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ADDENDUM NO. 1
SP 4078
PAGE 1.

Bidders are informed that prior Bidding Documents Ffor Lhis
projsct are modified, corrected and/or supplemzrted as herein
enungrated. The followiryg is bekeby made a parht of the Contract
Dopuments

Item 1 ~ Due to 3 printine errer, please find attached to this
addendum the complete specification sections 15930, 16010, and
16050. These sheets shall beg uged for bidding in lieuw of the
partial sscticons in the bid specification booklef.

Tee¢m 2 - Clarificaticon, The VED enclosure type shall bg NEMA - 1
ir Lisn of UL tvpe 12.

Item 3 -~ Sheet ME-4., Provide (47 four mew 2 lamp T8 surface
motirited gtrip flucrescent light Fixtures with wire guarsds in
gach meghanical room (12 total) . Mount the Lixbures after the
duct ingtellarion is completed f@x maxm*f room 1ighting
efficiency atnd wire to room 1 : ; Provide mulii-wvwolt
 wtficiency ballagt for mach fixfuru

ltem 4 - Prior approvals
‘Baguipment Item Manufacturer

VAY Terminal Units Transg, Kreegsr, Bnvironmental
Technologias

¢ Freguency Brives Tgane,Danfoss, Yaskawa

ling Units Larrier

ch ng.ts Steril-Alre

Vibration Tsgolation Amber Booth/vMC




SECTION18950~TEMPERATURE CONTROLS
PART 1 GENERAL
L1 Products Not Eurnisted-or Installed but integrated with the Work of this Seetion

A. Generals
L. Codrdingtion Mecting: The Installer furnishing the DDC network shall meet with

the Installer(s) Immahm;, each ofithe I"Uliowmg pmduui‘; to cootdinate details of
the-interface betwien thess products and 1he DDC network, The University
representative shall'be present at this meeting, Eacli Installershall pmvidc the
University representative and all other [ustaliers with detuils of ihe prog
inerface ineluding PICS for BACnef equipment, hardware aigksofware
idenitifiers for the interface points, network identiliens, wiking requirements,
comimunication bpeeds and required network accessories. The purpose-of this
mesting shall be to insure there.are no unfesolved issues regarding the integration
of these:products info the DDC network. Submittals for these preducts shall nat
beapproved prive to the.completion of this meeting,

B. Seetion 15860 - Statie power equipment;

I, Variable frequency defves; The varlable frequency drive (VFD) vendor shei]

furnish VFDs with an nferface 1o the control and moritoring points specified in
Section 15800, These speeified points shall be the niinimunt aceeplable interface
tothe VFD. The eoiiigctionto these pol ollowi
methods:(a) Hardwired sonnseti
BACnetIPnetwork connection: () BACHE
(d) BACnet MS/TP fietwork coniegiion.

. Emi{ﬁnmncaiwns w;th Tiurd 2

elay, 0-10VDC, or 4-20mA. (b)
oier ARCNET nétwark connection.

ththe:work of Ihls section shall be fummhed witha BACmt nncrfaw f‘cr
nneg,mtlon into the Direct Digital Control System described in this seetion,

1.2 Related Sections

A. The Genetal Conditions ofthe Contract, Supplementary-Ca
Reguirementsare part of thisspecifiention and shall be uge
seelion as part ef'the contract documents..

1 General
i corfjuietionswith this

13 Degeription

A, General: The conlrol system shall eonsistofa high-speed, peer-to-peer network of DDC

iitig floor plan by a paint-and-click graphic. A web server with 2 network interface
-gathie out his system and generate web pages accessible through &
s&.ub :b':'é'lwse £ on 'e;a.c:h PC c0nnecimd to the ne%‘wark .Qp.erﬂ_mrs: shall be able

-§y s{em slmH dlrcctly contro! HYAC eqmpmmt H$ spﬁc;if‘ edin bcctmn 1’5930 Article

3.19 {Sequences of Operation) Zach zone controtler shall provide pceupied.and
unouupacd modes.of operation by individual zone. Furnish energy corisetvation features
such as-optimal starr and stop, night setback, request-based loyic. and dempnd lovel
adjustment o sefpoints a5 specified.




€. Provide for future system expansion to hiclude njonjtofing of occupant tard sccess, fire
alanm, and lighfing control systems,
D. -S‘yatcm ‘ih‘ﬂl s Lhc naﬁ\'ﬁ‘BACne‘r protoe

far conimunication fp the-tperator

‘giian between coairgl moedules. Schedules,
sutpmmsj tzends, and alarms bpecaﬁeg} in Segtion: 13950, Article 3.19 (Sequences of
‘Operation) shall be BACnet ahjects.

1.4 -Appeoved Control Bvstents

A. Usecottrol systemthardware and seftware manufactured and installed by Honeywell,
Johmson Cantrels; Schnefder Blagtric A or Siemens Apogee,

1.5 Quality Assurance

Installer-and Manufacturer Quelifications
L. Togtaiter shallbe an authorized representative of the Control Sysiem
Manuyfacturer.
2. Installer shall have:successfully compleied Control System Manufacturer's
conttalisystemyeeaining, Upon requésy, Installer shall present record of completed
wraining indluding gourse outlines,

F6:Codes and Standards

A. Work, materials, and-equipment shill comply with e most restrictive 6F Tocal, state, and
f'ede‘ml autt zé)ritig.s"' wdbs--and OLdEnam‘es‘ 01*'tllese p ans 4;1d'spa;c.iﬁuat'imz% Aga
regeipl »mfhlds ol’ thi’: fnl]mﬂng codes:

1. National Blectric:Code (NEC)
2. Intermationat Building:Code (IBC)
B Sedtiofi 719 Duets and Afr Transfer Openings
b. Seetion$07 Fire Alarm and Detection Systems
o Seefion 909 Smoke Control Systems
d. Chapler 28 Mechanical
3. International Meghanical Code (IMC)
4. ANSTHASHRAE 133-2004: Datd Communication Protocal for Building
Agtarngtion and Cantrol Systems (BACNETS

1,7 8ysfem Performance

A. Pesfosgancs aids, Systemshall confoimn to the following minlmwm standards over
network connidetions. Sysiems shall be rested using manuviacturer’s recommenided
hardware-aid software for operator workstation (serverand browser {or web-based
syslems).

i. Graphic Display. & graphie with 20 dynaniic pointsshall display with curcent
Gata within 10 sec,

2. UraphicRefresh. A graphic wit amie peints shall wpdate wilh current
data within ¥ sec. andshall avtom Dyerefiesh every 15 sec.

3 -Conﬁguratmn and Tuning-Sereens. Scrdens used for configuring, calibrating, or
tunitg, poiints, PIT loops, and similar control Jogic shall sitomat fenlly refresh
withing ses,

it




4, Objact Cofumand. ‘Devm% shall react 1o command ol bing y b Jm Wwihin 2
see, Devicesshall beginreacting to cominand of an apalog objeét within 2 sec,
5. Alarm Response Time, An objges that goes hito alanmn slmll Be annunciated st the
workstation within 15 sec
6. Program Execution Fregueney. Custom and standard applications shall be
capable-of runniing as ofen Ss onee every S sec. Select execution times consistent
with tha migchanical process under conirol,
7. Perforiancs: Programmable controllers shall be abletn complately execute DDC
PID coritrol ladps at a frequency adjustable downte one per sec. Select
execution times consistent with the mechanical process under contrel,.
8 Multiple Alarm Ancuneiation. Bach workswation on thenetwork shall recelve
alarms within 3 sec of other sworkslations,
9. Reporting Acouracy. System shatlwgport vialues with minimym end-to-end
accuray listed in Table:d.
{0, Coantrol Stability and Accuracy. Control loops shall mainiais mesasured variable
at setpoint within toleranees Tisted In Table 2,
Tiible 1
‘Reporting Agcuracy

MeasuFed Variable

Reporied Aceuraey

Space Temiperature

0L (= 1F )

Ducted Air

059 EEY

Outside Alr

£1.0°C (=2°T)

Dew Poing

LS (£3F)

Watet Temperature

Diglta=T L
Relative Huntldity :ES % RI H
Watér Flow i ci‘ I‘ull :wal

Airflow {teriminal)

Airflow (measuring stations)

Atrflow (pressurized spaces)

HIE Pa {‘."O [ in. wg,‘;

Air Pressure (duets)

3 P (20.01 in.weg)

9% of fuill scale {see Noje 25

Flﬂci;;cal (A V W, Power !acmr)

Bl %6 of peading {sée Noie 3)

Carbon Monoxide (CQO)

3% ol reading

Carban Dioxide (C0)

+30 ppm

Note IxAccuracy applies to 10% - 100%: tfseale
Note
Note-3

itincluding utilityssupplied meters

Tahle 2
Control Stability and Accuracy

For hotl ahsolute uad differential pressure

(Gontrolled Variable _[Coutrol Accuracy

Range of Medium




e Pyegsure

£50 Pa (20,2 Inowag.) ] 01,5 kP2 (0-6.0n. wag)

3PaG00lin we) 251075 Pal-0.1 00,1 i
1 0% of full seale :

ni;)e_r:_z_luru :kl 0°C (£2.0°FF

mperatire [l SC (£39)

Fluid-Pressure

: ) MPa (1-150 psi)
2 30 Pa {2101 in. W ) 0=12.5 kPa:(0-80 4n. wog} ditfereninl

L8 Subniittals

A, Product Sobmillal Requircmeiits: Meéatrequivenients on Shap Drawings, Product Datg,
and Saniples. Provide six coples of shop drawings and othersubmitials on hardware,
‘wﬂ\x 41;, dﬂd equlpmt‘nt o bt. msmﬂu ar ﬁumshed Bcgm 1o wor l\ unhl submstta]s have

applicable databy "i'sigl'ilight%ng or b‘y ofhierneans. Ciearly r::fm*ence_ coversd
specification and-drawing ongach subinitial. General catalogs shall not be accepted 48
cutshests to fulfillsubmital requirements. Selest and show submittalquantities
appmplmte {0 scopu of work Submm;il ppmvdl do relieve Contractor of

1, Duect Digital Contmi S} swm Haidware

& Complete bill of materialy indicating quanitity, manufaciores; model
number; and relévant fechnical dataof equipment tabe used.

b Manufactureds description and fechnival data such as performance

surves, frodust specifications, and instaltation and maintenanca
mstruetions for items lsted below and for relevant items not Hsted
below:
Direct.digital controllers (controller paiely)
Transducerssand:tiansmitiers:
Bensors {nelude agetracy duta)
Actuators
¥, Valves
vi.  Relays and swiiches:
vii.  Confrol panels
vitl,  Powersupplies
ix.  DBaltetles
X, Operator ihterface équipment
XK. Wiring
¥ Wiring-disgrams and tay outs foreach contrel panel. Show fermination
numbcn
d. Floor plamschematic dlagrams indicating fie!d sensor andsontragller
Todations.
¢ Riser diagrams g
protocel, and wirerfyy
Central System Hardware and Soﬁware

"

{ng-conirol netwark faynut, communication




& Completg billoF material indicating quantity, manufseturer, model
tiumber, and relevant technical data of equipmient used.

b Manutacturei’s deseription and 1echnieal data such as prodogh
specifications and installation aid maintendnees instructons foritems
listed below and Tor relevant itenss furnished under this confractnot
listed befows

I Central Processing Unir (CPL) or webserver

ii. Monitors:

ili.  Keybourds

v Powersupplies

v, Battery backups

vi.  Intetface squipment bebween CPU or server and coiitrol panels
vil.  Operafing System software
viit,.  Operator interfacesolftare

ix.  Colargmphivsoftwarne

% Third-party sefiware

o Sehenmtic diagrams of control, communication, and powerwiring for
cenwrdl system instailation. Show interface wiripg 1¢ control system,

d. Networl riser dingrams of wiring between central gantieltinit and
gonfrel panels,

3. Contralled Sysiems

& Riserdizgramsshowingcoftrolnetwork layout, comnmunication
protoeol, and Y Pes:

b Schematic diagram of each controlled systeni. Label control points with
poitit names. Graphically show loeations of control elenients.

¢.  Schematie witing diagrain-of each controited systenu Label conitral
elements and terminals. Whete @ control element {s-alse-shown-on
control system sehématic, use thesanienam

. Instrumentation Hst {8111 of Materials] for-each controlled systerm, 1ist

eachooniral system element in a table. Show element name, type of
devige, menufacturer, model number, and product data sheet niunber,
Complete deseriponpfconirol system operation including sequericas of
operation. Inglude and reference schematic diagram ofganteolled system,
List 140 points and software points spw;iled i Section 15930, Article

3. 19 Indicate alarmad and trended poin
4, Descripticn of provess, téport Tormats, z-mdlclm.LMmls 1o be used in Seation 15850

Article: 3,16 (Control Systers Denionstration and Aceeptance),
5. BACpetProtocol Implementation Conformance Statement{PICS) for each
submitfed type.of controller and operator interface.
B. Schedules ‘
1. Schedule of work provided within one month of contract award, indicating:

a.  Intended sequence of work.ilems

b, Startdateof each work: item

¢ Duration of each work:i

d. Planed delivery dafes for ordiered metgrial and equipmentand expected
lead times

e Milestones Indicating possible restraints on-work by other frades or
situations

2. Monthly written status reports indicating-work coimpleted dnd revisionsto
gxpected delivery-dates. Tnclude updated sehedule of wark.

