heaters size
Equipment Ioc@
QD
C. All fans and du@zems shall be completely balanced by the adjustment of sheaves,
dampers, r(@@rs and other volume and diverting control devices, to obtain the air
quantitieé}ldicated on the Drawings. Outside air and return air modulating dampers

O N o w N e

ok~ w b=

shalng)adjusted to admit the specified quantities of air under all cycles of operation.
Aﬂ‘%’lal adjusted air quantities shall be within 10% of the design requirements.
Q/@eplace sheaves if required to meet design conditions.

P

- Record the following test data for all fans and motors installed at the Project at final

Q

balanced conditions:

1. Fan speed RPM.
Fan static pressure (external and total) inches of water.

3. Static pressure drop across all filters, dampers, coils and other items in the
supply fan casings.

4, Motor operating amps.

Actual voltage
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6. Fan CFM
7. Calculated brake horsepower.

E. Submit single line diagrams of all duct systems indicating all terminal outlets {(/é&
identified by number. Data sheets shall list all such outlets denoted by the same 0@
numbers, including the outlet's size, "K" factor, location, CFM and jet velocity. OO

N\

F. Submit this data for all supply, return and exhaust air systems. \/Q?

O\?‘

G. Adjust the outside air and return air dampers to admit the requiredQ{ﬁ\ounts of air
under both summer and winter cycles. Record and submit the @Qde, return and
mixed air temperatures for both cycles after final adjustmem?\

3.08 WATER BALANCE \%é
>
&
A. Record the following design requirements for\*a/\]'pumps and pump motors from the
approved shop drawings: O
Q/%
: S
1 Water quantity - GPM @)
2 Total head - feet of w
3 Pump speed - RP!\/k/<2
4, Impeller size %v
5 NPSH (if regfited)
6 Motor h power
7 Volt @ases, cycles and amps at design conditions
S
B. RecoQQne following data from all pumps motors installed at the project:
&
&
Q/% Manufacturer, model and size.
\5® 2. Impeller size
OC) 3. Motor horsepower, service factor and RPM
\@O 4 Volts, phases, cycles and full load amps
.’\\2\ 5. Motor starter and heaters size
&Q/’ 6 Equipment Location
O

C. All pumps and piping systems shall be completely balanced by the adjustment of plug
cocks, globe valves or other control devices, to obtain the flow quantities indicated on
the Drawings. Balancing shall be done with all controls set for full flow through coils.
All automatic throttling valves shall be in the full-open position. All automatic three-
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way valves shall have the bypass port closed.

D. Record the following test data for all pumps and pump motors installed at the Project:

&
1. Pump speed - RPM 0@

OC)

2. Total head at shut-off or dead-end discharge - feet of water. (Plot th'\@v ue
on pump curve as a verification of impeller size.) \/Q?
Ng
&
3. Suction, discharge and total head at final adjusted flow - @t of water.
o A .
E. Balance the water flow through all coils, cabinet heaters, a@‘heat exchangers in
accordance with design requirements.
O
o
F. For all Venturi type, pivot tube, or other flow meéggFing devices record the pipe size,
manufacturer and size of device, and the di@c} reading or the differential pressure,
and calculated final flow. @)
Q/%
S
G. Flow shall be balanced through %Hggauipment and coils by means of pressure drop.
Obtain curves from the vario anufacturers indicating the relationship between
flow and pressure drop th@kgh the coils and equipment. Readings shall be taken on
calibrated test gaug?&s\(§ mit curves with the final report.
\e
H. Upon complet] f the water balance, reconcile the total heat transfer through all
coils by ret@ﬁing the entering and leaving water temperatures and the entering and
Ieaving§~dry bulb and wet bulb temperatures.
c)<<
}n completion of balancing adjust all differential bypasses and three-way valve
p

l.
@Q/ ypasses for the same pressure drop or full bypass as on full flow.
0\5
O

Q

&
Q,& END OF SECTION 23 05 93
S
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SECTION 23 07 00 - MECHANICAL INSULATION

PART 1 - GENERAL

S
1.01 RELATED DOCUMENTS &
S
O

A. Drawings and general provisions of contract, including General and Supplementary QO

Conditions and Division 1 Specification Sections, apply to this section. Q)\O

A\
. o . N Ng
B. Related sections of Division 23 applicable to this section are: \C)
&
Division 23 - Section 230511 - Basic Mechanical Requirements ?‘é
A
O
Division 23 - Section 230548 - Vibration controls for HVAC\ ctrical and Plumbing.
X
1.02  SECTION INCLUDES 4&
é\/
A. Piping Insulation. )
Q/%
S

B. Ductwork Insulation and Lining.

C. Equipment Insulation. ?\/

O
1.03  SUBMITTALS @v
Q.

A. Product Data:ébomit manufacturer's technical product data and installation
instructionb%'r each type of mechanical insulation. Submit schedule showing
manuf@t@rer's product number, k-value thickness, and furnished accessories for each
megenlcal system requiring insulation.

&
.\)ﬁaintenance Data: Submit maintenance data and replacement material lists for each
%QO type of mechanical insulation. Include this data and product in maintenance manual.

®

&Q},}M QUALITY ASSURANCE

O
é A. Firms regularly engaged in manufacture of mechanical insulation products of types and
manufacturer's qualifications sizes required, whose products have been in satisfactory

use in similar service for not less than ten years.
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B. Installer's Qualifications: A firm with at least ten years successful installation
experience on projects with piping and ductwork insulation similar to that required for
this project.
S
C. Flame/Smoke Ratings: All insulation shall have composite (including insulation jacket 0@
or facing and adhesive) fire and smoke hazard ratings as tested by procedure ASTM EOO

84, NFPA 255 and UL 723 not exceeding: OO
N
2
A\
1. Flame Spread 25 &
<<\

2. Smoke Developed 50 <§<
3. Fuel Contributed 50 &?ﬁ

D. Accessories such as adhesives, mastics, cements, tapes, afﬁ cloths for fittings shall

have component ratings as listed above. All product,s& | bear UL labels.
<
E. Provide certifications or other data as necess show compliance with these

Specifications and governing regulations. J@slude proof of compliance for test of
products for fire rating, corrosiveness, t{@compressive strength.
R
\RQ‘
1.05  PRODUCT DELIVERY, STORAGE AN®Q FHANDLING
A\
@?
A. Protect insulation agains{‘@t, water, chemical and mechanical damage. Do not install
damaged insulation @emove it from project site.
O
B. Deliver insulat@, coverings, cements, adhesives and coatings to the site in factory
fabricate%@?:tainers with the manufacturer's stamp, or label, affixed showing fire
hazard\%tmgs of the products.
C. @%/re insulation in original wrappings and protect from weather and construction traffic.

O
OC)

S
BART 2 - PRODUCTS
&

%O 2.01 ACCEPTABLE MANUFACTURERS

1. Owens-Corning Fiberglass Corporation.

2. Armstrong World Industries Incorporation.
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3. Certainteed Corporation.
. . A
4, Manville Products Corporation. Q/é
S
5. Pittsburgh Corning Corporation. OO
Q
%
6. Knauf Fiberglass %)
A\
Ng
&
INSULATION MATERIAL (§<<<

A. Type A: Insulation shall be glass fiber with a maximum K factoer%.23 at 75 degrees F.
mean temperature with factory -applied all service vapor jacke¥. Density shall be not
less than 3 Ibs. per cubic foot as made by Owens—Cornir}%‘T%berglass Corp.

D

B. Type B: Flexible duct insulation with vapor barrii/cﬂ%hall be 1 Ib. per cu. ft. density glass
fiber with a maximum K factor of 0.29 at 75 d@. mean temperature, with reinforced
foil-faced, flame resistant kraft vapor ba%@%uct wrap insulation FRK-25, T 100 as

O
4
X

C. Type C: Rigid duct insulation v@? vapor barrier shall be 6 Ibs. per cu. ft. density glass

made by Owens-Corning.

fiber with maximum K fact YO.ZZ at 75 deg. F. mean temperature with fire retardant
foil laminate vapor barr@&\facing all service jacket Owens-Corning Type 705 with ASJ 25
jacket. Q‘®
QO
D. Type D: Phgg_ﬁ: foam, chemically neutral; 'k' value of 0.24 at 75 degrees F.
QO
E. Type{:\%ydrous Calcium Silicate, rigid molded pipe or rigid molded block, asbestos
fr@oded throughout material thickness and maintained throughout temperature range
QQK’ value 0.40 at 300 degrees F, Manville Thermo-12/Blue meeting ASTM C533.

OC)

Q
2.
/\&3'9
&
RS

230700

INSULATION PIPING ACCESSORIES

A. Aluminum Jackets: ASTM B209; 0.016-inch thick, smooth finish.

B. Stainless Steel Jackets: Type 304 [316] stainless steel; 0.010 inch thick; smooth finish.

C. Metal Jacket Bands: 3/8 inch wide; 0.010-inch thick stainless steel.
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D. PVC Valve and Fittings Covers: Zeston.
_ . ", A
E. Tape: Vapor barrier, pressure sensitive. Q/é
S
F. Adhesive: Vapor barrier, compatible with insulation. OO
G. Glass Cloth: Untreated glass fiber, 9-0z./sq. yd. weight.
2.04  Not used.
2.056 EQUIPMENT ACCESSORIES A

A. Bedding Compounds: Non-shrinking, permanently flexit%loe\%ompatible with insulation.
N
&
B. Vapor Barrier Cement: Non-flammable, fire resis\t/ént, polymeric resin, compatible with
insulation. O
S
%%
C. Equipment Fasteners: Corrosive-resi metal.
X
D. Steel: Galvanized sheet, G60 %890 finish, ASTM A525.
@?
O
2.06  DUCTWORK ACCESSORIE%ﬁ
N

A. Adhesive: Wate@@of fire-retardant type.

A\
B. Lagging A’g@esive: Fire resistive.
&
C. Ir@e Anchors: Galvanized steel, 12-gauge and self-adhesive pad.

S
(D7 Duct Tape: UL rated flame retardant, self-sealing, foil scrim Kraft laminate, vapor

barrier, 3 inch wide.

o
&
O&Q/ E. Mastic: UL 723, 1-C 551 VI-AC (Insul-Coustic).

S

F. Glass Cloth: Glass fiber cloth, 9-0z./ sq. yd.
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2.07  MISCELLANEOUS ACCESSORIES

A. Insulating Cement: ANSI/ASTM C195; hydraulic setting mineral wool.

&
B. Finishing Cement: ASTM C449. 0@
O
QO
C. Tie Wire: Annealed steel, 16-gauge. Q
N\
2
A\
D. Wire Mesh: Corrosive-resistant metal, hexagonal pattern. O\v
&
E. Foam Adhesive: Armstrong 520. éo
&?*
F. Foam Finish: Armstrong Armaflex finish. éo
NS
o
2.08  PIPING INSUALTION SCHEDULE &\2\
N\
A. Piping System Type Insulation Thic@s
S
&
1. Chilled Water Supply & Return <2O
Up to 4" 0Q~ A 1"
Above 4" \/Q A 1-1/2"
@?
2. Chemical Treatme t&\
(Hot WatB® Chilled Water) A 1"
O
S
3. Refrigergéﬁ\ uction (Below 40 F)
«Dp to 2-1/2" D 1-1/2"
\c~) Above 2-1/2" D 2"
&
((/é
S . Cold Water Make-ups and Air Conditioning
OO
%) Unit Drains
&
A Up to 2" A 1/2"
«<</’ Above 2" A 1"
O

S

5. Hot Water Supply and Return
(Below 249 Degrees F.)
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Up to 2" A 1-1/2"
2-1/2" and above A 2"
A -
6. Dual Temperature Supply and Return {(/é
(Below 249°F) 0@
O
QO
Up to 2" A 1-1/2" Q
N\
2-1/2" and above A 2" \/Q?
Ng
O
2.09  Not used. (<<(
O
2.10 DUCTWORK INSULATION SCHEDULE O&v
é
Ductwork Type %\%sulation Thickness
N
&
1. Unlined Supply air ductwork B/C @te 1, Note 2) 1-1/2"
é
O
2. Return air ductwork @(Note 2) 1-1/27
(Exposed to outside) O%
&
N
3. Outdoor air ductwork \/Q B/C (Note 1, Note 3) 2-1/2"
@?
O
4. Outdoor air plenums ?'S B/C (note 1) 2-1/2"
N
5. Blank-out panel louvers B 2"
A\
6. General Q%Qust air ductwork N/A N/A
O
&
Note%é
S
O@. Use Type B when concealed and Type C when exposed to view.
&
.’\ 2. Weather Protective Coating for ductwork and piping exposed to outside.
&
éo& a. Externally Insulated Ductwork and Dual Temperature Water Piping:

Middlesex County College
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b Apply tack coat of mastic over insulation. Embed one layer of * Duramesh Glass
Fab’ open mesh glass cloth with 3-inch overlap at seams. Smooth out wrinkles
and apply 1/8-inch coat of * Childers’ or‘ Fosters’ white cement coating over

entire surface.
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c. Internally Lined or Non-Insulated Ductwork: Apply cement coating and glass cloth
to metal surfaces as specified for externally insulated ductwork.

d. All exposed to outside Dual Temperature Water Piping shall be additionally provided

S
with Aluminum Jackets. &
S

@)
2.11  EQUIPMENT INSULATION SCHEDULE QO
&
Equipment Type Insulation Thicknw
o
<<\
1. Air Separators C 2" <§<
2. Expansion Tanks C @
A
3. Dual Temperature Pump Bodies C (See 3.@8 2"
O
o
PART 3 - EXECUTION &
<
é\/

3.01 GENERAL Q)

Q/%
A. Install insulation after piping and duc&(&% has been pressure tested accepted.
$
B. Install insulation after heat tra&@% has been installed and accepted.

>
C. Clean surfaces for adh%ﬁf«%s.
N

Q.

D. Install materialgroclean, dry surface in accordance with manufacturer's instructions.
A\

3.02 PIPING INSU((QION
&

&
A. DgNnot insulate chrome plated piping.

)
OCB. Continue insulation with vapor barrier through pipe supports, hangers and sleeves.
&
o\ C.

O&Q/ visible locations.

Where piping is exposed to view in finished spaces, position and cover seams in least

D. Insulate joints, fittings, valves, unions, flanges, strainers, flexible connections and

expansion joints with insulation of like material and thickness as adjoining pipe and
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3.03 EQUIPMENT INSULATION A
A.

B. Do not in@te over nameplate or ASME stamps. Bevel and seal the insulation around

Middlesex County College
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finish with glass cloth and adhesive. The contractor has the option to use zeston pipe

fitting covers up to 4" pipe sizes.

Where glass fiber insulation is applied to piping subject to condensation, seal

longitudinal laps of jackets with adhesive and wrap butt joints with 2-inch tape.

Where pre-molded PVC fitting covers are used; apply multiple layers of insulation@QI
cover is tightly packed. Hot piping covers may be initially secured with stainles@eel
serrated tacks. Seal the seam edges of cold piping covers with adhesive. %&]re hot
and cold piping covers by taping the ends to the adjacent insulation. (<<<\
Provide an insert, not less than 12 inches long, of same thicknesﬁ?ﬁéd contour as
adjoining insulation, between support (type 40) shield and pie®¥1g, but under the finish
jacket, to prevent insulation from sagging at support poi%t%@Refer to Section 230529.
Use cork inserts or other heavy density insulating ma@al suitable for the planned
temperature range. Factory fabricated inserts may\be used.

Oé\/
Neatly finish insulation at supports, protr%%/@ms and interruptions.

O

Jackets - Indoors, Exposed to Viev@:‘or pipe exposed in mechanical equipment Rooms

or in finished spaces insulate %%g with vapor barrier jackets factory applied.
&

Q
?\
N

Do not insulate fQ@ory—insulated equipment.
\3

thesg'&l‘t@ns.
S

C. ply insulation as close as possible to equipment by grooving, scoring, and
OC) beveling, if required. Secure insulation to equipment with studs, pins, clips,
adhesive, wires, or bands.
® dhesi i band
o\
D. When equipment with insulation requires periodic opening for maintenance, repair or

230700

cleaning, install insulation in such manner that it can be easily removed and replaced

without damage.
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E. HVAC Base Mounted Pumps: Construct minimum 20 gauge steel box section
enclosures for pump. Insulate enclosure with permanently attached, rigid board
insulation in thickness specified for fluid served. Form enclosure in separate mating

sections for split case pumps with mating flange coinciding with the ump casing split. {(/é&

3.04 DUCTWORK INSULATION OO

Q
%

A. Where dampers have elevated regulators and access doors have outer flanges, Ratall

insulation between duct and regulator or flange. &
&

B. Construct box sections of Type C insulation for coil headers and re‘@@bends in duct-
mounted coils. Continue scheduled insulation over coil frame s&(fgées not requiring
box sections. <

O
o
C. Insulation (Type B) Application: «‘2\
<

1. Cutinsulation in lengths to provide a mini@%ﬁstaple lap of 3 inches.
Q/%

2. Adhere insulation to ductwork wit percent adhesive coverage. Except where
spacing around ductwork will @'permit installation of mechanical fasteners, in
addition to adhesive, secur@ﬂsulation to underside of ductwork with mechanical
fasteners on 12 inch c%sﬁ% when bottom dimension is 18 inches or larger.

QD
3. Stop and point @ation around access doors and damper operators to allow

operation v&gt disturbing wrapping.
A\

4. Seal j@@et joints, staple seams, and penetrations with tape.
&

D. Ir@ﬁtion (Type C) Application:
S

OC) 1. Secure insulation to ductwork with mechanical fasteners located 12-inch o.c. Install
\%O insulation with edges tightly butted. Stop and point insulation around access doors
.’\\2\ and damper operators to allow operation without disturbing the insulation. Seal
&Q/’ fastener penetration of vapor barrier with vapor barrier adhesive.

O
2. Where spacing around ductwork will not permit installation of mechanical fasteners,

secure insulation with 100 percent coverage adhesive and wires spaced 6 inches.
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Provide metal corner pieces to prevent damage to insulation by wires at duct

corners. Use mechanical fasteners on all other adjoining surfaces.

3. Provide minimum 1/2-inch thick insulation over mechanical joints, reinforcement {(/é&
S

angles and stiffeners.

O
O
4. Seal butted joints, penetrations by mechanical fasteners and all other vapor b\le r
penetrations with tape. \/Q?
O\?‘
5. Use 6-Ib/cu. ft. density insulation on horizontal areas, which may ngDbject to
damage from personnel traffic. é
&?*
E. Insulation (Type E) Application: éo
O

1. Insulation shall be securely banded in place, tigh{@utted, joints staggered and
secured with 16 gauge galvanized or stainles\&/&teel wire or 1/2” x0.015"
galvanized steel bands on 12” maximum@ters for large areas. For round ducts
use tie wire 16 gauge stainless steel v@twisted ends on maximum 12 “ centers.

O

R
F. Not used. &
Qo

?y
3.05  EXISTING INSULATION REPAI
QD
A. Repair damaged segé_?%?; of existing mechanical insulation, both previously damaged or
damaged durin QQ construction period. Use insulation of same thickness as existing
insulation, ingt® new jacket lapping and sealed over existing.
O
<
3.06 PROTEC{P@RI AND REPLACEMENT
A. place damaged insulation, which cannot be repaired satisfactorily, including units

O~ with vapor barrier damage and moisture saturated units.

Q

N
.’\\2\ B. Protection: Insulation Installer shall advise Contractor of required protection for
&Q/’ insulation work during remainder of construction period, to avoid damage and
éo deterioration.

END OF SECTION 23 07 00
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SECTION 23 09 23 - Building management controls system

GENERAL e&
¥
OC)
Q
Furnish all labor, materials, equipment, and service necessary for a comﬁ@e and
operating Facility Management and Control System (FMCS), utilizing direct digi\t/ controls
as shown on the drawings and as described herein. Drawings are diagram Xic only. The
FMCS shall be capable of total integration of the facility infrastructure Q\g’:ms with user
access to all system data either locally, over a secure Intranet vvith'@@he building or by
remote access by a standard Web Browser over the Internet. T@ shall include HVAC
control and all trending, reporting and maintenance manag t functions related to
normal building operations, all as indicated on the dra@zi or elsewhere in this
specification. \c.)
o
&
All labor, material, equipment and software not specifically referred to herein or on the
plans, that is required to meet the functional in@ﬂ’t of this specification, shall be provided
without additional cost to the Owner. %O
&

SYSTEM DESCRIPTION QO
0Q~

Q

The entire Facility Manage &'}(and Control System (FMCS) shall be comprised of a
network of interoperable@%nd—alone digital controllers communicating on an open
protocol communicatio &etwork. All information from the FMCS shall be available to local
computers within thQ_ cility via local Intranet and to remote computers, or from multiple
facilities via the |p€8rnet. The FMCS shall communicate to third party systems and other
building manag@ent related devices with open, interoperable communication capabilities.

)
(<L

SUMMARY

SUBMI

QS
S

A. t copies of shop drawings of the entire control system shall be submitted and shall

QO

230923

OConsist of a complete list of equipment and materials, including manufacturers catalog

data sheets and installation instructions. Shop drawings shall also contain complete
wiring and schematic diagrams, software descriptions, calculations, and any other details
required to demonstrate that the system has been coordinated and will properly function
as a system. Terminal identification for all control wiring shall be shown on the shop
drawings. A complete written Sequence of Operation and input/output point list of all
connected points to the FMCS system shall be included with the submittal package.
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®
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Submittal shall also include a system schematic diagram depicting the Full User Interface
(FUI) and Browser User Interface (BUI) computers / peripherals, Network Area Controllers
(NAC), 3rd party controllers and the networking equipment required to make a complete
and functional system.

Upon completion of the work, provide an electronic set of * as-built’ drawings, jo
documentation and application software on magnetic floppy disk media or compact di

Drawings shall be provided as AutoCAD™ files. Submittal data such as seque of
operation and cut sheets shall be provided in an Adobe Acrobat™ format. Eighéyprinted
copies of the * as-built’ drawings shall be provided in addition to the doc@n\ents on

compact disk. O\?\’
N

1. Provide all revisions and/or upgrades made to the system sof@re during the one
year guarantee warranty period, at no additional cost to the %@qer.

&
O
AGENCY AND CODE APPROVALS \G_)
N\

All products of the FMCS shall be provided éh the following agency approvals.
Verification that the approvals exist for all su%)ﬁd products shall be provided with the

submittal package. Systems or products not ently offering the following approvals are

not acceptable. S
&

1. UL-916; Energy Management %gtems

2. ULC; UL - Canadian Sta@ards Association

3. FCC, Part 15, Sub@J Class A Computing Devices
OQ~®
SOFTWARE K
N2
Q.

Control c<6ntractor shall provide all password including but not limited to administrative
and SYstem level password for full unrestricted access to the software programs installed

this contract.
0@

O DELIVERY, STORAGE AND HANDLING

Provide factory-shipping cartons for each piece of equipment and control device. Maintain
cartons through shipping, storage, and handling as required to prevent equipment damage.
Store equipment and materials inside and protected from weather.

JOB CONDITIONS
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A. Cooperation with Other Trades: Coordinate the Work of this section with that of other
sections to insure that the Work will be carried out in an orderly fashion. It shall be this
Contractor's responsibility to check the Contract Documents for possible conflicts between

his work and that of other crafts in equipment location, pipe, duct and conduit runs,
electrical outlets and fixtures, air diffusers, and structural and architectural features.

&.
S
1.8 QUALITY ASSURANCE OOQ

QO

A. The Manufacturer of the FMCS digital controllers shall provide documentation Q}onrting
compliance with 1S0-9001 (Model for Quality Assurance in Design/ elopment,
Production, Installation and Servicing). Product literature provided by th@,¥MCS digital
controller manufacturer shall contain the ISO-9001 Certification Mark @n the applicable

registrar. é
&?*
1.9 SPECIFICATION NOMENCLATURE éo
NS
>
A. Acronyms used in this specification are as follows: «‘2‘
<4

1. FMCSFacility Management and Control em
Q/%
2. NAC Network Area Controller O@

<
3. IDC Interoperable Digital&o)%roller
\Y%

4. IBC Interoperable %@X&t Controller

&\

5. FUIl  Full Useqr:@%rface

O
6. BUI Br@ger User Interface

Q.
7. D%&%irect Digital Controls
AN
A
8. Q/éLAN Local Area Network

009. PICS Product Interoperability Compliance Statement

Q
S
&
&Q}PART 2 - MATERIALS
O

2.1 MANUFACTURERS
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A. Basis of Design is Schneider Electric IA Series as furnished and installed by TBS
Controls, LLC located in Allendale, NJ. Phone number: 201-327-9500

B. Approved manufacturers:

&
i Schneider Electric @Qx

ii. Automated Logic

iii. Johnson Controls OO

2.2 GENERAL Q,\O
A.  The Facility Management Control System (FMCS) shall be compri Qayc;f a network

of interoperable, stand-alone digital controllers, a computer ngtem, web based
graphical user interface software, printers, network devicesg@i other devices as

specified herein.
&?*
e
B. The installed system shall provide secure pass@ord access to all features,

functions and data contained in the overall FI\/IQ?\\@

C. The desktop computer for owner interfa all be located in the facility director’ s
office or as directed by Directorg@ Facilities. Coordinate final location of
workstation. Provide 120 volt po@ and data connection (Static IP address by

others) O
R
X
2.3 OPEN, INTEROPERABLE, INTEQB TED ARCHITECTURES
A. The intent of thi ﬁ)ecn‘lcatlon is to provide a peer-to-peer networked, stand-alone,

distributed c@l system with the capability to integrate both the ANSI/ASHRAE
Standard 995 BACnet and LonWorks technology communication protocols in
one ope teroperable system.
&
B. @)3 programming computer software shall employ object-oriented technology
OOT) for representation of all data and control devices within the system. In
& addition, adherence to industry standards including ANSI / ASHRAE™ Standard
) 135-1995, BACnet and LonMark to assure interoperability between all system
@) components is required. For each LonWorks device that does not have LonMark
%Q certification, the device supplier must provide an XIF file for the device. For each
&® BACnet device, the device supplier must provide a PICS document showing the
& installed device’ s compliance level. Minimum compliance is Level 3; with the
L ability to support data read and write functionality. Physical connection of BACnet
O
< devices shall be via Ethernet.
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C. All components and controllers supplied under this contract shall be true “ peer-to-
peer” communicating devices. Components or controllers requiring “ polling” by
a host to pass data shall not be acceptable.

D. The supplied system must incorporate the ability to access all data using Java {(/é&

enabled browsers without requiring proprietary operator interface and conﬂgurahon@
programs. An Open DataBase Connectivity (ODBC) or Structured Query Langu@@

(SQL) compliant server database is required for all system database par@er
storage. This data shall reside on a supplier-installed server for all ase
access. Systems requiring proprietary database or proprietary useQ)nterface

programs shall not be acceptable. \?‘
A
E. A hierarchical topology is required to assure reasonable syste sponse times and

to manage the flow and sharing of data without unduly burgkening the customer’ s
internal Intranet network. Systems employing a “ flat”o ingle tiered architecture
shall not be acceptable.

NS
1. Maximum acceptable response ti \om any alarm occurrence (at the
point of origin) to the point of amunciation shall not exceed 5 seconds
for network connected user i aces.
O
2. Maximum acceptable 7 onnse time from any alarm occurrence (at the

point of origin) to t omt of annunciation shall not exceed 60 seconds
for remote or dla connected user interfaces.

2.4 NETWORKS g
O
A. The Local Ar@letwork (LAN) shall be either a 10 or 100 Megabits/sec Ethernet
network @ortmg BACnet, Java, XML, HTTP, and CORBA [IOP for maximum
erX|b|I|t r integration of building data with enterprise information systems and

prov@%‘g support for multiple Network Area Controllers (NACs), Browser User
&taces (BUIs) and/or Full User Interfaces (FUIs).

&Y
%Q/ Local area network minimum physical and media access requirements:
C)\B
QC) 1. Ethernet; IEEE standard 802.3
N
&‘2\ 2. Cable; 10 Base-T, UTP-8 wire, category 5
&
eO 3. Minimum throughput; 10 Mbps, with ability to increase to 100 Mbps
2.5 NETWORK ACCESS
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A. Remote Access.

1. For Local Area Network installations, provide access to the LAN from a
remote location, via the Internet. The owner shall provide a connection
to the Internet to enable this access via high-speed cable modem,
asynchronous digital subscriber line (ADSL) modem, ISDN line, T1 Line Q,e
or via the customer’ s Intranet to a corporate server providing access 0@
to an Internet Service Provider (ISP). Owner agrees to pay monthly OC)
access charges for connection and ISP. Q

&
2. Where no Local Area Network exists, FMCS supplier sha@zrovide the
P N\
following: <<\C)
&
a. 8 Port Ethernet hub (3Com, or equal) Q
&?*
b. Ethernet router (Cisco or equal) %O
O

3. The owner shall provide a connectij§® to the Internet to enable this
access via high-speed cable modeMm, asynchronous digital subscriber
line (ADSL) modem, ISDN lin ok T1 Line. Owner agrees to pay monthly
access charges for connect@nd ISP

S
&
2.6 NETWORK AREA CONTROLLER (NACLO
X
A. The Network Area Con rQU%r (NAC) shall provide the interface between the LAN or

&
N
N

%OO
D
&
RS
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WAN and the field ¢ | devices, and provide global supervisory control functions
over the control dQ\ées connected to the NAC. It must be capable of seamless,
simultaneous int&fface and integration with the following protocols: Ethernet, LON,
BACnet, Mo& , ASD (Barber Colman N-8000). Communication gateways are not
acceptabl he NAC shall be capable of executing application control programs to

providg:\
X
\C_)Q 1. Calendar functions

&

2. Scheduling

3. Trending

4. Alarm monitoring and routing

5. Time synchronization

6. Integration of LonWorks controller data and BACnet controller data
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7. Network Management functions for all LonWorks based devices

B. The Network Area Controller must provide the following hardware features as a
minimum:
A -
S
1. One Ethernet Port -10 / 100 Mbps \\)@
OC)
2. One RS-232 port Q
&
3. One LonWorks Interface Port — 78KB FTT-10A VX/
O
4, Battery Backup O<<<<

5. Flash memory for long term data backup (| Ra“ttery backup or flash
memory is not supplied, the controller mu&&mtain a hard disk with at

least 1 gigabyte st it
gigabyte storage capacity) \@
o

6. The NAC must be capable of oper %n over a temperature range of 0 to

55° C -

é\/
O

7. The NAC must be cap of withstanding storage temperatures of

between 0 and 70° CO@

4
8. The NAC mus b}QEapable of operation over a humidity range of 5 to
95% RH, nonvsc, ndensing

o

C. The NAC shall p@'\de multiple user access to the system and support for ODBC or
SQL. A dat Qe resident on the NAC shall be an ODBC-compliant database or
must prov@@an ODBC data access mechanism to read and write data stored within
it. >

OQ"

<

D. NAC shall support standard Web browser access via the Intranet/Internet. It

Q/é\shall support a minimum of 16 simultaneous users.

S

E. Event Alarm Notification and actions

1. The NAC shall provide alarm recognition, storage; routing, management,

and analysis to supplement distributed capabilities of equipment or
application specific controllers.

2. The NAC shall be able to route any alarm condition to any defined user
location whether connected to a local network or remote via dial-up,
telephone connection, or wide-area network.
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3. Alarm generation shall be selectable for annunciation type and
acknowledgement requirements including but limited to:

a. To alarm

A -
b. Return to normal Q/e
S

O
C. To fault O
Q
. . . N
4, Provide for the creation of an unlimited number of alarm C|a\S/@S for the
purpose of routing types and or classes of alarms, i.e.: &s&’urity, HVAC,
Fire, etc. <<\
&
5. Provide timed (schedule) routing of alarms by ss, object, group, or
node. A
e
6. Provide alarm generation from binary ct “ runtime” and /or event

counts for equipment maintenanceeb he user shall be able to reset
runtime or event count values vvitﬁ%ppropriate password control.

<
é\/
F. Control equipment and network 551 ures shall be treated as alarms and
annunciated. 2)
@)

&
G. Alarms shall be annunciatqg\)w any of the following manners as defined by the user:
A\

%?”
1. Screen nrgssage text
QD

2. E s& of the complete alarm message to multiple recipients. Provide
Q@e ability to route and email alarms based on:

N2
a. cha'y of week

Time of day

&
\}® c. Recipient

%O 3. Pagers via paging services that initiate a page on receipt of email

&® message
4. Graphic with flashing alarm object(s)

5. Printed message, routed directly to a dedicated alarm printer
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H. The following shall be recorded by the NAC for each alarm (at a minimum):

1. Time and date

2. Location (building, floor, zone, office number, etc.) é&
3. Equipment (air handler #, accessway, etc.) OQQ
O
4, Acknowledge time, date, and user who issued acknowledgemen\g
. A\
5. Number of occurrences since last acknowledgement. O\?‘

&

Alarm actions may be initiated by user defined programma@e objects created for

that purpose. A
e
J. Defined users shall be given proper access to a%?@vvledge any alarm, or specific

types or classes of alarms defined by the user. N
R

K. A log of all alarms shall be maintained Xe NAC and/or a server (if configured in
the system) and shall be available fg(/lc_rjeview by the user.
S
@)
L. Provide a “ query” featurSQg allow review of specific alarms by user defined
parameters. Q
A\
o
M. A separate log for, s@tem alerts (controller failures, network failures, etc.) shall be
provided and a@?a le for review by the user.

X

N. An Error\&g to record invalid property changes or commands shall be provided and

“

avail for review by the user.
<
NG
2.7 DAT@QOLLECTION AND STORAGE
§§</
N
OC) A. The NAC shall have the ability to collect data for any property of any object and
store this data for future use.
Q
N
&
<<;~ B. The data collection shall be performed by log objects, resident in the NAC that shall
O& have, at a minimum, the following configurable properties:

S

1. Designating the log as interval or deviation.
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2. For interval logs, the object shall be configured for time of day, day of
week and the sample collection interval.

3. For deviation logs, the object shall be configured for the deviation of a
variable to a fixed value. This value, when reached, will initiate logging A
of the object. @Q/e
4, For all logs, provide the ability to set the maximum number of
stores for the log and to set whether the log will stop coIIch@Q/hen

full, or rollover the data on a first-in, first-out basis.

5. Each log shall have the ability to have its data cleare@(@a time-based
event or by a user-defined event or action.

C. All log data shall be stored in a relational database in thes\NAC and the data shall be
accessed from a server (if the system is so conﬁgure%kbr a standard Web Browser.

&
D. All log data, when accessed from a server, sﬁa\%I\ be capable of being manipulated
using standard SQL statements. \/

E. All log data shall be available to thé&er in the following data formats:
@)

4
1. HTML <&
Qo

2. XML ol
\Oé
3. PIa&?‘ext

é{@omma or tab separated values

<2_\

@)
F. Sy&ems that do not provide log data in HTML and XML formats at a minimum shall
A be acceptable.

\X§ The NAC shall have the ability to archive its log data either locally (to itself), or

OC) remotely to a server or other NAC on the network. Provide the ability to configure
Q the following archiving properties, at a minimum:
&
o\
’ 1. Archive on time of day
2. Archive on user-defined number of data stores in the log (buffer size)
3. Archive when log has reached it’ s user-defined capacity of data stores
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4. Provide ability to clear logs once archived

2.8 AUDIT LOG

&
A. Provide and maintain an Audit Log that tracks all activities performed on the NAC.
Provide the ability to specify a buffer size for the log and the ability to archive Iag>®
based on time or when the log has reached its user-defined buffer size. Provid
ability to archive the log locally (to the NAC), to another NAC on the netW%IQ)r to
a server. For each log entry, provide the following data:

?y
1. Time and date \C)\
K
2. User ID éo
&?*
3. Change or activity: i.e.,, Change setpo%@ add or delete objects,
commands, etc. \C_)
o
&
2.9 DATABASE BACKUP AND STORAGE 4

A. The NAC shall have the ability to agéﬁ?nahcally backup its database. The database
shall be backed up based on a u fined time interval.

Q.

B. Copies of the current dat§3ase and, at the most recently saved database shall be
stored in the NAC. T ge of the most recently saved database is dependent on
the user-defined dz\ Pase save interval.

C. The NAC d@ase shall be stored, at a minimum, in XML format to allow for user

vievvmghﬂ editing, if desired. Other formats are acceptable as well, as long as
XML at is supported.
&
<
2.10 INTEE@\%ERABLE DIGITAL CONTROLLER (IDC)

2
N
c)\)\-

Controls shall be microprocessor based Interoperable LonMark™ or LonWorks

QO Controllers (IDC). Where possible, all Interoperable Digital Controllers shall bear

\g the applicable LonMark™ interoperability logo on each product delivered. In
,Qz‘ general, all controllers must be native LON. Gateways are not acceptable.

B. HVAC control shall be accomplished using LonMark™ based devices where the

application has a LonMark profile defined. Where LonMark devices are not
available for a particular application, devices based on LonWorks shall be
acceptable. For each LonWorks device that does not have LonMark certification,
the device supplier must provide an XIF file for the device. Publicly available
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specifications for the Applications Programming Interface (API) must be provided

for each LonWorks / LonMark controller defining the programming or setup of each

device. All programming, documentation and programming tools necessary to set up

and configure the supplied devices per the specified sequences of operation shall
be provided.

The LonWorks network trunk shall be run to the nearest Network Area Contro@b

(NAC). A maximum of 126 devices may occupy any one LonWorks trunk an st
be installed in buss architecture using the appropriate trunk termination de@: . All
LonWorks and LonMark devices must be supplied using FTT—lOA\/ nWorks
communications transceivers. O\?~

<<\
N4
The Network Area Controller will provide all scheduling, al @ing, trending, and
network management for the LonMark / LonWorks based d&wces.

O

The IDCs shall communicate with the NAC at a b@ld rate of not less than 78.8K
baud. The IDC shall provide LED indication @communication and controller
performance to the technician, without cover ré}%\oval.

<4
N\
All IDCs shall be fully application pro%@mable and shall at all times maintain their
LONMARK certification. Contra%@ offering application selection only (non-

programmable), require a 10% pare point capacity to be provided for all
applications. All control seﬁgges within or programmed into the IDC shall be
stored in non-volatile meQidty, which is not dependent upon the presence of a
battery, to be retained, ?\/

<O

The supplier Q¢ any programmable IDC shall provide one copy of the
manufactur@programming tool, with documentation, to the owner.

X

N
INTEROPE E BACNET CONTROLLER (IBC)

<
©

A. &Controls shall be microprocessor based Interoperable BACnet Controllers (IBC) in

accordance with the ANSI/ASHRAE Standard 135-1995. IBCs shall be provided for
Unit Ventilators, Fan Coils, Heat Pumps, Variable Air Volume (VAV) Terminals and
other applications as shown on the drawings. The application control program shall
be resident within the same enclosure as the input/output circuitry, which
translates the sensor signals. The system supplier must provide a PICS document
showing the installed systems compliance level to the ANSI/ASHRAE Standard
135-1995. Minimum compliance is Level 3. . In general, all controllers must be
native BACnet. Gateways are not acceptable.

The IBC' s shall communicate with the NAC via an Ethernet connection at a baud
rate of not less than 10 Mbps.
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The IBC Sensor shall connect directly to the IBC and shall not utilize any of the 1/0

points of the controller. The IBC Sensor shall provide a two-wire connection to the

controller that is polarity and wire type insensitive. The IBC Sensor shall provide a

communications jack for connection to the BACnet communication trunk to which

the IBC controller is connected. The IBC Sensor, the connected controller, and all
other devices on the BACnet bus shall be accessible by the POT.

S

All IBC" s shall be fully application programmable and shall at all times maifthin
their BACnet Level 3 compliance. Controllers offering application selec'@n only
(non-programmable), require a 10% spare point capacity to be provi for all
applications. All control sequences within or programmed into th ?E’C shall be
stored in non-volatile memory, which is not dependent upon tb(&gbresence of a
battery, to be retained. <§

?j
&
O
é
r n %\
Operati S stem:

1. The FUI shall run on I\/Iicrosgé&/’vmdows NT Workstation 4.0, Service
Pack 4 or later.
é-’o

The FUI shall employ browse (xe functionality for ease of navigation. It shall
include a tree view (similar indows Explorer) for quick viewing of, and access
to, the hierarchical struct&e of the database. In addition, menu-pull downs, and
toolbars shall employgﬁfons, commands and navigation to permit the operator to
perform tasks with @minimum knowledge of the HVAC Control System and basic
computing skills@hese shall include, but are not limited to, forward/backward
buttons, hom @Jtton, and a context sensitive locator line (similar to a URL line),
that displa<y<© e location and the selected object identification.

N

RealDime Displays. The FUI, shall at a minimum, support the following graphical
@tures and functions:

&

1. Graphic screens shall be developed using any drawing package capable
of generating a GIF, BMP, or JPG file format. Use of proprietary graphic
file formats shall not be acceptable. In addition to, or in lieu of a
graphic background, the FUI shall support the use of scanned pictures.

2. Graphic screens shall have the capability to contain objects for text,
real-time values, animation, color spectrum objects, logs, graphs, HTML
or XML document links, schedule objects, hyperlinks to other URL’ s,
and links to other graphic screens.
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3. Graphics shall support layering and each graphic object shall be

configurable for assignment to a layer. A minimum of six layers shall be
supported.

4. Modifying common application objects, such as schedules, calendars,
and set points shall be accomplished in a graphical manner.
S
y

keyboard entry from the operator.
%

\%

b. Holidays shall be set by using a graphical calendar, Without\@qmring any

keyboard entry from the operator. N
K

5. Commands to start and stop binary objects sl\éll be done by right-
clicking the selected object and selecting e appropriate command
from the pop-up menu. No entry of text s!@e required.

O
6. Adjustments to analog objects, su Qs set points, shall be done by
right-clicking the selected object 4ad using a graphical slider to adjust

the value. No entry of text sha(‘l}e’required.

®)

System Configuration. At a mini %,the FUI shall permit the operator to perform
the following tasks, with properd@ssvvord access:

Q.

1. Create, delete & modify control strategies.
?y
2. Add/d&@ objects to the system.
\e
3. 6Q§wntrol loops through the adjustment of control loop parameters.

&
Q?_\ Enable or disable control strategies.

<<O
\c.) 5. Generate hard copy records or control strategies on a printer.
6. Select points to be alarmable and define the alarm state.
7. Select points to be trended over a period of time and initiate the

recording of values automatically.

On-line Help. Provide a context sensitive, on-line help system to assist the
operator in operation and editing of the system. On-line help shall be available for
all applications and shall provide the relevant data for that particular screen.
Additional help information shall be available through the use of hypertext. All
system documentation and help files shall be in HTML format.

C-129 Building Management Controls System



S

213 QO

&
Q&

&
O’\

230923

Middlesex County College

NH, LH and PAC HVAC Upgrades

September 02, 2015

On-line Documentation. Provide a context sensitive, on-line documentation system

to assist the operator in operation and trouble shooting of each integrated system.

On-line help shall be available for all applications and shall provide the relevant

data for that particular monitoring screen. As a minimum, provide a link to the

Sequence of Operation, input/output summary, and cut sheets in either Adobe
Acrobat™ or HTML format.

S

Security. Each operator shall be required to log on to that system with a use@ne
and password in order to view, edit, add, or delete data. System security Il be
selectable for each operator. The system administrator shall have the a@y to set
passwords and security levels for all other operators. Each operator @s‘word shall
be able to restrict the operators’ access for viewing and/or char@é each system
application, full screen editor, and object. Each operator s?—@( utomatically be
logged off of the system if no keyboard or mouse activity i&detected. This auto
log-off time shall be set per operator password. All sysj@%“security data shall be
stored in an encrypted format. éO

O
System Diagnostics. The system shall auto @glly monitor the operation of all

workstations, printers, modems, network copnettions, building management panels,
and controllers. The failure of any device@éll be annunciated to the operator.

®)

S
Alarm Console g<<’

QO

1. The system wil provided with a dedicated alarm window or console.
This Windovv\/'ll notify the operator of an alarm condition, and allow
the opera@’[o view details of the alarm and acknowledge the alarm.
The u§§Q the Alarm Console can be enabled or disabled by the system

ad@ﬁﬁs rator.
Q.
2. é{@hen the Alarm Console is enabled, a separate alarm notification
Q‘\ window will supercede all other windows on the desktop and shall not
O

be capable of being minimized or closed by the operator. This window
\c_) will notify the operator of new alarms and un-acknowledged alarms.

by the operator shall not be acceptable.

é& Alarm notification windows or banners that can be minimized or closed

BROWSER USER INTERFACE SOFTWARE

The system shall be capable of supporting an unlimited number of clients using a
standard Web browser such as Internet Explorer™ or Netscape Navigator™.
Systems requiring additional software (to enable a standard Web browser) to be
resident on the client machine, or manufacture-specific browsers shall not be
acceptable.
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The Web browser software shall run on any operating system and system

configuration that is supported by the Web browser. Systems that require specific

machine requirements in terms of processor speed, memory, etc., in order to allow
the Web browser to function with the FMCS, shall not be acceptable.

schedules, calendars, logs, etc., and provide the same interface methodology a
provided by the Full User Interface. Systems that require different views %G)lat
require different means of interacting with objects such as schedules, or I@, shall
not be permitted.

R

The Web browser client shall support at a minimum, the follovvinQ%\nctions:

1. User log-on identification and password &hﬁbe required. If an
unauthorized user attempts access, a [ank web page shall be
displayed. Security using Java a ntication and encryption
techniques to prevent unauthorized a&ga\ss shall be implemented.

&

2. Graphical screens developed fdr-the FUI shall be the same screens
used for the Web browser\ﬁ*rent. Any animated graphical objects
supported by the FUI sha%@ supported by the Web browser interface.

3. HTML programminQQall not be required to display system graphics or

data on a Web . HTML editing of the Web page shall be allowed if
the user desire€ a specific look or format.
ol

4, Stora%@ the graphical screens shall be in the Network Area Controller

(NAQP~"without requiring any graphics to be stored on the client

ine. Systems that require graphics storage on each client are not
ceptable.

Real-time values displayed on a Web page shall update automatically

\c_) without requiring a manual “ refresh” of the Web page.

6. Users shall have administrator-defined access privileges. Depending
on the access privileges assigned, the user shall be able to perform the
following:

a. Modify common application objects, such as schedules, calendars, and set

points in a graphical manner.

1) Schedule times will be adjusted using a graphical slider, without
requiring any keyboard entry from the operator.
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2) Holidays shall be set by using a graphical calendar, without requiring
any keyboard entry from the operator.

b. Commands to start and stop binary objects shall be done by right-clicking the
selected object and selecting the appropriate command from the pop-up
menu. No entry of text shall be required.

C. View logs and charts @)
OQ
d. View and acknowledge alarms Q)\
A\
Ng
7. The system shall provide the capability to specifgN\d user’ s (as

determined by the log-on user identification) homgNpage. Provide the
ability to limit a specific user to a pre-defined @me page. From the
home page, links to other views, or pagesgi?the system shall be
possible, if allowed by the system adminis@r.
NG

8. Graphic screens on the Web Browsgg@ent shall support hypertext links
to other locations on the Internet & on Intranet sites, by specifying the
Uniform Resource Locator (UP{_j\f‘or the desired link.

O
2.14 SERVER FUNCTIONS AND HARDWARE %Q/%
<2O
Q.
A. A central server shall beQ&h)vided. The server shall support all Network Area
Controllers (NAC) connegted to the customer’ s network whether local or remote.

O%

N
B. Local connectio xhall be via an Ethernet LAN. Remote connections can be via
ISDN, ADSL,@r dial-up connection.
O
N
C. It shatgbe possible to provide access to all Network Area Controllers via a single
co tion to the server. In this configuration, each Network Area Controller can

accessed from the Full User Interface (FUI) or from a standard Web browser
é&(BUI) at the server.

OC) D. The server shall provide the following functions, at a minimum:
Q
\2@ 1. Global Data Access: The server shall provide complete access to
Q/& distributed data defined anywhere in the system.
D\
éo 2. Distributed Control: The server shall provide the ability to execute

global control strategies based on control and data objects in any NAC
in the network, local or remote.
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3. The server shall include a master clock service for its subsystems and
provide time synchronization for all Network Area Controllers (NAC).

4, The server shall accept time synchronization messages from trusted
precision Atomic Clock Internet sites and update its master clock based A
on this data. {(,

S

5. The server shall provide scheduling for all Network Area Controllergrd
their underlying field control devices.

Q)\O

6. The server shall provide demand limiting that opera@’across all
Network Area Controllers. The server must be ca&@e of multiple
demand programs for sites with multiple meters ang)ﬁ(r multiple sources
of energy. Each demand program shall be able of supporting
separate demand shed lists for effective demaq&bontrol.

O

7. The server shall implement the BACnet,Gogmmand Prioritization scheme
(16 levels) for safe and effective co @tion resolution of all commands
issued to Network Area ControMgys. Systems not employing this
prioritization shall not be acc;%&d.

8. Each Network Area Co ﬁ’g?er supported by the server shall have the
ability to archive its data, alarm data and database to the server,
automatically. Arc@ég options shall be user-defined including archive
time and archiv guency.

\Y
9. The serve@all provide central alarm management for all Network Area
Contrg{@ supported by the server. Alarm management shall include:
\e

a. Routir@%larms to display, printer, email and pagers

N

b. O\Qe}v and acknowledge of alarms

<

C\CJ Query alarm logs based on user-defined parameters

0& 10.  The server shall provide central management of log data for all Network
O Area Controllers supported by the server. Log data shall include
QO process logs, runtime and event counter logs, audit logs and error logs.

\% Log data management shall include:
&
O&Q/ a. Viewing and printing log data
b. Exporting log data to other software applications
c. Query log data based on user-defined parameters
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E. Server Hardware Requirements: The server hardware platform shall have the
following requirements:

1. The computer basis of design shall be a Dell Optiplex 7010MT shall be
an Intel Pentium 4 based computer with 8 GB memory and a 500- A
gigabyte minimum hard drive. It shall include a 16X CD-ROM/DVD Q,e
ROM, 2-parallel ports, 2-asynchronous serial ports and 4-USB port%@
Provide a minimum 19” flat screen color monitor. OC)

Q

2. The server operating system shall be the latest version ofqﬁrosoft.
Include latest addition of Microsoft Internet Explorer, I\/I@osoft Word

and Excel. \C)\
<<<<
3. Connection to the FMCS network shall be via@@ Ethernet network
interface card, 10 or 100 Mbps. &V”
O

4. A system printer shall be provided. Prigker shall be ink jet type with a
minimum 9600 x 2400 dpi resolutiop&nd rated for 9 PPM color print
speed minimum. A

™
O

Q/%

O%

A. The Full User Interface softw (FUI) shall provide the ability to perform system
programming and graphic \djSplay engineering as part of a complete software

package. Access to th ongramming functions and features of the FUI shall be
through password ac&)@%’as assigned by the system administrator.
&\

B. A library of application, and graphic objects shall be provided to enable the
creation of @t applications and user interface screens. Applications are to be
created% electing the desired control objects from the library, dragging or pasting
the Qa- he screen, and linking them together using a built in graphical connection
toanQompleted applications may be stored in the library for future use. Graphical

r Interface screens shall be created in the same fashion. Data for the user
é&displays is obtained by graphically linking the user display objects to the application
Q/ objects to provide “ real-time” data updates. Any real-time data value or object

2.15 SYSTEM PROGRAMMING

C)Q property may be connected to display its current value on a user display. Systems
QO requiring separate software tools or processes to create applications and user
\% interface display shall not be acceptable.
&
O&Q/ C. Programming Methods

S

1. Provide the capability to copy objects from the supplied libraries, or
from a user-defined library to the user’ s application. Objects shall be
linked by a graphical linking scheme by dragging a link from one object
to another. Object links will support one-to-one, many-to-one, or one-
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to-many relationships. Linked objects shall maintain their connections

to other objects regardless of where they are positioned on the page

and shall show link identification for links to objects on other pages for

easy identification. Links will vary in color depending on the type of
link; i.e., internal, external, hardware, etc.

2. Configuration of each object will be done through the object’ @@Q/
property sheet using fill-in the blank fields, list boxes, and sele
buttons.  Use of custom programming, scripting language,dr a
manufacturer-specific procedural language for configuration @not be
accepted. \VX/

%

3. The software shall provide the ability to view thnggic in a monitor
mode. When on-line, the monitor mode shall pro @ the ability to view
the logic in real time for easy diagnosis of theW®gic execution. When
off-line (debug), the monitor mode shall all@( he user to set values to
inputs and monitor the logic for diag% ng execution before it is
applied to the system. %\

Q
&

4. Al programming shall be dong .in real-time. Systems requiring the

uploading, editing, and dovvo®ading of database objects shall not be

allowed.
Q/%

5. The system shall port object duplication within a customer s
database. An ap§ication, once configured, can be copied and pasted
for easy re-us&®and duplication. All links, other than to the hardware,
shall be m W}éined during duplication.

O
OBJECT LIBRARIES @?‘
OQ"
N
A. A stan library of objects shall be included for development and setup of
appliXttion logic, user interface displays, system services, and communication

&\r]%&orks.

@Q/ The objects in this library shall be capable of being copied and pasted into the
user’ s database and shall be organized according to their function. In addition,
the user shall have the capability to group objects created in their application and
store the new instances of these objects in a user-defined library.

C. In addition to the standard libraries specified here, the supplier of the system shall
maintain an on-line accessible (over the Internet) library, available to all registered
users to provide new or updated objects and applications as they are developed.
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D. All control objects shall conform to the control objects specified in the BACnet
specification.

E. The object library shall include objects to support the integration of devices
connected to the Network Area Controller (NAC). At a minimum, provide the
following as part of the standard library included with the programming software: \\)@Q/

O

1. LonMark/LonWorks devices. These devices shall include, but be
limited to, devices for control of HVAC, lighting, access, and tering.
Provide LonMark manufacturer-specific objects to facil'taQ% simple
integration of these devices. All network variables ned in the
LonMark profile shall be supported. Information (t and function)
regarding network variables not defined in the Lon@ﬁ profile shall be
provided by the device manufacturer. é

&?*

2. For devices not conforming to the Lonl\/larl@Qandard, provide a dynamic
object that can be assigned to the de\f@e based on network variable
information provided by the device ufacturer. Device manufacturer
shall provide an XIF file and docdfmentation for the device to facilitate

device integration. é\’
O

3. For BACnet devices, pr@k the following objects at a minimum:
S

0

2%
b. BACnet AO é@/

O
&\
C. BACnet BI N

é\ 4, For each BACnet object, provide the ability to assign the object to a
& BACnet device and object’ s instance number.

O
2.17 QO LONWORKS NETWORK MANAGEMENT
N\
&

<<;. A. The Full User Interface software (FUI) shall provide a complete set of integrated
O& LonWorks network management tools for working with LonWorks networks. These
é tools shall manage a database for all LonWorks devices by type and revision, and
shall provide a software mechanism for identifying each device on the network.
These tools shall also be capable of defining network data connections between
230923 C-136 Building Management Controls System
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LonWorks devices, known as “ binding” . Systems requiring the use of third party
LonWorks network management tools shall not be accepted.

B. Network management shall include the following services: device identification,
device installation, device configuration, device diagnostics, device maintenance e&
and network variable binding. @Q/
0

C. The Network configuration tool shall also provide diagnostics to identify de i@s on
the network, to reset devices, and to view health and status coun@éwithin
devices.

&

D. These tools shall provide the ability to Iearn an emstmg@%nWorks network,
regardless of what network management tool(s) were useg\?o install the existing
network, so that existing LonWorks devices and newly d devices are part of a
single network management database.

\03

E. The network management database shall&b%\ resident in the Network Area
Controller (NAC), ensuring that anyone witbmroper authorization has access to the
network management database at \Mimes.  Systems employing network
management databases that are not %Qjent at all times, within the control system
shall not be accepted. &

S

@)

4

X

<

\/

A. The Network Are @%ntroller shall support the integration of device data via
Dynamic Data E&hange (DDE), over the Ethernet Network. The Network Area

2.18 DDE DEVICE INTEGRATION

Controller sh ct as a DDE client to another software application that functions
as a DDE @er.
\3
B. Pr e the required objects in the library, included with the Full User Interface

gramming software, to support the integration of these devices into the FMCS.
é&Objects provided shall include at a minimum:

&
S

O 1. DDE Generic Al Object
QC)
\% 2. DDE Generic AO Object
&
&Q}’ 3. DDE Generic BO Object
O

4, DDE Generic Bl Object

2.19 OTHER CONTROL SYSTEM HARDWARE
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Motorized Control Dampers: Dampers shall be constructed of galvanized steel, with
nylon bearings. Blade edge and tip seals shall be included for all dampers. Blades
shall be 16-gauge minimum and 6 inches wide maximum and frame shall be of
welded channel iron. Dampers with both dimensions less than 18 inches may have
strap iron frames. Ruskin CD-46 or Equal. Exterior Application: Provide dampers

with thermally broken jambs and insulated blades if in communication with exterior. ((/é

c})@

The controls contractor shall supply all motorized dampers within the scope @(ﬂwis
project, including but not limited to the Energy Recovery Unit (ERU) exhau ucts,
Exhaust Fans (EF) and Intake Hoods, refer to specification sectlonQb 230993
Sequences of Operation’ . O\?~

<<\
Control Damper & Valve Actuators: Two-position or proportio &'electric actuators
shall be direct-mount type. All actuators shall be spring reﬁ type. Provide one
actuator per damper minimum. Actuators shall be sized to vide a minimum of 5 in-
Ib torque per square foot of damper area and sh ﬁ\clude positive positioning
pneumatic relays when sequenced with other actuat N0r when control action is to be

proportional. «Qb
4

The controls contractor shall coordina %provision of damper operators on all
equipment provided with factory suppli%/ ampers.

%

Control Valves: Control §Qgs shall be 2-way or 3-way pattern as shown
constructed for tight sh@dtf and shall operate satisfactorily against system
pressures and differgttals. Two-position valves shall be * line’ size.
Proportional Control@es shall be sized for a maximum pressure drop of 5.0 psi at
rated flow (exceptds may be noted on the drawings). Valves with sizes up to and
including 2 in %shall be “ screwed” configuration and 2-1/2 inch and larger
valves shalb%"e “ flanged” configuration. Electrically controlled valves shall
include ing return type actuators sized for tight shut-off against system
press and furnished with integral switches for indication of valve position
(o chosed). Pneumatic actuators for valves, when utilized, shall be sized for

t shut-off against system pressures. Three-way butterfly valves, when utilized,

é&shall include a separate actuator for each butterfly segment.

Wall Mount Room Thermostats: Each room thermostat shall provide temperature
indication to the digital controller, provide the capability for a software-limited set
point adjustment and operation override capability.

1. Corridors, toilet rooms and stairwells shall be provided with
temperature sensors only, no temperature indication. Setpoints and
room temperatures shall be accessible through the FMCS only.

2. Where indicated on the drawings provide a tamper resistant metal
guard over the thermostat, removable with a key or tool.
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Duct Mount, Pipe Mount and Outside Air Temperature Sensors: 10,000-ohm

thermistor temperature sensors with an accuracy of = 0.2°C. Outside air sensors
shall include an integral sun shield.

Current Sensitive Switches: Solid state, split core current switch that operates
when the current level (sensed by the internal current transformer) exceeds th
adjustable trip point. Current switch to include an integral LED for indication of

condition and a current level below trip set point. QO

Q)\O

A\
Ng

N

1. Provide airflow measurement devices where indicaﬁ%n the plans and
as indicated by device manufacturer to maintain @ oged
performance. Install flow measurement devices §5 deemed possible by
construction as recommended by device mgDfacturer. Desired
locations are in straight run of duct, in d@ ahead of control damper,
upstream of control damper. %\

S
«

2. Duct and plenum mounted sensdys shall be fabricated of anodized

aluminum alloy tube with 3(6@04 stainless steel mounting brackets.

Air Flow Meters:

3. Each measuring devicerg%all consist of one or more multi-point
measuring probes a single microprocessor-based transmitter. Each
transmitter shal| R@ve an LCD display capable of displaying airflow and
temperature. ARrflow shall be field configurable to be displayed as a
velocity or metric rate. Each transmitter shall operate on 24 VAC.

N o

4, E$Vensmg point shall independently determine the airflow rate and

t erature, which shall be equally weighted and averaged by the
(< nsmitter prior to output.

\3

A single manufacturer shall provide both the airflow/temperature

\c_) measuring probe(s) and transmitter at a given measurement location.

Probes and transmitters shall not require field matching for proper

RN\
operation.

6. The operating temperature range for the measuring probes shall be -
20° F to 140° F. The operating humidity range for the measuring
probe shall be 0-99% RH (non-condensing).

7. The operating temperature range for the transmitter shall be -20° F to
120° F. The transmitter shall be protected from weather and water.

8. Each independent airflow sensor shall have a laboratory accuracy of
+/-2% of reading over the entire operating airflow range and be wind
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tunnel calibrated or verified against standards that are traceable to
NIST.

9. Devices whose accuracy is the combined accuracy of the transmitter
and sensor probes must demonstrate that the total accuracy meets the
performance requirements of this specification throughout the

& .
S

measurement range. 0@
OC)
10.  The number of sensors for each location shall be as follows: Q
%
2
a. Ducts and plenums: \?\’
O
<<\
Area (sq.ft.) Sensors (§<
N
<=1 2 A
O
>1to <4 4 \%
o
&
4 to <8 6 4
é\/
8to <12 %O
&
12 to <16 <2O 12
X
>=16 \/Q 16
@?
11. The ai;@@v/temperature measuring device shall be capable of
dis ing the airflow and temperature readings of each sensor on the
6@4 mitter’ s LCD display.
&
' The transmitter shall be capable of communicating with the host
QO controls using the following interface options:
O

o

Linear analog output signal: Field selectable, fuse protected and isolated, O-
10VDC and 4-20mA (4-wire)

RS-485: Field selectable ModBus-RTU and Johnson Controls N2 Bus
10 Base-T Ethernet: Field selectable ModBus TCP and TCP/IP
LonWorks Free Topology

Airflow/Temperature measuring devices shall be UL listed as an entire
assembly.
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f. The manufacturer’ s authorized representative shall review and approve
placement and operating airflow rates for each measurement location
indicated on the plans. A written report shall be submitted to the consulting
mechanical engineer if any measurement locations do not meet the
manufacturer’ s placement requirements.