3




€. Projeci Recoud Documen

Subumit three cop:es of recard (ds built hiehts lipon

gompletion effinstallation {orapprovdl priar to finalcotmplelicii. Sobiiual shall consise
Qb

Project Record Prawihgs, As<Built versions-elsubmiital shop drawi ings provided
as AutoCAD 2006 (or tiewer] compatible files on magnetic or optical disk (¥ile
format: DWG, DXF,. V8D, grcomparadle) and & prints of each drawing on |
&1 paper

gand Commissioning Reports and Checklists, Completed viersions of

u:pcms, checklists, and trend ogs usedto meerréquiresients of Section 15950

Article 3.16-(Contead System Demonstration and Adceptance),

Operstionand Mzintenance {O&M) Manual, Printed, elactronie;

docuwientation of the Tollowiig:

4 Ashudiltversiongof submittal prodacrdata,

»addressss, and telephone numibers of installing contractors and

dcesepresentatives for equipment and coutrol systems.

e Operater's mianoat with proeedures for operating control systems:
logging on ind off] handling alarms, producing point reports, trending
data, overriding computer coniral,and e.hanﬂ ing betpoims and varidbles.

d.  Programming munuil Lof manuals escription of programiing
language and syntax, of statements for algorithms and caleulations used,
ol pointdalabaseereation and modi feation, of prograin ¢reatlon and
miodification, and of edifor use.

=3 hugmcurmg, 1nsta Iiallon wnd miaintenance manual or set of manuals that
explains Haw to-design and install new points, panels, and-other
hardware; iow 16 per ; ve migintenance andicalibration; how
to:iebug hardsdrs problens; and-how o repair or replace hardware.

£, Docwmgntation &f prodrams created using custom programming
finguage including setpoints, tuning parameters, and pbject database.
Electronie ‘,oplu crfpj porams shall meet this requirement i control
logic, setpoliits, tuning parameters, and objects can be vigwed using
furnished programming tools.

g Grapl m files, programs, ¢ and database on magnetic or optical media.

' ateparts with partatim bers and suppliers.
vcumentation, installation, aud maintenaice
(ion for furnished third- ~party hardware ineluding computer
: nent and sensors.

i Complcu. ariginal-issug copies of furnished software, including
operating, systerns, clstom programming fanguage, operator workglation
ot web server software, and graplics sofiware..

k. Licenses, guarantees, and warranfy dosunients
systems,

L Recommendedpreventive.mainfenange procedures for system
componeils, fHelinding schedule of tusks sich as Inspeition, gleaning,
and catibration e between tasks; and task desériptions.

Materials: Provide course outline and materials for ¢achyelass at least six weeks

gronling help

ipmeritand

befors firstclays: Training shall be furnished viainstructor-led sessions, compulter-based
training, or web-based training. Bnglaeer will wodify course outlines and materials if

nggessary to meet Univeps
and materialy at least (hree weeks before first class.

s needs. Engineerwill review and appiave course outlines




1.9 Warrantyw

A, Warrant work as follows:

L.

Warrant labor and materials forgpecified control systém frée from defects for &
period.of 12 imombs afier fingl secepiance, Control system failures during
wattanty period shalfbe ndjusted, repaired. orrepluced at no additional postor
reduction inseryics to University. Resgond during normal Dusingss hours within
24 hours of University’s warranty service réquest.

Wiodk shiall have 2 single warranty date, even 1 Unilversity receives Benelleinfuse
due to early systemistart-up, 1f specified work {s split into multi ntreets or a
milti-phasecontract, cach conirect or ghase 5ha I have asepar ste waraity start
date and period.

If Engineer defermines that equipmicntand systems operate satisfactorily at the
end of final stari-up, testing, and commissioning phase, Enginder will ceitily in
wriring tial control 3ysterroperation lias Been fested and accepted in accordancs
with the terms of this specilteation, Date.of acceptance shall begin warianty
pariod.

Provide updates to operatol workstation pr-wel server software, projeci-specific
software, graphlc sofrwarg, datdbase software, aiid firmware that resolve
Contracter-identified software deliciencies at no change during warririty parmd
TPavailable, Universily oan pisrchase n-warranty serviee agreement to reeelve
upgrades for functional enharicements associated with above-mentionsd iterns,
Do not install updates or upgrades without Umvezsny s written. authorization,
Exception: Contractor shall not be rgquired to warrant Jeesexeept
those that bave been rebuilt.or repaivett. Installation Tabor and materials shall b
warranted, Demonsirate pperable conditioit of reused devices at time of
Engineerls aceeptance.

110 Ownership of Proprietary Matesial

A. Projeci-specific software and docameniation shall becoine Haiversity’s property. This
jrcludes, butisnot limitsd tox

Li:
2
3
4,
'5’

Graphics

Record drawings

Database

Application programming code
Documentation

PART 2y PRODUCTS

2.1 Materials

A, Use new products themunufacturer is.cuirgiitly
installations. Do ot use thisinstalation ass
dn writing by Universitys Spare-garts shallberavailabile:

sinufacturing and selling foruse in new
st site unless expizcn approved
Tor at least five years afies

Fompletion of this contract,



22 Com:mlmwtlun

A,

conits] network, Useexisting Bthernet backbone for network segmentymarked
o project drawings.
. Each controiiur shallhuve a communica

Contrel products, communication media, connectors, repeaters, hubs, and routers.shall
¢omprise a BACnetinternefwork, Controtlerang operator hiterfage communication ghall
conform to ANSI/ASHRAE Standard [33-2004, BACnat.

Install newwiring and network devices as required to provide s-complet

workable
i Mexisting”

e part fortemparary connection 1o a laptop
perator interfage. Conection shall support memory downlpads and
otheregiiniggionhng and treubleshioting operations,
Liternctwork operator interface and value passing shall be transparent to infermetivark.
architeetiuge,

L. An Upﬁi ator intar ﬁch comies md 108 commllu shalb-allow thﬁ-operalor 10

a@diﬁablﬁ fmm mmh mi&.rr:xetuork gontroller.

2. Inpuls, outputs, and eontrol varigbles used to integrate control strutegles aiross
multiple controllers shall ke rendable by éach coniroller on the interetwork,
Program and testall cross-contioller ]mkn required to execute contiol siralggies
spgoitied inSection 13950, Article 3.9 "f@pm&hona) An authonznd
aperator shallbé able to edit eross- )
dddiess or byising & point-and-click iiterface.

Controllers with real-time clocks shall use the BACnet Time Synchranization service.
Systern shall automatically synchronize system elocks daily droman-operator-designated
gontroller via the internetwiofk, 1l applicable, systemeshall automatically adjust for
daylight saving and standard time,
System shall berexpandableto at least:
additional comtrollers, associnted device:

uf gind output objgets with

vice the reg
Lard winng.

2.3 Operatoi Interface

.

B.

C.

Operador Interface. Web servershall vesids on high-speed network with building
gontroliers, Bach standurd browser connected 10 server shall be able 1o access alfgystem
information

Commuriication, ‘W ebi server or watksdation and contrdllets dhiall communicate using
BAChet prstocol. Webserve thstation andcontrol network backbane shall
eomimiunicate using 180 §802-3 (Ethernet) Data Link/Physical layer profocoland
BACHstIP addressingag specitied in ANSI/ASHRAE 1352004, BACnat Annex 1.
Hardware. Fach workstation or webserver shall consist of the following:

1. Hardware Base. [ndusiry-standard hardware shall meet 6t exeged DDC system
manufuagtucer's-recoinmended specifications and shall meet response fimes
specified in Section 13950 Paragraph 19, Hard disk sha sulficient
temory 1o store system Software, ong year-ofdata for rended points specified in
Appendix A, and 2 sysiem database at Teast swice thesize of the Q\l‘i?lf‘x&, databaye
at system acceptance. Lonfignie-computers and.network connections if mu Hiple
compulérs-are requited fo.meet specified memory and pe:farmnnu, Web setver
or workstations shall bie IBM-~compatible PCswith aaninlmuoim of:

a. Intel Pentium 2.66 GHz processor
b 1 GB RAM




‘the qllmvm I"umlmns LR mmunmn

40 GB haid disk providing dala at 100 MBfsec

<.

d. 48x CD-ROM drive 4

e. Serial, parallel, ang network cammunication ports and:eables required
tbr pmpcl system opw@t‘i(&.ﬁ

il dllow eachauthorized operator feexedute

inid Loog-Out: System shall require user nanie and passiverd 1o log indo

:openior inferfzes.

Point-and-click Navigation, Operator intgrface shall be graphically based and
shall allow operaters 1o ageess graphics for equipment.and géographic.dreds
using point-and-elick navigation,
View and Adjust Equipment.Properties. Uperitors shall be able to view
gontrolled gquipment stitus and fo adjust operating parameters such as setpoints,
Pil>-gaitis, oiand off controls, and sensor calibration.
Vigw anid Adjust Operating Schedules. Operators shalf be able to view scheduled
operating hours ofeach ¢chedulable piece of equipment ona weekly-ormonthly
galenidus-based grisphical schedule-display, to selectand adjust-each-schedule and
time petiod, and-to simultangouslysehiedule related equipment, System shall
dy-show exceplionsehedules und.holidays on the schedule display.

and Respond {o-Alarmg, Operators shdll be able to view a st ol currently
active systemealarms, to acknowledge each alurm, and 1o ¢lear (delele) unnepded
alarms.
View and Configute Trends. Operators.shall be able o view d teend graphiof
edeh tié[lde pointand to edit graph configuration to display aspecific time

e geiator Shiall be ableto create custom trend graphs (o
display oh fhegame page-data from multiple trended points,
View and Confligire Reparts. Operators shall beableto run preconfigured
reports, to view report results, and 1o ¢ustomize report configuration t show data
of intercst.
Manage Control System Hardware. Operatars shall besble 1o vigw caniroller
status, 1o restart {reboot) eacdh-controller, and to-download new cornitrol software
to.each eontroller,
Manage Operator Avcess. Typieally, only a few operators are authorized 16
manage opérator aceess. Authorized operators shall'bie able to view a list of
operators with systets acoess and of funétions they can perform while logged in,
Operators shall be dble to 5dd operatars, fo delete operators, and fo-editoperalor
function authorizatfon. Operator-shall be abléto-authorize each operator fnction
separsely:

E. System Software,

§

o]

Operating Systemn. Web server shall have an industry-standard professional-grade
operating systent. Acceptable systems include Microsoll Winduws XP Pro, Red
Hat Linug, orSun Solaris.

System Graphics. Qperatfﬁr inim'&zce shall be graphieally based and shaifinclude

hius thialsummarize.conditions on

] ontract. Idicate thermal comfort on

t‘loo_r__plan sunutiary graphies-using dynaum colors 1o represent Zdtie femperature

telative to.zone sefpoint;
@ Functionality, Graphies shall allow gperator (¢ monhiof systeni stattis, to

vigwa suminary ofthe rhost important data for each controlled zone or




fequipmen) elick navigation l:emeu:n Zones or

enit, agid w-edif setpoints ami other specified paraimétens.

b, Animation. Graphics shall be ableto animate by displaying different
image files for ¢hanged objeet status,

e, Alarny Indieation. Indicate argas or equipment in an alarm condition
using color-orother visual indicator.

d. Format. Graphics shall be gaved in an Industiy -standard format suich as
AMP, JPEG, PNG, o GLE. 'Web-based systent graphics shall be viewable
an browsers compatiblewith World Wide Web Consortium browset

: ds. Webrgruphic format shafl reguire 0o plug-in {suchas HTML

and -'smSmpt) or shall r.mly requlre Wzd&.}} avililabla no-cost plig-ins

F. Systeni Tools: Sysmm Shall proy 1d{, the fo]lowmg mnctzumiltv to-guthorized operators as
anintegral part-of the operator interlace oFag stand-dlone soflware programs. 1 Turnished
‘as part of the interfage, the toclshall be-available fromyzackiworkstation or web browser
tniferface: If furnished asa stand-alone program, soflware shall be instullable on standard
IBM-compatible PCs with no limit.en the number of copies that van be installed under
thagysten lcense.

f.

-:opezatmn System sligll annunet

Autematic System Database nﬁbumtwn Each-workstation or web-sepyer shail
store onits hard disk a.copy e g il mimse, m:.hu mg, wﬂtl ol ier
Fismware and sofiwi;
systemyeonfiguration o'r‘comml er ﬂrmmm or wﬂ,ware ghau«m.
Controller Memory Download,. Operators shinli be abletta download memiory
from the-system databage 16 sash controller..
Systert Confleuration. Operatdrs shatl be abletn configure tie system,
Online Help..Context-sensitiveomling help fotgach tool shall assist operators in
operdlifigand editing the svstem.
Security. Systém shall require a user name and password fo view, edit, add, or
delete data.

4, OperatorAccess. Bach user name and password combination shall define

accessible viewing, editing, adding, and deleting fanctions neach
systeny qpplacanml ednug. ,md ome,t,

fr NSt actw;ty is duaw.,d. Operatora.;hall be able ie ad,_]usi dmomam
logout delay.
¢. Encrypted Security Dits. Stote system security data including operator
passwords fivan encrypled formal, Systeim shall not display operator
passwords.
System Diagniostics. Systemshall aulematically monitorsontrolierand 1/O poing
ittroller failure and 17O point locking

anval overriding fo-a-fixed value):
it Processing, System input and status-oBjects shall be conliguiableto alarm
on departing Trom-and on réfurning 1o nopmal state. Operator shall be able to
enable-ar disable each alan il o wnﬁg,!,uc alarm limits, aldrm lzmlt
éammami 8, aLu 111 :,iah.:;, anci alazm rcauta. 18 fcs each m,tun 3 ;

: .Sequances-of’
==5]mll use BACnetalarm

essages. Alarm messiges shall use.an English langusge descriptor
withoutacs oriyms or magmonics o describe alarm source, location, and nature.