& .
N
%
S

g. As manufactured by Ebtron Inc., or approved equal. S
O
G. Temperature Control Panels: Furnish temperature control panels of cod€)gauge

steel with locking doors for mounting all devices as shown. Control g?els shall
meet all requirements of Title 24, California Administrative Code \Vgﬁ electrical
devices within a control panel shall be factory wired. All exterr@\crﬂ/iring shall be
connected to terminal strips mounted within the panel. Provi@%ngraved phenolic
nameplates identifying all devices mounted on the facer\-f control panels. A
complete set of * as-built’ control drawings (relating ¥ the controls within that
panel) shall be furnished within each control panel. é

PART 3 - EXECUTION 4
é\/
@)
S
&
All work described in this section shall be'\ﬁgalled, wired, circuit tested and calibrated by factory
certified technicians qualified fQ~this work and in the regular employment of the

temperature control system ufacturer or its exclusive factory authorized installing
contracting field officei(%gg entative). The installing office shall have a minimum of five

INSTALLATION

years of installation ex nce with the manufacturer and shall provide documentation in
submittal package v, ing longevity of the installing company's relationship with the
manufacturer.  SyPgervision, calibration and checkout of the system shall be by the
employees of hgqocal exclusive factory authorized temperature control contracting field
office (bran&l@er representative).

<

Install s?§v and materials in accordance with manufacturer’ s instructions, and as detailed on

té\ oject drawing set.
)
O

ings of temperature control systems are diagrammatic only and any apparatus not shown,
\% such as relays, accessories, etc., but required to make the system operative to the
&‘2\ complete satisfaction of the Architect shall be furnished and installed without additional
&Q}’ cost.
O
Line and low voltage electrical connections to control equipment shown specified or shown on

the control diagrams shall be furnished and installed by the Temperature Control sub-
contractor in accordance with these specifications.
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Equipment furnished by the HVAC Contractor that is normally wired before installation shall be

furnished completely wired. Control wiring normally performed in the field will be
furnished and installed by the Temperature Control sub-contractor.

All control devices mounted on the face of control panels shall be clearly identified as to function é&
and system served with permanently engraved phenolic labels. @Q/
0\5

WIRING QO
Q)\O

\Y
All electrical control wiring and power wiring to the control panels shall be the @%‘onsibility of
the FMCS contractor. N

K
O
The electrical contractor (Div. 26) shall furnish all power wiring to elect{c%‘l starters and motors.

O

All wiring shall be in accordance with the Project Electrical cifications (Division 26), the
National Electrical Code and any applicable local code%}oﬁll FMCS wiring shall be installed

in the conduit types specified in the Project EIectricté* Specifications (Division 26) unless
otherwise allowed by the National Electrical C(@& applicable local codes. FMCS plenum

rated cable wiring is allowed above accessible@gilings. It shall be run parallel to or at right
angles to the structure, properly suppor and installed in a neat and workmanlike
manner. All FMCS wiring in Mechan Equipment Rooms shall be installed in 34"

conduit or larger with compression fif\gs.

Qo

WARRANTY ev\’
O
Equipment, materials and @(manship incorporated into the work shall be warranted for a
period of one year the time of system acceptance.

N

Within this perio§(§50n notice by the Owner, any defects in the FMCS due to faulty materials,

method installation or workmanship shall be promptly (within 48 hours after receipt of
notice()\}epaired or replaced by the Temperature Control sub-contractor at no expense to
thegQwner.
)
O
WAR%@TY ACCESS

N

t& The Owner shall grant to the Temperature Control sub-contractor, reasonable access to the

&Q/ FMCS during the warranty period. The owner shall allow the contractor to access the

eo FMCS from a remote location for the purpose of diagnostics and troubleshooting, via the
Internet, during the warranty period.

ACCEPTANCE TESTING
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Upon completion of the installation, the Temperature Control sub-contractor shall load all

system software and start-up the system. The Temperature Control sub-contractor shall

perform all necessary calibration, testing and de-bugging and perform all required

operational checks to insure that the system is functioning in full accordance with these
specifications.

The Temperature Control sub-contractor shall perform tests to verify proper performance
components, routines, and points. Repeat tests until proper performance results, ~Dhis
testing shall include a point-by-point log to validate 100% of the input and output @i ts of
the DDC system operation. Q)\

A\
o
Upon completion of the performance tests described above, repeat these tesTQ<<o\oint by point as
described in the validation log above in presence of Owner's Repre§@tative, as required.

Properly schedule these tests so testing is complete at a time d&iected by the Owner's
Representative. Do not delay tests so as to prevent delay of ogeypancy permits or building
occupancy.
O
o

System Acceptance: Satisfactory completion is when theN'emperature Control sub-contractor
has performed successfully all the required testi@\t’o show performance compliance with

the requirements of the Contract Docum to the satisfaction of the Owner s
Representative. System acceptance shall z/e“d:ontingent upon completion and review of all
corrected deficiencies. %)

O

&

Coordinate efforts required for com@’%ioning process with commissioning authority and
owner’ s representative. ?\/

O

&
O
K
General %
Q&

O
Owner {(ﬂng shall be executed in three phases. The first phase shall be provided off
,QTte at a Local Training Center and will be scheduled at a time immediately
Q/épreceding owner acceptance. The purpose of this training is to provide an
S introduction and an overview of the FMCS. Completion of this training shall be a
OC) condition of system acceptance and the commencement of the Warrantee Period.
The second phase of training shall take place at the actual customer job site and

Q

\% will at a minimum include a site-specific walk through and hands on site-specific

instruction. The third phase of training shall be again provided off site at the Local
Training Center as a follow-up and enrichment to the introductory and site specific
training. A proposed training agenda will be submitted to the engineer in writing,
and approved by the engineer before training takes place. All and materials shall be
supplied for three trainees to be selected by the owner.
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Coordinate efforts required for commissioning with commissioning authority and owner’ s
representative.

Phase | — Training (This phase of training shall be a minimum of 16 hours for 8 people) This

training will give the operator with little or no experience with the FMCS an introduction to:

C)\\)@

Building automation fundamentals

QO
System architecture and functions Q)\O
ol
System access using FUI software and BUI software \C)\
K
Basic concepts for OOT programming %O
&?*
Editing parameters such as set points and schedules éo
NS
Day to day system monitoring techniques \%
&
Phase Il - On-Site Training (This phase of training s be a minimum of 8 hours for 8 people)

P

Q

230923

Site personal and operators shall become fa%@r and proficient with:
&
Using As-Built documentation—SequeQQ of operation, control drawings, Input / Output
summaries <&
N
Q
Field sensor and actuator Ioc%m}ﬁ and maintenance
O
Field controller Iocatiogk?nd maintenance

Q.

System architecg(gand functions as they pertain to the site
A\

FUI and B%Qardvvare operation and maintenance
N
FUI@d BUI software site specific capabilities

S

Il = Training (This phase of training shall be a minimum of 16 hours for 8 people)
Building operators will become qualified using hands-on labs for:

Monitoring and making changes to a preprogrammed FMCS
Understanding the PC and windows environment

Using the Browser tools to navigate BUI functions
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Using graphic floor plans and equipment screens
Changing point values such as set points, schedules, and overrides

Retrieving trend reports and graphs é&
&
Acknowledging exceptions and alarms. O\\)

QO

The training room shall be clean, well lit, well ventilated and isolated from noise (inclu QHVAC
noise) and other distractions. The Contractor shall arrange, via delamping, covering
fixtures or by light switches, for there to be adequate contrast lighting to\ e notes and
fend off drowsiness. <<

@)

S

Instructor shall employ an LCD panel, video projector or other suitalflg*device to project large
images of the EMS software and/or other training images. é
O

Printed training materials shall be tailored to the task a \B%nd and shall be well illustrated.
Materials shall take students through the steps omearning the EMS and its software and
shall provide sample exercises for the trainees t@%rform on the computers.

S
Training must steer clear of jargon and o confusing terminology and focus instead on
learning how to use the system. Spe@m jargon may be addressed after the trainees have
demonstrated a basic understandi f system operation.

Training shall involve actual fie @?pe equipment using a training demonstration package that
simulates real-time t eratures, settings, alarms, etc. Training shall also spend
substantial time ob@%g the site’ s actual system, include point logs, graphics, and
alarms. In additj a brief field visit shall be included to familiarize trainees with the
equipment inst@d at their site.

OQ~
Training mus@'nclude quizzes, tests, and exercises that compel trainees to demonstrate

und anding of the system’ s most important concepts. These concepts shall include,
b ot be limited to, the elements of a monitoring checklist developed by the site.

END OF SECTION 23 09 23
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SECTION 23 21 13 - BASIC PIPING MATERIALS AND METHODS

PART 1- GENERAL

A -
S
1.01 RELATED DOCUMENTS @
0\5
O
A. Drawings and general provisions of Contract, including General and SupplementaréQ
Conditions and Division 1 Specification Sections, apply to this Section. Q)\
A\
O\?‘
B. Related Sections: N

&
1. Division 23 Basic Mechanical Requirements section applies,{o?he work at this
Section. éo
&
2. Piping materials and installation methods peculiapzbo‘fndividual systems are specified
within their respective system specification se\{ti,ons of Divisions 2 and 23.
é\/
3. Valves are specified in a separate sec%@ and in individual piping system sections of
Division . )
O
R
\e)@
4. Expansion Compensation is $gé&cified in a separate section of Division 23.
A\
o
5. Supports and Ancho;@%)e specified in a separate section of Division 23.
N
6. Mechanical g@ ification is specified in a separate section of Division 23.

Q

A\
7. Fire B %r Penetration Seals are specified in Division 7.

&
8. Qﬁbration controls for HVAC, Electrical and Plumbing

Q‘O
1.02 ﬁﬂON INCLUDES
Q

&® A. This Section specifies piping materials and installation methods common to more than

&Q}’ one section of Division 23 and includes joining materials, piping specialties, and basic
O

S

piping installation instructions.

1.03  SUBMITTALS
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A. Refer to Division 1 and Basic Mechanical Requirements for administrative and procedural
requirements for submittals.
B. Product Data: Submit product data on the following items:
Escutcheons
OC)
Dielectric Unions and Fittings Q
%
Mechanical Sleeve Seals \/@
N
Strainers <<\C)
&
C. Quality Control Submittals: ?‘é
A
O
1. Submit welders' certificates specified in Quality Assura\ag; below.
X
1.04  QUALITY ASSURANCE 4«
N\

Welder's Qualifications: All welders shall b%@aliﬂed in accordance with ASME Boiler

and Pressure Vessel Code, Section IX, ing and Brazing Qualifications.

%

Welding procedures and testing @QQI::omply with ANSI Standard B31.1.0 - Standard Code
for Pressure Piping, Power Péw and the American Welding Handbook.

O
Soldering and brazing @¢ocedures shall conform to ANSI B9.1 Standard Safety Code for

Mechanical Refrige@'tlon.
&

A
1.05  DELIVERY, ST GE, AND HANDLING

A.

NS
Prowde factory-applied plastic end-caps on each length of pipe and tube , except for

éé(crete, corrugated metal, hub-and-spigot, clay pipe. Maintain end-caps through

C)Qshipping, storage and handling to prevent pipe-end damage and prevent entrance of dirt,

QO

debris, and moisture.

Protect stored pipes and tubes. Elevate above grade and enclose with durable, waterproof

wrapping. When stored inside, do not exceed structural capacity of the floor.

Protect flanges, fittings, and specialties from moisture and dirt by inside storage and

enclosure, or by packaging with durable, waterproofing wrapping.
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PART 2 - PRODUCTS

2.01  MANUFACTURERS <
S
A. Manufacturer uniformity: Conform with the requirements specified in Basic Mechanical 0@

Requirements, under "Product Options" OC)

Q

%

B. Available Manufacturers: Subject to compliance with requirements, manufac uidds
offering piping materials and specialties which may be incorporated in the@&k include,

but are not limited to, the following: (<<<\
O
e

C. Manufacturer: Subject to compliance with requirements, provide(p%ing materials and

specialties from one of the following: é
NS
o
1. Pipe Escutcheons: «‘2\
Chicago Specialty Mfg. Co. %é ’
Sanitary-Dash Mfg. Co. {(/go
Grinnell O%

Q..Z
Qo

2. Dielectric Waterway Fittin&:/

Epco Sales, I’r&\cQé
Victauli&@?ﬂpany of America

O
X
3. Dlelectr%}ﬁons:
QQcIipse, Inc.
O
& Perfection Corp.
((/é

0@ Watts Regular Co.

O
OC)

&
&
O

4. Strainers:
Armstrong Machine Works.
Hoffman Specialty ITT: Fluid Handling Div.
Metraflex Co.
R-P&C Valve; Div. White Consolidated Industries, Inc.

Spirax Sarco.
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Trane Co.
Victaulic Co. of America. (Low-pressure applications only)

Watts regulator Co.

5. Mechanical Sleeve Seals: OC)
Linkseal Co. \QO
Thunderline C \fb
underline Corp.
O\?‘
<<\
2.02 PIPE AND FITTINGS <§<
e

A. Refer to the individual piping system specification sections in @)@ision 23 for
specifications on piping and fittings relative to that particu\@ ystem.
©
2.03  JOINING MATERIALS &\2\

-

A. Welding Materials: Comply with Section II,%Q C, ASME Boiler and pressure Vessel Code
for welding materials appropriate for thecé@l thickness and chemical analysis of the pipe

&£
1. Brazing Materials: CompIWith SFA-5.8, Section Il, ASME Boiler and Pressure
\O%
B. Vessel Code for braz@ ler metal materials appropriate for the materials being joined.
X
C. Soldering Mat%&s: Refer to individual piping system specifications for solder

appropriat%ﬁ'r each respective system.

being welded.

D. Gas \S for Flanged Joints: Gasket material shall be full-faced for cast-iron flanges and
ed-face for steel flanges. Select materials to suit the service of the piping system in
C})/vhich installed and which conform to their respective ANSI Standard (A21.11, B16.20, or
QO b16.21). Provide materials that will not be detrimentally affected by the chemical and
&®% thermal conditions of the fluid being carried.

K&
O

2.04  PIPNG SPECIALTIES

A. Escutcheons: Chrome-plated, stamped steel, hinged, split-ring escutcheon, with

setscrew. Inside diameter shall closely fit pipe outside diameter, or outside of pipe
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insulation where pipe is insulated. Outside diameter shall completely cover the opening in

floors, walls, or ceilings.

Unions: Malleable -iron, Class 150 for low pressure service and class 250 for high {(/é&
pressure service; hexagonal stock, with ball-and socket joints, metal to metal bronze 0@
seating surfaces; female threaded ends. OO
Q

Dielectric Unions: Provide dielectric unions with appropriate end connections@@]e pipe
materials in which installed (screwed, soldered, or flanged), which effec’uv@avéolate

L . . . N
dissimilar metals, prevent galvanic action, and stop corrosion. (<<(
Dielectric Waterway Fittings: Electroplated steel or brass nippleo&/v%h an insert and non-

corrosive, thermoplastic lining. é
O
N
Y- Type Strainers: Provide strainers full line size of gqﬁ%hecting matching piping system

materials. Screens shall be Type 304 stainless sts/él,‘vvith 3/64" perforations at 233 per

square inch. Oé
{O%
1. Provide strainers with 125psi workjQ¥ pressure rating for low-pressure applications,

and 250psi pressure rating for\%ﬁ'h—pressure application.

A\
2. Threaded Ends, 2" and Eler' Cast -iron body, screwed screen retainer with
centered blow dow 'T»ﬁ‘ted with pipe plug.

3. Threaded EnQ@Z—l/Z" and Larger: Cast -iron body, bolted screen retainer with off-
center b@\hdown fitted with pipe plug.
<<O
4. E{a‘%ed Ends, 2-1/2" and Larger: Cast-iron body, bolted screen retainer with off-
Q/ﬁnter blow down fitted with pipe plug.

5. Butt Welded Ends, 2-1/2" and Larger For Low Pressure Application: Schedule 40 cast

carbon steel body, bolted screen retainer with off-center blow down fitted with pipe

plug.

6. Butt Welded Ends, 2-1/2" and Larger For High Pressure Applications: Schedule 80

cast carbon steel body, bolted screen retainer with off-center blow down fitted with

pipe plug.
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7. Grooved Ends, 2-1/2" and Larger: Tee pattern, ductile-iron or malleable-iron body and

access end cap, access coupling with EPDM gasket.

F. SLEEVES: NY
&

0\3

1. Sheet-Metal Sleeves: 10-gauge, galvanized sheet metal, round tube closed with @)

welded longitudinal joint.
&
A\
2. Steel Sleeves: Schedule 40 galvanized, welded steel pipe, ASTM A53 e-A.
&

G. Mechanical Sleeve Seals: Modular mechanical type, consisting of i@g@ocking synthetic

rubber links shaped to continuously fill annular space between gand sleeve,

connected with bolts and pressure plates which cause rubbe@ aling elements to expand

when tightened, providing watertight seal and electrical } ation.
\S
&
PART 3 - EXECUTION -
é\/
@)
3.01 PREPARATION Q/%
S

O

<
A. Ream ends of pipes and tubes, anQ%move burrs. Bevel plain ends of steel pipes.

Q
A\
B. Remove scale, slag, dirt, a%@bris for both inside and outside of piping and fittings
QD
@?‘
Q.
O
&
A\

A. General IQ%tions and Arrangements: Drawings (plans, schematics, and diagrams)

before assembly.

3.02  INSTALLATIONS

indic&f&q?he general arrangement of the piping systems. Location and arrangement of
p@ layout take into consideration pipe sizing and friction loss, expansion, pump sizing,
d other design considerations. So far as practical, install piping as indicated. Refer to

Q7 individual system specifications for requirements for coordination drawing submittals.

Q
N
&
O&Q/ grade or floors, unless indicated otherwise.

S

B. Conceal all pipe installations in walls, pipe chases, utility spaces, above ceilings, below

C. Install piping free of sags or bends and with ample space between piping to permit proper

insulation applications.
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D. Install exposed piping at right angles or parallel to building walls. Diagonal runs are not

permitted, unless expressly indicated on the Drawings.

E. Install piping tight to slabs, beams, joists, columns, walls, and other permanent elements {(/é&
of the building. Provide space to permit insulation applications, with 1" clearance outside\\)Q

the insulation. Allow sufficient space above removable ceiling panels to allow for pan@o

removal. O
o

A\
F. Locate groups of pipes parallel to each other spaced to permit applying ful ulation and
servicing of valves. Q<(\
O
G. Install drains at low points in mains, risers, and branch lines con«s\igﬁng of a tee fitting,

3/4"ball valve, and short 3/4" threaded nipple and cap. <
NS
N4
H. Exterior Wall Penetrations: Seal pipe penetrations th@@h exterior walls using sleeves
and mechanical sleeve seals. Pipe sleeves smallerthan 6" shall be steel; pipe sleeves 6"
and larger shall be sheet metal. Oé
Q/%
|.  Fire Barrier Penetrations: Where pipes@¥Ss through fire rated walls, partitions, ceilings, or
floors, the fire rated integrity shall\b)gmaintained. Refer to Division 7 for special sealers
and materials.
A\
@?
O
3.03  FITTINGS AND SPECIALTIF?@
Q.
A. Use fittings for&%anges in direction and all branch connections.
A\

B. Remake Q@ing joints using new materials.
&

C. Ir@l strainers on the supply side of each control valve, solenoid valve, and elsewhere as

C)\jﬁjicated.

QO

\&g D.

Install unions adjacent to each valve, and at final connection to each piece of equipment

and plumbing fixture having 2" and smaller connections, and elsewhere indicated.

E. Install Flanges in piping 2-1/2" and larger, where indicated, adjacent to each valve, and at

the final connection to each piece of equipment.
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F. Install dielectric unions to connect piping materials of dissimilar metals in dry piping

systems (gas, compressed air, vacuum).

G. Install dielectric fittings to connect piping materials of dissimilar metals in wet piping {(/é&
S

systems (water, steam).
3.04  JOINTS

A. Steel Pipe Joints:
&

1. Pipe 2" and smaller: Thread pipe with tapered pipe threads in @C(?(r(dance with ANSI
B2.1. Cut threads full and clean using sharp dies. Ream thre@%ﬁ ends to remove
burrs and restore full inside diameter. Apply pipe joint lu ant or sealant suitable for
the service for which the pipe is intended on the ma%\?’\’reads at each joint and
tighten joint to leave not more than 3 threads ex;@&d.

-
| >
2. Pipe Larger Than 2" O

Q/%
a. Weld pipe joints (except for e %r water service pipe) in accordance with ASME
Code for Pressure Piping, §§a‘
Q

A\
b. Weld pipe joints of&f&}ior water service pipe in accordance with AWWA C206.
QD
c. Install flan n all valves, apparatus, and equipment. Weld pipe flanges to pipe
ends in Qrdance with ASME B31.1.0 Code for Pressure Piping. Clean flange
face@g\ld install gaskets. Tighten bolts to torque specified by manufacturer of

fl e and flange bolts, to provide uniform compression of gaskets.
&

&

3Q/ﬁon—ferrous Pipe Joints:

N
N

O a. Brazed And Soldered Joints: For copper tube and fitting joints, braze joints in
\%O accordance with ANSI B31.1.0 - Standard Code for Pressure Piping, Power Piping
.’\\2\ and ANSI B9.1- Standard Safety Code for Mechanical Refrigeration.
&
éo b. Thoroughly clean tube surface and inside surface of the cup of the fittings, using

very fine emery cloth, prior to making soldered or brazed joints. Wipe tube and
fittings clean and apply flux. Flux shall not be used as the sole means for cleaning

tube and fitting surfaces.
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c. Mechanical Joints: Flared fittings may be used for refrigerant lines 3/4" and

smaller.

A -
S
4. Joints for other piping materials are specified within the respective piping system 0@
sections. OC)
Q
&

A\
Ng
NG
Upon completion of installation of piping (partial or complete) test pipié(to demonstrate
compliance with requirements. Where possible, field correct malfu@t ning piping, then
retest to demonstrate compliance. Replace piping, which cannot(b?satisfactorily
corrected. <

N
Oé
END OF SECT|0N%§§>1 13
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SECTION 23 21 16 - HYDRONIC SPECIALTIES

PART 1 - GENERAL

S
1.01 RELATED DOCUMENTS &
S
O
A. Drawings and general provisions of contract, including General and Supplementary QO
Conditions and Division 1 Specification Sections, apply to this section. Q)\O
A\
o Ng
B. Related sections of Division 23 applicable to this section are: <<\C)
4
@)
Division 23 - Section 230511 - Basic Mechanical Requirements ?‘é
A
O
1.02  SECTION INCLUDES \c)
X
1. Water Specialties 4«
é\/
1.03  SUBMITTALS O

S
&

A. Product Data, including rated capacit'@@of selected models, Weights (shipping, installed,
and operating), furnished specialties<and accessories, and installation instructions for
each specialty. v

@?
O | |
B. Maintenance Data for I@ronic specialties for inclusion in operating and maintenance

. Ny
manua Oq_

N
1.04  QUALITY ASSU@)&IE
QO

. Firm ularly engaged in manufacture of water specialties of types and sizes required,
AF';@’@%II di fact f wat ialti ft d si ired

\%@e products have been in satisfactory use in similar service for not less than ten

ars.
OC)
1\.3\{0 DELIVERY, STORAGE, AND HANDLING
A
O’\Q/ A. Store and handle the products as per manufacturer's instructions prevent them from
é damaging.

PART 2 - PRODUCTS
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2.01 BLADDER TYPE EXPANSION TANKS

A. Acceptable Manufacturers: {(/é&
S
1. Bell & Gossett. OO
Q
2. Amtrol. Q)\O
3. Taco. O\?\’

<<\

B. Construction: Welded steel, tested and stamped in accordance with S@ﬁion 8D of
ANSI/ASME Code; rated for working pressure of 125 psi and 249&o%gree F, with
removable bladder, and steel legs or saddles. éo

)
C. Accessories: Pressure gauge and air-charging fitting’,&t@%drain; in-line air purger,
automatic fill valve, precharge to 12 psi. <4
é\/
O
Q/%
2.02  AIRVENTS O%
R
X
A. Vents: Automatic types by Bell &&8ssett, Amtrol or Taco.
A\
@?
B. Float type castiron, brasQQ semi-steel body, copper float, stainless steel valve and valve
seat; suitable for sys@operating temperature and pressure; installed with an isolating

valve at air sepa@ s, tanks and other equipment; B & G Model 87 or 107.
\3
Q.
O
<
&
A. 3/Q4/é&h ball valve with hose connection for use at piping system low points.
S

1/2 inch ball valve with hose connection for use at coils, radiators and convertors.

2.03  DRAINS

Q
&
,Q& AIR SEPARATORS
&
éo A. Acceptable Manufacturers:

1. Bell & Gossett

2. Amtrol
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3. Spirax Sarco

4. Taco

B. Tangential Air Separators: Steel, tested and stamped in accordance with Section VIII {(,e&
Division | of ANSI/ASME Code, for 125 psi operating pressure, blow down nozzle, \\)Q
tangential inlet and outlet connections, and internal stainless steel air collector tube; O
removable galvanized steel strainer. Bell and Gossett Model R or approved equa}o

A\
o . . Ng
C. Provide line size air separator inlet and outlet connections. <<\C)
&
2.05 WATER STRAINERS ("Y' TYPE) ?‘é
A
e
A. Acceptable Manufacturers: \%
X

1. Spirax/ Sarco (Models as specified). o\

2. Armstrong. Oé\’

3. Mueller. %@9

O

B. Size 2 Inch and Smaller: Bronze bq&¥, screwed, Y pattern with 1/32 inch stainless steel

perforated screen, 250 psi; M&?BT [Armstrong Model FASC].
o
C. Size 2 1/2 Inch to 8 Inck®Cast iron body, flanged, Y pattern with 1/16 inch stainless steel
perforated screen, @250] psi; Model Cl-125 [AF-250] [Armstrong Model A1FL].

K
2.06 PUMP SUCTIO%QEW?TINGS
QO
A. Acce&ﬁ%le Manufacturers:

S

NS
C)\§ Bell & Gossett Suction Diffuser.

%OO 2. Taco.

N
&
O

B. Fitting: Angle pattern, cast iron body, flanged for 2/12 inch and larger, rated for 175 psi
working pressure, with inlet vanes, cylinder strainer with 3/16 inch diameter openings,
disposable fine mesh strainer to fit over cylinder strainer to fit over cylinder strainer, and

permanent magnet located in flow stream and removable for cleaning.

C. Accessories: Adjustable foot support, blow down and gauge tappings.

232116 C-157 Hydronic Specialities



Middlesex County College
NH, LH and PAC HVAC Upgrades
September 02, 2015

2.07  RELIEF VALVES
A. Acceptable Manufacturers:
1. Bell and Gossett OO
OO
2. Watts
»Q’\
3. Kunkle C)\v
<<\
N4

B. Bronze body, Teflon seat, stainless stem and springs, automatic, di@@pressure actuated,

capacities ASME certified and labeled. A
éo
2.08  BALANCING VALVES \c“)
o
&

A. 2 Inch and Smaller: Calibrated brass or bronze ba\i-/énce valve with provisions for
connecting a portable differential pressure m@ Meter connections shall have built-in
check valves. An integral pointer shall re%@r degree of valve opening. Construct valves
with internal seals to prevent leakage nd rotation element. Furnish a calibrated curve
to determine the flow rate by mea pressure drop and valve setting. Construct valves
for 300 psi working pressures %%O degrees F and provide insulation suitable for use on
heating and cooling syste ell &Gossett Model CB Circuit Setter, Series 6000 by
[llinois or Armstrong. &\

@?‘
Q.
B. 2% and Iarger§@psi, flanged plug valve, cast or ductile iron body, EPDM coated plug,
lever actuat ith memory stop. Keystone Ballcentric, Dezurik.
O
<
2.09 AUTOI\/IA{@FLOW CONTROL BALANCING VALVES

s
&
Q}.
S
C.
232116

S

Ac.)ﬁceptable Manufacturer: Griswold Controls

Factory calibrate valves for the service intended. Valves shall automatically limit the rate

of flow to the engineered capacity required, regardless of system fluctuations.

Valves shall regulate flow within plus or minus 5 percent of their tag rating over an

operating pressure differential of at least 15 times the minimum required for control.
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D. Valves shall be tamperproof with internal working parts constructed of passivated
stainless steel; self-cleaning, spring loaded with variable orifice area and of the cartridge-
piston type. Bodies shall have tappings suitable for connection of instruments for

verification of flow rates and shall be rated for use at not less than 125 psi pressures. {(/é&
S

E. Furnish each valve with a valve kit consisting of 1/4 inch x 2 inch minimum size nippl@o
disconnect valves (located outside of insulation), and fittings suitable for use Wit@
measuring instruments specified herein. Q?\

W
O

F. Furnish flow measuring instrument to verify flow rates. Verify correct fIQ{( by establishing
that the operating pressure differential across the valve tappings iS{m in the range
indicated on the identification tag. The pressure measuring appa(a?ﬁs shall be portable
and consist of a carrying case, instructions, hoses, and conn ons; and a pushbutton 3-
way valve which transmits either of two pressures to a p@:‘s%ure gauge. The pressure
gauge shall have a 4 1/2 inch minimum diameter diaks&brated in increments of 1 psi or
less, and shall have a range of -14.7 psi to +150€/s\i.'Fumish a higher pressure range
gauge where system pressure exceeds 125 p@é

Q/%
G. Upon completion of the work and ver@@ ion of the flow rates, deliver the instrument

to the Owner. OQ‘
%

A\
@?
O
PART 3 -EXECUTION A
@?‘
X
3.01 INSPECTION &
\3
A. Contract%%all examine location where water specialties are to be installed and
detern™Mire space conditions and notify Architect in writing of conditions detrimental to
pQ/ﬁr and timely completion of the work.

N)

@~ Do not proceed with the work until unsatisfactory conditions have been corrected.

Q
N

402 INSTALLATION

&

< A. Install all specialties and accessories in accordance with manufacturer's instructions.

B. Support tanks inside building from building structure [in accordance with manufacturer's

instructions].
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C. Provide manual air vents at system high points and drain valves at system low points.

D. Use automatic vents in ceiling spaces and other concealed or non-accessible locations; {(/é&
S

provide vent tubing to nearest drain.

OC)

E. Provide air separator on suction side of system circulation pump and connect to \OO
expansion tank.
?y
o

. . . N
F. Provide strainers to protect automatic control valves. O<<<<

G. Provide full size valved drain and hose connection on strainer blfé\v\?aovvn connection. Use
valves specified for shut-off duty. <
NS
H. Provide pump suction fitting on suction side of base,Q%\mted and suction centrifugal
pumps where indicated. Remove disposable\s;t\(ainer after system has been cleaned.
>
[.  Provide combination pump discharge vava@m discharge side of base mounted centrifugal

@)

4

X

J. Support pump fittings with flo%gounted pipe and flange supports.
&

N

K. Provide relief valves on_fk®ssure tanks, low pressure side of reducing valves, heat

pumps where indicated.

Exchangers and ex fon tanks.
<<O
L. Select syste@@lief valve capacity so that it is greater than make-up pressure reducing

valve capQ@y. Select equipment relief valve capacity to exceed rating of connected

equi n\g?wt.
JAS

l\é)\ﬁpe relief valve outlet to nearest floor drain.

QO

\% N. Where one line vents several relief valves, make cross sectional area equal to sum of

.’\ individual vent areas.
&

éo O. Locate flow indicators adjacent to balancing valves within manufacturer's guidelines.

P. Install flow indicators in existing water systems prior to interruption of those systems for

any other purpose. See preliminary balance requirements in Section 230593.
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Q. Provide specified equipment (meters, instruments and related devices) for system
balancing. Turn over portable equipment to Balancing Agency in time for scheduled <

S

S
3.03  FIELD QUALITY CONTROL OC)

Q
%

A. Upon completion of installation of water specialties, test the Specialties to deQ/&strate

system balance.

compliance with requirements. When possible, field correct malfunctionin its, then

retest to demonstrate compliance. Replace units which cannot be sati@orily corrected.

&vé
RS
END OF SECTION 23 21 16%\%
S
A
A .
5
Q/%
O%
<
Q.
S
7
<O
@?‘
S
X
A\
&
<
A
o>
S
N
O
0
&
&
O

232116 C-161 Hydronic Specialities



Middlesex County College
NH, LH and PAC HVAC Upgrades
September 02, 2015

SECTION 23 21 23 - HYDRONIC PUMPS

PART 1 - GENERAL

& .
N
%
S

O
OO

A. The contractor shall furnish and install in line pumps as shown and as scheduled on t\(g
contract documents. The pumps shall be installed in accordance with this specifi@%n and

1.01  SUMMARY

perform at the conditions specified, scheduled or as shown on the contract dr\ Mgs.

&
1.02 RELATED DOCUMENTS e
&?*

A. Drawings and general provisions of contract, including Gene@nd Supplementary

Conditions and Division 1 Specification Sections, apply to@s section.

S
B. Related sections of Division 23 applicable to this sgction are:
é\/
Division 23 - Section 23 05 11: Basic I\/Iecggmcal Requirements
S

@)
Division 23 - Section 23 05 13: Eleéqgal Requirements for Mechanical Equipment
Q

Division 23 - Section 23 05 @beration mountings and controls, Vibration isolation and
seismic restraint specifioq‘ggn for HVAC, Fire Protection, Electrical and Plumbing
N
1.03  SUBMITTALS OQ~
&
Q.\
A. Product Q(@ Include certified pump curves showing performance characteristics with
pump s@d system operating point plotted. Include hp, frame size, dimensions, electrical
re&;{&ements and NPSH curve when applicable.
S
~ Operation and Maintenance Data: Include assembly views, lubrication instructions and
%O replacement parts list.
\S
&
&Q/ C. Spare parts: Mechanical Seals: One set for each pump type. Tag spare seal with pump
O

é [.D.

1.04  QUALITY ASSURANCE
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A. Firms regularly engaged in manufacture of pumps of types and sizes required, whose

products have been in satisfactory use in similar service for not less than ten years.
A -
S

A. Provide a full parts warranty and labor for three (3) year from start-up or 42 months fr@%’

1.06 WARRANTY

shipment, whichever occurs first.
&
A\
B. The equipment shall have staggered delivery schedule. However, the vvarr@‘t&”for the
. AN
equipment shall commence from the date of start-up. In any event, theQ&aI warranty on

the project shall not exceed 3 years from the date of start-up or 42 ;sonths from the date

of delivery of any unit. &?“
O
1.06  DELIVERY \c‘)
o
&
A. The intent of the project is to procure packaged ps as per specifications and

operating conditions mentioned in the schedu@ﬁlowever, the pumps shall be delivered
as per the project schedule or as desired Q&ne project coordinator.
S
O
B. If for any reason, the pumps are dgﬁéred before the scheduled delivery date, the
contactor shall arrange for promajzstorage and warehousing. All costs associated with

early delivery are excluded this specification and shall be the responsibility of the

QD
@?‘
QS
1.07 STORAGE AND HAN@NG
\3

A. Store pur(HQin a dry location.
&

B. R@n shipping flange protective covers and protective coatings during storage.

N)

(O~ Protect bearings and couplings against damage from sand, grit, and other foreign matter.

Q
N\

ARART 2 - PRODUCTS
&
éo 2.01 GENERAL CONSTRUCTION REQUIREMENTS

contactor.

A. Balance: Rotating parts, statically and dynamically.

B. Construction: To permit servicing without breaking piping and motor connections.

23 21 23 C-163 Hydronic Pumps



S

C. Material: Where option is given, materials selected shall be compatible.
D. Pump Motors: {(/é&
S
1. Operate at 1800 rpm unless specified otherwise. OO
OO
N\
2. Motor shall not be smaller than scheduled. Conform to Section 23 05 13. \/Q?
Ng
&
E. Pump Connections: Flanged. Q<(
O
2.02  IN-LINE PUMPS &?“
O
A. Acceptable Manufacturers: %\%
N
&
1. Bell & Gossett. -
é\/
O
2. Armstrong. {O%
S
<2O
3. Worthington, Flowserve Corp.oQ‘
Q
A\

B. Type: In-line, single stage, %er coupled, bar installation in vertical position capable of

being serviced Withoutgs}urbing piping connections. Rated for 175 Psi working pressure.

&

C. Casing: Cast ir;g(ch suction and discharge gauge ports, renewable bronze casing

wearing rin al flush connection, drain plug, flanged suction and discharge.

O
<

D. Impe,{é@Bronze, fully enclosed, keyed to shaft.

QC)

SYF.
&

Q}.
S G.

23 21 23
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S

%
Ec.)ﬁarings: Re-grease able lubricated self-aligning ball bearings.

Shaft: Stainless steel.

Seal: Carbon rotating against a stationary ceramic seat, Viton fitted when applicable,

275°F maximum continuous operating temperature.

Provide spring vibration isolators.
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PART 3 - EXECUTION

3.01 INSPECTION <
A. Contractor shall examine location where pumps are to be installed and determine space Q/é

conditions and notify Architect in writing of conditions detrimental to proper and timely 0@

completion of the work. OO
Q
N
B. Do not proceed with the work until unsatisfactory conditions have been CorreKt/ 4
g
O
3.02 INSTALLATION (§<<<

Q

A. All components shall be installed in accordance with manufa@’&rer’ s installation
instructions. <
O
. . . . NS . .
B. Reduction from line size to pump connec’uon«ﬁ‘ze shall be made with eccentric
reducers attached to the pump with tops flat\t-/é\allovv continuity of flow.
>
C. Furnish and install triple duty vaIvesQ@the discharge side of all pumps and furnish
and install a line size shut-off valy€¥n the suction side of all pumps. Anywhere that 5
straight pipe diameters of pi@tannot be provided on the inlet side of a pump a
suction diffuser shall be u%ag to provide appropriate flow distribution into the eye of
the pump’ s impeIIer.Oév
QD
D. Provide temper@ and pressure gauges where and as detailed or directed.
O
S
E. On systes where pump seals require flushing water or cooling water for a heat
exch@%r kit, provide cooling water supply piping and connections as well as the
r ttg% piping, if required. Piping should be of adequate size to pass required flow rate.
F@‘éroper access space around a device should be left for servicing the component. No

N) less than the minimum recommended by the manufacturer.

QC)
\% G. Provide an adequate number of isolation valves for service and maintenance of the
.’\\2\ system and its components.
&
éo H. Circulating pump shall have sufficient capacity to circulate the scheduled GPM

against the scheduled external head (feet) with the horsepower and speed as
scheduled and/or as denoted on the drawings. Motors shall be of electrical

characteristics as scheduled, denoted and/or as indicated on the electrical plans and
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specifications. Pump characteristics shall be such that the head of the pump under

varying conditions shall not exceed the rated horsepower of the drive motor.

I.  On systems where the final balancing procedure requires the triple duty valve to be é&
throttled more than 25% to attain design flow (on a constant speed pumping system@@
and no future capacity has been built into the pump, the pump impeller mu@cde
trimmed to represent actual system head resistance. The pump provider and @@neer
of record, based on the balancing contractor’ s reports, shall determiqléb[he final
impeller trim diameter. O\v

&

J. Install foot mounted and base mounted pumps on vibration is@%r on housekeeping
pad, via anchor bolts. Set and level and grout in place. &V”

<

K. All piping shall be brought to equipment and pump@b%’nections in such a manner so
as to prevent the possibility of any loads or streﬁé& being applied to the connections
or piping. All piping shall be fitted to the pumds-even though piping adjustments may
be required after the pipe is installed. Oé

Q/%
L. On components that require gé@fang, contractor must provide piping to and
discharging into appropriate d@'&;.
<

\Y
M. Provide drains for bas d seals, piped to and discharging into floor drains.

QD
N. Power wiring, 8Q~ quired, shall be the responsibility of the electrical contractor. All
wiring shallQ@ performed per manufacturer’ s instruction and applicable state,
federal, ﬁocalcodes.
<<O
0. %ﬁ@ol wiring for remote mounted switches and sensor / transmitters shall be the
@%sponsibility of the control’ s contractor. All wiring shall be performed per

N) manufacturer’ s instructions and applicable state, federal, and local codes.

@)

3\.&%3'9OSTART UP AND TRAINING

A

O&Q/ A. Provide services of factory trained representative for a minimum of two days to inspect

é installation and supervise start-up.

B A factory-trained technical representative shall be available for two days of training on

operation and maintenance at the customer job site.

23 21 23 C-166 Hydronic Pumps



Middlesex County College
NH, LH and PAC HVAC Upgrades
September 02, 2015

C. Provide training to school maintenance staff for the operation and maintenance of the

packaged pump system.
3.04  FIELD QUALITY CONTROL {(/é&
S

A. Upon completion of installation of equipment and after motor has been energized vvitfoo
normal power source, test equipment to demonstrate compliance with requireme\r@ hen
possible, field correct malfunctioning units, then retest to demonstrate Compli@%b.
Replace units, which cannot be satisfactory corrected. Refer to Section Teé}%nd
Balancing. Q<(\

O

B. All pump casings shall be hydrostatically tested at 1-1/2" times&e%gn working pressure.
The pump manufacturer shall be responsible for his service artment aligning in the
field prior to start-up of all flexibly coupled units. Alignr@ﬁ%shall be with dial indicator
with accuracy of plus or minus .002 inches. The pum&‘&\anufacturer must submit a
written report certifying that his personnel had p@’ﬁo‘rmed the alignment work and that the
pumps are ready for operation. Oé

Q/%

S

O
R

X

R
N

D OF SECTION 23 21 23
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SECTION 23 31 00 - AIR DUCT AND ACCESSORIES

PART 1 - GENERAL

é&.

1.01 RELATED DOCUMENTS @Q/
P

@)

A. Drawings and general provisions of contract, including General and Q

%

Supplementary Conditions and Division 1 Specification Sections, apply to th@

section. \?X’
&
K
B. Related sections of Division 23 applicable to this section are: @)
e
v
Division 23 - Section 230511 - Basic Mechanical Require ts
NG

Division 23 - Section 230548 - Vibration mounting \Eﬁ’d controls, Vibration
isolation and seismic restraint specification for HQZ\C Fire Protection,

Electrical and Plumbing. -
é\/
@)
1.02  SECTION INCLUDES S
&
<2O
A. Rectangular and round ductwo\SIQ~
\/Q
B. Double wall insulated flgmal aluminum ductwork
O
QD
C. Ductwork acces&gﬁ%é
O
103 SUBMITTALS &
O
A. F:{e@uct Data: Submit product data for the products specified.
((/é
B. @ Shop Standards
O
QO
\% 1. Submit standards for all ductwork prior to the first shop fabrication drawing.
&
&Q}’ 2. Indicate duct fittings, gauges, sizes, welds and configurations. Submit
éo assembly and installation instructions for proprietary mechanical duct
connection system.
C. Shop Drawings
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1. Prepare plans and sections at scale of 3/8 inch to a foot.

2. Show air outlets, inlets, light fixtures, structural elements, lintels, partitions {(/é&
and other elements affecting routing of ductwork. Coordinate air device 0@
locations with ceiling installer. Show room numbers, names and column I'(§§.

O

3. Locate roof mounted equipment and penetrations. Detail duct su pg?ts.

Ng
O
4. Coordinate proposed installation to provide access for com@(ﬂents requiring
maintenance. é
v
O&
5. Show details of louver connections. é
NS

6. Show details of typical duct to O.A. plenu@onnection and detail

plenum to structure interface. é .
>
7. To avoid delay in review of Su@?ﬁtals, do not submit more than 4

drawings within the Same<é®%w period.

X

D. Samples: Submit samplesQ/@ypical shop fabricated duct fittings and volume
dampers. %?“
O
A
@?‘
1.04  QUALITY ASSURANCEq_
O
N
A. FabricatignNand installation shall be by a single firm specializing and experience in
metak{@ctwork for not less than 10 years.
&

B. Q/%nless otherwise noted, fabricate and install ductwork systems in conformance to the

O\)® following standards:

QC)

N\
&
O&Q/ 2. SMACNA Accepted Industry Practice for Industrial Duct Construction -

é 1975.

1. SMACNA HVAC Duct Construction Standards - 1985.

3. SMACNA Round Industrial Duct Construction Standard - 1977.
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4. SMACNA Rectangular Industrial Duct Construction Standard - 1980.

5. SMACNA Fire Damper and Heat Stop Guide for Air Handling Systemes,

Second Edition - 1981. é&
QQ/
)

6. NFPA 90A - Air Conditioning and Ventilation Systems. oy
OQ
N
1.05 GENERAL REQUIREMENTS FOR DUCTWORK \/Q?
O\?‘
A. Drawings indicate the general arrangement of the work. Carefully Qg}ﬂine the

Drawings, gather all details from site visits, and be responsible@%roper fitting of the
work without substantial alteration of the indicated layout. )(\emy dimensions and
routing shown with relation to existing work and the Wor&‘erther trades. Verify

locations and interferences prior to fabrication and %e\gaon.

&
B. While the Drawings shall be adhered to as clg/sbl‘y as possible, the Engineer's right is
reserved to vary the run and size of ducts@ng the progress of the work if required
to meet structural conditions. Q/%
O%
C. The sheet metal ductwork shall, whetl’@%‘ndicated or not, rise and/or drop and/or change in

shape to clear any and all Conduits\I/%hting fixtures, plumbing and heating mains to maintain

the desired ceiling heights and rovide adequate maintenance room and headroom in

mechanical equipment roo@rg%\\

D. The ductw%@qa]l be continuous, with airtight joints and seams presenting a smooth

surface @}t e inside and neatly finished on the outside. Ducts shall be constructed

with es and bends so as to effect an easy flow of air. Unless otherwise shown on
t é%ravvings, the inside radius of all curves and bends shall be not less than width of

@Q/ﬁ‘ucts in plane of bend.

N)

1.06 OQﬁJFERPRETATIONS/DEFINITIONS

&
.’\ A. Duct Sizes: Clear inside dimensions. Adjust sheet metal duct sizes for lined
O&Q/ ductwork to maintain clear inside sizes indicated on drawings.
B. Ductwork Pressure Classification
Class Pressure Velocity
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Low Pressure 1/2" WG (Positive or Negative) Less than 2,000 FPM

Low Pressure 1" or 2" WG (Positive or Negative) Less than 2,500 FPM {(/é&
S

Medium Pressure 3" WG (Positive or Negative) Less than 4,000 FP&)

%
Medium Pressure 4" or 6" WG (Positive or Negative) Less than {/@D FPM

Ng
O
High Pressure 10" WG (Positive or Negative) Less(éﬁan 2,000 FPM
1.07  DELIVERY, STORAGE, AND HANDLING &?“
O

A. Protect open ends of the work from weather, dirt an%&@structing materials by means

of temporary covers. «@
N\

B. Deliver sealant and fire-stopping material@site in original unopened containers or
bundles with labels informing about mQ;%lfacturer, product name and designation,
color, expiration period for use, p €, curing time, and mixing instructions for multi-
component materials. oQ‘

Q
A\
C. Store and handle seala re-stopping materials in compliance with manufacturer's

recommendations tofatevent their deterioration or damage due to moisture, high or
low temperatur@ontaminants, or other causes.
<<O
D. Deliver zz@_&%tore stainless steel sheets with mill-applied adhesive protective paper,

mainQ@ed through fabrication and installation.
&

&
((/é

1.08 P@UCTS INSTALLED BUT NOT FURNISHED UNDER THIS SECTION

O
QC)
\% A. Install duct mounted equipment, components and accessories furnished by other
.’\\2\ Sections of Division 23. Manufacturer shall supervise airflow sensor installation.
&
éo B. Install smoke detectors furnished under Division 26.
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~
A. Steel: Galvanized sheet, lock-forming quality, G90 finish, ASTM Ab27. 0@
OC)

B. Aluminum: ASTM B209, sheet or plate alloy 3003-H14. Aluminum connector\@% bar

stock; alloy 6061-T5 or of equivalent strength. \/Q?
O\?‘

C. Stainless Steel: ASTM A167, Type 304L. Provide NAAMM No. 4 finké(,\including
ground and polished welds, on surfaces exposed to view in fini%@cc?areas. Provide
stainless steel screws and fasteners. &?“

O

D. Hanger Rod: Steel, galvanized, threaded both ends,(t-ohﬁ%aded one end or continuously
threaded. «@

E. Joint Sealant: United McGill, United Duct@%gller.

Q/%

F. Flexible Sleeves: Vent glass by V @%brics, Inc., or acceptable substitution. Eight (8)
inch wide, 30 oz. glass fabric, @‘ole coated with neoprene, flame spread rating of 25,
sewn together at edges an@%ams. Provide with one inch wide, 12 gauge galvanized
steel securing bands a /8 inch stove bolts for fastening on 5-inch centers.

2.02 SHEET METAL GAUGE
& |
A. Rectang@g\ Ductwork (Galvanized)
QO
g@@st Side Dimension Gauge (all four sides)
Q/é\ Low Pressure Medium Pressure
0® Up thru 12" 24 24
OC) 13" thru 18" 24 24
\@O 19" thru 30" 24 22
”\\2\ 31" thru 48" 22 22
&<</’ 49" thru 54" 22 20
éo 55" thru 72" 20 20
73" thru 84" 20 18
85" and over 18 18
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B. Round Ductwork (Galvanized)

& .
N
%
S

Duct Diameter Low Pressure Medium Pressure
O
QO
Up thru 8" 24 24 Q
N\
9" thru 13" 24 24 \fb
14 thru 22" 24 24 O\?‘
23" thru 36" 22 22 <<<<\
37" thru 50" 20 @O
51" thru 84" 20 &?fS
O
Notes: \%
o
&
1. Provide medium pressure ductwork exc\e/ht’as noted on drawings.
>
2. Provide double wall insulated O\Q/%Iuminum ductwork for classrooms and in
areas as indicated on drawi See Paragraph 2.05 for specifications for
double wall insulated ov@uminum ductwork.
Q
A\
2.03  FABRICATION - GENERAL RE EMENTS
QD

A. Fabrication requi ents specified requirements under individual ductwork system

description. (<O
A\

B. Conﬂq@accurately to dimensions shown with ducts straight and to joints neatly

fj@@fed.
((/é
C\§® Rigidly brace and reinforce ducts with angles or other structural members. Make
OC)C) Internal ends of slip joints lay with the flow.
&
.’\ D. Elbows in Rectangular Ductwork:
&
éo 1. Square throat elbows larger than 8 inches; double thickness turning vanes.

2. Securely fasten vanes to runners for quiet, vibration free operation.
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3. Square throat elbows 8 inches and smaller; radius elbows.

4. Radius elbows; minimum center line radius of 1 1/2 times duct width. <

5. In parallel flow branches with 8-inch neck and smaller; make 90-degree 0@

turns out of nested fittings with radius elbows. OO
Q
O

E. Provide inside collars where registers or grilles are mounted flush to the dudNork.

Use minimum size collars required to install a controller, which will pro@&é uniform

airflow over the face of the register or grille. (<<<\

O
F. Holes in Ductwork: &?“
e
1. Plugs: Low density polyethylene, snap-in ty%‘%ﬁagara Plastics Company

Model 659 for 3/8-inch hole. ,Q%

N\
2. Test Holes: Instrument test holesﬁed to suit insulation thickness with flat
gasket, screw cap and connec@ hardware in material to suit ductwork;
Ventfabrics Ventlock Mod&@ 9 or approved equal. Use concave gaskets for

round duct. oQ‘

R
\

3. Where it is nec ry for pipes, hangers, conduits or other devices to
penetrate d Mork, obtain A/E acceptance of the locations. Provide an airfoil
of the p@r design and increase duct size as required to satisfy each

inc%(@gal condition. Provide gaskets, flanges and apply sealant to make

Q?~ ing airtight.
<<O

G. \th?e ducts are located outdoors, locate longitudinal seams on the bottom of the
Q/%Jct and cross break top surfaces to shed water.
S

CBC.) Dissimilar Metals: Make connections using fully casketed flanges.

Q
N

’?\ 4 GENERAL CONSTRUCTION
&
3

< A. Rectangular; Sealed Joints, Seams and Connections:

1. Low, Medium and High Pressure:
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Seams: Pittsburgh Lock.

ii. Joints: Proprietary Mechanical Duct Connection System for ducts 8

inches and larger. Pocket lock type for ducts smaller than 8 inches. {(/é&
S
iii. Seal Class: A. OO
Q
%
B. Round; Sealed Joints, Seams and Connections: \/Q?
O\?‘
1. All pressure classifications; 10 inch positive to 2 inch nega(%z%:\

i. Seams: Lock type, RL-1 (Spiral), RL-4 (Butt W@I@%? Lapped and Seam

Welded) or RL-5 (Grooved Seam, Pipe or Flaghock).

O
D

ii. Joints: RT-1 (Beaded Sleeve), RT-6 @edge), or RT-5 (Beaded Crimp) up

to 2 inch maximum. -

é\/
@)

iii.  Fittings: Slip type; pleate@continuously welded stamped or
segmented. Continuoy€ly"welded fittings such as conical tees, 45 degree

laterals or wyes m e used.

\/Q
iv. Seal Class: %?‘
O
A
e
C. Rectangular, ROQBS‘ [and Flat Oval]; continuously welded joints, seams and
connectionsQ@pecified:
A\
1. QQound Seams: RL-4 (Butt Welded).
&
A
Q/\} Rectangular Joints: T-21 Welded Flange.
S
OC)C) 3. Round Joints: RT-4 (Outside Sleeve)
N\
&
O&Q/ZI% DOUBLE WALL INSULATED FLATOVAL ALUMINUM DUCTWORK
A. General
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1. All duct and fittings shall be manufactured by a company for whom the
manufacture of spiral duct and welded fittings has been a principal business
for at least 15 years.
A -
S
2. All duct and fittings covered by this specification shall be manufactured by a\B@
single company. OO

QO

A\
3. All companies being considered as potential suppliers of duct and@ﬂ?ﬂg
components shall have the following laboratory test data on filg-With or

available to the project engineer, contractor, and other intngt\ed parties.

i. Laboratory test data covering the performanoé\gféthe manufacturer’ s
spiral duct is required. Generic performan@ data is unacceptable.
Test data must include leakage rate, %ﬁ%ing strength, collapse
strength, seam strength, and pres&u& loss. Duct pressure loss data
must be consistent with that U\S/é\d’ in the system design.

>

ii. Laboratory test data co@ng the performance of the manufacturer’ s
fittings is required. .@¥heric performance data is unacceptable. Test
data must incIuQ?Zero—length dynamic losses of die-stamped, gored,
mitered, an%ﬁgt back elbows; straight, conical, 45-degree entry,
capped, bullhead tees; laterals, Y-branches, capped crosses,
redu § straight-through, and combinations of fittings. Fittings must
%Q_Qdata for converging and/or diverging airflow, as appropriate to the

\SQ stem.
4, QQontractor shall provide, at his expense, a mock up of flat oval sheet metal
&\c) ductwork in one classroom as per design drawings for approval by the
Engineer, Architect and Owner. Contractor shall proceed with procurement of

O\)® flat oval sheet metal ductwork only after he receives written approval for the

OC) installed mock up and follow the recommendations in the written approval.
&
A B. Materials
&
éo 1. Oval duct shall be fabricated out of type 3003-H14 aluminum (in accordance

with ASTM B209). Aluminum thickness shall be substituted for the gauges

indicated as follows:
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Galvanized/Gauge Aluminum Thickness (inches)
28 0.025
26 0.032

24 0.040 0@

22 0.050 oy
20 0.063 QQ
N
18 0.080 %)
\Y%
N
NS
C. Construction (<<(
O
1. Provide Double-wall (insulated) duct. Unless otherms%indicated, all

4.

Qoa

insulated duct dimensions shown on drawings are¥ominal inner liner
dimensions. \%\

&

Insulated duct shall be constructed of-A perforated inner liner, a 1-inch
(unless otherwise specified) Iayer@éiberglass insulation, and an outer
pressure shell. For 1-inch ins@on, the outer pressure shell must be 2
inches larger than the (no ?I) inner liner dimension. Outer shell gauge shall
always be based on ac\t@"r outer shell dimensions.

R
R

Perforations in iner walls shall be 3/32 inch in diameter with an overall

open area %f'fz\S percent.

Q.
Alli§@ated duct shall have a maximum thermal conductivity (k) of 0.27
hr/sq ft/°F/inch thickness at 75 °F mean temperature.

EK\CJ Insulation ends shall be provided at all locations where internally insulated

S
0

OC)

S

@)
&‘x 6.

&
O’\

23 31 00

duct connects to single-wall duct or to any nonOinsulated component. The
insulation end shall terminate the insulation and reduce the outer shell

diameter to the nominal single-wall size.
Double-wall (insulated) fittings shall be provided.
Insulated fittings shall be constructed of a perforated inner liner, a 1-inch

(unless otherwise specified) layer of fiberglass insulation, and an outer

pressure shell. For 1-inch insulation, the outer pressure shell will be 2 inches

C-177 Air Duct and Accessories



Middlesex County College
NH, LH and PAC HVAC Upgrades
September 02, 2015

larger than the (nominal) inner liner dimension. Outer shell gauge and

construction shall always be based on actual outer shell dimensions.

8. Access doors shall be provided immediately downstream of all fire or smoke {(/é&
dampers and elsewhere as indicated on drawings. 0@
@)
O
9. A relief-type access door shall be provided immediately downstream c@ﬁ?

smoke and fire dampers (or other dampers subject to sudden Closugy\when
there is no branch takeoff near that location or when the branc@%eoff is not
sufficient to relieve the negative pressure if a damper closng}ddenly.
Relief-type doors shall be fastened by spring clips that @Qase if sudden
negative pressure occurs. A
O

10. Double-wall, flat oval control dampers shall poe\?)nstructed with a 1-inch layer
of insulation and a solid inner liner. Ducj&s&\stem temperatures shall not
exceed 250 °F. Stainless steel bearingkleeves shall be pressed into the outer
shell to support the damper axle. @% axle shall extend 6 inches from the
outer shell body. A center mukggh shall be provided for dampers with outer

shell nominal major axes eding 36 inches.
X
D. Installation \/Q
@?
O
1. Assembly j S to be installed indoors and outdoors shall be sealed with a

solvent, X%ed duct sealant that is a neoprene-phenolic mastic formulated to
vvithQQd temperatures from — 20 to +300°F. Sealant shall be formulated
@that surface preparation or solvent cleaning is not necessary. Sealant
QQhaII have a UL Classification marking with a flame spread of 5 and smoke
&\c) developed of 5 when applied to inorganic reinforced cement board, both at
Q/é coverage of 53 square feet per gallon. Sealant shall exceed 1,000 hours under
\3® ASTM D572 test conditions (oxygen bomb) without becoming brittle and 500
OC)C) hours in QUV accelerated-exterior-aging apparatus without degradation
®% (under ASTM C732 test conditions).
o\
&Q/’ 2. Where duct fittings are constructed with standing seam all construction joints
éo shall be sealed with a metal cement that is composed of neoprene rubber,
resins, and inert reinforcing material dispersed in a petroleum distillate.
Sealant shall be formulated to withstand temperatures from — 20 to +225 °F.

Sealant shall be formulated such that surface preparation or solvent cleaning
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is not necessary. Sealant shall have a UL Classification marking with a flame

spread of 0 and smoke developed of 0 when applied to 18-gauge galvanized

steel and a flame spread of 0 and smoke developed of 0 when applied to

inorganic reinforced cement board, tested as applied in two 1/8-inch beads 8 {(/é&
inches on center. Sealant shall exceed 500 hours without becoming brittle 0@
under ASTM D572 test conditions. OO

QO

3. Where duct liner adhesive is used to secure insulation to metal surf&\es, it
shall be a water-based vinyl acrylic copolymer formulated to W@&and
temperatures from — 20 to 160°F. Adhesive shall have a UIQ%I\assification
marking with a flame spread of 0 and smoke developed@ when applied to
inorganic reinforced cement board, both at coverage@?%? square feet per
gallon. Adhesive shall exceed 500 hours withoutv@ecoming brittle under
ASTM D572 test conditions (oxygen bomb).\%\%

&

<
é\/
@)
2.06  OUT DOOR AIR PLENUM ENCLOSURES %@9
<2O
A. General oQ‘
<
\Y
1. Provide double-wall (insulated num enclosures. All panels and components shall be
QD
prefabricated and supplied nationally recognized manufacturer with published standards of

O
§<

construction, assempyyand technical performance. The manufacturer shall have produced a
<<O
standardized&p abricated panel system for at least 10 years.

S
&
N

0\5

QC)

&®2. The entire plenum installation shall be designed by the plenum manufacturer to be self

&

éo supporting. Provide all structural members as recommended by the panel manufacturer.
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3. The finished plenum installation shall be able to with stand a positive internal static pressure

of 2 inches wg and a negative internal static pressure of 2 inches wg.

& .
N
%
S

OC)
Q
4. The assembled structure shall not exhibit any panel joint deflections in excess of LQ@,
A\
Ng
where L is the unsupported span length of any panel section within the Comple&e’@\plenum.
O
&
B. Construction é
O
N4
1. Panels shall be of “ snap-lock: construction, such that a@%fent panels are held together
<
rigidly with an integral, continuous self-locking joint a@yboth inside and outside panel surfaces.
Q/%
These joints should not require screws, H-co tors, tape, or any other type of additional
X
fasteners or connectors. \/Q
@?
O
\e
2. All pa@shall be 2 inches thick with a solid galvanized steel outer shell and
a galvanized steel inner shell.
X
3. \C_)Q The outer and inner shells shall be tack or spot welded to perimeter and
é\ internal longitudinal steel channels and box-end internal closures, in such a
@Q/ manner and spacing that the panel assembly shall not fail at the maximum
00 operating Loads.
O

%O

4 The outer shell shall be constructed of galvanized steel with a minimum 20-

gauge thickness.