9. Alarm Reaetions. Operator shall be able lo'configure(by ohject) actions
workstation or web server shall iaitiate on receipt of eath alarm. As a miniminy,
workstation.oF welizervershall be gble 1o log, print, start prograims, display
messagm sénd a~1mi se‘n'd pag(,, dm] audib‘h mnumiate

Gf slate ‘} mm]wmki‘\, 1o *mknou kdgu amd delete a auals andm archive --lesec;_i
atiarmisto the workstalion of web serverhaed-disk fronr each worksiation.orweb
browser interface.

i1, T;:,ud Sanfiguration. Operator shall be able toconliguse trend samiple or change
ot value {COV) uterval, stast tiug, and stop time for each system dataobject and
shall e able to retrieve data for dse in spreadshects and standard databuge
programs, Contealler shall samiple and storetrend data and shall e able {o
archive data to this huird disk, Configure Trends as specified IBection 15850,
Article 3.79:(Sequenges of Operation): Trends shall he BACnel trend objects.

ject-and Propeity Smms- and- Conteol, Opsratorshall be able to viewand to

licable, the stalié of each systein object and property by meau, on
g,: apims, or tliratigh cuslom programs.

13, Reports aind Logs. Operator shall beable to select; tomodify, to-create, and
print reports-and logs. Opserator shall be able-to.store report data iwa formag
accessible by standard spreadsheetand word processing 18

[4, Standard Reports. Fusnishthe following standard systenrrepornts:

bjects. Systenr-oblects and current valuss filiered by object type; by
status finalarmi, locked, normal). by eguipment, by geog:aplm peation,
of by -gombination of filter ¢riterid.

b, Alarm Sammary. Cuspent alarms dnd elosed alarms. System shallietain
¢lased alarms lotat adjustable period.

¢, Logs System shall log the following to-a databageor fext file and shall
retain data fisi an dd_}llbmblu porfoid:

Lo Alarkia ITistory.
i Trend Data. Operatar shall be.able to select trends to be lagaud
fil.  Operator Activity, At a minimui, sy stem shall log operator log

irand Tog out, contro] parameter changes, schedule:chdanges, dad
alasm acgknowledgment and deletion. Systetiy shalt date atid time
staanp logged activity

15, Custom Reports, Operator shall b fa-otedte susiontreports tlial retrieve
data. includingarchived trend dala, frow the systéry, that analyze data using
cominon aligebiaiccatelations, and that present resulits in tabular or graphical

tiall be:launched frony the operator interface.

.-_raphics Generation. Graphically based tools and decumentation shall allow
Cperator to edit system graphics, to crealy graphics, and to-integrate gr hlcs 10t
the systent. Operater shall be able loadd analog arid Binary valuss,
static fext, and adimation files toa a background graphic USIG A NOUSE.

17. Graphics Libaiy, Complete library of stindard BVAC equipment griphics shall
1i1cluda eqmpm ek sm,h as. clulh.rs boiless, airhandlers, termindls, fan coils, and

: udésinndard syuibsls for other equipment

ng fans, gmmpx ¢ 5, Valves, piping, dampers, and ductwork, Library

piie file formatsliall be compaiible with gidphlcs generation tools.

Tustoni Application Programming, Operator shalt b able to-create, edit :de:busz,

and.download custom programs. System shall be fully operable-whi 3,

prograins are edited, compiled, and downloaded. Programining language ghal

have the following features:

I'8.




be graphicalls bussdand shalt use fumetlon

3 vghe dingiany that elewdy shows control fogic Tlow.
Fu:zmon b ut;lx shall directly provide functions listed below, and
gpeiators shall Beable to create custom orcompound funetion blocks.
Programming Environment. Toolshall provide a full-sereat, ¢ursor-und-
woise-driven programming envitonmernt that incorporates word
processing features such as cut and paste. Operators shall be ubleto
insert, add, modify, and delete-custon prograniming cede, and to-copy
Bloeksofeodeto a e Jbrary for reuse in other eontrol progratis.
Indepandsiit Pu}vmm Mndu}es Upu shall beable fo develop
indeperidently gihatean disable, enable and
exchange idm. i e,
Debugging anif Shnutalion, Opc.maor :.haH be abke to step thretghthe
program ebserving interinediate values and results, Qperatoy shall be
ableto adjust input varlables to ghmulate acturl operaling conditichs,
Operatorshall beableto adjust each step's Hime incrementio observe
operation-of delays, integrators, and other time-gensitive control logie.
Debugger shall provideerior messages and forexsaution
errors,

Conditional Statermrits. Operator shall be able to program conditional
!{ngc tgihg compound Boolean (AND, OR, and NOT)and relationsl
(EQUAL, LESS THAN, GREATER THAN, NOT EQUAL)
comparisons.

Matliematical Functiong, Language shall support. ﬂo‘at‘ing,»poim addition,

subtratclion, mu}uphmucu, divigion, dand square root @pe;mumzs as weil

as absolute value calcu]ahun and prog
and maximum

ammalu:: selge [IOI'L ofminimum

B, Variables: Operator shall bu able to use m:mbh values in prograny

G. Portable Opgrator's Temmiingl. Provide all necessary soflware 16 eonfigure

[Thonal statements and mathematical fusictions.

“Time Variables, Opeératorshall be able to usg predefined
variables o represent time ol day, day o the week, month of the
yeat, and date, Other predefined variables or simple-centrol logic
shall provide clapsed timedn.seconds, miinutes; hours; and days.
Operatorshallbe able to start, stop, dind t¥set elapsed time
varigbles using the programlanguage.

Syistem Viariables, Opetator shall be able 1o yse predefined
varfables (0 represent status and results.of Controller Software
and shall be able 1o snable, disable, and change setpoints of
Controller Software as deseribed jn Controller 8o Mware section.

compatible laptop computer for use as a Postable-Operator's Terminal. Gperaior shall be
able to connect corifigured Tefminal 10 the sy stem network or direetly to each controller
for programining, setting up. and fegubleshooting:

H. BACnet. Web serveror workstafioii <z

fave demonstraled interoperability during at

{east one BMA Interaperability Workshop and shall substantially conformn to BACnet
Operator Workstatlon {B-OWS-device profile as specified in ASHRAE/ANST135-2001,

BACherAnnex L,

24 Controller Software
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Fontrollers, Apphcatiﬁ""s shall be edti

. Eriergy O3 uﬂanom

Buildingand ¢ y‘ nmim&,e:mui affon soflwareshall teside and operate insysiem
e through operator workstation, web browser
interfage, o englncering workstation.

Sustem Securily, See Paragraph 2.3.F.8 (Secusity) and Paragraph 2.3, F.1 5ie (Operator

Activity).

Scheduling. See Paragraph 2.3.10.4 (View and Adjust Operating Sehicdules). System shall
provide the following seliedule-options as aminimum: ,
L. Weekly. Providesepurate schedules for each day of the weeks Eachischidiile

shall be able to include us to 5 occupied peiiods (5 startstop paiis.or TOaevents),
2. Exception, Operator shall beble 1o des

nate an exeeption schedule for each of
fhe et 365 days. Affer an exception schedlle has executed, system shull discard
and replace exceptionschedule with stanidaid schiedule for that day of the week.
3. Holiday. Operator shall be able to defing 24 special or holiday schedules of
vatying length on gacheduling calendar that repests eachivear,
Bystem Coordination. Operator shall be able to group telated equipment “based: ol
function and location and to vse these. umups fm s;hmlujmn zmd mher applnat:__. 15

Binary and Analog Alarms. See Paragti

#larm Reporting. See Paragraph 2.3.F.9-(Alarii Rea
Remote:Comimunication. Syatenishall autmmhs.ali) coniaci Upurdtﬂr workstation or
server onfeceiptofesitical alarms. If no network cmmeutmn is avallable, syden shall
use dmodem conrection.

Demand Limiting:

I System shali niiiitor building powee cansurmptie
pulse generator signals or fom Building feeder line wi
fransfosmer

2. When power cofisumplion exceeds adjustable levels, system shall automatically
adjust setpoints, de-energize Jow-priority equipment, and lake other
problammauc actions to reduce demand as specified in Section 15950, Articls
3.19 (Sequences of Operation). Wheti-demand drops below adjustable levils,
system shall restore loads as: p,e.mﬁed,

Mamtemmu Management. Systent shall gererate maintenance aldns when equipment:
i "-.,adgml.d‘i) 2 rathine, equspmcm starts, &r performianee timits. Configure arid
snableimaintenanc aldrms as specified in Section 15950, Artiele 3.19 {Scequences of
Operation).

Sequencing. Application software shali sequence chillers, boilers; ;md pumps as specified
it Section 15950, Article 3.189 (Sequencesof Operntion).

PID Control. System shall provide direct- and reverse-acting PID (prqpmr

it building poweriieter
ransducer oF current

nal- mteg al-

" 3
variable, setpoint, and PID gaios. Each algorithm shall ealey
vaiue tlmt can be Llsed o pos:tion 2y O 1 smgevd seneﬁ. jl'mﬁpms

I. Systeni shall accumulate and convert insiantaneous power (kW or flowsirafes.
{L/s [gpm]} o energy usage data.
2. Systemshall caloulateasliding-window averagé {rolling average). Opettor shall
be.ablete adiustwindow interval to 1S minites, 30 minutes, or 60 minutes.
Anti-Short Cycling. Binary owtput dhjects shail be piotected from shon eycling by mueans
of adjustable minimuwm, onetiime and ffitinie setiings,




Systemshgll provide diveer- and reverse-acting on
.*’md. fo aigm'lihms :v\..ith..;edj ushﬂ)h { Liﬁ:mmia[ tid-cyole a binary outputbased ona
contralled varfable and setpoint

P.  Runtiifiz Totalization, System shall provide an algerlthm that ean totalize runtime for
gach binary input and output. Operator shiall be ableto enable runtime alarm based on
gxeeaded adjustable runtime Hmit. Conligure and enable nuntime totalization and lars
ag speeified in Section 13950, Artiele 3,19 (Sequence-of Operations).

L& Controllers

A. General, Provide:Building Controllers (BG), Advanced Application Conitrollers (AADC),
Application Specific Controilers (ASC), Smart Actuators (SAY, atid Suial Sensors (58)
s required to achieve performance specified in Section 13950 Articls 1.9 (System
Performance). Every deviee fn the system which executes control 1ogik and ety
controls HVAC equipmiant must conforiy to a standard BACnet Diviss profilesas
specified i ANSHASHRAE. 1352004, BACnet. Anna;s L Enless otherwise specified,
hardsited actualors and sensors may be tgedin lien of BAChet $mart Actustorsand
Sirart Sensors.

B, BACnet.

1. Building Contrellers (BCs). Fach BC shall conlonn to BAChet Building
Confroller (B-BC).device profile as specihied in ANSVASHRAE 13542004,
BACnet Annex L and shall be 1 ted as a certilied B-BCin the BAC fiet T{;qhng,

Labaﬂtems (BTL) Product Listing.

yaneed Application Clontrollers (AACS) Each AAC shall confdrm to. BACHet
Advanced Application Controller (B-AAC) device profile asspecifiedin
ANSIFASHRAE 135-2004, BACn¢t Annex L and shall be Hsted a5 a certified B-
AAC i thie BACHe? Testing Laboratories (BTLYProduct Listing.

1. Application Specific Controllers (ASCg). Each ASC shall conform o BACnet
Application Specific Controller{B-A8TY device profilemsspecified in
ANSHASHRAE 1552004, BACHe! Anpex 'L and slall be listed 35 a cartifled B-
ASC in the BACnet Testing Laboratories (BTL) Product Listing.

4, ‘Smart Actuators (SAs). Each $A shall.conform to BAChet Smart Actuator {B-
SA) device profileas specified in ANSI/ASHRAE 135-2004, BACnet Annex L
and shall be listedas a cettifled B-8A in the BACnet Tesiing Laboratosies (BTL)
Product Listirg,

3. St Sensors (58s). Each 89 shall conforsr to-BACret Smy
device profile:as spegified in ANSI/AS
shall be listed ag a certified B-3S.in the-B;
ProductListng,

6. BACnet Cormmunication,

& Each BC shall reside on or be conngcted toa BA Cowet netivork using 180
8802-3 (Ethernet) Data Link/Physical layer protocol and BACnet/P
addressing.

b. BACnetrouting siuli be perforied by BCs or other BACnet device
routets 4§ necessary to-conneet BCY tonetworks ol AACs aind ASCs.

¢. Each AAC shall reslile fhasing [SO 8802-3
{Ethernet) Data £.in il Jayer pmloco! with BACnet/IP addressing,
o i shall reside-on a BACnetnetwork using the ARCNET or MS/TP

'Data Link/Physical layer protocol.

arf Rensor(B-85)
32004, BAChet Annex L and
et Testing Laboratories {BTL)




d. Bagh ASCshall reside ona BACnet network using the ARCNET or
MS/TP Data Listk/Physival layer protocol.

#.  Each SA shall reside ana BACnelnetwork using the ARCNET oy
MS/TP Dafa. Link/Physical layer protacol,

f.  Each 88 shall resids on a BACnet netwoik using 180.8802-3 (Ethernel)
Data LinkePliysical Tayer protoce! with BAChetTP addressing, or irshall
reside o BACHet network using ARCNET of MSFYP Diata
Link/Physical layer protosok

L. Sﬂr’vaéé Port, Eagl ¢onticlier shall provide a service ¢ommunication port for
connection to-a Poitible Operator's Terminal, Connection shall be exended to
space teniperaturs sensol ports where ghowmron drawings,

2. Signal'Management, BC and ASC operaling systems shall manage input.and
output cotmunication signals to allow distributed controllers to-ghare realand
virtual abject information and toallow for ecentral moniforing and alarms.