5. The inner shell shall be constructed of galvanized steel with a minimum 22-

gauge thickness.
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6. All perimeter and internal longitudinal steel channel members shall be
constructed of ASTM A446 structural quality galvanized steel with a minimum
18-gauge thickness or ASTM A526 commercial-quality galvanized steel with a
minimum 16-gauge thickness. {(/é&

S

7. All steel panel surfaces, internal channels, and trim items shall be fabrica@)
from zinc-coated steel with a hot-dipped galvanized coating (minimur@%QJO
coating class as determined by ASTM A525) and shall meet all re%ﬁ@ments
of ASTM A526 for commercial-quality galvanized carbon steel.o\v

&

8. Each panel assembly shall be completely filled with aco@@cal/thermal
insulating material that is noncombustible, inert, mil&keWresistant, and
vermin-proof. Insulation shall not settle within t anel assembly. No
insulating materials shall be used that have %ﬁ?’a’me spread greater than 25 or
a smoke developed greater than 50. «@

é .

9. Where indicated on drawings, sep@% panels shall consist of a solid
galvanized steel sheet (minim@ZO—gauge thickness). The solid steel inner
sheet shall be framed "@: ed so that air does not leak through the

assembly when a presgs differential exists.

Q

Y4
C. Components and Insta&giﬁxa

QD
1. All assembly trim items&&be constructed of hot-dipped galvanized steel (minimum 18-
<<O
gauge thickness) an@ﬁﬁnished in standard lengths to be field cut to the required dimensions.

O
<
Spacing of S,Ke@metal screws, application of duct sealant, and positioning of trim shall be in
accorf@e with the plenum manufacturer’ s published erection and installation details.

QO

&

2. All mechanical joints and external trim items shall be sealed with a UL-
Classified duct sealant (for indoor and outdoor installations). In order to show
that joints have been sealed properly, enough sealant shall be used so that

excess sealant is extruded from all completed external joints.
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3. Personnel access doors shall be provided where indicated on drawings and
shall be 24 inches wide by 60 inches high unless otherwise indicated. All
doors shall be the same nominal thickness as the prefabricated standard door
panel in which they are mounted. Al access door panels and doors shall be {(/é&
constructed with a solid inner and outer shell (minimum 20-gauge thickness).\\)Q
Each door shall be installed in the door panel at the factory and shall havé’
minimum of two ball-bearing hinges and two wedge-lever door Iatche%QI
levers shall be operable from the interior and exterior sides of the débr\ panels.
All doors shall be installed to open against the air pressure diff@gﬁtial. Doors
shall seat against neoprene gasket materials, installed arouQﬁ\the entire
perimeter of the door frame in such a manner that door%p@ration will provide
direct compression with no sliding action between th’Q%Bor and gasket.
<
4. Openings for pipe and conduit shall be field u‘t%o ensure proper positioning.
All framing members, collars, and beIImo&t&ittings shall be insulated,
welded, and sealed according to the @&num manufacturer’ s published
installation details. Oé
Q/%
2.07 PROPRIETARY MECHANICAL DUCT CO TION SYSTEM
A. Acceptable Manufacturers: QQ‘

%
\Y%
1. Ductmate Induégflg;, Inc. "Ductmate".

&\
2. Lockfor@?_@Y}.D.c."
<<O
3, @_ﬁ "T D.F."
QO

Zk\c*) Ward Duct Connector Industries.
B\)® General: Do not use mechanical connections on ducts heavier than 16 guage or

OC) lighter than 26-gauge.

Q

&
.’\ C. Products and Materials:
&
O

é 1. Construction Materials: Same as specified for ductwork.

2. Angle: 20 gauge with or without integral polymer type seal.
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3. Corner Piece: Minimum 16 gauge.

4, Cleat: 20 gauge. Use of PVC at fire dampers and connections to dissimilar

metals is permitted. é&
&
O

5. Corner Clips, Bolts and Nuts: 16 gauge clips or 3/8-inch diameter bolts OO
with nuts. Use stainless steel nuts and bolts on dissimilar me@ /
o
A\
6. Gasket: Tremco #440, Ductmate #440 or Hardcast #1902FR. O\v
AN
&
7. Mastic: Service Adhesives Inc. No. 5511 M. é
&?*
2.08  SEALANT MATERIALS éo
O
o

A. Joint and Seam Sealants, General: The term SeaJQ& used here is not limited to

materials of adhesive or mastic nature, but als& includes tapes and combinations of

open weave fabric strips and mastics. Oé

Q/%

B. Joint and Seam Tape: 2 inches wide)glass-fiber-fabric reinforced.
X
C. Tape Sealing System: Wovgﬁzﬂber tape impregnated with a gypsum mineral

compound and a modifi Ecrylic/silicone activator to react exothermically with the
tape to form a hardvﬁh‘rable, airtight seal.
N

D. Joint and SeQQSealant: One-part, non-sag, solvent-release-curing, polymerized butyl
sealant ﬁlying with FS TT-S-001657, Type I; formulated with a minimum of 75
perceQQoIids.

&
E. Q/‘ﬁanged Joint Mastics: One-part, acid-curing, silicone elastomeric joint sealants,
N) complying with ASTM C 920, Type S, Grade NS, Class 25, Use O.

@)

2&9’9OACCESS DOORS

o\
O&Q/ A. Factory fabricated access doors of 22-gauge minimum made of same material as

% specified for duct.

B. Sizing

2331 00 C-183 Air Duct and Accessories
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DUCT WIDTH DOOR LENGTH X WIDTH NO. REQUIRED
18 inch and smaller 12 inch x Duct Width Less 2" 1 <
20 inch to 48 inch 18 inch x 18 inch {(/é
50 inch and larger 18 inch x 18 inch 2 0@
O
QO
Hardware: Q
>
A\
1. Acceptable Manufacturers: O\v
<<\
&
i Duro Dyne. é
v
O&
ii. Ventfabric Inc. <
%\@
iii. Buffalo Forge. «@
<
. . %\/ o . .
2. Hinges: Wrought steel, zinc pIate@ rass pins; sized to suit door; minimum
two per door. Q/%
S
O
3. Fasteners: Brass, vvin@Vsash type; minimum two per door.
Q
A\
4. Pull: Brass; m@?&%m one per door on suction side of fan.
QD
5. Latch: @/y—duty, non-corrosive aluminum and zinc alloy or zinc plated

steelQanh lever with self-locking latch nut; 5 3/4 inch door pull; shims, stud,
ﬁ)arrel when appropriate and stainless steel screws; minimum two per

QQ/aIk—through type door.
&
A

D. Q/‘%einforce doors with flat or angle iron stiffening frame to avoid twisting or distortion.

QC)

&
Q&

&
O’\

N) Make doors on insulated ductwork of double panel construction with an acceptable
type insulated filler not less than 1 inch thick. Frame out duct openings with a
continuous reinforcing bar or angle against which the door shall close. At insulated
ducts, provide an extended metal collar flush with the butt face of insulation. Attach
gaskets to the bar or angle with flameproof adhesive for airtight construction. Attach

doors with a minimum of two hinges.

2.10  VOLUME DAMPERS

23 31 00
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A. Acceptable Manufacturer
1. Ruskin (Series CD or CDR).

A -
2. Carnes %
¥

3. Greenheck. OC)

QO

N
B. Rigidly construct to eliminate flutter or vibration at any volume setting; ex eRar
quadrant adjustment with locking nut, elevated platform for insulated @&E and

sealed end bearings screwed or riveted to the duct. Include open—EQ@\bearings on

ducts beneath elevated platforms to reduce duct leakage. é
&?*
C. Splitter dampers are not acceptable as volume dampers.é
O
. . . C N
D. Dampers larger than 12 inches in any dmensmn«%lu—blade opposed type.
-

E. Dampers for duct velocity over 1100 fpm @%dampers for laboratory

exhaust system Multi-blade airfoil typ%%%

@)
F. Material: Same as specified f%%ctwork unless otherwise noted.
Q
ol
2.11 FIRE DAMPERS %
O
QD

A. Acceptable Ma ?Eurers:

<.<O

B\§® Galvanized steel, curtain type with blades stored out of air stream, gravity operated

OOC) for vertical use and spring operated for horizontal use, 165 degree F fusible link, 1 1/2
our rated, abel per .
® h d, UL label UL 555
o\
O&Q/ C. Use Model IBD2, Style B for low pressure rectangular, Style C for medium or high
é pressure rectangular and Style CR for round.

2.12  SMOKE DAMPERS
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Acceptable Manufacturers:
1. Ruskin.

2. Air Balance. 0@

O
QO
3. Carnes Q
>
A\
GENERAL O\?‘
<<\
4
1. Frame shall be a minimum of 16-gage (1.6) galvanized Qg formed into a

structural hat channel reinforced at corners for adde(igfrength. The blades
shall be airfoil shaped single-piece hollow const&‘@(Ron with 14-gage (2.0)
equivalent thickness. Blade action shall be % lel. Bearings shall be
stainless steel sleeve turning in an extru@\wole in the frame for long life.
(Galvanized bearings shall not be acc\e/&table.) Blade edge seals shall be
silicone rubber and galvanized ste@%]echanically locked into blade edge
(adhesive or clip fastened seaké/oe’nall not be acceptable) and shall withstand a
minimum of 450°F (232 °C)(Jamb seals shall be non-corrosive stainless steel
flexible metal compres@@'ﬂ type to further ensure smoke management.
\Y

2. Each smoke da r shall be classified by Underwriters Laboratories as a
Leakage R téé’ amper for use in smoke control systems in accordance with
the late rsion of UL555S and bear the UL label attesting to same. Damper
man turer shall have tested and qualified with UL, a complete range of
q?_ﬁer sizes covering all dampers required by this specification.

QO
3&\0_) Testing and UL qualifying a single damper size is not acceptable. The leakage

Q/é rating under UL555S shall be leakage Class | (4 cfm/sq. ft. at 1.0” w.g.).

4, As part of the UL qualification, damper shall have demonstrated a capacity to
operate (to open and close) under HVAC system operating conditions, with

pressures up to 4” w.g. in the velocity in the open position.

5. In addition to the leakage ratings already specified herein, the smoke dampers
and their actuators shall be qualified under UL555S to an elevated
temperature of 250°F, 350°F, or 450°F (121°C, 177°C, or 232°C0 depending

on the actuator. Appropriate electric actuators shall be installed by the

C-186 Air Duct and Accessories
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damper manufacturer at time of damper fabrication. Damper and actuator
shall be supplied as a single entity, which meets all applicable UL555 and

UL555S qualifications for both dampers and actuators. Damper and actuator

assembly shall be factory cycled 10 times to assure operation. {(/é&
S
2.13  COMBINATION FIRE / SMOKE DAMPERS OC)
Q
%
A. Acceptable Manufacturers: \/Q?
Ng
O
1. Ruskin. Q<(
@)
Ny
2. Air Balance. A
O
c)%
3. Carnes %\
N
&
B. GENERAL -
é\/
O
1. Frame shall be a minimum of @age (1.6) galvanized steel formed into a

structural hat channel rei %ed at corners for added strength. The blades
shall be airfoil shaped e-piece hollow construction with 14-gage (2.0)
equivalent thicknesQ./QBIade action shall be parallel. Bearings shall be
stainless steel ve turning in an extruded hole in the frame for long life.
(Galvanize ’6e\arings shall not be acceptable.) Blade edge seals shall be
silicone er and galvanized steel mechanically locked into blade edge
(ad Q@e or clip fastened seals shall not be acceptable) and shall withstand a
Q’f#um of 450°F (232°C). Jamb seals shall be non-corrosive stainless steel
QQexible metal compression type to further ensure smoke management.
&
A

Q/Q Each combination fire smoke damper shall be classified for use for fire

O\}® resistance ratings of less than 3 hours, in accordance with UL Standard 555,

QO

&
o\ attesting to same. Damper manufacturer shall have tested, and qualified with

and shall further be classified by Underwriters Laboratories as a Leakage

Rated Damper for use in smoke control systems in accordance with the latest

&Q/’ UL, a complete range of damper sizes covering all dampers, required by this
éo specification. Testing and UL qualifying a single damper size is not
acceptable. The leakage rating under UL555S shall be leakage Class | (4
cfm/sq. ft. at 1.0” w.g. and 8cfm/ft. at 4" w.g.).
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3. As part of the UL qualification, damper shall have demonstrated a capacity to operate (to

open and close) under HVAC system operating conditions, with pressures up to 4” w.g. in the <
S

S

O

QO

Q)\O
N
4, In addition to the leakage ratings already specified herein, thQ\smoke dampers
and their actuators shall be qualified under UL555S to a Qevated
temperature of 250°F, 350°F, or 450°F (121°C, 177 (’2?7( 232°C0 depending

on the actuator. Appropriate electric actuators s be installed by the

velocity in the open position.

damper manufacturer at time of damper fabric@on. Damper and actuator
shall be supplied as a single entity, vvhich@s%ts all applicable UL555 and
UL555S qualifications for both dampeLQ and actuators. Damper and actuator
assembly shall be factory cycled 1&\&%% to assure operation.
S

5. Manufacturer shall provided{@tory—assembled sleeve of 17" (432) minimum
length (contractor to vngrequirement). Factory supplied caulked sleeve
shall be 20 gage (1.05%¥5r dampers through 84” (2134) wide and 18 gage (1.3)
above 84” (ZIS@W/\Tde.

O
6. Each com@gétion fire/smoke damper shall be equipped with a controlled 7 to
15 sg heat actuated release device. The electric EFL shall close and lock

theﬁ’re/smoke damper during test, smoke detection, power failure or fire
@%?mitions through actuator closure springs. To prevent duct and HVAC
\C_) component damage, the damper shall at all times be connected to the
Q/é& actuator for controlled closure in not less than 7 seconds and no more than 15
0@ seconds. Instantaneous damper closure is unacceptable. Damper shall be
O

@)

Q conditions. After exposure to high temperature or fire, the damper must be

automatic remote resettable after test, smoke detection or power failure

N\
,Qz‘ inspected prior to reset to ensure proper operation. Release temperature

&Q} shall be 165 °F.
O
D

2.14 Not Used.
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PART 3 - EXECUTION

3.01 INSPECTION

& .
S

A. Contractor shall examine location where ductwork is to be installed and determine 0@

space conditions and notify Engineer in writing of conditions detrimental to propeoo

and timely completion of the work. \O

2
A\
B. Do not proceed with the work until unsatisfactory conditions have bee@x?rected.
&
3.02 INSTALLATION éo
&?*

A. Coordinate with other work as necessary to interface ins@%tion or ductwork with

other components of systems. AS

o
&

B. Duct sizes shown on the drawings at connectida‘to fans or other equipment may vary
in actual installation. Contractor shall pro@transition pieces as required.
Q/%
C. Ducts, casings and hangers shall @%stalled straight and level the ductwork
installation shall be free of viby n and noise when fans are operating.
<
\Y
D. Ducts at ceilings shall le;spended from supplemental steel as required. Ducts at
floor shall be supp%rfe by steel angles suitably anchored to floor construction. Each
duct sh@e independently supported and shall not be hung from or
supported béépother duct, pipe, conduit or equipment of any trade.
A\

m

Supr@ shall be placed at each joint and change in direction up to a maximum
&\c) spacing of 8 feet on centers. Prevent buckling of ductwork.
F. @ All fastenings to building structure shall be adequate to insure permanent stability of

O

OC) sheet metal work and shall be capable of resisting all applied forces.
o
.’\\2\ G. Vertical ducts in shafts or passing through floors shall be supported by steel angles or
&Q/’ channels, welded, riveted, screwed or bolted to ducts and fastened to building
éo structural members at each floor level. Provide safing to close all floor openings

around ductwork - pack annular space with rock wool and 18 gauge sheet metal

safing Floor openings in plenums shall have 1/2 inch diameter steel bars.
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H. Rigid connections between ductwork and non-rotating equipment shall be made with

flanged joints, sealed with fireproof material (Fiber or Neoprene gaskets).

For leakage test for medium and high-pressure ductwork refer to Section "Testing and {(/é&
Balancing". 0@
O
O

J. Provide openings in ductwork where required to accommodate thermometers\qg@

controllers. Provide pilot tube openings where required for testing of syste\/r&.

o

o

K. Holes in Ductwork: ()QQ\

1. Where ducts are insulated, neatly cut a 3-inch vvideQrYﬁ of insulation away
from hole site. <
NS
. . . NS . . .
2. Drill holes in ducts, casings and plenums{%‘t exceeding 12 inches o.c. in
locations as directed by Balancing A@cy,
>

3. Use snap-in plugs for low andQ/%dium pressure systems with material gauges

of 14 through 26. @)
4
X
4, Reinstall cut away 'Q/&Iation and cover with 4-inch wide duct tape. ldentify

plug and instru t hole locations on insulated ducts as "test holes" for

future refer@}e and use.

L. Locate ductsQ@[h sufficient space around equipment to allow normal operating and
mainten B%activities.
<<O
M. S t@enum doors 6 to 12 inches above floor. Arrange door swing so that static

Q/%ressure holds door in closed position.

S
Q§) Connect ducts to fans with flexible sleeves.

Q

&
.’\ 0. During construction provide temporary closures of metal or taped polyethylene on
O&Q/ open ductwork to prevent construction dust from entering ductwork system.
P. Install duct and plenum mounted equipment in accordance with manufacturer's

recommendations.
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Q. Provide angle iron enclosures where ductwork passes through floors, roofs and walls.

R. Install mechanical duct connection systems in strict conformance with manufacturer's

instructions. Over tightening of corner piece nuts and bolts may cause leakage in {(/é&

excess of allowable levels. )
O
QO
S. Install fire dampers in duct extension sleeves and with perimeter angles and \O
breakaway fittings in accordance with the manufacturer's instructions anoKSSZACNA
details. &
N
&
T. Install access doors at plenum, humidifiers, fire and smoke dam@@s, and other

locations where duct access is required. Install access doovg&th before and after
duct mounted in-line fans [, coils and airflow sensors]. sg¢ate doors on duct

sidewalls where water or condensation may be pres%‘tsc‘l)n the airstreams.

&
u. Cut, fit and install blank out panels at portionslof louvers not used. Seal seams,
perimeter, cut-outs and duct connection. ﬁvide angle closure collars where ducts
meet blank out panels. Q/%
O%
V. All square elbows shall have f%%ry—designed and built single thick turning vanes.

Shop fabrication vanes Will\nlgt be approved. Where turning vanes are in conflict with
the access doors to firg{é%pers. They shall be made movable, so that fire dampers,
shall be accessible &\

R\

W. Dissimilar mQQQs:shall be connected with flanged joints made up with fiber or
neopren skets to prevent contact between dissimilar metals. Flanges shall be
faste@ with bolts protected by ferrules and washers made of the same materials as
t é%askets. Where an aluminum duct is to be connected to a galvanized steel duct,

Q/ﬁ\e end of the galvanized steel duct shall be coated with heavy black asphaltum paint

N) before connecting it to the aluminum duct.

QO
\% X. Changes in shape and dimension shall conform to the following: Except where
.’\\2\ otherwise noted, for increases in cross-sectional area, the shape of the
&Q/’ transformation shall not exceed 1" in 7". Except where otherwise noted, for
éo reductions in area, the slope shall not be less than 1" in 4" but 1" in 7" preferred.
Y. Wherever it may be necessary to make provisions for vertical hangers of the ceiling

construction passing through ducts, provide streamlined shaped sleeves around such
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ceiling construction hangers as to fully protect the duct from being punched with
holes for the passage of such hangers. Any such streamlined sleeves shall be made
air tight at top and bottom of ducts. In no case shall there be more than two rods in

any 9 sq. ft. area. No rods shall pierce ducts smaller than 12" in horizontal area. {(/é&
S

O
QO
3.03  EXISTING CONSTRUCTION Q
>
A\
A. Existing duct openings shown to be closed, shall be sealed with gaske@heet metal

A _—
panels and sheet metal screws. Panels shall be same gauge and WQ{@FIEN as existing
duct. Submit gasketing material and method of installation priq@@installation.

&?*
3.04 DUCT HANGERS éo
O
&

A. Low pressure ducts up to 24" on a side or up to ZQ&iameter shall be suspended with

16-gauge, galvanized strap hangers, 1" vvide.é .

>

B. Low pressure ducts 25" to 40" on a si@%r 21" to 40" diameter shall be suspended

with galvanized strap hangers 1" v&@?by 1/8" thick.

X

C. Strap hangers shall be beni9 0 extended down sides of ducts and turned under

bottom of ducts a mini@ﬁn of 2". Strap hangers shall be fastened at ceiling with nuts,
bolts and lock wasl\?ﬁgand to sides and bottom of ducts with sheet metal screws.
Q.
D. All medium thgh—pressure ductwork and low pressure. Ducts 41" and larger on a
side or c@}eter shall be suspended with eighter rod or angle type hangers. No

scre Qhall penetrate medium and high-pressure ductwork.

N\
&
E. @Q/%Od type hangers shall be 3/8" diameter black steel rods threaded at both ends and
O

bottom bracing angles on ducts, with nuts and lock washers.

&
&\2}% F. Angle type hangers shall be extensions of side bracing angles on ducts, bent 900 at
&Q}’ ceiling and fastened with nuts, bolts and lock washers.
S -
G. Hangers for vertical ducts shall be as per SMACNA standards.
H. Stainless steel ductwork shall be supported with rod or angle type hangers, so that

there will be no penetration of the stainless steel ducts.
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3.05 CLEANING AND PROTECTION

A. Clean ductwork internally, unit by unit as it is installed, to remove of dust and debris. {(/é&
Clean external surfaces of foreign substances, which might cause corrosion, 0@
deterioration of metal or interfere with painting. OC)

QO

A\
B. At end of ducts, which are not connected to equipment or air distribution g{e/%es at
the time of ductwork installation, provide temporary closure of polyeth e film or
. N
other covering. (<<(
@)

C. Cleaning of new supply ductwork in existing buildings. Afte&cgﬁﬂpletion of ductwork

installation clean ductwork as follows: <

©

1. Cover all supply registers and diffusers \AS«\@oil cheesecloth.

N\
2. Use supply fan or install temporar(ﬁ%n to provide air to the system for four (4)

hours. Q/%
O%

3. Remove oil cheeseclotbQ<~2
%

v
EB&%F SECTION 23 31 00
&\
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PART 1 - GENERAL

S
1.01 SUMMARY <(,
S
O
A. This specification section includes the following: QO
%
. 2
i. Roof Fans \Y
O\?‘
<<\
ii. Ceiling Mounted Fans (§<
N
1.02  RELATED SECTIONS O&
é
O
A. Related sections of Division 23 applicable to this s\:?\@)on are:

Middlesex County College
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SECTION 23 34 16 - HVAC FANS

A

Division 23 - Section 23 05 11 - Basic Me@éal Requirements
Section 23 05 13 - Electri Q&equirements for Mechanical Equipment
Section 23 05 48 - Vibragfdn controls for HVAC, Electrical and Plumbing

Section 2331 00 %@twork and Accessories

Section 23 33 @) ampers

Section 23 W3 - Building Management Controls System
Sectio’n&@%5 93 - Testing, Adjusting and Balancing

@?‘
1.03  SUBMITTALS OQ~
N
3
A. Producb@ata for selected models, including specialties, accessories, and the
fo||%v5<ng:
N\
&
@Q/ﬁ Certified fan performance curves with system operating conditions
00 indicated.
O
%O
&\2} 2. Certified fan sound power ratings.
&L . . .
O 3. Motor ratings and electrical characteristics plus motor and fan

S

23 34 16

accessories.

Materials gages and finishes, including color charts.

C-194
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5. Dampers, including housings, linkages, and operators.
B. Shop drawings from manufacturer detailing equipment assemblies and <

indicating dimensions, weights required clearances, components, and location Q/é

and size of field connections. 0@

@)
QO

C. Wiring diagrams that detail power, signal, and control wiring. Differentiate \O

between manufacturer-installed wiring and field-installed wiring. \/Q?

Ng
NG

D. Maintenance data for air-handling units, for inclusion in Operating qé@

Maintenance Manual. éo

&?*

E. Maintenance Materials: Furnish one additional completex&gt of belts for each

belt driven fan. Tag spare belts with Fan I.D. AS

o
&
1.04  QUALITY ASSURANCE é .
>

A. Firms regularly engaged in manufactu@%f fans of types and sizes required,

whose products have been in sati&’@: ory use in similar service for not less
than 10 years. OQ‘
<
ol
1.05  WARRANTY D
O
QD
A. Provide a full part@&%?;ranty for one year from start-up or 18 months from shipment,

whichever oc irst.
\éQ@ﬂrs
Q..

1.06  DELIVERY ¢O
&
A. T@htent of the project is to procure fans as per specifications and operating conditions
entioned in the schedule. However, the fans shall be delivered as per the project

Q7 schedule, or as desired by the project coordinator.

Q

N
"\\2\ B. If for any reason the fans are delivered before the scheduled delivery date, the contactor
&Q/’ shall arrange for proper storage and warehousing of the equipment. All costs associated
éo with early delivery are excluded from this specification and shall be the responsibility

of the contractor.

C. Comply with manufacturer's installation instructions for rigging, unloading, and
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transporting units.

D. Fans not shipped fully assembled shall have tags and airflow arrows on each section to

indicate location and orientation in direction of airflow. Shipping splits shall be clearly {(/é&
defined on submittal drawings. Cost associated with non-conformance to shop 0@
drawings shall be the responsibility of the manufacturer. Each section shall have Iiftin@o
lugs for field rigging, lifting and final placement of fan section(s). Q
N\
\fb
E. Fans shall be shipped in a clear shrink-wrap or stretch-wrap to protect fa tions from
in-transit rain and debris per ASHRAE 62.1 recommendations. QQ\
O
1.07 STORAGE AND HANDLING &?”
e
A. Installing contractor shall be responsible for storing %(W%ust fans in a clean, dry place
and protect from weather and construction traffi&.\&andle carefully to avoid damage
to components, enclosures, and finish. -
>
PART 2 - PRODUCTS &P
O%

2.01  CENTRIFUGAL ROOF EXHAUST FANQ)Q<~2
R

?y
A. Acceptable I\/Ianufactu&gé

N
2. @?ﬁ Cook Co.
<<O

Sj&\c*) Greenheck
((/%

B\)® Furnish and install the roof fans where indicated on the Drawings.

OC)
\@OC. General
&
O&Q/ 1. Roof exhauster fans shall be centrifugal belt drive type.
2. Fan impeller shall have centrifugal backwardly curved blades constructed of

aluminum, which are die-formed. Steel impeller hub shall be securely fastened

to the impeller backplate. The impeller shall be optimally matched with the
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inlet orifice, and statically and dynamically balanced.

The fan housing shall be constructed of heavy gauge aluminum and include a

full perimeter stormband to aid in protection of the orifice from blowing rain {(/é&

and snow. )
O
O
The structural steel frame shall transmit the weight of the motor and @o ller
directly to the curb cap to prevent orifice distortion. \/Q?
X

Permanently lubricated ball bearings shall be used in a duptg<§\split pillow
block housing for accurate alignment and rated at an L—@Qfe of 200,000
hours. Bearings shall be resilient mounted in neopr@&e?fings providing
protection and vibration isolation. é

O
&
Pulleys shall be cast iron. Motor pulleys 5@& be variable pitch.

N\
V belts shall be oil and heat resist@ﬁand non-static conducting and designed
for 1.5 service factor. %@9

@)
Fan shaft shall have aQ@‘tective coating for resistance against corrosion.

Q

A\
Fan shall be pr vgéd with a stainless steel data tag, NEMA 3R disconnect
mounted a dQﬁternally wired, 12”7 high roof self flashing curb with treated

wood n@ damper tray, motor operated aluminum back draft damper and

treatQ@/vood nailer.
N3

10. QQans shall be covered by a 2 year limited warranty with 5 year limited

&\c) warranty on duplex split pillow block bearing and shaft. Sealed ball bearing

S

11.

12.

13.

motors shall be mounted out of the airstream.

The motor compartment shall be ventilated with outside air by a “ forced

air” cooling system.

A birdscreen shall be provided and attached on all sides.

A conduit post shall be provided through the fan base to the motor

compartment for ease of electrical wiring.
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& .
S

14, A disconnect device/switch shall be factory installed to the junction box on
the internal wiring posts (except fans with explosion resistant motors).

15. Standard wiring shall comply with National Electric Code and materials used
shall be U.L. Listed. Fans shall bear the AMCA Certified Ratings Seal for 0@
sound and air performance. OO

16. Each fan shall have a permanently affixed manufacturer’ s nameplat%O
containing the model number and serial number. Q?\

W
O

17. Thermal overload protection shall be standard for explosior({%sistant motors.

18. Fan housing shall be weatherproof, utilize heavy—gak{gguminum
construction with a large rolled bead for strengt ith aluminum base, rigid
galvanized steel internal support structures.é’(’@%sing shall not provide any of
the internal structural support. Large dia@}er cooling tube shall provide
ambient air to flow over motor. -

Oé\/
19. The fans shall have the capaciQ% indicated on the drawings.
&
2.02  INLINE RETURN FANS QQ‘

23 34 16

O

2. k?-?’e
QO

3

S

B. @ Description:
1.

Q

K
én Cook Co.

&\c*) Greenheck

Fan shall be duct mounted, belt driven centrifugal square inline.

Certifications: Fan shall be manufactured at an ISO 9001 certified facility. Fan shall be
listed by Underwriters Laboratories (UL 705) and UL listed for Canada (cUL 705). Fan

shall bear the AMCA certified ratings seal for sound and air performance.

Construction: The fan shall be of bolted construction utilizing corrosion resistant

fasteners. Housing shall be minimum 18 gauge galvanized steel with integral duct
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collars. Bolted access doors shall be provided on three sides, sealed with closed cell
neoprene gasketing. Pivoting motor plate shall utilize threaded L-bolt design for
positive belt tensioning. Housing shall be pre-drilled to accommodate universal

mounting feet for vertical or horizontal installation. Unit shall bear an engraved

aluminum nameplate. Nameplate shall indicate design CFM, static pressure, and 0@

maximum fan RPM. Unit shall be shipped in ISTA certified transit tested packagin@o
O
Wheel: Wheel shall be centrifugal backward inclined, constructed of 100%\a/nginum,
including a precision machined cast aluminum hub. Wheel inlet shall o@gép an
aerodynamic aluminum inlet cone to provide maximum performaan nd efficiency.
Wheel shall be balanced in accordance with AMCA Standard 2 , Balance Quality
and Vibration Levels for Fans. &?“
O
Motor: Motor shall be NEMA design B with class B i@ﬁ’ation rated for continuous
duty and furnished at the specified voltage, phas,q‘%h\d enclosure.
-
Bearings: Bearings shall be designed and @ﬁvidually tested specifically for use in air
handling applications. Construction sPproe heavy duty re-greasable ball type in a
pillow block cast iron housing sel for a minimumL50 life in excess of 200,000
hours at maximum cataloged o\p)@'ating speed.
Q
A\
Belts and Drives: Belts Il be oil and heat resistant, static conducting. Drives shall
be precision machiné&‘cast iron type, keyed and securely attached to the wheel and
motor shafts. Dy shall be sized for 150% of the installed motor horsepower. The
variable pith@otor drive must be factory set to the specified fan RPM.

A
Q-.
QO

V}@%’num Motor Efficiency Per Ashrae 90.1-2007

S

0® TABLE 10.8 Minimum Nominal Efficiency for General Purpose Design A and Design B

OC) Motors?
Q
&
Minimum Nominal Full Load Efficiency (%)
Open Motors Enclosed Motors
No. of Poles 2 4 6 2 4 6
Synchronous 3600 1800 1200 | 3600 1800 1200
Speed (RPM)
Motor Horse
23 34 16 C-199 HVAC Fans
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Power

1 - 82.5 80.0 | 755 82.5 80.0

15 82.5 84.0 840 | 825 84.0 85.5 «.
2 84.0 84.0 855 | 84.0 94.0 86.5 <<§
3 84.0 86.5 86.5 | 855 87.5 87.5 O\\,@
5 85.5 87.5 875 | 875 875 875 ®)

7.5 87.5 88.5 885 | 885 89.5 89.5 AQQ

10 88.5 89.5 902 |89.5 89.5 89.5:,

15 89.5 91.0 90.2 | 90.2 91.0 @

20 90.2 91.0 91.0 | 90.2 9.0 ~B0.2

25 91.0 91.7 91.7 | 91.0 924> | 917

30 91.0 92.4 924 | 91.0 ) 91.7

40 91.7 93.0 93.0 [91.7 93,0 93.0

50 92.4 93.0 93.0 924,59 | 93.0 93.0

60 93.0 93.6 936 | 93%" 93.6 93.6

75 93.0 94.1 93.6 493.0 94.1 93.6

100 93.0 94.1 941 | 93.6 94.5 94.1

125 93.6 94.5 o1 |45 94.5 94.1

150 93.6 950 Q7945 |945 95.0 95.0

200 94.5 95.0QY | 945 [ 950 95.0 95.0

® Nominal Efficiencies Shall Be Qk(blished In Accordance With NEMA Standard MG1. Design
A And Design B Are Ng{i@al Electric Manufacturer Association (NEMA)Design Class

Designation For Fixed

PART 3 - EXECUTION \é

3.01 INSPECTI <

S

Q.
<<O
X

QY

uency Small And Medium AC Squirrel — Cage Induction Motors.

A. Q’Contractor shall examine location where this equipment is to be installed and

)
o

Q
&
Q&
B.

determine space conditions and notify architect in writing of conditions

detrimental to proper and timely completion of the work.

Do not proceed with the work until unsatisfactory conditions have been

corrected.

3.02  INSTALLATION

A.

23 34 16

Install equipment where shown, in accordance with manufacturer's written

C-200

HVAC Fans



Middlesex County College
NH, LH and PAC HVAC Upgrades
September 02, 2015

instructions, and with recognized industry practices, to ensure that equipment

comply with requirements and serve intended purposes.

B. Coordinate with other work as necessary to interface installation of equipment {(/é&

with other components of systems. 0@

O
QO
C. Check alignment and, where necessary (and possible), realign shafts or Q
motors and equipment within tolerances recommended by \/Q?
manufacturer. \?‘
A
&
3.03  FIELD QUALITY CONTROL é
v
A

A. Upon completion of installation of equipment, test equipﬁQ\QQt to demonstrate

compliance with requirement. When possible, field C%V@Ct malfunctioning
units, then retest to demonstrate compliance. R@Ce units, which cannot be
satisfactorily corrected. Refer to Section - T@ng and Balancing.
>
S
&
@)
4

\PIQ.
END OF SEQTION 23 34 16
\Y

23 34 16 C-201 HVAC Fans
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SECTION 23 37 13 - HVAC AIR OUTLETS AND INLETS

GENERAL

1.01 RELATED DOCUMENTS

1.02  SECTION INCLUDES

A.

C.

1.03  SUBMITTALS &

A.

O
OC)

&
&
O

233713

S
N 1

Drawings and general provisions of contract, including General and Supplement

Conditions and Division 1 Specification Sections, apply to this section. Q)\

Related sections of Division 23 applicable to this section are:

?\/
<<‘<\O\
O

Division 23 - Section 230511 - Basic Mechanical Requireme&t&*

O

Division 23 - Section 230511 - Vibration mountings an@ontrols, Vibration

isolation and seismic restraint specification for H\(@@, Fire Protection,

Electrical and Plumbing.

A .
\%
>

iffusers Q
Diff OQ.

Supply Grille ?X/
&
Return Grille @?‘
OQ"
K

OQ"
Prc@yct Data: Submit manufacturer's technical product data

d inlets including the following:

for air outlets

Schedule of air outlets and inlets indicating drawing designation, room

location, number furnished, model number, size, and accessories furnished.

2. Data sheet for each type of air outlet and inlet, and accessory furnished;

indicating construction, finish, and mounting details.

3. Performance data for each type of air outlet and inlet furnished, including

aspiration ability, temperature and velocity traverses,

noise criteria ratings. Indicate selections on data.

C-202

throw and drop, and
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B. Samples: Submit 3 samples of each type of finish furnished.
o . , . A
C. Shop Drawings: Submit manufacturer's assembly-type shop drawing for each type of Q/é
air outlet and inlet, indicating materials and methods assembly of components. 0@
O
O
D. Maintenance Data: Submit maintenance data, including cleaning instructions@@
finishes, and spare parts lists. Include this data, product data, and shop d@%ngs in
maintenance manuals. &
<<\
4
E. Spare Parts: Furnish to Owner, with receipt, 3 operating keys f%g%ch type of air
outlet and inlet that require them. A
O
1.04  QUALITY ASSURANCE \%
o
&
A. Firms regularly engaged in manufacture of ai{;éutlets and inlets of types and sizes
required, whose products have been in sa@ctory use in similar service for not less
than ten years. Q/%
O%
R
1.06  DELIVERY, STORAGE AND HANDLIN%Q‘
Q
A\
A. Deliver air outlets and j Yg wrapped in factory-fabricated fiberboard type containers.
Identify on outside ntainer type of outlet or inlet and location to be installed.
Avoid crushing nding and prevent dirt and debris from entering and settling in
devices. (<O
\3
B. Store{@@outlets and inlets in original cartons and protect from weather and

g@&ruction work traffic. Where possible, store indoors; when necessary to store

Q/%Jtdoors, store above grade and enclose with waterproof wrapping.

N
N

O
P:\Rj’%— PRODUCTS
NS

&Q/’Z.Ol ACCEPTABLE MANUFACTURERS:
O

A. Carnes

B. Price

23 3713 C-203 HVAC Air Outlets and Inlets
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C. Titus
2.02 GENERAL REQUIREMENTS {(/é&
S
A. Finish exposed surfaces with baked off-white epoxy enamel unless specified OO
otherwise. Q
>
A\
B. Unless specified otherwise, furnish units with a volume control dampe@n?’fhe face
. . . . <<\
without removal. Provide tools required to change deflections. O(<
N
C. Construction Material: Steel, unless noted otherwise. O&
%%
D. Provide blank off baffles where shown. AS
o
&
-l
2.03  SQUARE CEILING DIFFUSERS Oé
S
&
A. Refer to mechanical diffuser/regi%@ Schedule.
X
2.04  PERFORATED CEILING DIFFUSERQ/?OR RETURN AIR
@?
A. Refer to mechanica@%ser/register schedule.
2.06 FLOOR AND CEILI&@RILLE
A\
A. Refer(%@mechanical diffuser/register schedule.
&
&
S
PART 3 -C)@¥¥CUT|0N
QC)
3.(\9 INSPECTION:
&
O&Q/ A. Examine areas and conditions under which air outlets and inlets are to be installed.
< Do not proceed with work until unsatisfactory conditions have been corrected.

3.02  INSTALLATION

23 3713 C-204 HVAC Air Outlets and Inlets
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Install work in accordance with manufacturer's instructions.

Check location of air inlets and outlets and make necessary adjustments in position to <
S
Install diffusers to ductwork with airtight connections. Attach round neck diffuser@gd
duct work using draw bands.

&

A\
Support Type 11 diffusers from concrete floor slabs independent of T- suspension

conform to architectural features, symmetry and lighting arrangement.

system. (<<<\

O
Provide balancing dampers on duct take-off to diffusers, griK@?and registers,
Regardless of whether dampers are specified as part of 1@ diffuser, grille or register

assembly and regardless of whether shown on the d@ ngs.

&
A .
Oé
Q/%
O%
END OF sq&low 233713
Qo
v
@?
O
@?‘
Q.

C-205 HVAC Air Outlets and Inlets
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SECTION 23 52 16 - CONDENSING BOILERS

PART 1 - GENERAL

1.01 SUMMARY

A.

installation. The burners shall be part of the packaged boiler-burner units. P, ct
specific requirements are contained herein; Section 23 05 11, Basic I\/I@ nical
Requirements, shall be referred to for general requirements. Q)

herein, as shown on the Drawings, and as needed for a complete and %%%9

?y
1.02  RELATED SECTIONS \O\

&
Division 1 Sections (General Requirements) Q
N

Division 23 Sections &

1.03  SUBMITTALS ©

A.

&

&

A.

235216

N
Shop Drawings: «‘2\

1. Submit wiring diagrams for pow, nd control wiring required for final
connections to boiler/burner unit{nd controls. Clearly differentiate between
portions of wiring that are fac%@-mstalled and portions to be field-installed.

2. Submit details of the boHQ@abmcann and combustion chamber.
Submit gas burner piping dia@r\;ms.
\Y%

Maintenance Data: Sﬁmaintenance data and spare parts list for boilers/burners,
controls, and acce es; including "trouble-shooting" maintenance guide, and
preventative mair@ance schedule and procedures.

Piping and Qfg Diagram: Provide “ As Built” wiring diagram and piping layout of
the gas f e boiler/burner system. The diagram and layout shall be framed and
mounte ere directed in the Boiler Room. Frame shall be of aluminum, plywood
backigsy/ safety glass in front and one side removable. All parts shall be indicated

ly as installed and shall be properly identified. HVAC Identification and all piping
gqa | be clearly shown and labeled.

0@ Provide a set of manufacturer’ s guarantees for each boiler/burner.

Certificate: Contractor’ s start-up and demonstration affidavit.

O&Q/ 1.04  QUALITY ASSURANCE

Listing and Labeling: Provide electrically operated components specified in this
section that are listed and labeled.

1. The Terms “ Listed” and “ Labeled” : As defined in NFPA 70, Article 100.

C-206 Condensing Boilers

S

Provide hot water condensing boilers suitable for burning natural gas, as specifie@

&.
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2. Listing and Labeling Agency Qualifications: A “ Nationally Recognized
Testing Laboratory” as defined in OSHA Regulation 1910.7.
B. ASME Compliance: Boilers shall bear ASME “ H” stamp and be National-Board
Listed. Boilers shall be built and tested in accordance with ASME Section IV. é&
C. UL/FM Compliance: Control devices and control sequences according t @Q/
requirements of UL and FM. OQ
D. Comply with NFPA 70 for electrical components and installation. \QO
2
E. Comply with ASME CSD-1. A\
ply O\?\
F. SCAQMD Rule 1146.2 for low NOx equipment. QQ\
G. Controls: The hot water condensing boiler’ s control system §§H include all required
temperature sensors, input/output boards, transformers,m in microprocessor and

operator interface, and shall perform all unit control fu@ons and safety functions.
The basis of design shall be a native LonWorks contredley for the control functions of
the boiler package. If this is unavailable, a Lon-compiiant LonTalk Communications
Interface gateway/card shall be provided b e equipment manufacturer as
described above to allow the unit to commuﬁ%?cate directly with generic LonTalk
Network Building Management System Cont\/ N

>

1.05 SUPPLEMENTAL QUALITY ASSURANCE Q/%
)

A. Codes and Standards QO
?@

1. Gas-fired condensin@ Boilers shall have minimum combustion efficiency of
94% as required&@mtional Energy Conservation Act or ASHRAE 90.1.

2. Low pressu \@oiler construction: in accordance with American Society of
Mechanic ngineers (ASME) Boiler and Pressure Vessel Code, Section IV
and an er public authorities having jurisdiction.

3. Prqge platforms/ladders in order to grant access to safety valves in

ordance with IMC. Clearances shall be maintained around boilers, heaters
QQnd tanks and related equipment and appliances so as to permit inspection,
\C_) servicing, repair, replacement and visibility of all gauges. When boilers are

A installed or replaced, clearance shall be provided to allow access for
Q/é inspection, maintenance and repair. Passageways around all sides of boilers
0@ shall have an unobstructed width as required by the manufacturer.
O
QO 4, NFPA Compliance: Install gas-fired burners in accordance with NFPA Code
\% 54: National Fuel Gas Code.
& B.  Fuel burning equipment shall be designed to operate satisfactorily and efficiently
O&Q/ without objectionable smoke, odor, or noise.

é 1.06  WARRANTY
A. General Warranty: The special warranty specified in this article shall not deprive
Owner of other rights that they may have under other provisions of the contract
documents and shall be in addition to, and run concurrent with other warranties made

2352 16 C-207 Condensing Boilers
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by the Contractor under requirements of the contract documents. Installing
Contractor shall provide one (1) year warranty of parts and labor from acceptance of
the system.
B. A warranty certificate must be issued from the boiler manufacturing company. {(/é&
C. The heat exchanger shall have a twelve (12) year limited warranty from @
manufacturer which shall run concurrent with the other warranty described belo&
&
D. All parts shall have two (2) year limited warranty from the manufacturer. N
Ng
&
1.07  DELIVERY <<<<
O
A. The intent of the project is to procure the boilers as per specif'(ﬁtions and operating

conditions mentioned in the schedule. However, boilers shakbe delivered as per the
project schedule, or as desired by the project coordinatoréo

B. If for any reason the boilers are delivered before the Sfeduled delivery date, the
contactor shall arrange for proper storage and w ousing of the equipment. All
costs associated with early delivery are exclud& rom this specification and shall be
the responsibility of the contractor. é\/ ’

C. Comply with manufacturer's installatio 'Qtructions for rigging, unloading, and
transporting units. S
@)

D. Boiler shall ship fully assemble to practical shipping and rigging limitations. Boiler
not shipped fully assembled @ have tags and airflow arrows on each section to
indicate location and orientation in direction of airflow. Shipping splits shall be clearly
defined on submittal dr ?’Tgs. Cost associated with non-conformance to shop
drawings shall be the a%onsibility of the manufacturer. Each section shall have
lifting lugs for field @ging, lifting and final placement of Unit section(s).

E. Deliver boiler S§Fs to jobsite with fan motor(s), sheave(s), and belt(s) completely
assembled mounted in units.
A\
F. Boiler @ﬂ be shipped in a clear shrink-wrap or stretch-wrap to protect unit from in-

trarbf,)ﬂ(rain and debris per ASHRAE 62.1 recommendations.
N\
1.07 STOR@@‘AND HANDLING

S

AQ Installing contractor shall be responsible for storing boilers in a clean, dry place and
@) protect from weather and construction traffic. Handle carefully to avoid damage to
Q components, enclosures, and finish.

S
&
&
©) PART 2 - PRODUCTS

2.01 General Requirements

2352 16 C-208 Condensing Boilers
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A. Furnish and install packaged, modulating, sealed combustion, power-vented, high
efficiency gas-fired boiler(s) with cast aluminum heat exchangers that use outside air
for combustion.

B. Install packaged boiler unit(s) according to manufacturer’ s installation instructions. A
All work to be done in a neat and workmanlike manner. ®@$
C. Weil-McLain Ultra-series 3CT, packaged boiler capable of burning natural gas. OQ\\)
D. Boiler shall be capable of full modulation firing with a turn down of up to 5 tO@O
5
E. Boiler(s) shall be manufactured by ISO 9001 registered company to conf(@sx to
Section IV of the ASME Boiler and Pressure Vessel Code. \Q\

<

1. Individual cast aluminum mono block to be fire tested and hg@&tatically

pressure tested at factory in accordance with ASME requirv nts.
A
2. Maximum allowable working pressure 30 PSIG water@@isted on the rating label.
F. Regulatory Requirements %\c“)
N

1. Boiler(s) shall meet or exceed the SCAQD (S&uth Coast Air Quality District of
California) Low Nox emission requireme@f 40NG/J.

2. Boiler(s) and controls to comply W{i(t(i%g%plicable regulations.

3. Boiler(s) shall meet U.S. Envir ental Protection Agency and Department of
Energy guidelines for * EneygX Star” energy efficiency.

2.02 Boilers \/Q
e
A. Acceptable boiler mz@turer(s) include(s):

1 Wei|-McLai%_®?”
2. Aerco Iggational
A\

3. Vie&ﬁann Manufacturing Company

5@‘@@ must comply with requirements, including:

S

@Q/ (a) Full intent of these specifications, and
0\5

O (b) Provide complete submittal including literature, manuals, wiring diagrams, fuel
Q piping diagrams, and list of similar installations. Any alternate must be of
\% similar size and footprint, piping configuration, clearance requirements and
&\2\ heating surface.

O& (c) Submittal presented to engineer at least seven working days before bid
é opening for approval. Substitutions are not permitted after contract is
awarded.

B. Boiler Construction

2352 16 C-209 Condensing Boilers
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1. Boiler(s) heat exchanger:
(a) Cast aluminum mono block.
2. Boiler main components: é&

(a) The combustion chamber will be sealed and located at the top of the mono @
block casting which will be of counterflow design, to assure that sediment afi
any lime that might form will fall to the bottom, away from the crown sh%

area. Q)\O

(b) Boiler(s) shall be supplied with a gas valve designed with negati ressure
regulation (fan suction “ pulls” gas through valve rather tha @}@gressure
“ pushing” gas through valve). This enables the boiler to ({2}@@ in a safe
condition at a derated output, even if the inlet gas pressu@should drop to as
low as 4 inches W.C. The inlet (natural) (propane) gas%&ssure to the boiler
gas valve should be a minimum of 4" W.C. and a maximum of 137 W.C. If
inlet gas pressure exceeds 13” W.C., a 100% lock@p type gas pressure
regulator of adequate size must be installed ingjl supply piping and adjusted
to prevent pressure in excess of 13”7 W.C. \%\

(c) The burner shall be premix combustion tﬁse, made with stainless steel and a
woven metal fiber outer covering pro@hg a wide range of modulating firing

rates.
@)
(d) The boiler shall be equipped M@h a variable speed blower system, capable of
modulating the boiler-firin e.

(e) The boiler shall be e%@ ed with a device capable of controlling the air/fuel
ratio through a 5 t%\l/ urndown ratio.

(f) The control sy§B¥m shall have an electronic display for boiler set-up, boiler
status, and@er diagnostics.

C. Venting andgeﬁ'bustion Air

1. Boil @must be capable of using outside air piped directly to boiler for
co stion. Inlet and termination of these pipes must be connected to either,
él‘(ough the roof or sidewall terminations as recommended by the manufacturer.
N\

\i& The boiler shall be direct vent using Schedule 40 PVC, ABS or CPVC.

&
DC)0® Boiler Trim

%QO 1. All electrical components to be high quality manufacture and bear UL label.
\S

&‘2\ 2. Water boiler(s) controls furnished:

O (a) High limit temperature control (190 degrees F maximum allowable boiler

S

water temperature).

(b) Combination pressure-temperature gauge. Gauge dial clearly marked and easy
to read.

2352 16 C-210 Condensing Boilers
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(c) ASME certified pressure relief valve, set to relieve at 30 PSIG.

(d) Flue gas, outlet water temperature, and return water temperature sensors.

(e) Low water protection. A
S
(f) Built-in freeze protection. 0@
O
(g) 007, 0013 or 0014 Taco circulator. QO
E. Boiler Manuals Q)\O
?y
1. The boiler(s) shall be provided with complete instruction manuals\@\cluding:
(a) Boiler Installation Manual. éOQ
(b) User s Manual. &V”
e
PART 3 - EXECUTION \c')
X
3.01 SUPPLEMENTAL INSTALLATION 4«
A. General é\/
O
S
1. Comply with State Code, éﬁl authority and regulations concerning the
installation of the boiler aners and file with that department all required
information before star\t§3‘g the boilers/burners installation.
2. Boilers/burners s@?be set level on a 6” concrete base.
3. Boilers/burm\?‘g)shall not be installed until the boiler room floor finish

(whether erproof type or not) has been completed. The grounding
electro hall be installed by the Division 16 Contractor prior to the pouring
of the@ncrete base for the boilers/burners. Each boiler/burner unit shall be
ele\&%cally grounded as specified and recommended by the manufacturer and

Keulatory agencies.
)

4. \C_) Boilers/burners shall be not less than the rating shown on the Drawings, and

A
&
00

%OO 5.
&
&
eo/\ 6.
1.
2352 16

the height shall fit the space available, leaving ample allowance for replacing
tubes (if tubes are used), vent connections, piping, and all other items and
accessories along with manufacturer's recommended clearances around and
over boilers/burners.

Approved piping and wiring diagrams and installation instruction shall be
obtained from the manufacturer and followed in the installation of the
boilers/burners.

Install boilers/burners in accordance with State Code and Local Utility
Company Requirements.

Contractor shall provide liquid tight flexible metal conduit (Sealtite) for final
conduit connections to all the motors.

C-211 Condensing Boilers
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B. Connections

1. Install one (1" ) inch drain valves on the outlet piping prior to first shutoff

valve. A -
2. Connect gas piping full size to boiler gas train inlet with union. 0@

OC)

3. Connect hot water piping to supply and return boiler tappings with Kutoff

valve and union or flange at each connection. \O

. | NN

4, Install piping from safety relief valves to nearest floor drain. Q
5. Connect breeching to boiler outlet, full size of outlet T. C%mler shall operate

under positive (Category 1V) stack pressure. terial shall be listed
stainless steel double wall type for condensing ap ces (AL-29-4C).

6. Ground Equipment: Tighten electrical COI’I \ors and terminals according to
manufacturer’ s published torque-tig ,{ g valves. If manufacturer’ s
torque values are not indicated, use HRS specified in UL486A and UL486B.

C. Gas Piping: refer to Section 22 34 50: §§\/P|pmg System. Connect gas piping to
boiler/burner, full size of boiler/burner, train inlet as a minimum or as shown on
Drawings. Provide union with suffic@@clearance for burner removal and service.

O
1. Install gas piping as approved Shop Drawings and as shown on the
Drawing Details. S it for approval prior to fabrication and installation.

Provide required baua clearances.

2. Gas vent pipj of the gas trains shall be as specified under Specification
Section 23 @ 3* Gas Piping System”

D. Hot Water Pi (D%"Refer to Section 23 05 23: HVAC Piping. Connect supply and return
boiler tap@s as indicated, with shutoff valve and union or flange at each
connect d as shown on the Drawings.

E. %gﬁced -flow piping system shall be used.

&Y

%ach boiler shall be individually valved on supply and return from the system for
0@ maintenance and standby. Each boiler shall be individually protected by safety

controls. Boilers shall be properly spaced to allow for installation of valving and

QO service between units. Piping shall be located to allow free access between boilers.
\g Each unit shall have an individual factory installed drain in the boiler.
&
y G. Each boiler shall have separate, indirect condensate drains that shall be permanently

piped as part of the installation. There shall be separate drains leading from each of
the following; condensate drain pan, the stack condensate drain connection, and the
stack y-connection as required. Alternately, have a separate, single flue from each
boiler arranged so that any condensate forming in the flue drains back into the boiler.

2352 16 C-212 Condensing Boilers
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H. Neutralization Kit: The contractor shall furnish and install an neutralization kit as
specified on schedule and drawings. Condensate shall be drained by gravity into
neutralization kit and then drained to a floor drain.

Boiler Exhaust Flue: The contractor shall furnish and install manufacturer é&
recommended PVC pipe and terminate per recommendations. \\)@Q/
O
3.02 SEQUENCE OF OPERATION FOR MULTIPLE BOILER MODULES QO
O
>
A. See Section 23 09 00 Sequence of Operation. A\
O\?‘
<<\

B. TCC shall provide the BMS 1/0 points as shown on control schen@%os of the contract
drawings and as required accomplishing the described?‘@quence of control.
Mechanical Contractor (MC) shall coordinate with the ‘Temperature Controls
Contractor (TCC). AN

3.03  PAINTING %\c")
N

A. Painting: Boiler/burner units shall be primed %ted at the factory with one coat of
heat resistant primer. The factory coat sh rovide a complete protective covering.
All damaged spots shall be touched up beéé insulation is applied.

3.05 DEMONSTRATION %Q/%
O
A. Preliminary Requirements: PrO\Qg the services of the field service representative of
the boiler-burner unit manuf@rer for the following:
1. Inspect each bo@gurner unit installations prior to start-up.
2. Supervise ir{ﬁél firing of boilers/burners.
3. Instr%(@%esignated Personnel.
B. \émc Maintenance Personnel: The manufacturers' representative shall

%OO
D
&
RS
2352 16

O

Instructi

instn@stodial maintenance personnel in the operation and maintenance of the
boiﬁZ| /burners and all items and accessories. Provide a minimum of 40 hours of
i§ ction, exclusive of all pre-start-up, start-up and service call time. This
Q\n truction shall be given in multiple sessions.

&
S

Startup

1. A water treatment system shall be operational before any attempt is made to
start the boiler/burner units.

2. Replace damaged or malfunctioning controls and equipment.
3. Perform services in accordance with manufacturer's written start-up

instructions. Signed field interdisciplinary pre-start up and start up reports
shall be provided by the authorized start up representative upon completion.

C-213 Condensing Boilers
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D. Maintenance and Operation Training

1. Boiler shall be maintained as per manufacturer's recommendations.

operating and maintenance manual, preventative maintenance schedule and
procedures, and procedures for obtaining repair parts and technic
assistance. Manufacturer's representative shall provide training on all pha

of operation including startup and shutdown. Q

2. As a part of the maintenance and operating instructions, review data in é&

E. Schedule training with the Owner. Provide at least four days notice to@woner or
Building Manager. ?y
o

BOILER CLEANING AND WATER TREATMENT QQ\

A. The Contractor shall retain the services of Owner' s appro¥ed water treatment
service company. This company shall test boiler water an{%?ovide a written report
with recommendation for chemical treatment. This s company shall provide
water treatment service and inspection for a periodcj) one (1) year after project
completion. %\

N

B. Prior to start-up the Contractor shall flush anff\clean the boiler and the entire hot
water piping distribution system to remove @\r'ust and deposits. Cleaning agents to
be used shall be as recommended and a ed by the Chemical Treatment Firm and
by the Boiler Manufacturer. Contractor Il provide certification that the system has
had been thoroughly cleaned and ﬂu%

O
4

Q.
Qo
EN@?}# SECTION 23 52 16

O
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PART1  GENERAL é\
&
1.01 SECTION INCLUDES O\\)
QO
A. Condensing unit package. Q
N\
B. Charge of refrigerant and oil. \v
A
C. Controls and control connections. (§<
. » _ 3
D. Refrigerant piping connections. &?“
e
E. Motor starters. \@
o
F. Electrical power connections. «‘2\
<
1.02 RELATED SECTIONS Oé\’
A. Section 23 05 11 — Basic Mechanical Regg(%ments
O
B. Section 23 05 12 - Basic I\/Iechanic\?g\aterials and Methods
Q
C. Section 23 05 13 - Electricaléwuirements for Mechanical Equipment
O
D.  Section 2309 23 - Build@\\/lanagement and Controls Systems
E.  Section 237313 2(@?? Handling Unit
\3
1.03 REFERENC%
<
A. ANSI%{QRAE 15 - Safety Code for Mechanical Refrigeration.
B. \S@%’(/ASHRAE 90A - Energy Conservation in new Building Design.
%O AHRI 370 - Sound Rating of Large Refrigeration and Air-conditioning Equipment.
N\
/\Q‘ D.  AHRI 360 - Unitary Air-Conditioning Equipment.
&
O
< 104 SUBMITTALS
A. Submit shop drawings indicating components, dimensions, weights and loadings,
required clearances, and location and size of field connections. Include schematic
2362 13 C-215 Air Cooled Condensing Unit
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layouts showing condensing units, cooling coils, refrigerant piping, and accessories
required for complete system.

Submit product data indicating rated capacities, weights, specialties and

accessories, electrical nameplate data, and wiring diagrams. \\)@
O
Submit design data indicating refrigeration and chilled water pipe sizing. QO
. . o . X
Submit manufacturer's installation instructions. %)
A\
Ng
OPERATION AND MAINTENANCE DATA \O
K
Submit operation and maintenance data. eo
v
Include manufacturer's descriptive literature, start-up instrucﬂg&, installation
instructions, and maintenance procedures. S
\
o
HANDLING &
<

Comply with manufacturer's installation instru@’s for rigging, unloading, and
transporting units. S

&
Protect units on site from physical dar@@e.

X
WARRANTY \/Q

o
Provide a full parts Warran@ one year from start-up or 18 months from
shipment, whichever OCQ?L first.

MAINTENANCE QOQ
3
Furnish cont§Zete service and maintenance of air cooled condensing unit.

<

Provi ‘g‘?aintenance service with a two month maximum time interval between
ca@?rovide 24-hour emergency service on breakdowns and malfunctions.

1.09 O@Qcousncs

Q
&Q/’
S

236213

Manufacturer of condensing unit shall provide outdoor sound power level data
across all major octave band center frequencies for cataloged operating range of
unit at gross cooling capacity range. Data shall be obtained in conformance with
ANSI S1.32-1980, American National Standard Methods for the Determination of
Sound Power Levels of Discrete Frequency and Narrow Band Noise Sources in
Reverberation Rooms and per AMCA Standard 300-85 test code "Sound Rating Air
Moving Devices".

C-216 Air Cooled Condensing Unit
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2.02
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&
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C§

2.03
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REGULATORY REQUIREMENTS

Unit shall conform to UL 1995, CAN/CSA C22.2 NO. 236-95 for construction of

condensing units and shall have cULus label affixed to unit. {(/é&
1. In the event the unit is not UL/CSA approved, the manufacturer shall, at his 0\5®
expense, provide for a field inspection by a UL representative to verify QO

conformance to cULus standards. If necessary, contractor shall perform

required modifications to the unit to comply with UL, as directed by the UKD

representative, at no additional expense to the Owner. O\@’
N

<
SUMMARY C§

The contractor shall furnish and install air-cooled condensing unj{(?j’as shown as
scheduled on the contract documents. The unit(s) shall be ins%ﬂ)ed in accordance
with this specification and perform at the specified conditi&dg s scheduled.

&
PRODUCTS «@
<
ACCEPTABLE MANUFACTURERS Oé\’

9
The contractor shall furnish and install ai oled condensing units as shown as
scheduled on the contract documentgg@ unit(s) shall be installed in accordance
with this specification and performé e specified conditions as scheduled.

\?
QS‘
O
Condensing unit shall b@énufactured by the same manufacturer as the indoor Air
Handling Unit @
X

1. Trane
o §§2~§<
. arri
<

3. &
A
Q/%

O@?N ERAL UNIT DESCRIPTION

Manufacturers:

Provide self-contained, packaged, factory-assembled and pre-wired units suitable
for outdoor use consisting of cabinet, compressors, condensing coil and fans,
subcooling circuits, and controls.

CASING

Cabinet: Galvanized steel, phosphatized, and finished with an air-dry paint coating
durable enough to withstand 672 consecutive-hour salt spray application in

2362 13 C-217 Air Cooled Condensing Unit
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accordance with standard ASTM B 117. Structural members shall be 14 gauge with
access doors and removable panels of minimum 18 gauge steel.

Control Panel: The unit control panel section shall be compartmented to separate
high and low voltage components. The control panels shall also be fully gasketed,
hinged and provided with quick release latches for easy access.