3. Data Sharing. Each BC and AAT shall share data ag-required with eacly
networked BC and AAC,

4, Stand-Alone Operation. Each piece of equipment specified in Section 15950,
Atticle 3,19 [Sequenges of Operation) shall ba controlled by wsingle controller to
provide standwilone ¢ofitrolin the event ofvomumunication failure. AT doluts
specified foraplece-of equipment shall be infegral 1o its conteollen Provide
stableand reliable stand-alonz contol using delBultvalies or oilies melhiod for
values notmally read-over the hdtiwork

D. Envitonment. Controlier hardware shall be suitable for anticipated ambient conditions.

L Conitrollers wsed outdoors or in wet-ambient conditions shall be mounted in
waterproofenciosures and shall be rated for-operation at”»29"{, t0:60%C (-20°F to
140°F),

2. Controllersused reconditioned space-shall be-mounted in dust
enelosures and shal {be rated for operation at0°C to $0°C.(2° F

E. Keypad. Provide a local keypad and display For eacli BC and AAC. Operator shall be
abletouse keypad to view and-edivdata, Keypad and display shall require password ta
preventunduthorized use. 1f the manulac turer does not normally provide s keypad-and
display forsach-BE and AAC, provide the softwate and any interface cabling needad to
use a laptop compliler 4s o Porlable Operators Tariminal for the sysiem,

¥. Real-TimeClock: Contollers-thal perform scheduling shall have 4 real-time clock.

G Servicealiilify.

1. Contreflersshall have diagnostic LEDs for power, communieation, and
PrOCessoL

2. Wires shall be conngct Dipsafield-removabile modular tenminal strip o to a

wonngited by o ribbon sible.

\C:.sBall continuall y-¢heck its processor and memory elreuit

shalkgenerate an alarm oo abnormal operation. Systein shall
céntinuoisly eheck controller nevwark and generate alarm for each-eontroller that
fails-to respond.

H. Memory.

L. Controllér memory shall support operating system, database;, and progrtsiming
requirgments,

2. “'auh B(‘ *md AAC, shall relaiﬂ E 08 g

gd,

fealion pregramming (osat Jeast. 72




3, Eoch ASC and SA shall use nonvolatile memary and shall retain BIOS and
applivation programuming in the evert ol power loss. System shall automatically
dovnloud dgnamiceontrol parumeters following power loss.

L Immunity toPower-and Nofse. Countrollers shall be-able to aperate at 90% to 1 10% of
nominal vollage rating and: sliall perform an orderdy shutdoyd % prominal

'-\'csimge Qpcnuwn shatl be protected-againstefectical noise O-Hzand from

B : 05 W ar b.m (31
X supplyshail be-fused oreurrent limiting and shall be rated at &

25056 ASC powet consumption.

mlflllﬂut'ﬂ ok

2.6 Input and Qutput Luterface

'.As.

A, General. Hard«\\ile inpm .md 'o'utput pcints; 10‘ IS"CS' AACS, ASCE o
B, Prowetion. Shosi

oller -:iams!.ge I.np.u_t or uutput pomt contact wnh,up 1024 V for any
duration shall cause no controllerddimage.

€. Binary Inputs. Binary thpuls shall monitos the oft and off signa? from a remote-devige,
Bitiary inputsgtiall provide a welting current of at least 12 mA and shalil be; pratecied
;algeii'r‘ist' mm;n;t bounu, ';md ;mise.' Bin;;;y f’npu’tﬁ shall sense-dry coniact ¢losure

Agé umuhimn Enpu‘ts Puisu dagumu]dtlon inputs shall conforni to binary mput
requirements and-shall accumulate up 1010 pulses per second.
E. Analog Inputs Ana,log mput:; ‘shali ;nonnm Towe- aolmge (O 10 Vdc), t,urrent (4

B }11&.(20:1230]1;; bma;;, Dm.pum slmll ave thru.~pc.>51ii<;m Qon—efﬁauto) override
switches and status Hights. Outpuis shall be selectable for normally openor normally
closed-opsration.

G. Amdlog Outputs. Analog outpuis shall su,nd amodulaling 0-10 Vde or4-20 mAsignal as
required to-properly contral output devices. EachBuilding trollee analogutpot shall
havea twosposition.(aulo-manual)swi Cnanually adj ustalile potentiometer, and
status Tighits, Andlog-outpuls shall not. drift more than 0.4% of range annually.

H. TriState Qutputs. Control three-point floating ¢lectronic actuators without feedback with
trisstate outputs (two cooidinated binasy uutpu'is} Tii-State pilputs riay be-uséd to
provide analog output codtsolin zons conteol and terminal umit soiitrol applicationssueh
as VAV tergiinal units, ducl-mourited hcﬁiilié coils, and zong damipers.

I, Universal Inputs and Outputs. [nputs g uts that canbe designated aseitherbinary

or anulog insoftware slali confonn-tediep visions of this:sedtion that are approptiate

for their designated vse,

2,7 Power Supplics and-Line Filtering

A PowerSupplies, Control transfinmers shall be UL listed. Furiiish Class 2 curtent-iniiting
type o &1; nish m er-gurtent pmtccnou in e imary and seuonda ty umul;. for CéaSs 2

LdpﬂCIt}".
1. DCpowersupply output shalb midteh dutput current and woltage requirements.
Einit shall befull-wavedectilierty pe-with outputripple of 5.0 mV maximum
pedkso-peak. Regulafion shall be 1.0% Tine and load combined, with 100~




mtcrosc,wmi I'Eb;‘J{)Hb(‘: finie for ‘sﬂ% loasd ol langf.,a Umtb all §wv huilf»in over-

OV erioad tor at feas¥ihree s&wnds \,sﬂhm ! mp-wt af failule
B Umiﬁhaﬂ ﬁ[mmte bl.‘tm.u‘a 05 and. SOBL { 2°F ami 1,?1@

Shock fmd Vzbm tion.
b. Linevoliage units shall be T feognized and WA, lmlui

B. PowirLing Fillering,

Lo Provide intetngloresternal transtent voltage and surge suppression for
workstatfons: and-controllars, Sutge protectivn shialt have:
b. Dieleciric strangth of 1000 V@inimum
e Responsetimeof [0 panesiconds.orless
d. Trdnsverse mode nalge altennation of'65 4B or grenter
e. Common mode noise attenuationof ¥50:dB-of greater-at 40-100 Hz

2.8 Auxiliaiy Conteol Devices

A, Electric Damper and Valve Actuators.

1. Stall Protection. Mechanical or electronic stall proteetion shill preventaciualor
dwnagetheoagheut the actuator's fotation.,

2. Spring-return Mechanisni. Agtuat for power- ~fatiure gnd safety
applications shall havean mtaiimi mechanteal spring-returh imechanisim or an
utiintervuptible power §upply (UPS).

3, Signdland Range. Propostional actuators shall accepta 0-10"Vide ora 020 mA
control signal and shall havea 2-10 Vdeor 4-20 A operating range. (Floating
molor actiators may besubsiifuted for proportional actuators in terminal unil.
applications as descfibed'in paragraph 2.6H.)

4, Wiring. 24 Vac and 24 Vidoactuators shall-operale onrClass 2 wiring.

§. Manual, I‘osmommD Qperators shall be able to-mzriaily pesition cach actuator
whentheactuator i not pm&ued Not-spring-refurn actuators shall have an

daternal manpal gear release. Springsretunt getuators with nigre {han TN-m {60
in.-Ib) torque capacity shall have a manual wrank.
B, Control Valves.

F. Géneral.-Select boty and frim materalg in attordance Wiih anufieturers
recommendations Tor designconditions and service sho

2. Type Provxdc. two- or three-way catiol valves for Bwo=position or modulating

. Valves providing two-position service shall be guick gpening. Two-way
valves shall have replaceabledise or ball,
b. Close-oft (Differgntial) Pressure Rating. Valve actuator and trim shall
provide the following miniinum close-off pressure satings.
i Twosway: 150% of total system {pump) fiead.
it.  Three-way:300% of pressure differentin! befweenports A and B
at design flow or 100% eftotahaydem (pumpy head.
¢. Ports. Valves providing modulating service shall have equal perceniage
ports.
& Sizing.
i Tworposition sesvice: line size,




fl.  Pwe-way modulating sefyice: select pressire drop gqual to the
ereatest of twice the pressusg drappshrough heat exchunggr
{toad), S0% of the pressure difference between supply undireturn
s cor33 kPa{5 pei).
. Three-way modulating service: select pressurg drop-equatto-the
sratler o twice the pressure drop through the eoil exchifigor
{foady or 35 kPa (5 pgi)
¢, TFail Position. Water s sliall fail normafly open orclosed as follows
unlessothenwise speoified.
I Water zotievalves: notmally open,
i, Heating coils in-air handlers; normally open.
fii.  Chilled water conitrol valves: normatly elosed.
iv,  Otherapplications: as seheduled or as required by sequentes of
pperatinmm.

C.. Binary. Temperature Devices.

L, Low-Voltage Space Thierio Lovw-voliage ypacethennostats shall be 24V,
Bimctil-operated, mercury-switth type, with adjustable or fixed anticipation
enter, concealsd setpoint adjusunent, 139C+30°C (35°F-85F) setpoint range,

PO (208 maximunm differential, and ventesi ABE plastie cover.

2. Line~Voltage Space “Thermostats. Lins-voltage space thermostats shall b
bimetal-actuated, open-coniact type-or bellows-actuated,-cnclosed, snap- =switch
:ryge OF equwalun solid-staie type; with. pator, WL hstmg for clecirical
riaf g SOy al{.d setpaint adjustment, 159 30°C {(3591-85%F) setpoint range,

(@ aximuny differential, and vented ABS plastic cover,

Low-Limit Thermostats. Low-limit aivstream thermostits shiall be UL Tisted,

vapor pressure iype. Flement shall be at Teaste m 20R) long. Element shalk

sensetemperature it each 30 cm {1 ft) section and shall respond.(o Towest sensed
teimiperature. Low-limit thérmostat shall be miutal feset only.

“Femperature Seiisors,

1. ‘Type Temperaturesensors shall be Resistance Teniperature Device (RTD) or
thermistar.

2. Duct Sensors. Ductsensors shall be single point orayeraging as shown,
Averaging sensors shall be & minimum of 1.5 m (58 in length per 1 w10 £
of duet pross-sectior,

3. linmersion Sensors. l"’iowde imaersion sensors Witk
well. Well pressure 1a.t1
immersed in. Well hstand pipe desipn flow velociiiss.

T-SpacaSeasors.-...Spd; so76 shall have setpoint adjustment, override switch,

Asplay, and cominunication port as shown.

3. Differential Senigors. Provide matched sensars for differentisl tampepature:
measurement.

E. TFlow Switches. Flow-proving swilches shall be paddle (water service only) er differential
pressvre type (alr of watersecvice)as shown. Switches shall be UL listed, SPDT shap-
Feting, and pilor duty rated (125 VA minimun).

[, Daddleswitchesshiall have adjustable
thenwisgspecified.

2. Differential pressuresswitehes shall have sealesiinge and differential sultable for
{ntended applicition-and NEMA I enclosure unless otherwise specified.

F. Relays

Lid

separablesidinless steel
ystem préssuce it will be

nsitivity-and NMEMA T enélosare unless

3



H.

B witing shallbe & continuous length without splices when that
{iy av;.uidbiu Runs icmw tlmn mmmelcmilv a\ a:l;zhlc Fengths.shall

Gmu ¢ coaxial eab g nlcwrdma 1R 1] I\zEC m;._.ula’uons arude sm "Communmhom Circtits,
Cable, and Protector Gipunding.,"

3.8 Fibsr Optic Cable

A,

speeifi
- Tastall cabling and assoeiated components according to manufacturers' instructions, Do

During instaltation do not excead maximun pulling tensions specified by cable:
manuficturer. Post-installation résid val euble tension shallbe within cable manufacturers
o,

notexcéedminiimum cable and unjacketed fiber bend radii spécifiad by cable

manufacturer,

A9 Instaltation of Sensors

A
B

C.
D

Install sehsors according to m;mufac’turem rucomxlamddtmm
Mouit serisorssigidly and adequiate O'px,ratms.. ensironmeait,

Tnstall roam temperature sensors. on coiicéaled function boxes properly stpported by wall

fmmmg
Alr.seal wires attached to sensors in their raceways ot in thewall o prevent sensor
readings. from being affected by air transmitted Trony other areas.
‘Use‘ av el':,xg,ing' senst)rs 'i‘n m’i"{in'g pl‘uwma antl h'ot‘ and cold decﬁks

Instail averaging
end w.ith acapillary

chp

install mixing phmim low-izm’ Eﬁizaors iing sexpanmw manner hon uontan) 4eross duct

]nst;xli pipe- mcumz,d temperature sensors i wells. Tnstall liquid temperature s3nsors with

heat-condueting fuid in thermal wells,

{nstalioutdoor alr temperaiure sensors onnoith wall at designated location with sun

shieid

lefeun tial Air Statie Pressure.

1. Supply Duct Static Pressute. Pipe high-pressure tap fo-duct using - pitot tube,
Make pressure tap conngelfons according tornanufacturer's recommendations.
2. Return Duct Static Pressute, Pipe high-pressure tap to-duct using a pitot tube.

Makyp pressure tap connections accarding to manufacturer’s recontmendations.,

Butlding Static Pressure. Pipe pressure sensor's low- -pressure port tothe static
pressure port located on the outside ofithe bullding through a Kigh-volume
accumulator, Pipe high-pressure port to a location behind a thermostat cover.

4. Piping to pressure transdicer pressure porls shall contaln a capped test port
adjucent to transducet.

5. Pressuee tmusdu xeept thoge commﬁhng, VAV boxes, shatl beJocatsd i;
confiol panels, aston monitored equipment oron dustwark, Mount transthicers
ina vibration-free location accessibleforservice without use of ladders or special
squipient.

6. Mountgauge
offvalves

T

&8 adga;em 78 au am[ waler differential pressure taps. Install shut-



plug-in typs, UL dsted; and shall have
dustoover and" LED “energized” indicitor. Contact raling, configuration, and coil
voltaie shall be snitatile for application.
Time Delay Rélays. Time delay relays shall be solid-state plisg-in type, UL listed,
and shall have adiustable time delay. Delay shall be wdjustiable 2 100% from
setpoint shown. Contact raling, conhg,umhcm andeoi] voltage shall be suitable
for application. Provide NEMA | enclosure {0r relays siot iristalled in focal
control panel,
6. Owerride Timers. .
L. Unlessidiplemented in-ebntrol selflare, oversitde timers shall be spring-wolnd
inevoltage, UL Listed, with contact rating and configuration required by
application. Provide 0-6 hiour calibrated dial unless otherwise specified. Flush
mounttimer on local control panel face or where shown,
H. Current Transtitiers.
1, AC-current transmitters-stiall be Sél'li;;qwealze.d,...;cﬂm’lj)’inatis‘m split-vare current
fransformeriype with buili-inreetilier and Wigh-gain servo amplifier with 4-20
A twoswire-output. Full-scale unitranges shall be 10 A, 20 A, .50 A, 100 A,
150 A, and 200 A, with internal zere-and span adjustiment, Unitaceuricy shall be
9% full-scale at:500 olun maximum burden.
2. ‘Transmitershiall mget or exceed ANSIISA $80.1 requiresients and shall be
UL/CSA tecogilzed.
3, Unieshialt be split-corg’ type for¢lamp-on installation on existing wiring,
L Current Tratizformers;
1, AC currenttransformers shall be UL/CSA recognized and shall be.completely
encased {except forterminalsyin approi gd plastic material,
2. Transformers shall be available invarious carrent ratios.and shall be-selected for
oaccuracy at 3 A fullscale output.
e fixed-core trans formers for new w tring installation and split-core
fransformers for existing wiring installation.
Jo Vaoltage Transmitlers.
1. AL voltage transmilters shall be seli-powersd single-loop {two-wire) type, 4-20
mA output with zere and span-adjusioent.
2. Adjustable full-scalgunit ranges shall be 100-130 Vae, 200-250 Vac, 250-330
Vac, and.400-800 Vae, Unitaccuracy-shall be £1% full-scale at 500 ohm
rvasd il Burden.
3. Tranamitters shall meet ot éxceed ANSIISA $30.1 requirements and shall be
UL/CSA recognized-at 600 Vae rating.
K. WVolage Transformers,
1. AC voltage transformers shall be UL/ACS
haye Built-in fuse pratection.
psformers shall bessditable foramblent temperatures of 4°C-35°C (409~
OPFY andd shall provide £0.5% accuracy at 24 Vae and 5 VA load.
3. Windings {extvept for terininals) shall be completely enilosed with metal or
plastic.
L. Power Moiitors,
[. Powermonitorsshall be three-phasety
and shorting switch assembly
] gpurtent transformers,
wer monitors shall provide selectable outputs rate pulse forkWh reading or 4-
20 mA Tor kW reading. Power monitors shall aperate with 3 A current inputs and
maximuey errod of 2% at 1.0 power facior or £2.53% at 8.5 nower haror.

td

\secognized, 600 Vagrated, and shall

2

e and shalf havigtheseMase disconnest
stisd wllage-n afisformers, and UL listed

5]




M, CurrentSwitches.

Jo Curreni=opérated swilelies shall be selfpowerid, solid-state with adjustable bip
current. Select switches to match application cuerent and DDC system output
requirenients,

‘N Pressure Transducers,

range, and: dn‘ie
otherw

L. Trapsdacers shell havetinear output signal:and field-adiustable zero and span,

2, Confingous operiting-conditions of positive or negative pressure 50% greater

that calibrated spaiishall not damage transducer sensing elements,

_ awsdueer didphragm shull 'be stainless steel veith mibimumeproof
pressire of 1000 {150 psi). Transducer shiall bave 4-20 mA output, suitable
mgunling provisions; and block and bleed vilves.

4. Water differertial pressurs transdocer dinphragmshelt e stainless steel with
minifati proof pressure of TOOIEPa (150 psi). Over-range limit (ditferential
pressure) and-maximuny static pressure shall be 2000 kPa (300 psi,) Transdueer
shall have 4-20 mA output, switable thounting provisiops, and S-valve manifold,

Differential Bressure Switches. Dillerendal pressureswitehes {air or water service) shall

be UL listed, SPDT snap-acting, pilot duty gated (125 VA minimuni)and shallhavesenle

'°11€h11 stiitable for intended npplicationand NEMA 1 enclosure unless

Prezsure-Eiretrie{PEY §udtches, PE swilchos shall be UL jisted, pilot duty rated (125 VA
minimuny oF motot contral rated, metal of neoprene diaphragm actualed, operatitiy
pressyrerated for 0-175 kPa (025 psig), with calibrited scals minimum selpoint range of
[4-125 kPa {218 psig).

L. Provide-one- or two-stage switehi detion (SPD'T, DPST, or DPIXT} a8 required by
application.

2. Switehssshall'be vpen type (panet-mounted). Exception: Switehes shall be
enclosed type for remote instatlation. Enclosed type shall he NEMA T unless
otherwise specified, 4

3. Each pneumatie signal ling to PE switches shull Kave permanent indicating
gairge. )

Lacal Coritrol Pangls.

1. Hideor control panels shalbbe filly enclosed NEMA T construction with hinged
dowor ki Jetehand removablé.sub-panels. A common key shall open gach
céontrolipaneland-sub-panel.

2. Prewire internal and face-mounted device connections with color-coded stranded

conductors He-wrapped or-ngatly installed in plastic troughs, Field connection

terminals shall be' UL listed for 600 V' service, individually identified per:gontrol
and interlock drawings, with adequate elearance for field wirng,

3. Lach local panelshall have acortrol powirsouree pover switeh {on-offy with
avercurrent protectivii,

2.9 Wiring and Riceways

B.

1 6030 3
Iisulaied wire shall use copper ¢oitductors and shatl be UL listed for 80°C(200°F)
minimuwn service,

210 Fiber Optic Cable Systent



cables shall be duplex 900 mm tight-bufTer construetion desigued
Trontrents, Sheath shall be UL lised OFNP i accordance with

for 62.5/125im, _ _
Connectors, Field terminateoptica] fibers with ST type connectors, Conneclois shall uve
ceramic Terrules and metal bayonet fatehing bodies,

PART 3: EXECUTION

31 Examination

A,

B.

.

Thoroughly examing project glans Tor control device and equipment locations. Report
diserepancies, conflicls, o omissions to Vaiversity Representative for resolution before
starting rough-in work,

Inspect site to-verify thateruipinent van be insialied as shown, Report discrepancies;
conflicts, or omissions to Universily Represeniativefor resolution beforestarting rough-
inwork.

Examine drawings and specifications for work of others. Report inadequate headroom.or
space copditions orother discrepancics to University Representative.and oblain writien
instructions for changes necessary 1o accomumodate Section 15950 work with work of
athers. Contracter shiatl perform at his expense necessary changes in specified work
¢aused by fatlure or neglett to report disctepancies.

3.7 Protection

Al

B.

Contractor shall protect against and be liable for damage 1o woik and 1o material caused
by Contractor's work or igmployees.

Contractorshall be responsible for work and equipment until ingpested, tesled, afid
accepted: Protectmalerial not immediately listalled. Clogz-cpenends of work with
temporary covers-or plugs during storage and construetion o prevent eniry of foreign
objegts.

,__‘
=
o
=
o
=t
{1

3.3 Coordination

A,

B
C.

Kite:

1. Assist in coordinating space conditicas toaccommodate the work of each trade
where work will be ingtalfed nearor will riterfers with work of other trades. If
installation without goordifiation cayses interference with work of other tricles,
Cotitactor sliall eorrect conditiohs without éxtra charge.

2. Coordinate and schedulé work with other work in the same area and with wolk
dependent upon other work to Tacilitate mutual progress.

Submitials. See Section 15950 Article 1.10-(Submittals).

“Testand Balance,

I ProvideTest and Baly niractor a-single setof necessary 100l to interfaee’to
pontral system for teshing and balancing. '
2, Trahn Testand Balance Conlractor 10 use control system iiterfate tools,




. Provide a qualified technfeian to assistwith testing and balancing the fivst 20
terminal units.
4. Testand Balanve Contractor shall retuin tools undamaged andin working
condition at completion of testing and balanging.
D; Coordination with Other Controls, Inlsgiate with aid coerdinate controls and-coiitrol
devices fmmshed ot installed by othe e,
T “wnzc,anon :znedm aud equqammt shirll be provided ds specified in Section

(5

2. Each -supplsg-,r uf‘ a !20;](!01&: pmduet sha!l sonfigure, pregrim,startup, aid tost
zhat preduct tomeet Ihe auquunce& ufopemimn dumbzd in "uu.tmn 1'»950

provuiet.l e this secémn ﬂnﬁ.-t Lose prm 1de undu
01‘“ ’thﬁ spec1 r';cn..

mu_!upk supphm_, -regmdiusn ah\hue integration s dcambed mﬂ tin ¢ lu contiact
documents.

34 General Workmanship

A. Install equipment, piping, and wiring orraceway horizontally, vertically, and paraliel to
walls swherever possible,

B: Providesufficient slack and flexible conrections teallow for piping and equipment
vibration fsotation.

T, Install equzp‘ment fvreadily acccsmbla L{ac.auons a8 defied by National |

clrteal Code

ng integrity fo ensur u}ntmmiy and frecdom from shorts and groynd faults.
E. Equipment, instillation, and wiring shall comply with industry specifications and
standards-andlosal codes Tor serformance; reliability, and compatibility.

38 Field Quality Conirol

A, Work, materials, and eguipmeitt shall comply with rules and regulations of applicable
loedl, state, and federal eades and ordinances as identified in Section 15950 Asticle 1.8
{Codes and Standards).

B. Continually monitor field Installation for sode complidnge and workmanship guality.

C. Contractor shall arcange for wotk inspection by local or state authorities baviing
Jjurisdiction over e work.

3.6 Wiring.

A. Control and interfock wiring and installdtion shall comply with national and loeal
electrical codes and manufaéturer's recommendationg.

B, NEC Class | {line voltaveywiring shall be UL listed in approved raceway us speeified by
‘\{EC fmd Section 1 6(}5‘0

’75. urent 111n1t
; *.iires'.'not:in raceway butin convealed and accessibly



E. install witing in raceway where subjeet to-mechanied! damage apdatlevels below 3m
(108 in nigchanical, elecirical, orservics rooms.

F. Iostall Clags 1 and Clasz = 1rmqg, in separale raceways. Boxes and panels cintaiing,
highsvoliage wiring and equipment shall not be used for low-voltage wilig-exeept for
the purpose ofintgriacing the two throughrelays-and transformers.

G, Donotinstall wiring in raceway containing tubing.

H. Run exppsed Class 2 wiring paratle! to asurfage or perpendiciilac o itand tie neatly at3

. (19 A1) dtervals,

spsthictural members tosup

digtsvork, cleetrical raceway
cables,

Jo Secure ruceways with raceway clamps fastened to strugture and'spaced according to code
requirements. Racewuys and pull boxes shail not be hung en.or atached toductwork,
eloetitedl raceways, piping, or ceiling suspension systems,

K. Sizeraceway and select wire size andtype iraccordance with manufictores

recommendations und NEC requirements,

Ineludesone pull stdngineachraceway 2.5 il in) of larger.

M, Useeolorzoded conduciors thionghout.

N. Loeatecontrel und stais relaysin deésignated enclosures only. Do not install control and
stitus relayy inpackaged equipnient tontrol panel eiiclosures containing Class 1 Starters,

0. Conceal raceways exceptwithin mechanical, electrical, or service rooms. Maintain

friiiman clesrance of V5 6m {8 in) betwedn racéway and high-témperature uipiien

such as steampipes or flues.

Adhere 1o fequiremeants in Section: |

joints.

Q. Install insildted bughings on racéway ends and enclosure openings. Seal top ends r.af

R

panchof plenumsableswithout raceway. Do ot use
iping. or ceiling stispension sysiems to support or anchor

™

S0 -where raceway trossés bnifding expansion

vertical raccways.

% Terminate control and inferlock wiring related to the wotk of this section. Maintain at the
Jjobsite updated (as-built}wiring diagrams that identily terminations.

‘T‘lexlble metal vaceways and [quid-tight Hexible metal raceways shall not excesd (3
1) inJength and shall be: supportul al gach end: Do rot use flexiblometal raceway less
‘than *f’z 1n, electrical trade size, qmdmgyht floxtble metal taseways i areas exposed:
g fioistue including ¢hiller and boiler rocms.
Htaceway I‘igidi},g suppin adeguately, ream at both ends, and feive cleanand free of
obstructions. Join racewaysections with couplings-and .a.u:azdmb to code. Make
terminations i boxes with fittings. Make terminations not in boxes with bushings.

v

3.7 Comumunication Wiring

A, Comnunicelion wirlng s
3.7 (Wiring).

Install communication wiring in separate raceways:and enclosures foni otherClass 2
wirlng,

Durin

I'be Tow-voltage Class 2 witing and shallconiply w

dnstaliation donot exeesd maximuin cable-pulling, dension, or bend radius

d by the-cable manuy

Verlfy entive network's integrify foll

eath cable:

E. Tnstalllighining arrestor accerding to manufagiuzer's recommendations belween cable
and ground where a cable enters or exits.a building,

Py

iwing cable installativn uslig appropsiate tesls for



L i i ot switches shul] be
haid- mrtd 3 de-enmgazu equapmnm 45 deseribed jndhie sequines oI‘opnmtmn Swiliches

1| require mianital reset, Provide ontacts that allow DDT soflwdre (o monitor safety

210 Flow Switch Installation

A Useporrect paddle for pipsdizmetern.
Bi Adjuskflow switeh according to manulaclurer's instrustions.