1. The high voltage control panel shall be provided with a door handle N
disconnect switch to facilitate convenient, safe disconnection of main th{/@
phase power. C)\v
<<\
CONDENSER SECTION <§<

Condenser coils shall have all Aluminum Microchannel coils. All c@%shall be leak
tested at the factory to ensure pressure integrity. The conden@oil is pressure
tested to 650 psig.

poi &

&
REFRIGERANT CIRCUIT(S) «@

<
Provide single circuit on 20 through 30 tons uniée\&‘ﬁd two circuits on 40 through

120 ton units. S
&

Provide pressure gauges for suction aQélecharge for each circuit. Mount gauges

adjacent to compressors. 0Q~
<
FANS AND MOTORS éy\’
O
Vertical discharge directdxiven propeller type condenser fans with fan guard on
discharge. Fans shal statically and dynamically balanced.

@)

Provide motors géﬁ(table for outdoor use, three phase with permanently lubricated
ball bearinngﬁd built in current and thermal overload protection.

<

COMPRERZSORS
%

pressors shall be industrial grade, energy-efficient direct-drive 3600 RPM
aximum speed reciprocating, scroll type. The motor shall be of a suction gas

O~ cooled hermetic design. Compressor shall have centrifugal oil pump with dirt

o

&

éo

236213

separator, oil sight glass, and oil charging valve. A solid state temperature sensor
shall be embedded in the motor windings to protect against excessive winding
temperatures.

1. If semi-hermetic reciprocating industrial grade compressors are utilized
provide single piece crankshafts, connecting rods, aluminum pistons, rings
to prevent gas leakage, high strength non-flexing ring type suction and
discharge valves, spring loaded heads, replaceable cylinder liners, and

C-218 Air Cooled Condensing Unit
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sealing surface immersed in oil. Provide removable discharge heads and
hand hole covers, and discharge service valves.

2. Provide compressor with automatic capacity reduction equipment consisting e&
of suction valve unloaders. Use electric solenoid actuated lifting mechanism. @Q/
Provide for unloaded compressor start. O\\)

O

B. Motor shall be designed for across-the-line starting and suitable for a voltage \Q
utilization range of +/- 10 percent from nameplate voltage. %)
A\
Ng
2.08 SYSTEM CONTROLS <<\C)
N4

A. Unit Control: Provide 115 volt control circuit with fusing and controkgo er
transformer. Unit wired with contactors for compressor and cond&n?ér motors,
compressor overload protection, high/low cutouts, differential gDpressure control,

reset relay,and anti-cycle compressor timer. \c_,
o
2.09 LOW AMBIENT CONTROLS ‘2\
4
A. Provide low ambient electronic damper assem%@’to allow the unit to start and
operate down to 0 degrees F (10 degrees F witthot gas bypass) outdoor ambient

conditions. Low ambient damper operahoqp all be modulated based upon
refrigerant head pressure. QO
X

2.10 MISCELLANEOUS FEATURES Q

A. Unit Disconnect: Provide %%handle disconnect switch for disconnection of main
power. Lugs shall be swéﬁs e for copper wiring only.

B. Spring Isolators: (§~de field installed vibration isolators.

g

PART 3 EXECUTIQ@
3.01 IN%@LATION

A. C}Dﬁstall in accordance with manufacturer's instructions.

QO
\63. Provide for connection to electrical service.
&
&Q/ C. Install units on vibration isolation.
é D. Install units on concrete base as indicated.
E. Provide connection to refrigeration piping system and evaporators.

2362 13 C-219 Air Cooled Condensing Unit



3.02

A.

236213

MANUFACTURER'S FIELD SERVICES

Supply initial charge of refrigerant and oil for each refrigerant circuit.

END OF SECTION 23 62 13
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SECTION 23 64 23 - AIR COOLED WATER CHILLERS

PART1 GENERAL

&
1.01 SCOPE N
@)
QO
A. Section includes design, performance criteria, controls and control connections,
chilled water connections, electrical power connections and refrigerants of the Q)\
i A\
chiller package. \?\
A
1.02 RELATED SECTIONS <§<
A. Section 23 05 11 - Basic Mechanical Requirements &?“é

O
B. Section 23 05 12 — Basic Mechanical Materials and Metho@é
. . . \S .
C. Section 23 05 13 - Electrical Requirements for I\/Iech{)%tal Equipment
D. Section 23 09 23 - Building Management and Ce@’ols Systems
%
1.03 REFERENCES %Q/

A. Products shall be designed, rated a \r;&eertn‘led in accordance with applicable
sections of the following Standar@ nd Codes:

1. To comply with the r@§ recent versions of applicable Standards and Codes
of AHRI 550 / 59%;&

2. AHRI 370 - dard for Sound Rating of Large outdoor Refrigerating and
Air- cond@ ing Equipment.

3. To (@Qply with the most recent versions of applicable Standards and Codes
ofASHRAE 15.
&
Q/ Units shall meet the efficiency standards of the latest ASHRAE 90.1
C)Q Standard.
O

\%O 5. To comply with seismic application in accordance with the most recent
,Qz‘ versions of the International Building Code (IBC).
<<}.
O& 1.04 QUALITY ASSURANCE

A. UL 1995 -- Standard for Heating and Cooling Equipment.

B. Manufactured facility to be ISO 9001.

23 64 23 C-221 Air Cooled Water Chillers
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Factory Functional Test: The chiller shall be pressure tested, evacuated and fully

charged with HFC-410A refrigerant and oil. In addition, a factory functional test to

verify correct operation by cycling condenser fans, closing compressor contacts
and reading data points from temperature and pressure sensors.

1. The test conditions shall be at AHRI standard rating conditions, 44F leaving

evaporator, 2.4 gpm/ton and 95F ambient.

2. The owner or his representative shall be notified 14 days in advance to Q)\
witness the factory performance test. If the owner or his representatin@’

desires to witness the performance test, all travel expenses will be
owner's responsibility. <§<

Chiller manufacturer shall have a factory trained and supported squce
organization that is within a 75 mile radius of the site. éo

Warranty: The manufacturer shall warrant all equipment @9} material of its

manufacture against defects in workmanship and mMakQy | for a period of one year
from date of initial start-up or eighteen months frony date of shipment; whichever

occurs first. é\’

SUBMITTALS <</%
S
O
Submit shop drawings and productéQg in accordance with the specifications.

Q
Submittals shall include the f%Np\Wing:

o O | |
1. Dimensioned pla d elevation view drawings, required clearances, and
location of all ffell connections.

O
2. Product % indicating rated capacities, weights, specialties and

acce%ﬁﬁes, electrical requirements and wiring diagrams.

<

OPERATON AND MAINTENANCE DATA
R\

de manufacturer's descriptive literature, installation checklist, start-up

C)Qstructlons and maintenance procedure.

DELIVERY, STORAGE, AND HANDLING

Units shall be delivered to job site fully assembled and charged with refrigerant
(unless selected with nitrogen charge) and oil by the manufacturer.

Unit shall be stored and handled per manufacturer's instructions.

During shipment, provide protective covering over vulnerable components. Fit

&
<
@‘0
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nozzles and open pipe ends with enclosures.
1.08 ENVIRONMENTAL REQUIREMENTS
1.09 WARRANTY
S

A. Provide a full parts warranty for one year from start-up or 18 months from QO
shipment, whichever occurs first.

B. OEM To provide Extended Warranty to include:
1. Compressor Parts (5 year) <§<
2. Whole Unit Labor Warranty (1 year) A
3. Compressor Warranty (5 year) S
AS
o
4. Refrigerant Warranty (1 year) ,\‘2\
<4
1.10 MAINTENANCE SERVICES Oé\/

A. All inspections and service of units shall lz%%r%ccomplished by factory trained and
authorized servicing technicians. QO
Q.
B. In conjunction with and supporting%ctory warranty OEM shall furnish complete
factory authorized service an% intenance of Applied Chillers.
O
C. OEM shall provide and rééort quarterly, annual, and bi-annual maintenance in
compliance with or b@ﬁ%r than ASHRAE Standard 180-2008.
O

D. Include maintel@%e items as recommended in manufacturer's operating and

maintenance)%ta.
<

E. Submj @py of service call work orders and summary report to the Owner,
inc u\é'mg description of work performed, operating performance status and noted

ptions.
@)
PAR@D PRODUCTS
o
201 ACCEPTABLE MANUFACTURERS

&
XS

A. The contractor shall furnish and install unit(s) as shown as scheduled on the
contract documents. The unit(s) shall be installed in accordance with this
specification and perform at the specified conditions as scheduled.

B. Manufacturers:
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1. Trane
2. Carrier
3. York.

O

Alternates must still comply with the performance and features as specified with®
these specifications and as indicated on the design documents. Job will be \§~
awarded on basis of specified product. Substitutions must be selected an@\o
approved within 14 calendar days after award of contract. <§<
GENERAL UNIT DESCRIPTION &?“é

O
Factory assembled, single-piece chassis, air-cooled liquid ¢ijler. Contained within
the package shall be all factory wiring, piping, controls, a\@ refrigerant charge
(HFC-410A). &

<
\%
CABINET Oé

Frame shall be heavy-gage, with a powde, %ated paint finish for both aesthetic
appeal and to offer more resistance toQ@rosion.

Q.
Units shall be constructed of a gaf§anized steel frame with galvanized steel panels
and access doors. Componen @(faces shall be finished with a powder-coated
paint. The coating or paint @em shall withstand a 1000-consecutive-hour salt
spray application in acc@ance with standard ASTMB117.

COMPRESSORS <<OQ~

R

AN
Fully herme&Qscroll type compressors with R410A optimized and dedicated scroll
profile. <&

N\
Dir '%irive motor cooled by suction gas with only three major moving parts and a
letely enclosed compression chamber which leads to increased efficiency.

O Each compressor will have crankcase heaters installed and properly sized to

&
Q&

&Q}2.05

éo

A.

23 64 23

minimize the amount of liquid refrigerant present in the oil sump during off cycles.
EVAPORATOR
The evaporator shall be a high efficiency, brazed plate-to-plate type heat

exchanger consisting of parallel plates. Braze plates shall be stainless steel with
copper braze material.

C-224 Air Cooled Water Chillers
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The evaporator shall be protected with an etched foil heater and insulated with 3/4
inch insulation. This combination shall provide freeze protection down to -20F
ambient temperatures while the heater is powered. Contractor shall provide
separate power to energize heater and protect evaporator while chiller is
disconnected.

The water side working pressure shall be rated at 150 psig and tested at 1.5 times

maximum allowable water side working pressure. \QQ

The refrigerant side working pressure shall be rated at 460 psig (29.6 bars) z\nﬁ»"
tested at 1.1 maximum allowable refrigerant side working pressure. <<\
N

CONDENSER
S

The condenser coils shall consist of copper tubes mechanicall ly®Bonded into plate-
type aluminum fins. A subcooling coil shall be an integral p@ f the main
condenser coil. \@

&
The maximum allowable working pressure of the ceydenser shall be 650 psig (44.8
bars). The condensers shall be factory proof andi@ék tested at 715 psig (49.3
bars).

Low Sound Fans shall be dynammally@?statlcally balanced, direct drive,
corrosion resistant glass fiber reinf composite blades molded into a low noise

fan blade.
\/

Low speed fan motors shal@%three—phase with permanently lubricated ball
bearings and individuall@tected by circuit breakers.

Unit shall be capa Q(;f starting and running at outdoor ambient temperatures
from 32F to 12R C - 52C) for all sizes.

Q.

Provide c&@rotection for shipping. Entire condenser coil shall be covered with
heavy tic to prevent inadvertent damage to coil during shipment or rigging.

OSURES
N)

Mount starters in a UL1995 rated panel for outdoor use.

The starter shall be across-the-line configuration, factory-mounted and fully pre-
wired to the compressor motor(s) and control panel.

Unit shall have a single point power connection.

A control power transformer shall be factory-installed and factory-wired to provide
unit control power.

&
<
@‘0

C-225 Air Cooled Water Chillers



Middlesex County College
NH, LH and PAC HVAC Upgrades
September 02, 2015

E. Control panel shall be dead front construction for enhanced service technician

safety.
F. Power line connection type shall be standard with a terminal block. {(/é&
2.08 REFRIGERATION COMPONENTS 0\5®

QO

A. Each refrigerant circuit shall include a filter drier, electronic expansion valve with
site glass, liquid line service valves and a complete operating charge of both Q

refrigerant HFC-410A and compressor oil. \@’
&

B. Each refrigerant circuit shall include a discharge line service valve to agw the

refrigerant to be isolated in the condenser. ?~é

A
2.09 CONTROLS, SAFETIES AND DIAGNOSTICS éo

A. The microprocessor-based unit controller shall be factor@?stalled and factory-

tested. A

<
B. The unit display shall provide the following dat&é
. S
1. Water and air temperatures %Q/
@)

2. Refrigerant levels and tempe\r?f:zres

2%
3. Flow switch status %W

O
4, Compressor start{énd run times

energy saving n.

D.  Chilled waker temperature control shall be microprocessor-based, proportional and
integr I‘@ntroller to show water and refrigerant temperature, refrigerant pressure,
an @-’hagnostics. This microprocessor-based controller is to be supplied with each

er by the chiller manufacturer. Controls shall include the following readouts

C. The unit controIIeEQD%TI provide chilled water reset based on return water as an

O\;nd diagnostics:
QC)
\@ 1. Low evaporator refrigerant temperature and/or pressure
&
&Q} 2. High condenser refrigerant pressure
O
3. Motor current overload
4, High compressor discharge temperature

23 64 23 C-226 Air Cooled Water Chillers
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5. Electronic distribution faults: phase loss, phase imbalance, or phase
reversal

Unit shall be shipped with factory control and power wiring installed.

&
<
@‘0

On chiller, mount weatherproof control panel, containing starters, power and C)
control wiring, factory wired with terminal block power connection. Provide QO
primary and secondary fused control power transformer and a single 115 volt 60 HQ
single phase connection for evaporator freeze protection heaters. Q)
A\
Ng
The unit controller shall utilize a microprocessor that will automatically ta?&ction
to prevent unit shutdown due to abnormal operating conditions associ with:
evaporator refrigerant temperature, high condensing pressure and m@or current
overload. A
O

1. Motor surge protector that is set at 95% of compresgas RLA that will

automatically shut off a compressor to help prev n over current trip.

One protector is required for each compressor&?ﬁ indicating light shall also

be provided. -

é\/
Provide the following safety controls with in@ging lights or diagnostic readouts.
. S
1. Low chilled water temperature Qé@ectlon.
X
2. High refrigerant pressure. Q
@?
3. Low oil flow protect@
4, Loss of chllle(bggér flow.
5. Contact @ﬁemote emergency shutdown.
Q.
6. Mofgrcurrent overload.
7. Q/éﬂﬁhase reversal/unbalance/single phasing.
C)@' Over/under voltage.

9. Failure of water temperature sensor used by controller.
10.  Compressor status (on or off).
Provide the following operating controls:
1. Chilled water pump output relay that closes when the chiller is given a

signal to start.

C-227 Air Cooled Water Chillers

23 64 23



Middlesex County College
NH, LH and PAC HVAC Upgrades
September 02, 2015

2. High ambient pressure controller that shuts off a compressor to keep head
pressure under control and help prevent high pressure nuisance trip outs on
days when outside ambient is above design.

N
3. Compressor current sensing limit that shuts off a compressor to help @Q/
prevent current overload nuisance trips. O\\)
QO
4, Auto lead-lag functions that constantly even out run hours and compressor Q

starts automatically. If contractor cannot provide this function then cycle <
counter and hour meter shall be provided for each compressor so own@’an
be instructed by the contractor on how to manually change Iead-lag(xgd
compressors and even out compressor starts and running hours<§<

Q

5. Low ambient lockout control with adjustable setpoint. &?”
O

J. Provide user interface that displays chilled water temperat@ etpoint and actual
leaving chilled water temperature. Display should be on®he front of panel. If
display is on the inside of the panel, then a control di y access door shall be

provided to allow access to the display without remfval of panels.
é\/
1. Leaving chilled water setpoint adjustr@Q from LCD input
: : . S
2. Entering and leaving chilled vvanQemperature output

Q.

3. Percent RLA output for eac@ocompressor
%?”
4, Pressure output of&cgp enser for circuits one and two
5. Pressure outp&_&evaporator for circuits one and two
O
6. Ambientéperature output
Q.
Volt%%% output
&
8. Q/é%lurrent limit setpoint adjustment from LCD input.
Oc)\b. Remote leaving water temperature setpoint.

Q

~

\% 10.  Alarm indicating light and relay
&
&Q} K. Digital Communications to BAS system shall consist of a BACnet MS/TP interface
O via a single twisted pair wiring.

S

L. The chiller shall have Time of Day Scheduling capabilities for scheduling single
chiller applications through the chiller control panel without the need for a building
automation system. This feature allows the user to set up to 10 events in a 7 day
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time period.

The chiller control panel shall provide leaving chilled water temperature reset
based upon return water temperature.

The chiller control panel shall provide an alarm relay output that shall energize
whenever a fault requiring manual reset is detected by the panel.

The chiller control panel shall provide input for leaving chilled water temperature
setpoint based upon a 2-10VDC or 4-20mA signal from a building automatior\@’

system. <<<<\

The chiller control panel shall provide input for chiller current limit sg:point based
upon a 2-10VDC or 4-20mA signal from a building automation sy&evﬁ.

O

The chiller control panel shall provide an output for chiller @* ent Capacity via a
2-10VDC or 4-20mA signal to a building automation syfztgb.

A&
é\/
Chilled fluid circuit shall be rated for 150 psi% 34 kPa) working pressure.

Chilled Fluid Circuit

Proof of flow switch shall be provided ?e equipment manufacturer and installed
the correct number of pipe diamete@wom any elbow and in the correct
orientation. 1%
A\
o
Flow switch shall be IFM f@qonitor type.

&
Units with brazed wvaporators shall have a water strainer that is factory
provided. It shall % stalled with a blowdown valve to facilitate periodic cleaning
of the strainer @ event it from becoming clogged.
Q.

The pum angtor shall be installed with an inverter or the pump impeller shall be
trimm&dé) be within 10% of jobsite flow and total dynamic head to prevent
excassive wasted pump energy. Pump shall include two high head pumps, with

7 expansion vessels, drainage valves, shut-off vales at entering and leaving

O\Qonnections.

O
PAgf% EXECUTION
NS

O&Q;s.m
< A.
B.
23 64 23

INSTALLATION
Install in accordance with manufacturer's instructions.

Align chiller package on steel or concrete foundations.

O

C-229 Air Cooled Water Chillers
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Install units on isolators.
Connect to electrical service.

Connect to chilled water piping.
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O
SCHEDULE O
OO

MANUFACTURER'S FIELD SERVICES Q?\

A\

Ng
OEM Startup is performed by factory trained and authorized servicing technieians
confirming equipment has been correctly installed and passes specificafon
checklist prior to equipment becoming operational and covered und M
warranty. A
éo

1.Included OEM Factory Startup:

©

o
a. Centrifugal, Rotary Screw, and Scroll Chu@a\s

Applied Chiller manufacturers shall maintain s

miles from the job site.

Q/%

8&@ capabilities no more than 50

S
The manufacturer shall furnish an alte{éine price for:

Q.

1.Extended compressor warranty f3r’5 years.

o
The manufacturer shall furr@%eomplete submittal wiring diagrams of the package

unit as applicable for fie@maintenance and service.

\c~) END OF SECTION 23 64 23
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SECTION 23 73 13 - AIR HANDLING UNIT

GENERAL
WORK INCLUDED {(/éﬂ‘
Applied Air Handling Units. O\SQ
QO
RELATED SECTIONS Q
A\
%2
Section 23 05 11 — Basic Mechanical Requirements ?\’
N
A
Section 23 05 12 — Basic Mechanical Materials and Methods %

Section 23 05 13 — Electrical Requirements for Mechanical EquiKrr%nt

O
Section 23 09 23 - Building Management and Controls Syst@%

\
o
Section 23 31 00 — Air Duct and Accessories «‘2\
<
Section 23 62 13 - Air Cooled Condensing Uniée\’
REFERENCES <</%
S
O
AMCA Publication 99 - Standards H\ﬁgbook.
Q

AMCA Standard 500-D - Laboér?‘m'ry Methods of Testing Dampers for Rating.

ANSI/ABMA Standard 9§’§}Dad Ratings and Fatigue Life for Ball Bearings.

ANSI/AMCA Stan&éﬁ‘ZM - Balance Quality and Vibration Levels for Fans.

N
ANSI/AHRI&Q-ﬂdard 410 - Forced Circulation Air-Cooling and Air-Heating Coils.

<

ANSI{éﬁ&fRI Standard 430 - Central Station Air Handling Units.

/ASHRAE Standard 52.2 - Method of Testing General Ventilation Air-Cleaning

O\bevices for Removal Efficiency by Particle Size.
O

ANSI/ASHARE Standard 62.1 - Ventilation for Acceptable Indoor Air Quality.

ANSI/ASHARE Standard 90.1 - Energy Standard for Buildings Except Low-Rise
Residential Buildings.

ANSI/NEMA MG 1 - Motors and Generators.

ANSI/UL 900 - Standard for Safety Air Filter Units.

C-231 Air Handing Unit



1.04

1.05

J
&
&
O

237313

Middlesex County College
NH, LH and PAC HVAC Upgrades
September 02, 2015

ASHRAE Standard 111 - Measurement, Testing, Adjusting, and Balancing of
Building HVAC Systems.

ASTM B117 - Standard Practice for Operation Salt Spray Apparatus.

NFPA 70 - National Electrical Code

NFPA 90A - Standard for the Installation of Air Conditioning and Ventilation \Q
Systems. %)
A\
Ng

UL 1995 - Standard for Safety Heating and Cooling Equipment <<\O

4
QUALITY ASSURANCE eo

&?*
Air Coils: Certify capacities, pressure drops and selection pro%@ues in
accordance with current AHRI Standard 410. \C_)
N
Air handling units shall be rated and/or rated and cerq\aéd in accordance with
AHRI Standard. -
é\/
ISO 9001 Certification. %O
&

O

R
Oy
No equipment shall be fabricated @ delivered until the receipt of approved shop
drawings from the Owner or %\xﬁér‘s approved representative.

O

AHU manufacturer shall %vide the following information with each shop
drawing/product dat@_’s&r mission:

SUBMITTALS

O
1.Dimensioned@\%\ngement drawings for each AHU including a plan and elevation
view e assembled unit with overall dimensions, lift points, unit shipping
spli&locations and dimensions, installation and operating weights, and
&i allation, operation and service clearances.

\§§(electrical, piping, and ductwork requirements, including sizes, connection

OC)

locations, and connection method recommendations.
3.Each component of the unit shall be identified and mechanical specifications
shall be provided for unit and accessories describing construction,

components, and options.

4.All performance data, including capacities and airside and waterside pressure
drops, for components.

5.Fan curves shall be provided for fans with the design operating points indicated.
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Data shall be corrected to actual operating conditions, temperatures, and

altitudes.
C. The AHU manufacturer shall provide appropriate sets of submittals as referenced
in the General Conditions and shall submit to the Owner electronic copies of the
[OM.
D. The AHU manufacturer shall list any exceptions to the specification. Q
>
1.06 REGULATORY REQUIREMENTS \@’
A
A. Agency Listings/Certifications <§<
1. Unit shall be manufactured to conform to UL 1995 and shaQBé listed by
either UL/CUL or ETL. Units shall be provided with listj gency label
affixed to the unit. In the event the unit is not UL/C &or ETL approved, the
contractor shall, at his/her expense, provide for af#eld inspection by a
UL/CUL or ETL representative to verify com‘orvq ce. If necessary,
contractor shall perform modifications to thelunit to comply with UL/CUL or
ETL as directed by the representative, at Q‘@\édditional expense to the
owner. {(/%O
2. Air handling units shall be certifj ?} accordance with AHRI Standard 430.
Units meeting AHRI Standard certification shall have a label affixed to
the unit. If the unit is not A 430 certified, or tested in accordance with
AHRI 430 then the con or shall be responsible for expenses associated
with testing of units r installation to verify performance of fan(s). Any
costs incurred to éé%st fans to meet scheduled capacities shall be the sole
responsibility&_@ﬁe contractor.
O
3. Certify a@%ndling coils in accordance with AHRI Standard 410. Units shall
be pra@ded with certification label affixed to the unit. If air handling coils
are certified in accordance with AHRI Standard 410, contractor shall be
m@)onsible for expenses associated with testing of coils after installation to
Serify performance of coil(s). Any costs incurred to adjust coils to meet
@Q/ scheduled capacities shall be the sole responsibility of the contractor.
O
1.07 QO DELIVERY, STORAGE, AND HANDLING
&
&® A. Comply with manufacturer's installation instructions for rigging, unloading, and
&Q/ transporting units.
O
é B. Units shall ship fully assembled up to practical shipping and rigging limitations.
Shipping splits shall be clearly defined on submittal drawings. Cost associated with
non-conformance to shop drawings shall be the responsibility of the manufacturer.
AHU's less than 100-inches wide shall allow for forklift transport and
23 73 13 C-233 Air Handing Unit
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maneuverability on the jobsite.

C.  Deliver units to jobsite with fan motor(s), sheave(s), and belt(s) completely

assembled and mounted in units. {(/é&
D. Unit shall be shipped in a clear shrink-wrap or stretch-wrap to protect unit from in- 0\5®
transit rain and debris per ASHRAE 62.1 recommendations. QO
E. Installing contractor shall be responsible for storing AHU in a clean, dry place an@)\
protect from weather and construction traffic. Handle carefully to avoid dama@fo
components, enclosures, and finish. <<\
X
1.08 START-UP AND OPERATING REQUIREMENTS ?‘é

A. Do not operate units for any purpose, temporary or permanen le ductwork is
clean, filters in place, bearings lubricated (if applicable), C(\@ensate properly
trapped, piping connections verified and leak-tested, be igned and tensioned,
all shipping braces removed, bearing set screws torquey, and fan has been test run
under observation. -

1.09 WARRANTY

A. AHU manufacturer shall provide, at no itional cost, a standard parts warranty
that covers a period of one year fro it start-up or 18 months from shipment,
whichever occurs first. This warr&ts that all products are free from defects in
material and Workmanshipg@fall meet the capacities and ratings set forth in

the equipment manufactur\ catalog and bulletins.
PART 2 PRODUCTS Q_Qv

2.01 ACCEPTABLE UFACTURERS
Q.

A.  The contr&%r shall furnish and install unit(s) as shown as scheduled on the
contrackdocuments. The unit(s) shall be installed in accordance with this
speQe;(-ﬁ ation and perform at the specified conditions as scheduled.

B. O\blanufacturers:

QO

\2@ 1. Trane
o\

<<}~ 2. Carrier
A\

éo 3. York.
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Alternates must still comply with the performance and features as specified with
these specifications and as indicated on the design documents. Job will be
awarded on basis of specified product. Substitutions must be selected and
approved within 14 calendar days after award of contract.

GENERAL

Unit layout and configuration shall be as defined in project plans and schedule. \Q

UNIT CASING O\y\’
N
The entire air handler shall be constructed of galvanized steel. Casing <s<hed to
meet ASTM B117 250-hour salt-spray test. The removal of access p@e S or access
doors shall not affect the structural integrity of the unit. All remo e panels shall
be gasketed. All doors shall have gasketing around full perime&bto prevent air
leakage. Contractor shall be responsible to provide connec@ flanges and all
other framework that is needed to properly support the\zlgi:bt.

All panels shall be 2-inch double wall construction4 facilitate cleaning of unit
interior. Casing deflection shall not exceed .0054\&:’?1 deflection per linear foot

under negative or positive pressure, up to ur% sings maximum design limit of
pressure. S

O

Unit floor shall be of sufficient stre <2to support 300-1b load during maintenance
activities, and shall deflect no mof@than .005-inches when sitting on a support

structure. ?\’
O%

Panel insulation shall pr@e a minimum thermal resistance (R) value of 13
fth2*h*F/Btu throug@the entire unit. Insulation shall completely fill the panel
cavities in all direg{@®hs so that no voids exist and settling of insulation is
prevented. Par\ ssembly shall comply with NFPA 90A.

Access p <2l;md/or access doors shall be provided in all sections to allow easy
acces t@drain pan, coil(s), motor, drive components and bearings for cleaning,
ins&g‘s ion, and maintenance.

F. \bccess panels and doors shall be fully removable without the use of specialized

Q

237313

@)

tools to allow complete access of interior surfaces.
ACCESS DOORS

Access doors shall be 2-inch double-wall construction. Interior and exterior shall
be of the same construction as the interior and exterior wall panels.

Gasketing shall be provided around the full perimeter of the doors to prevent air
leakage.

O

& .
N
%
S
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Door hardware shall be surface-mounted to prevent through-cabinet penetrations
that could likely weaken the casing leakage and thermal performance.

Handle hardware shall be designed to prevent unintended closure.

Access doors shall be hinged and removable without the use of specialized tools to
allow.

All doors shall be a 60-inch high when sufficient unit height is available, or the <
maximum height allowed by the unit height. C)\VX/

<<\
PRIMARY DRAIN PANS <§<

The drain pan shall be designed in accordance with ASHRAE 62.Kb%Tng of
sufficient size to collect all condensation produced from the ¢ nd sloped in two
planes, pitched toward drain connections, promoting positi rainage to eliminate
stagnant water conditions when unit is installed level and#rapped per
manufacturer's requirements. The outlet shall be Iocaagéé‘at the lowest point of the
pan and shall be sufficient diameter to preclude drai pan overflow under any
normally expected operating condition. Drainp@all be constructed of 16 gauge,
304 Stainless Steel material. S

&

All drain pan threaded connections sh e visible external to the unit. Threaded
connections under the unit floor sh t be accepted.

R
Drain connections shall be o@same material as the primary drain pan and shall
extend a minimum 2-1/2-in\€b eyond the base to ensure adequate room for field
piping of condensate tr

The installing con @Qfor is responsible to ensure the unit is installed level, trapped
in accordance v the manufacturer's requirements, and visually inspected to
ensure propgzdrainage of condensate

FANS, 2
A
F@g/sections shall have a minimum of one hinged and latched access door located
the drive side of the unit to allow inspection and maintenance of the fan, motor,
and drive components. Construct door(s) per Section 2.04.

Provide fans of type and class as specified on the schedule. Fan shafts shall be
solid steel, coated with a rust-inhibiting coating, and properly designed so that fan
shaft does not pass through first critical speed as unit comes up to rated RPM.