T1 Actuators

A. Generdl. Mount actuators.and adapters-according to manuficlurers recommendations.
B. Electric and Electronic Damper Actuators: Mount actuators directly on damper shall ot
jackshaftunless shown a3 -a linkage installation, Link actuaiors according to
manufaciurér's reconmendations,
For low-leakage dampers with seals, httiat actuator with aminkinum 5° travel
availablefor-damper seal tightening,

2. Tocomptess-seais when spring-retuniactuators are used on nermiallyclosed
dampers, power actuator1o: appraximalely 5% dpen pesiten, natually cloge the
adam set, thefitighten Tinkgge.
etk pperation-sldanpet-actuator voinbination to confinn that-actualor

modulates damper smoothly throughout stroke to both-open and clesed positions.

4. Provide necessury mounting hardware angd likages fopactuator instalation,
€. Valve Actuators, Connectaetuntors to valves with adapters approv ed by actuator

miaritrfactorer

2 Wacning Labels

A, Affix permanentwarninglabels to equipment that can be automatically started by the
control system..
1. Labels shall use white lettering (12«point type or larger) ou a zed background:
2. Waming labels shall read as f‘mlowb

CAUTLON
This equipment is:pperating under antoniati¢'control and may staitorstop. at
any time without warning. Switeh disconnect to "Off" position héfore
servicing.

B Aftix perimanent warning labigls fo motor starters and contro] panels that are conngcted to
multiple pawersonrees wtilizing separate disconniects.
1. Labelsishall use white lettering (12-pointtype of farger}oll 4 red background,
2. Warning labels shall read as follows.

CAUTION
This eggnipment is fed from moré than one power spurce with separati
disconnects, Disconnect all power sources beforeseryicing,

03 Tdentification of Hardwaie and ¥




A abdcaled panels, with, control
slldress o termination numberateach end Within % e (2 In.} of tenminatiom

B. Labél paeumatie tubing aleash-end withitn § em (2 in.) of termination with a deseriptive
identifies.

C. Permanently:label orzode each point of field terminal strips io show instrument or lieim
served,

D, Lubel control panels with silhinium 1 ¢m (¥ in.) letters on laminated plastic ngmeplates.
E

F

iring and cabling, including that within fuctory

Label each control component with a permanent label. Label plug-in components such,
that label remaing stationary dumag cemponuu replacement,

*,  Label room sensors related 8 tepminal boxes.or v ;tl\*c,s; witl isnneplates.

G, Manufacturers' nameplates-and UL, or CSA labels shall be visible and legibla-after
equipnent i ingtalled.

H. Labgl identifiers shall mateh record dggiiments .,

314 Programyging

A. PointNaming. Name pointsas shown on the eguipiment points st prowded with esch
sequence of operation. See Section 15950, Article 3.19 (Sequences of Operation). Where
mullipie points with the same name reside inthe same controller, each point naime may
be customized with its associated Program Object number: For example, "Zone Termip: 1"
for Zone: 1, "Zaone Temyp 2* for Zonw 2,

B. Suftw&ru I’mgmmmmg l’mgmmmmg shall pmwém yctions: fﬁr Each poss@le 's}tuatmn

ialion pmy dmiming that 1dhezes i
mpezalmn Artzu]c 3 i9 spemf;ed in Section 15930, Program
documentation-or comment s taternents shall reflect langnage used in sequenices
of operation,
2. System Programming. Provide system prograniming necessary forsystem
operation,
C. Operator fnterface. ,
1. Standard Grapliics. Provide graphics as specified in Se¢tivn 15950 Arficle 2.3
Paragraph E72 (_Sysiem Graphics), Show on-each egquipment graphicinpuf and
outpul pofiigand rel palculdfed pointssudiyas indicated in Section 15950,
Articla3.19 (Sequencas o Operation), Pointinforination on graphics shall
dynamical
2. Install inftialize, start up; and troubleshoot operdtor interface software and
funetions {including operating system softwate, operator interfuce database, and
third-party-software installation and integration required for successful ome of
‘interface operation)as deseribed in Section 13950,

3,15 Control System Checkout anif Testing

A, Startup Testing. Completestartup testing toeverily operafional control systein before
notifying University of gystein demonstration, Provide Unjversily with
staruptesting, University inay have representative present during any-or
testing,

1. Calibiate and prepare for service-eagl
equipment furnished under Seetion 158

kg

stramenl, canirel, and sccessory



Verify that control wiring is proper

onnected and Iieg ol shoits and ground

faelts. Verify that terminations
Enable-contioksystems and v
device according to manifhctl
Varily that binary autput devicessich as
dctuatorsand contrel wal
sormal positions.are:
Veerify thavanalog onipuit- davxcee suchas [P and actuators are funetional, that
sfartand spanare correct, and that direction and normal positions are correit,
11eck control valves-and autematic dampers o ensage praper action aid closure.
Make necessary adjusiments o valve stemand damper Blade fravel,
Prepare a log documenting startiptesting of exch input and output device, with
technician’s initials wertifying each device has bechrtested wnd calibrated.
Verify thatsysiem operates according to sequences ol operation. Simulate and
obserye each operational mode by overriding and varying iiipiils and schedules,
Tune PID loops and &ack contro! routine that requires tuning,
Aldrms and Interlocks,
2. Checkeach alarm with an appropriate signalata valug Gatwill trip the
alariy. .
b, Trip interlocksuging finld contacts to check logleand to ensare that
actustors fail In the proper direciion.
& Testinterlogk actions by simulating alarm conditions to check nitiating
valuesaiiariable and interlock action,

ﬁch tnpuldevicet caliliration. Calibrate each.
ndations,

5, 50lEnold valves, two-position
s,and inagigtie staers, operate properly and that

3.16 Control System Demeonstration and Acceptance

A. Demonstration. Prior'o aceeplance, perfum‘l the following performmnee (ests to .

denanstrate syslem operation
tesis specified in Articls 3.

and compliance-with specification after and in addition to
Control System. Checkoutaind Testing). Provide Universily

Representative with log déctmenting completion af startup tests,

L

2

3 @

Engineer will be préseat to obsérveand réview system dentonstration. No#ify
Engineer at least 10 days before sysien. dcinonbuatwn begins.

Dunnnstmtmn shall f“u low proe ’\ A proved under Section 15950
' g s and forims for each

S}'bt&m as part
I)umnstmte
mede at ltzd.sl tweo persoris équ;ppui wﬂh M(}»w.ay
,cammumic.»ﬁi. iof: Pentonsirate calibration and response of any input and sutput
points requested by University Representative. Provide and operite test
eguipment requirid to prove proper system operation.

Desmonstrate compliance with Section 15950 Part | {System Performance).
Demonstrate coniplisnee with sequences of operation Huougl sach operatfonadl
mode.

Demonstrate complete-operaiion of operator mtufaw

‘Demonstrate each of the following.

4. DDC loopresponse. Supply graphical trend data eutput showing each
BDC loop's response 1w a setpoint chinge represeating an actuatar
position change ofat least 25% of full range. Trend sam pimw rate shall
befrom. 19 seconds to 3 minutes, depeading on luop-
sample’s trend darp shall show setpoint, actuator pos?

3 and.eontrolied



B.

wvarable valugs, Engineerwiil require further tuning ofeach loap that

displays tnreasonably under- or over-damped contiol.

b, Demind fimiticg, Supply trend dits oufput showing c‘!m‘md liwiting
algerithzn action. Trend datd shall ddmlmem petion sampléd.cach minute
overat leasta 30:niinite peried dnd shatl shove Building kKW, demand-
limiting setpoiit, afd siafus of setpoiims and etheruifected equipment
parameters,
uiilding fire alapm syslem interface.

d. “Trend logs for each system, Trend data shall indicate setpoints, operating
points, valve positions, and other data as spevified 1n the poings list
provided with each sequence-of operation in Sgetion 15930, Axticle 3.19,
Euvh o slinlleoverthree 48-ligur pariods and shall liave asample
frequency not Tess than 10 minutes or as spécified onits points liss. Logs
shall-be accessible throughs soperator interface and ghall e
fett vab!@ for uwe i pther sofhware programs as specified hi Section

2.3 Patagraph E11 {Trend Configuration}.

8. Tests that fail fo denionstrate proper systeun opers ation shall be repeated affer
Contractor makes necessary repairs or revisions to hardware or soltware o
stceessfully comnplitereach test,

Acceplands.

I Aller lests described inihis: speu{ ication are performed to-the salisfaction of the
University Representalive,. it ity Represerfasiviewill aceepteontrol

systenyas migHng completion réqiiremigats, University Representative may

exsmptitesty fom oomplelion uqunememg that cannot be perlirmed due 1o

circamstances beyond Contractor's control. University Representative will

provide written statement of sacl exempted tast, Bxemipied lests shall be
petformed as part of warranty

2. Systeni shallnotbeaccepted until complated demonstration forms and checklists
are submitted and approved as required.in.Seeton 15950 Article 110
{Subinittals): '

7. Cleaning

A.

B.

C.

Repair damaged Tadtory -finished pain fomateh adjacent a :
gablnets and enclosurs-with newe matstial and repaintiomatetiadfacent areus

Each day ¢lean up-debris resulting from work. Remaove paa}uagm;@ material as soon agits
conlents liave been removed: Collect-waste and place in designated location.

‘On-completion of work in each area, clean work debris and equipment, Keepareas {ree
Tronr dust dist, and debiis,

On completion ol work, check equipinent-furnishisd under this seg

0t damage.

318 Training

Al

Provide fraining fora designated stafl of University's representatis es. Training shalt be
provided via self-paced training, web-based or computer-biased lraining, classrcom

training, or a combipition offraining meihods.

Training shall enable students to.accomplish the, following objectives
{. Proficiently operate system
2. Understand control system architegture and configuration
3. Understand DDC system componets



4, Understand system gperation, including DD sysiem control gud vptintizing
routinés {algorithms)

3. Operaterworkstation.and pevipherals

6y L@g: v.end off system

7. gessEragilics, point réports, and lu;,s

8. Ad_] ust:and change system setpoints; thine schedules, and holiday schedutes

9. Recognize comimon HVAC system malflinetions by observing system graphics,

trend graphs, and gilersystemitools

10, Utiderstand systemdrawings and-Operation and Maintenance manuad

11. Understanid job layout and losatfor pfeontrol components

E2. Accessdatafrom DDCcontrollers

13, Operate porfadie operator's terminalg

14, Create and change system graphics

15, Create, delete, and modify alarms, Including condiguring alarm reactions

16, Create, delele, and.anodify point trend logs {graphs) and mult-point irend graphs

7. Configira-and run reports

18, Add, remove,and modific system's physical points

19, Create, mindify, and defeteapplication programming

20 Addopemat tface stations

21, Addanew controller to system

22. Download firmwaresand advanced applications programmingto a conirollsr

23. Configure and galibrate VO points

24, Maintair software and prepare backups

25. Interface With-job-specilie, thitd-party operator software

26, Add-new ysersand understand passwiord security procedures
Divide presentation of objectives into thres sessions {-13, 14-23, and 24-26).
Participants will attend one or more of sessions, depending on, hnowledgg level required.

L Day “fagw {iay me ators Eobjecm es i 13}

pmrd

1423

. . (objectives 1-13 and 24-26)

Gutse outhine and materlals accmdmﬂ to Section 15950 Article 1.8 (Submittals),
1‘1(}& lde ongcepy oftrainlng material per student.

Instructors shall be factory-trained and experienced in presenting this mafez‘m!

Perform classroom trainiiig using a netwerk of working controllers representative of
installed hardware,

319 Sequencesof Operation

Run Conditians - Scheduleds

Tleunltshall nun basedvipon an operator adjustable schedule.

Freeze Protection:

The:unit shall shut dewirand. gengrate arm dlanti upon receiving a freezesiat statys.

‘High-Statie Shutdown:

The unit shall shut down and. generate an alarny {ipon receiving an High static
shutdown signal.



The unit shall shut-down and generate an alarni upon recelving & return alr smoke
detector status.

Supply &ir 8moke Delectivn: ) _ _
"The wiilt shall shur dowst and generatean alarm upon recgiving g supply arsmoke
deteeter status.

AHU Optimal Start;

Theunit shall start prior to scheduled odeupaney based on the thme necessary for the
zogeslo reach thielr ocenpled setpeintg. The start time shall automatically adjust based on
changes in putside air femperature andizonge femperatunes,

Bupply Pany
The supply Tan shall ruvany time thewslf 1$ commended w run, uiléss shdtdowi on
safeties. To prevent short eveling, the supply Tan shall have.a wserdelinable (adj.)

mitimum puntime.

Alariis shallbe provided as follows:
a. Supply Fan Failure: Commanded on, but the status is off.
b, Supply Fan in Haad: Commanded off, but the statugis on.
¢.  Supply Fan Runtime Exceeded: Status rurlime exceeds & user definable lmit
(adi.),

Supply Alir Duct Statie Pressure Controft
Thg conteoller shall medsure duct statie:pressure and-medulate the supply lan VED speed
to-maintain a duet statle pressure setpoint, The speed shall notdrop biglow 30% (adj.).

The:static pressure setpoint shall be reset Based o Zong-Godtiig réquiremeiits.

d, Thediiial duct stalie pressure setpoint shall be 1.5in H;O (adj.).

. As cooling demand increases, hesetpoint shallingrementally resctupto a
maximim of 1.8in HyO {ad].}.

f.  Ascodling demand decrenses
minimum of 1.3 HzG (adi) -

£

the sefpaint shall incrementally resetdowntoa

Alaring shall be provided as follows:

g, High Supply Air Static Pressurer T the supply aiy statie pressureds 23% (ad],}
greater than setpoint.

h. Low Supply Air Statie Pressure: I thesupply air static pressure isZ3% (adj.) less
thean setpaint.

i Supply Fan VFD Fault,

- Ade Temperature Setpoint - Optimized:
The controller shall nienitor the supply air temperaturs and shall maintain a supply air
temperature setpoint reset based onzone codling requircments.



The supply. air femperature setpointshiall be reset bused on Zore cooling reqiiirements as:
ollows:

jo  The initial supply air temperature sefpoint shall'be 35°F (adl),

k. Ascooling demand increases, the setpoint shall lncrementally reset down o a
minimuny of S3°F {adj.).

. Ascooling demand decreases, the setpointshall Increnentally reset.up te a

maxiun oF58°F (adj.) .

CoolinpCoil Yalve

Thercontroller shall medsure the supp by air lemperature and medulate the cooling coil
valve 1o maintain its cooling setpoint,

The cooling shall be-enabled whenever:
m. Ouptsice air tetiiperature Iy greater Than S§°F (adJ A
1. ANDthe supply Tan statisdy on.
0. ANDtheheating {if present) Is not agtive,
The eooling coil valve shall open to 30% (adj.) whenever thefreezestat (if prgsent) s on.

Alarmy shall be provided as followgy

p. High Supply Air Temp: [£the supply sir temperature is 5°F (ad}.) greater than
setpoint, '

Laow Supply Alr Temperature.Alavm:

‘The-conerolier shall alarm if (hesupply alr temperture s less thai43%F (adj).

Dehumidification;

The conroller shall measure the retirn air humidity dud override the coollig sequenceto
maintain return air humidity'ator below 60% rh (adj.). The supply airtemperature shall
bereset dowin to 32°F (ad].} on an incredse i humidity abeve sefpolnl. Deéhumiditication
shall be enabled whenever the supply fanstatus is on,

Prefilter Differenfial:Peessure Monitor:

The coniroller shali monitor the differential pressure acioss the prefilier.
Alsrms shall be provided as follows:

gq. Prefilier Change Required: Prefilter differential préssure exceeds a user definable
fimit (adj.),
Mixed Air Temperaturg;
The controlter shalknionitor the mixed air teinperatire and use as ieguired foi

eganomizet conteol (if preset) orpreheating contiol (if present).

Alafinis shall be-providedas follows:



Tthe mixed ait temperature is-greater han $0°F {adj.
ed air teimperatureds lessthan 43°F (ad}.).

g lowNixed Alr Temp: Ifthem:

Eumidity:
The controller shall monitor the humidity and use as requited for humidity contral,

Alarms shall be provided as follows:

1. Hligh Return AfrHumidigy: If the returnaiy humidity is greater than 70% (adj.).
u. Low Return Air Humidity: [Fthe return air humidity s less than 35% {ad}.).

Retusn Alr Femperature:
‘The-controflgt:shall monitor the return air femperature and use as required for setpoint
control or economizer eoiiteo!l (if present).

Alarms shall be provided as followss

v. HighRetumn Adr Tenipr 1€ the retirn air temperature is greater than 90°F (ad}.).
. Low Return Alr Temp: Tthe feturr st teimnperature 45 less than 45°F (adj.).

Supply Air Temperature:
The vontrolier shall monitor thesupply airtempeiature.

Algrmis shall be provided.as follows:

% High Supply Air Temp

e supply-airtenpeiatuteis greater than 120°F (ad].).
y. LowSuppiy Alr Temp:

e supply air temperature is less than 45°T (ad}.).

Hardwiare Points Software Points |
PuintName | Al |AQ| Bl {BO[AV]BY [Sched!Trend | Alarm Z‘g"“’ On
| 3 - i Graphic
S apply Air Static . st o
Piessurd _ ;
|Prefilter Differentiat . .
Prossuse N
Mixed Air Temyy x| x
1Returh Adr Humidity | x | ‘ #
Return Alr Temp x| ) o E
Supply Air Temp of I RS T ] >
Supply. Fan VED x N
Speed
|Cooling Valye W L o=
H Fl‘&e? ﬁ & - % w




Hardware Points

Software Points

Point Naine

Al

AOG| Bl |BO

AV

BY

[Sehed,

Trétid Alarm

Show On
‘Graphic

b

=

Returir AdrSmoke
Dx:m'(:im‘

il Static Shuidowy |

%

Supply Alr Smoke
Detector

Supply Fan VED Fault

Supply Fan Status

Supply Fan Start/Stop
Supply Alr'Statie. |
Préssure Setpoint

Supply Air Temp
{Setpoint

iDehumidification
Setpoint

18chedule.

High Supply Air Static
(Pressure

Eaw
Pressure

Supply Alr Statie |

Supply Fan Failure

Supply Fan it Hand

Supply Pan Ruritine.
Exceedad

High Supply Al
Temp

Low Supply Ait Tenip

Prefilfer Change
Requiived

High'. Mixed Air Tﬁ:mp"E .

JLow Mixed Air Tenip

High Returi Ade
Humidity

Low Retue Ale

High Retumn At Temp




Koftware Pointy

Point Name

Al

AO

Bl

I Hardware Points

B

AV

BY

Sehed

Trend

Alagm

Show On
Graphi¢

Low Retum Air Témp

e

High-Supply Air
Temp

Low Supply A:i"l*'ff’;a,mp :




Waiiable Adr Velimes- Termiial Wit (oyplea) of 20)

Bun Condilions - Scheduled:
The unit shall runaccording 1o & st defingble time sehedulein the following modes:

2. ‘Oeeupied Modet The unitshall mainifain
1. A 74%F(adj.) cooling sefpoint
T ATFOF (adj.) h_g:-atiﬁg sefpuh
aa, Yinoccupied Mode (night-setback): The unitshall maintain
i AI8YF (ad].) cooling setpoint.
i, A-65°F(ad].) heating selpoint.

Alarms shall be provided as follows:

bb. High Zone Temp: If the zone lemperatiite 18 greatar thamthe-cooling selpoint by.a
wser definable-amount . (adi.).

ce. Low Zons Temp: 1f the zotie temperature is less than the heating setpoing by 4
uset definable-amount (4dj.)

Zone Setpoint Adjust: ‘
The occupint shall be-able to adjust the zonedemperatuie héating and coollig sefpuints at
thezons sensor,

Zone Dptinal Start:

The unit shall use an optimal start algotithm for motning start-up. This algorithm shall
minimize the unoccupied warm-up-or cool-down period while still nchieving comfort
conditions by the start 6T scheduled vecupied period.

Zone Unoceupied Override:

Atimed Toealovertide conteal shiatl allow an occupafil to vverride the scheduly and place
the unit fnto an-opeupied mode for an adjustable period of time, At the expirafion 0T this
time, control of the unit shall automaticeily return 1o the schadule.

Yariable Volume Terminal Unit- Flow Control:
Theunit shall maintain zone sétpoints by eonirolling the airflow thasgghiene 6fthe
following:

Ocoupieds

dd. Wlen zong temperature i greater than its copling selpoint, the zone damper shall
ariodulate hetween. the minlmurn GCCleud airflow {adj.).and the maximum
cooling airflow(ad],) until the zone is satisfied.

ee. Whenthe Zone temperature is betwean the eooling setpoint and the lmimg
setpoint, the zone-damper shall maintain the tninimum required zoneventitation
(adj.). _

ff. “When zenetemperature is les
enable heating to mainty
Additionally, i warm gl §




modulate between the minimum occupled atrflow (ad.) and the maxinium.
heating girllow:(ad].) until the zone igsatisfied.

Unoggupieds

g, ‘When the zone Is ustoccupied the zone demper shali control 1o its tninimim
unoceupied girflow Cadj.),

hh. When the zone lemperaflirg 15 greater than H8-depling sélpoin, the zene-dam per
shall medilate between theminimumunoceupled givflow {ad].) and the
maximuin-cesling airflow:tadj.)until the zone is satisfied.

fi. ‘When zone température is less than its unoceupied heating seipoinl, the contreller
shall enable heating tomalntain the zors lemperating it theseipoint.
Additionally, iTwirimair is available from the AHU, the-zone damper shall
modulate between the nitrimum unioceupied aleflow (ad).) and the gusiliary
heating airflow (ad).) until the zone issatished. '

Reheating Coil Valve:
The controller shallimensure the zone tempe rature and open the reheating coil valve on
dropping temperature to maintain its heating setpoint. Hihe gpace hamidity rises above
setpoint and the cooling valve opens to Jower the supply air seipoint, the reheatgoil valve
st termifnal usit shall apes to malstain space temperature and prevent over
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MISCELLEANEOUS

NG shall prov. ide thereonisactor with a JELFXE0 controller. The FX60 shall.be installed
in otieof the 2™ floor mechanical rooms whete work is be:ng perf@mmd Al}...nev». alr

units, valves., VAV boves, ete. shall be tied intor { il
d&dzc&ted ip addl(.bs for the PX&O Thﬁ ex;snng “\I?. b

gr e remainder Uf"tlu: buildizig
anfiaetor shall tie the existing N2.

ENB-OF SECTION 13950
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SECTION 16010 ELECTRICAL GENERAL

PART [ GENERAL

1.1

A,

'FumISh_z1i.1'.”La‘;ba:n‘,:t{acﬂ's; maerialy, fixtures, equipment, accessories, franspoiation, €.,
reguired for-contplete electrieal lighting and power systems, complete with necessary
aixilinties as indicated ondiawings.and as hereinafter specitied.

The GENERAL CONDITIONS of the Contract, Drawings and Speeifications shall apply to
all work under this Section, Separation of Specifications inls Seetions iy for convenlence
oniyand is not intended 1o establisk limits of work or Jidbiliiy.

I general, the wotkshall consist of the following installations:
1. Powerwiring and connegtion to new mechanical eguipnent,

Pucu io submittmg qum.mun I‘or electrlmi work, Ccmracior shall vis, ' xamim the Jub

1t is the intent of these specifications that in all particulars, the materidls and workmanship
shiall vonfor to the best practice and that the equipinentand accessories as furnished and
installed shall be complete arid ready to operale.

ieated; and shall confotm with the
r2' Laboratorles It every case where suel 2 standard has been
tioular typerof material in question,

Allanater :ais shall bu new, expept where otherwid
standards ofunde
established For the p

The drawings showing the layoutof glectrital vork indicate approximate location of the
outsts, receptacles, panelboards and ofher electrical equipment, unless noted otherwise, The
ritnsof feeders and branches are sehematic only and arernot itended to show the exact
routing of vonduits. Cerfdin routings are as shown'to avold areas with asbesles matetials, and
may not allow fordevidtion. The final deteisirinationofthe routing shall be.governed by
steyetural conditions, other wndztmns and etherconsirugtion. The Contractorshall consult
fa}§ x;imwmgsa which may affectihie location of any. ouitlet ;tp;mimtus or equi pment 1o av elci

e

minoi dw latu)ns ‘:hdﬁ be lmdj 1thcmt 1ddtt1cm.al cost, lt sh’\ll‘ be the C‘untl.mtm 5

responsibility fogeethat all equipment such as junclion boxes, panelboards, swifches, and

othier appardtus, a5 may require maintendnee from time lo time, are made ¢asily accessible,
Although the location of the squipment may be shownen the-drawings, the construetion may

disclose the faet that suchidocation does nolmake its position readily accessible. in wiich

case the Contractorshall.eall the University Representa ttentionte-the condition befure

advanging the constougtion to a point where a.change:in fovation would require additionsl
COsL,
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1.2 MEASUREMENTS

Becausa of the small scale ofthe-drawings, 11 1s not possible w indicate all offsets, Aitings, and
accessories neeessary. The Contractor shall carefully-fnvestipate strictural conditions, walls,
furting and-chase locations and reom finlshes and shall siake-actual measurements on the jobso
thatthe panelboards, switches, reteplacles, Tighting fistures and accessories shall fit.

1.3 LAWS, CODRES ANTY PERMULS .

A. Latestedition of the:following listed established standards-constitule part of the specification
requireients,

National Electrical Code - 2005 (NFPA No. 780)
Applicable State Requirements

Dnderwiiters' Laborateries (UL

Electrical Teésting Laboratories (ETL)
Amerean Nafiongl Standard Institute (ANSI)
NFPA 101 LifeSafety Code— 2007

1.4 JOBCONDITIONS

A Ac,cumpmyms, drawings, incliding plans, details, diagrams, nate:éi efe., dre showirto limit
atgkiexplain struchiral conditlons, constryclion requitements, sizes, capacities and method of
instatlation and éreetion. Steuctutal and other-conditions may require certain modifications -
-and-adjusiments fromi gonditions shown. Such deviations are permissiblephowever, specific
sizes capicities dnd rcquuermms affecting the satisfactory performance und.operation of the
installation shall remain unchanged. Make allowance for sormal job conditions and
interferznces.

B. Ask fordetails wherever uncertain about niethad of install Lack of details not
requested shall not excuse improper istallation and eorrectio shall e responsibility of the
Contractor.

€. Sehedule and perform alf ele d-work toravoid delays to the Contractor drid sihiet tradas.

D. In addition:fo the basic work coyered under this contract, the:Contractor shall plan and
schedule the work to permit continvous operation of egsential seiyices oflexisting facilities,
Planning shall also include scheduling srecissary mtmuplmns of electrical service to existing
building sl times when sugh intertuptions will cause minfmum interference with: existing
routing arid services, All.sueh intercuptions shall be made only after gonsultation with the
Unitversity. Thisis extremely important since included inthe work {54 relocation and
rerouting of and corinectitig to existing facilities. No addifiondlcompensation will be
allowed for failure to be so informed. Contractor shail previde feinporary power counections
as tequired to execute work as shown. o drawings.