All fans, including direct drive plenum fans shall be internally isolated to inhibit
noise and vibration through the ductwork and building structure. A flexible
connection shall be installed between the fan and unit casing to ensure complete

O
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isolation. If fans and motors are not internally isolated, then the entire unit shall be
externally isolated from the building, including supply and return duct work, piping,
and electrical connections. External isolation shall be furnished by the installing

contractor in order to avoid transmission of noise and vibration through the é&
ductwork and building structure. QQQ/
O

D. Belt-driven fans shall be provided with self-aligning, anti-friction bearings selected QO

for L-50 200,000-hour average life per ANSI/AFBMA Standard 9 \Q

A\
E. MOTORS AND DRIVES C)\v
N
1. All motors and drives shall be factory-installed and run tested. otors

shall be installed on a slide base to permit adjustment of belt{snsion. Slide
base shall be designed to accept all motor sizes offered b te air-handler
manufacturer for that fan size to allow a motor change i e future, should
airflow requirements change. Fan sections without fac{ory-installed motors
shall have motors field installed by the contractor,&he contractor shall be
responsible for all costs associated with instalL{ n of motor and drive,
alignment of sheaves and belts, run testing of the motor, and balancing of
the assembly. Oé\’

2. Motors shall meet or exceed all N %tandards Publication MG 1 - 2006
requirements and comply with Premium efficiency levels when
applicable. Motors shall com\p) ith applicable requirements of NEC and
shall be UL Listed. <

N | |

3. Fan Motors shall be @ vy duty, open drip-proof operable at electrical
characteristics asﬁs}ieduled. If applicable, motor efficiency shall meet or
exceed NEMA ium efficiencies.

O

4, All fan ty@ shall use 4-pole, 1800 rpm, motors, NEMA B design, with Class
B insuf@tion, capable to operate continuously at 104 deg F (40 deg C)

witkgt tripping overloads.

&

N\
5. éﬂ\/lotors shall have a +/- 10 percent voltage utilization range to protect

@Q/ against voltage variation.

C)\B
QO 6. V-Belt drives for housed fans shall be fixed pitch rated at 1.5 times the

\g motor nameplate. Drives 20 hp and larger or any drives on units equipped
&\2\ with VFDs and housed fans shall be fixed pitch.
O 7. All housed fans with motors 15 hp and larger shall be equipped with multiple
é belt drives.
8. Manufacturer shall provide for each unit with a housed fan a nameplate to

assist air balance contractor in start up and service personnel in
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maintenance
COILS

Coils section header end panel shall be removable to allow for removal and @
replacement of coils without impacting the structural integrity of the unit. 00

Install coils such that headers and return bends are enclosed by unit casing to Q

. o N\
ensure that if condensate forms on the header or return bends, it is captured b{fb
the drain pan under the coil. \?‘

O

N
Coils shall be manufactured with plate fins to minimize water carryoveéqf(d
maximize airside thermal efficiency. Fin tube holes shall have drawn@n belled
collars to maintain consistent fin spacing to ensure performance&n%"air pressure
drop across the coil as scheduled. Tubes shall be mechanicallé@panded and
bonded to fin collars for maximum thermal conductivity. USQEQ soldering or tinning
during the fin-to-tube bonding process is not acceptable\@ye to the inherent
thermal stress and possible loss of bonding at that joiq

<
Construct coil casings of galvanized steel [stai@%\a\é steel]. End supports and tube
sheets shall have belled tube holes to minim% ear of the tube wall during
thermal expansion and contraction of theé@e.
@)
All coils shall be completely cleane or to installation into the air handling unit.
Complete fin bundle in direction oRairflow shall be degreased and steam cleaned
to remove any lubricants use i}s\\t‘he manufacturing of the fins, or dirt that may
have accumulated, in order@ minimize the chance for water carryover.
28
On units with two Cogh?:[he airstream, space shall be provided by the unit
manufacturer to fa{ihitate cleaning and inspection of the fin surfaces. Access
door(s) shall b ated in the unit casing between the two coils. Construct door(s)
in accordan&?mth Section 2.04.
o
ro,{ oils
Q/éSupply and return header connections shall be such that direction of coil
water-flow is counter to direction of unit air-flow.

Hyd

Coils shall be proof-tested to 300 psig and leak-tested to 200 psig air
pressure under water.

3. Headers shall be constructed of round copper pipe.
4, Tubes shall be 1/2-inch .016 copper, with aluminum fins.

Refrigerant Cooling Coils
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1. Refrigerant suction and liquid connections shall penetrate through unit
casing to facilitate refrigerant piping in the field.

2. Coils shall be proof tested to 450 psig and leak tested to 300 psig air é&
pressure under water. After testing, insides of tubes shall be air dried, @Q/
charged with dry nitrogen or dry air, and sealed to prevent contamination. 00

3. Refrigerant suction and liquid headers shall be constructed of copper tubin@
Suction and liquid connections shall penetrate unit casings to allow for \/Q)
sweat connections to refrigerant lines. O\?~

N

4, Tubes shall be 1/2 inch 0.D., minimum .016 inch thick copper. F@%hall be
aluminum. é

v
5. Coils shall have equalizing type vertical distributors siz@ conjunction with
capacities of coils. \c_,
o
FILTERS &

<
Provide factory-fabricated filter section of the @a\é construction and finish as unit
casings. Filter section shall have side acces @er guides and access door(s)
extending the full height of the casing to @%tate filter removal. Construct doors
in accordance with Section 2.04. Provi ixed filter blockoffs as required to
prevent air bypass around filters. B offs shall not need to be removed during
filter replacement. Filters to be of&@iZe, and quantity needed to maximize filter face
area of each particular unit S§Q\’

O
Filters shall be provided@\defined in project plans and schedule

One set of start—ugﬁ)%?ers shall be supplied with the unit.

A\
DAMPERS &~
<<O
All da ]&%rs shall be internally mounted. Dampers shall be premium ultra low leak
an J\&:ated as indicated on the schedule and plans. Parallel blade arrangement
be provided as indicated on the schedule and drawings. Dampers shall be

O\auskin CD60 double-skin airfoil design or equivalent for minimal air leakage and

pressure drop. Leakage rate shall not exceed 3 CFM/square foot at one inch water
gauge complying with ASHRAE 90.1 maximum damper leakage and shall be AMCA
licensed for Class 1A. All leakage testing and pressure ratings shall be based on
AMCA Standard 500-D. Manufacturer shall submit brand and model of damper(s)
being furnished, if not Ruskin CD60.

COIL/ACCESS SECTION

Unit(s) shall include a separate section housing a coil section and access section
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as one assembly. Refer to drawings to determine which unit(s) includes the
additional section.

B. Section shall include a stainless steel drainpan and an access door of sufficient

size to allow for visual inspection of the leaving face of the first coil in the @
airstream and entering face of the second coil in the airstream shall be included as O\\)
standard in this section. O

C.  Access door shall be of the same construction as all other doors on the unit. Reféb\

to door specification for location of door(s). \@’
A
2.11 VARIABLE FREQUENCY DRIVE <§
| N Ny
A. Service Conditions &V”
O

1. VFDs shall provide full output in an ambient temper@r from -10 to 50° C

(14 to 104° F). \2@
«
2. VFDs shall provide full output in a relative helqidity from 0 to 95%, non-

condensing. N\
>
3. VFDs shall provide full output up t@?)O feet elevation without derating.

4, VFDs shall provide full outpt{[)Q%h an AC line voltage variation from -10 to
+10% of nominal voltage. <

5. No side clearance s@e required for cooling of any units. All power and
control wiring sha@be done from the bottom.

X
&
N
1. The shall be warranted by the manufacturer for a period of 42 months
frorktate of shipment, or 36 months from start-up, which ever occurs first.

warranty shall include parts, labor, travel costs and living expenses
Q/élncurred by the manufacturer to provide factory-authorized on-site service.

B. Warranty

2.12 C)\bACTORY—INSTALLED MOTOR WIRE TERMINATION, VFD, AND STARTER
QC) ENCLOSURES

N\
,Qz‘ A. VFDs or starter shall be factory mounted on the drive side of the fan section.

O& B. Any welds shall be properly finished with no rough edges. Enclosures shall house,
é Drive-OFF switches, manual speed controls, and control transformers.

2.13 FACTORY WIRING OF VFD'S AND STARTERS
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A. VFDs shall be wired per NEC, UL, and NFPA 90A requirements. Units with factory-
mounted controls shall also include power wiring from the VFD or starter control
transformer to the control system transformers. After mounting and wiring of VFDs,

on the AHUs, trained factory personnel shall ensure proper operation of each VFD, é&
through a thorough factory test. Testing shall include a Hypot test of unit wiring to @Q/
ensure that no weaknesses exist in wiring or motor. Each VFD shall be energized 00
and the fan run to ensure the VFD will operate throughout the usable range of the O
drive and that the fan rotation is correct. QQ

>

B. On units provided with factory mounted and wired supply fan starter or VFD Qv@’
DDC controls, the manufacturer shall provide a single point of power. Lin%\@—ﬂlv

transformers shall be provided with sufficient vA to power the factory i€§¢ lled
control points. é
&?*
2.14 FACTORY-ENGINEERED AUTOMATIC TEMPERATURE CONT&@_S
A. Unit control points only shall be factory installed for a fie\@\supplied controller and
wiring. Control points shall be manufactures standar nts.
<

B. Unit shall be provided with a factory wired, insta@d and tested unit controller,
capable of standalone unit control, or tied in Qbuilding automation system
through Bacnet communication. All contr Ints in unit shall be tested at the unit
manufacturer’ s facility prior to shipm&@.

X

A. Damper actuators shall be selecté@, provided, and mounted by the AHU
manufacturer on each dampe .W’[uators shall be of sufficient size and quantity to
ensure complete damper o@tion. Actuators shall be direct coupled to minimize
linkage. A

N

B. Differential press @%vvitch shall be provided by the AHU manufacturer. Pressure
switches shall @g‘actory installed across the filter bank to monitor clean/dirty

filter status.
&

C. Low li shall be factory engineered to maximize coil coverage. Capillary radius
clip all be used at low limit bends to ensure no crimping or wear of low limits.
\@%’Hmits shall be wired to shut down the fan to protect the unit.

C)Q
%O Fan status switches shall be provided and mounted by the AHU manufacturer.

&
&® E. On variable volume units, a discharge temperature sensors shall be provided and
&Q/ mounted on the fans by the AHU manufacturer.
O

é F. Outside air temperature sensors shall be provided at the jobsite.

G.  Averaging temperature sensors shall be provided by the AHU manufacturer.
Sensors shall be factory engineered to accurately measure mixed air temperatures.
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Capillary radius clips shall be used at capillary bends to ensure no crimping or
wear of the tube.

For variable-air-volume units, duct static pressure switches shall be provided by
the AHU manufacturer in the unit. Switches shall be piped in the field.

Unit DDC Controller

One programmable DDC controller shall be provided by the AHU manufacturer f&)\
each AHU as indicated on the schedule and drawings. Control of multiple uni QX’
from a single controller is not acceptable. Each programmable DDC contr Ng? shall
use the LonTalk protocol and shall be LonMark certified to ensure ope <<
communication with other open BASs. Complete communications a lagnostics
including all Al, BI, AO, BO, set points and alarms shall only reune%"twisted pair
of wires between the unit controller and the BAS. Each unit co [ler shall be
factory wired to the unit end devices. \c_)

N4
The programmable DDC controller and the control co@gbnents shall be selected,
mounted, wired and tested by the AHU manufacturdy to ensure delivery of
specified performance and to minimize job site s@\"[up time. Testing shall be
performed to ensure wiring continuity betvve%lQne controller and all devices, and
to ensure proper operation of the end devg%%e. DDC controllers shall be located on

unit as indicated on the drawings. O
R
X
EXECUTION <
Nl
SHIPPING @)
QD

Paper copies of the @'_@‘Ehall also be shipped with each AHU.

O
The AHU manu %urer shall identify all shipments with the order number. Enough
information Il be provided with each shipment to enable the Mechanical
Contractokgt’ confirm the receipt of units when they are received. For parts too
small,{o@ark individually, the AHU manufacturer shall place them in containers.

fotect equipment during shipment and delivery, all indoor units shall be stretch
shrink wrapped. Wrap shall be a minimum of 7 mil plastic. Pipe ends and pipe
connection holes in the casing shall be capped or plugged prior to shipment
After loading the equipment for shipment, the AHU manufacturer shall contact the
shipping contact on the order and provide the name of the carrier, description of
equipment, order number, shipping point, and date of shipment.

ON-SITE STORAGE

If equipment is to be stored for a period of time prior to installation, the
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Mechanical Contractor shall remove all stretch or shrink wrap from units upon
receipt to prevent unit corrosion and shall either place the units in a controlled
indoor environment or shall cover the units with canvas tarps and place themin a
well-drained area. Covering units with plastic tarps shall not be acceptable.

FIELD EXAMINATION

The Mechanical Contractor shall verify that the mechanical room is ready to
receive work and the opening dimensions are as indicated on the shop drawingifb
and contract documents. O\?~

N

The Mechanical Contractor shall verify that the proper power supply isé{%lable
prior to starting of the fans. é

&?*
INSTALLATION éO

The Mechanical Contractor shall be responsible to Coorc@)}qg ALL of his
installation requirements with the Owner and the Ow selected Mechanical
Contractor to ensure that a complete installation fed each unit is being provided.
Coordination efforts shall include such items a @H’oading and hoisting
requirements, field wiring requirements, ﬂel@@ing requirements, field ductwork
requirements, requirements for assembly eld-bolted or welded joints, and all
other installation and assembly requir%éﬁbnts.

Q.

The AHU manufacturer shall provi@e all screws and gaskets for joining of sections

in the field. ?\/
O%

The Mechanical Contra \shall verify that the following items have been
completed prior to s uling the AHU manufacturer's final inspection and start

up: <<O

N
1. All is d components have had their shipping restraints removed and the
co nents have been leveled.

\
2. Q&On all field-joined units, that all interconnections have been completed, i.e.,
@Q/ electrical and control wiring, piping, casing joints, bolting, welding, etc.

3. All water and steam piping connections have been completed and
hydrostatically tested and all water flow rates have been set in accordance
with the capacities scheduled on the Drawings.

4, All ductwork connections have been completed and all ductwork has been
pressure tested for its intended service.

5. All power wiring, including motor starters and disconnects, serving the unit
has been completed.

O

& .
N
%
S
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6. All automatic temperature and safety controls have been completed.
7. All dampers are fully operational.
S
8. All shipping materials have been removed. \\)&
O
9. Clean filter media has been installed in the units. QO
O
LEVELING \fb
N
The Mechanical Contractor shall level all unit sections in accordance wit unit

manufacturer’ s instructions. The Mechanical Contractor shall provideé(wd install
all necessary permanent shim material to ensure individual sections@ entire
assembled units are level. A

FINAL INSPECTION AND START UP SERVICE \C_)
o

After the Mechanical Contractor has provided all vvate(‘%\nd steam piping
connections, ductwork connections, and field contrd] wiring, and Electrical
Contractor has provided all the field power wiri \t'he Mechanical Contractor shall
inspect the installation. The Mechanical Conctit) tor shall then perform startup of
the equipment. %)

<2O
The Automatic Temperature Control @uilding Direct Digital Control) Contractor
shall be scheduled to be at the joKsTte at the time of the equipment start up.

The Mechanical Contracto@ll perform the following tests and services and
submit a report outlmm@se results:

1. Record dat&@%e and person(s) performing service.

2. Checb@l-} motor and starter power lugs and tighten as required.

3. &\)@fy all electrical power connections.
Z@Q/ Conduct a start up inspection per the AHU manufacturer's
0 recommendations.

5. Record fan motor voltage and amperage readings.
6. Check fan rotation and spin wheel to verify that rotation is free and does not
rub or bind.
7. Check fan for excessive vibration.
8. If so equipped, check V belt drive for proper tension and alignment. Tighten
C-244 Air Handing Unit
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the belts in accordance with the AHU manufacturer's directions. Check belt
tension during the second and seventh day's operation and re-adjust belts,
as may be required, to maintain proper tension as directed by the AHU

manufacturer.
9. Remove all foreign loose material in ductwork leading to and from the fan O
and in the fan itself. O
OQ
10. Disengage all shipping fasteners on vibration isolation equipment. Q)\

11.  Secure all access doors to the fan, the unit and the ductwork. <<\O
12.  Switch electrical supply "on" and allow fan to reach full speed\;

13.  Physically check each fan at start up and shut down to@re no abnormal
or problem conditions exist. \@

N
14.  Check entering and leaving air temperatures (dQ?BuIb and wet bulb) and

simultaneously record entering and leaving ekitled water temperatures and
flow, steam pressures and flow, and outéi@’air temperature.

%
Q..
Qo

N
?\
ENR\@%SECHON 237313
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PART1 GENERAL é\
&
1.01 SECTION INCLUDES O\\)
QO
A. Water coils. \Q
B. Glycol coils. O\v
<<\
C.  Steam coils. %
O
D. Refrigerant coils. &V”
e
1.02 RELATED SECTIONS S
\
. . . . N
A. Section 23 05 11 - Basic Mechanical Requirements ,Qz\
B. Section 23 05 12 — Basic Mechanical I\/Iaterialso®d Methods
C. Section 23 05 13 - Electrical Requiremer@%r Mechanical Equipment
O
D.  Section 23 09 23 - Building I\/Ianage\rSQgt and Controls Systems
Q
E.  Section 23 05 19 - Meters ar@@éuges
O
F. Section 23 05 23 - HVAgﬁleing and Valves
G.  Section 232116 2(@ dronic Specialties
H.  Section 23 (8@0 Mechanical Insulation
1.03 REFERI@I)ES
@%’(/AHRI 410 - Forced-Circulation Air-Cooling and Air-Heating Coils.
C)
%O ANSI/NFPA 70 - National Electrical Code.
/\Q‘ C. ANSI/UL 1096 - Electric Central Air Heating Equipment.
/\<</
D. SMACNA - HVAC Duct Construction Standards, Metal and Flexible.
1.04 QUALITY ASSURANCE
A. Heating and Cooling Coils: Product of manufacturer regularly engaged in
23 82 16 C-246 Air Coils
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1.06

1.07
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production of coils who issues complete catalog data on product offering.

Heating and Cooling Coils: Certify capacities, pressure drops and selection
procedures in accordance with AHRI 410-91.

&
<
@‘0

ISO 9001 Certification. The coil manufacturer shall be ISO 9001 Certified by a third C)
party registrar, such as HSB Registration Services, that is accredited by an O
accreditation body such as ANSI-RAB and / or RvC Dutch Council for AccrediationoQ
»Q’\
SUBMITTALS C)\v
N
Submit unit performance data including: capacity, nominal and operatie-g(
performance. é
v

Submit Mechanical Specifications for unit and accessories de@bing construction,

components and options. \c_,

N
Submit shop drawings indicating overall dimensions aﬁ‘%?ell as installation,
operation and service clearances. Indicate lift point§ and recommendations and
center of gravity. Indicate unit shipping, installat&&¥ and operating weights

including dimensions.
S
&

<2O
Q.
Manufacturer: Company specializigg’in manufacturing the products specified in
this Section with minimum 10 rs documented experience.

O
DELIVERY, STORAGE, A&@ HANDLING

QUALIFICATIONS

Deliver products g@% under provisions of Section.

&

Store and p@ect products under provisions of Section

Prote t\@ﬂ fins from crushing and bending by leaving in shipping cases until
ms&/@@a ion, and by storing indoors.

D. C}brotect coils from entry of dirt and debris with pipe caps or plugs.

PA\RJ%

{(, 2 01
S
A.

23 82 16

PRODUCTS
ACCEPTABLE MANUFACTURERS
The contractor shall furnish and install unit(s) as shown as scheduled on the

contract documents. The unit(s) shall be installed in accordance with this
specification and perform at the specified conditions as scheduled.

C-247
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B. Manufacturers:
1. Trane
S
2. Carrier é(/
0\5
3. Heatcraft O
Q
. %
4, USA Coil & Air. \/Q;
Ng
&
C. Alternates must still comply with the performance and features as spegg(ed with
these specifications and as indicated on the design documents. Job&\‘n'xl be
awarded on basis of specified product. Substitutions must be sek&c%d and
approved within 14 calendar days after award of contract. éo
O
2.02 Fabrication - All coils \%
&
A. Fins: Shall be configurated aluminum fin plate type{ Fins shall be die formed in
multiple stages with full fin collars for maximu@(—tube contact and accurate
spacing. Fin positioning must be Continuous%c ss entire coil face.
S
B.  Coil pressure testing: All coils are to bg@¥oof and leak tested. The proof test must
be performed at 1.5 times the maxi operating pressure and the leak test at the
maximum operating pressure. <
C.  AHRI certification: Coils, c@uter selection programs, and catalogs must be
certified to AHRI STAh&@R\D 410-87 (where applicable).
2.03 Drain Pans OQ~
&
AN
A. Install 16 g stainless steel drain pan under each cooling coil.
<
1. @g?\struct drain pans with connection for drain; insulated and complying
Q/é ith ASHRAE 62.1.
C)\}' Construct drain pans to extend beyond coil length and width and to connect
QO to condensate trap and drainage.
N\
,Qz‘ 3. Extend drain pan upstream and downstream from coil face.
L& | | .
eO 4, Extend drain pan under coil headers and exposed supply piping.
5. Provide intermediate drain pan below top coil section, extend the drain from
this drain pan to the drain pan at bottom cooling coils section.
23 82 16 C-248 Air Coils
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2.04 1/2-Inch OD tubed water coils

A. Tubes: Shall be seamless 1/2-inch OD copper tubes arranged in a parallel or é&
staggered pattern. Tubes to be mechanically expanded into full fin collars for @Q/
permanent fin-tube bond. Tube wall thickness must be .016” Copper for C)
refrigerant coils. QO

. . . o X
B.  Casing: A minimum of 16-gauge galvanized steel casing with center and end <
supports shall be provided. To ensure structural integrity and allow for easy \@’
stacking of coils, casing channels must be constructed with a minimum oE(fgar (4)
forms each or channels must be constructed from 14-gauge galvanizecg(eel.

C. Water coil headers: Round copper pipe headers are to be provid ¥ all coils.

Coils shall have same end connection for supply and return pi . Drain and vent
connections shall be provided.
P O
o
D.  Straighten bent fins on air coils. ‘2\

E. Clean coils using materials and methods recom Yded in writing by
manufacturers, and clean inside of casings a% nclosures to remove dust and

debris.
O

<

PART 3 EXECUTION 0Q~
R
3.01 INSTALLATION éy\’
O
A.  Install in accordance vvﬁ@‘nanufacturer‘s instructions.

B. Install in ducts an mgs in accordance with SMACNA HVAC Duct Construction
Standards, I\/Ie nd Flexible.
C. Support C&Qectlons independent of piping on steel channel or double angle
frame& secure to casings. Provide frames for maximum three coil sections.
supports to avoid piercing drain pans. Provide airtight seal between coil

Arr
duct or casing.
)

O
Q)O Protect coils to prevent damage to fins and flanges. Comb out bent fins.

&)
® Install coils level. [Install cleanable tube coils with 1:50 pitch.]

/\<</
O

F. Make connections to coils with unions and flanges.

G. On water coils, provide shut-off valve on supply line and lockshield balancing valve
on return line. Locate water supply at bottom of supply header and return water
connection at top. Provide air vents at high points complete with stop valve. Ensure

23 82 16 C-249 Air Coils
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water coils are drainable and provide drain connection at low points.

H.  On water coils, and chilled water cooling coils, connect water supply to leaving air

side of coil.

Insulate headers located outside air flow as specified for piping. Refer to Section

23 07 00.
END OF SECTION 23 82 16
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	GENERAL
	RELATED DOCUMENTS
	Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	SUMMARY
	Section includes cleaning HVAC air-distribution equipment, ducts, plenums, and system components.

	DEFINITIONS
	ASCS: Air systems cleaning specialist.
	NADCA: National Air Duct Cleaners Association.

	INFORMATIONAL SUBMITTALS
	Qualification Data: For an ASCS.
	Strategies and procedures plan.
	Cleanliness verification report.

	QUALITY ASSURANCE
	ASCS Qualifications:
	Certification: Contractor shall be ASCS certified by NADCA on a full-time basis to be qualified to perform the work of ductwork cleaning.

	UL Compliance: Comply with UL 181 and UL 181A for fibrous-glass ducts.
	Cleaning Conference: Conduct conference at site.
	Review methods and procedures related to HVAC air-distribution system cleaning including, but not limited to, review of the cleaning strategies and procedures plan.
	Coordinate the schedule of work and area of work with the owner to minimize disruption with normal business.
	Coordinate with mechanical contractor and owner to shutdown the corresponding HVAC system



	PRODUCTS (Not Used)
	EXECUTION
	EXAMINATION
	Examine HVAC air-distribution equipment, ducts, plenums, and system components to determine appropriate methods, tools, and equipment required for performance of the Work.
	Perform "Project Evaluation and Recommendation" according to NADCA ACR 2006.

	PREPARATION
	Prepare a written plan that includes strategies and step-by-step procedures. At a minimum, include the following:
	Supervisor contact information.
	Work schedule including location, times, and impact on occupied areas.
	Methods and materials planned for each HVAC component type.
	Required support from other trades.
	Equipment and material storage requirements.
	Exhaust equipment setup locations.

	Use the existing service openings, as required for proper cleaning, at various points of the HVAC system for physical and mechanical entry and for inspection.
	Comply with NADCA ACR 2006, "Guidelines for Constructing Service Openings in HVAC Systems" Section.

	CLEANING
	Comply with NADCA ACR 2006.
	Remove visible surface contaminants and deposits from within the HVAC system.
	Systems and Components to Be Cleaned:
	Air devices for supply and return air.
	Air-terminal units.
	Ductwork:
	Supply-air ducts, including turning vanes and reheat coils, to the air-handling unit.
	Return-air ducts to the air-handling unit.
	Exhaust-air ducts.

	Air-Handling Units:
	Interior surfaces of the unit casing.
	Coil surfaces compartment.
	Condensate drain pans.
	Fans, fan blades, and fan housings.

	Filters and filter housings.

	Collect debris removed during cleaning. Ensure that debris is not dispersed outside the HVAC system during the cleaning process.
	Particulate Collection:
	For particulate collection equipment, include adequate filtration to contain debris removed. Locate equipment downwind and away from all air intakes and other points of entry into the building.
	HEPA filtration with 99.97 percent collection efficiency for particles sized 0.3 micrometer or larger shall be used where the particulate collection equipment is exhausting inside the building,

	Control odors and mist vapors during the cleaning and restoration process.
	Mark the position of manual volume dampers and air-directional mechanical devices inside the system prior to cleaning. Restore them to their marked position on completion of cleaning.
	System components shall be cleaned so that all HVAC system components are visibly clean. On completion, all components must be returned to those settings recorded just prior to cleaning operations.
	Clean all air-distribution devices, registers, grilles, and diffusers.
	Clean visible surface contamination deposits according to NADCA ACR 2006 and the following:
	Clean air-handling units, airstream surfaces, components, condensate collectors, and drains.
	Ensure that a suitable operative drainage system is in place prior to beginning wash-down procedures.
	Clean evaporator coils, reheat coils, and other airstream components.

	Duct Systems:
	Create service openings in the HVAC system as necessary to accommodate cleaning.
	Mechanically clean duct systems specified to remove all visible contaminants so that the systems are capable of passing the HVAC System Cleanliness Tests (see NADCA ACR 2006).

	Debris removed from the HVAC system shall be disposed of according to applicable Federal, state, and local requirements.
	Mechanical Cleaning Methodology:
	Source-Removal Cleaning Methods: The HVAC system shall be cleaned using source-removal mechanical cleaning methods designed to extract contaminants from within the HVAC system and to safely remove these contaminants from the facility. No cleaning meth...
	Use continuously operating vacuum-collection devices to keep each section being cleaned under negative pressure.
	Cleaning methods that require mechanical agitation devices to dislodge debris that is adhered to interior surfaces of HVAC system components shall be equipped to safely remove these devices. Cleaning methods shall not damage the integrity of HVAC syst...

	Cleaning Mineral-Fiber Insulation Components:
	Fibrous-glass thermal or acoustical insulation elements present in equipment or ductwork shall be thoroughly cleaned with HEPA vacuuming equipment while the HVAC system is under constant negative pressure and shall not be permitted to get wet accordin...
	Cleaning methods used shall not cause damage to fibrous-glass components and will render the system capable of passing the HVAC System Cleanliness Tests (see NADCA ACR 2006).
	Fibrous materials that become wet shall be discarded and replaced.


	Coil Cleaning:
	Measure static-pressure differential across each coil.
	See NADCA ACR 2006, "Coil Surface Cleaning" Section. Type 1, or Type 1 and Type 2, cleaning methods shall be used to render the coil visibly clean and capable of passing Coil Cleaning Verification (see applicable NADCA ACR 2006).
	Coil drain pans shall be subject to NADCA ACR 2006, "Non-Porous Surfaces Cleaning Verification." Ensure that condensate drain pans are operational.
	Electric-resistance coils shall be de-energized, locked out, and tagged before cleaning.
	Cleaning methods shall not cause any appreciable damage to, cause displacement of, inhibit heat transfer, or cause erosion of the coil surface or fins, and shall comply with coil manufacturer's written recommendations when available.
	Rinse thoroughly with clean water to remove any latent residues.

	Antimicrobial Agents and Coatings:
	Apply antimicrobial agents and coatings if active fungal growth is reasonably suspected or where unacceptable levels of fungal contamination have been verified. Apply antimicrobial agents and coatings according to manufacturer's written recommendation...
	When used, antimicrobial treatments and coatings shall be applied after the system is rendered clean.
	Apply antimicrobial agents and coatings directly onto surfaces of interior ductwork.
	Sanitizing agent products shall be registered by the EPA as specifically intended for use in HVAC systems and ductwork.


	CLEANLINESS VERIFICATION
	Verify cleanliness according to NADCA ACR 2006, "Verification of HVAC System Cleanliness" Section.
	Verify HVAC system cleanliness after mechanical cleaning and before applying any treatment or introducing any treatment-related substance to the HVAC system, including biocidal agents and coatings.
	Perform visual inspection for cleanliness. If no contaminants are evident through visual inspection, the HVAC system shall be considered clean. If visible contaminants are evident through visual inspection, those portions of the system where contamina...
	Additional Verification:
	Perform surface comparison testing or NADCA vacuum test.
	Conduct NADCA vacuum gravimetric test analysis for nonporous surfaces.

	Verification of Coil Cleaning:
	Measure static-pressure differential across each coil.
	Coil will be considered clean if the coil is free of foreign matter and chemical residue, based on a thorough visual inspection.

	Prepare a written cleanliness verification report. At a minimum, include the following:
	Written documentation of the success of the cleaning.
	Site inspection reports, initialed by supervisor, including notation on areas of inspection, as verified through visual inspection.
	Surface comparison test results if required.
	Gravimetric analysis (nonporous surfaces only).
	System areas found to be damaged.

	Photographic Documentation: Comply with requirements in Section 013233 "Photographic Documentation."
	Contractor shall take picture before cleaning and after cleaning for same areas and submit report with before and after pictures of areas cleaned.


	RESTORATION
	Restore and repair HVAC air-distribution equipment, ducts, plenums, and components according to NADCA ACR 2006, "Restoration and Repair of Mechanical Systems" Section.
	Restore service openings capable of future reopening. Comply with requirements in Section 233100 "Metal Ducts." Include location of service openings in Project closeout report.
	Replace fibrous-glass materials that cannot be restored by cleaning or resurfacing. Comply with requirements in Section 233100 "Metal Ducts".
	Replace damaged insulation according to Section 230710 "Duct Insulation”.
	Ensure that closures do not hinder or alter airflow.
	New closure materials, including insulation, shall match opened materials and shall have removable closure panels fitted with gaskets and fasteners.
	Reseal fibrous-glass ducts. Comply with requirements in Section 233116 "Nonmetal Ducts."
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