E. Itis essential that all adjagent arcas of the Bullding bekept in operation atll txms,s,& exeep!
when spem’f" coperinission is giveito contrary, Beloré any power or equipment is shut-down
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) for disconneeting, tvie-ifs, or rearranging of services, niake arrang emeitts with University
représentative th do-this work at nightyorSunday; rat spes 1e-f day-or yearwith
Tength of shutdown agreed upon belore work 15 hegun. ‘Cantractor to bearany overtime or
workigosts in this-connection.,
F. All piping, conduits, conductors and olher elecirical items in way of consteuction, shali be

rerouted, rélocated or-otherwise adjusted to-wark out with such chnstruction prehanges
shewn.or specified in any oFall of varfous séctions of spectfications. Unknows elecirical
devigesthatate ervountsred will Be relvred immisdiately 1o University Representativefor
wigthod of digposition before eontinuation of work.

G, The Contractor shall réview the drawings to become familiar withi the phasing of constriction

required for this projest,

PART 2 PRODUCTS AND INSTALLATION

-

APPROVALS

A

Name of manufactureror catalog numbers are mentioned hereln in order 1o establisha’
standard as to design and quality: Otherprodugts similarin design and ofegual guslity may
beused if submitted tothe University Representative and approved by him.

: W thin tweitty-one {213 days after-award of Gerierdl Contract Copifragtor shallsubmit

il shop drawings anddescriptive Hteralore covering the following
equipiitent-aid mater 1’115 Wiikten approval thereo! must be obtained before ordering of
installation.

Safety Switches Caonduitand Fiitings
Wiring Fire Afann Davices
Cireuit Breakers

C..Comply with requitements regarding submitfals, numiber of copies, and procedures.

2.2 PROTECTION OF FIXTURES, MATERTAL AND EQUIPMENT

A-

Contractor. smn eniimmm]\} main%‘aih gdequate protection ofall Bs work from damage and
v-or 1088, exceplas.may be caused by agents
5Ty proteet adjacent property-as provided by

Conduitopenings shell'be capped or pluggediduring installation, Figtures and equipmient
shiall be Lightly covered and protected agdinst dir, wioisture, chemical and mechanical injury.
At ihe completion of the wark, the fixtues; material and equipment shall be thoroughly
¢lemed and delivered invondition satisfactory to the University Represeatative.

CUTTING. PATCHING, AND SEALING
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T A Al cutting and patshing for the werk of this Section shall be in accordance with the
requirementsof the GENERAL CONDITIONS. The Contractor shall performi all necessary
dutting-#nd paiching zequucd for the installation of work, Where foor or toof is cut or
penetrated the structural Integrity shall be maintained or restored, Cutting of structural
members is prohibited except with prior approval of the Unjversity Representative.

B. Penctratiois ofalt walls, flovrs, and ceil in&,s shail be: sealed with & mateiglcapuble of
preventing the pussage.of flameés and gases in accordance with tie fequirements o fthe test
standard ASTM-E-814 for fisgarops. The infegrily-ofthe fire rating, as indicated on the

architeetiizal drawings, $hali be maintainad,

24  CLEANING UP

A, This Contractor-shall promptly remove fomi the fobsite-all debﬂs surplus and wiists
materiaisoempty erates.and cartehisresulting o hiz work,

B. ThisConfractorshall remove alkail, grease or other stains resulting from his weik performed
in the bullding-or the exterior hereof.

2.5 TESTING AND BALANCING

A Make tesis Wﬁic‘h“may bé sﬂqui'*“

Iisy“'*lhe l;}n‘ivmﬁfy or ihe L'ni\ u‘iity Representative i,

B. Alltests shall bemads inaccordance with the Iatest stanidards of the IEEE and the NEC.

C. The installation shall be tested for pu formanee, grounds, anginsulition resistance: “Megger™
type. mstrument shall be used. i ity testsand operational tesis o all equipritent
furnished andfor-connected by hlm Simli bie made by the Contractor after such equipment has
been installed:

D. The tests shall be made in the preserice of the University Representative. The Cotitractor
shiall notify the University-or his representative. The Contractir shiall motify the University
and the University Representative at. leaat sw,nty 2) hours in gdvance of tests. The
Contractor shall provide-all testing &g Allcosts sliall be borne by him, Writfen

reportsshall besnade of all tesis, AI’!:‘Tmﬂts slnll be corrécted Inmediately.

26 PAINTING

A, Coniractor shall touch-up-or refinish all frems of efeetrical equipiment Furnished with a factory
finish coat of paintand which may have been damaged regardless of Guse

B. Allelectrical equipiment such agswitches, panglboards, motorcontrollers, ete., shall be
suitably ideniified with micarta nameplates.

2.7 -GUARANTEE
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actor-shall Aurnish the University a writien
G -.hx 2 p'ui'()(l of ane { 1) year ﬁem datt,

Gua:antge period; ihe Conlm;tm 5&1;1“ u.pLu_ ¢ defective materials and corect faults of'
workmanship and répaiiany damage caused thereby promptly and tree of any-eharge. Fuses and
tariigs ate excluded from the guarantes:

238 CONTRACTOR'S QUALIFICATIONS
The Confrattor niust be lickitsed to perfonmy sifch work as requited by State and Local laws.
2.8  DIRECTORY CARDS, NAMEFLATES AND EQUIPMENT LABELS

Provide inthe directory framie ofeach panelboard and Tor cach feeder switch or circuil breaker,
neatly twped direciory cards indieatlng the general.area and type of ¢lecsieal load,

b SUBSTITUTION

A, All gpecified material, pguipment, fxtures, ate., entering into the work underthis section of
contragt are subject to the prior approval 4t disapproval of the Unfversity Representative.
Refer toSeetion 3.5 (Subsiiutiens) in Instructions to Bidders Tor approval procédhirgs.

B. Muaterials, equipment, fixtures, éto. herélmnamed or indicated on drawings establish the'type,
size, appeatance and guality required-of préducts other mahulkelurers must meet to be
aceeplables

C. Requests for substitutionsandstinelude necessary datato conclusively demonstrate equality
i type, size, appoarance, quality, vie. Any devialioninthe opinion of University
Representative may Be-¢atse forrejection,

31 COMMISSIORING:

A, Conlractor shalt install att Hemsof eguiipment as identifisd in this specification insleict
accordanée with manufueturer's requirements (whether identified in this speeification-ornot),
shop drawings and contractdocuments, Contractor shall insure 2 complete inste i1
Stari-uprofall equtpmcni shall be by manufactureranihorized represenative. Start-up
services shail be provided foras | ng period of fithe.as fy hecessary 10 insure proper
operation of theequipierit ftems.. The 5>hu'~up cehnivlanshall éonduct all operating ests as
requirad fo insure the équipment 4 operdting In accordance with design parameters.
Complete tesfing of all safety and-emergency control.devices shall be-made. The start-up

technician shall submita written report to the University Representative (priorio final punch.

list inspection) containing all test data recorded as reguired above andia letter gertifying that
the equipineit 1s operating praperly. -

B. Otherspecilic ilems of commissioning shall be as follows;
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Lo Testand balance all new power foeders over 30 amps in accordarce witli Section 16010,
- Article 2.5,

2. Provide writtenreports Tor all tests deteribed ahoveprior to final punch list inspestion.

END OF SECTION - 16010
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SEC 16050~ ELECTRICAL MATERIALS AND METHODS

PART | GENERAL
1.1 RELATED DOCUMENTS
A Applicable items of this Sectlon shallupply teall sections of ELECTRICAL.
PART 2 PRODUCTS AND INSTALLATION
2.1 METHODS OF WIRING
A. Nowire shall be.siiallier thanNo. 12 except those for fixture drops and for control sircuits of
equipment. Al wire shall have 600-volt insulationequivalent totype THHN/TH WN unless

otherwise noted on the drawings.

B. Conductorsshall be continuous:from outlet tu-outlet and no splices hall be madegxesptin
outlet or junction boxes.

€. Homeruns to-panelboards may becollected in one vemdré conduits provided all circuiting fs
done inzegordance with Coderequirements and the maximum unbalanced eurrent does not.
exceed the capacity of the neutral conductors,

D. Powdered soapstone or approved pulling conpound shall be used us a pulling lubricant for all
non-lead eoveted conduetors. Use Thomas and Betts Wireslick, Tdeal 77 or equal.

E. All empty conduits instalied shall gontaina #14 Nsh-wire.,

F. Conduit sivesshall egnform tothe requirements of the National Electrie Code and/or sizes
showrroti the drawings, Minimize size conduit shall be 172"

G. Vertical penetrations of conerete slabs shall bewwored and sealed with fire stop. Size and
location ofiall sleeves.are subject tothe approval of the structural engineer. Conduits routed
‘below the fisst floor slabshall be rigid galvanized conduit, supported using 3/8" stainless
steel threadid rods-and steel framing, hot-dipped galvanized after fabrication. Sw ports shall
be spaced in‘aceordanes with NEC-346-12., .Any exposed conduits on-extedorof building,
shall be hieavy walbhot dipped. galvanized righd conduit,

H. Conduis in metal stud walls, cxp,;{),ﬁr_c}ﬂ"wﬁiﬁi.ﬂsJ'I"E‘Eﬂ"ﬁaﬁii?al anid electrical rooms, and above
deilings-shall be EMT.. Conduitsin hollow emu walls shall be EMT with concrete tight set
serew fittings. Conduitsinsolid, infilled cmu walls shall be Schedule 40 PYC,

I Alirateways shall be-concealed unless otherwise indicated,

. Allconduit and tubing shall b Arinco, Plastic Wire & Cable, Steciduct, Republic, Adlied, or
approved equal,
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ALsoniiG
the device coversishiall be mapufactured by Steei City Manufacturing Co., or Appleton, 1"

i eitcuitconduils feedingoutiets inmasonry walls shall be concealod i HEET I
igre-onitler boyes dicated Th bare masonry walls, the box shall be mounted so-that two
edlges of the'tiox gr plester cover will Tallin a mortar Joint, Where switchboxes will ot
te'tlie nuntber of tonductors requiirad and 4 square or larger boxes dre fnsfalled,

—

miniwium in degth; withstraight rectangular openings fordrywall constriction, Where
grouting is required to fill vp impiopedy cut apeniitgs 1 the siagoney, the work will be
rgjected. Cantractor shall egaperate with the ‘brickluyer toinsure a neat and workmantike job.

Solderless Fixed springconneetors (T & B 10-100, [deal wrap-cap, orgqual)shall beused for
all branch eireuit wiring and fixture connections en-all conductors #10 AWG-and smalicr.

Split bolt ot 2 boltconnectors (T & B 6 HPW, O-Z Gedney PMX. orequal) shall be used for
connections and splices on all conduetdis a8 AWG or larger.

. Contnéetionsto all: iotors netequipped with:a portable cord ghall be made with a sheit plece

offlexible metd -betiveen rigld conduit system-and imotor terminal box. Ground bond
Lseparate-opper coriductor shall be made between motor frame and rigld cotiduit system,
tions, Hyuid tight flexible mietal conduit shall be used.

All recessed fixtures, unless thev-contaln g lox: approved for THW wire shall be wired with
THHN, in three feet (3') maximum of fexible sictal conduil from a box at least ane ol £
from the fixture. Notmorgithan two individual or two rows of continuous fixtures shall be
connected to any oneof tiese outletboxes. This box shall be located aha veiling and
shall be accessible by removing fisture. Installation of blank covers.oft ings fo provide
access (- such baxes will not be deceprable,.

Splices in all. low voltage-wiring shall be made af terminal blocks furnished with the
equipment. Atjunction boxes or whereother splices are reguired, these sphices shall be

saldered.

Othier routingsthan those Indlcated may not be used without thic approval of the University
Representative, buk Contracior shall make allowance for passible abstructions to routes
indicated. Conduitsshall'be grouped together and ryn oncommaon hangats parallel to
building lines in-areas:of open ceilings.

22 WIRING IN RACEWAYS.

B.

P it v i 1w 8w

Conduit sizes shall conform to requirements of'the National Electrical Code andiorsizes
shiown on drawings.

Itis not mandatory that all conduits be routed as shown o the drawings. Other routings
facilitating speed and ease of insiallation 1ndy be used, provided the: general intentoftiese
specifications is followed and: the s pecific intentof the particular Circuit or eireuits and the
Nationd! Electricat Code ate not vickaled: such changes and muse b appioved by the
Engineer before work is dot Ii':ontracm_r shall mugke fuli allowances for possible
obstructions to these rowles,as no extra charges-will be allosved fof added Iengths that may be

necessAany.
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H.

The pse: ufwoods.n plugs in masou;

- No wire

Conduits shall be installed ia neat appearing Maninér and shal] be- figidly secured in piage

¥ -gir-congteky d8a bage o fhsten racevways will not be

s anchors Gilyshall beused forthis purpose. Exposed condulis shiall be
znstalls.d \mh PURE S anged paraliel or perpendicularto walls and esilings, with righl angle
turns ¢onsisting of synunetrical bends, condulets and junclion bokes. Bends and offsets shall

‘be held to aminimum. Conduits:shall be keptat least six {6")inchus from pazalfel runs of hot,

piping:ies, orother hotobjects.

Conduits shall beeut with a hacksaw; ends must begduare, threads ¢t and cleaned before

rearning. Condyits.must be seeurely fastened to dll oitlet antl junction boxes with two
lockntits and one bushing of approved.inake, care-being exercised fo se¢ that fillnumber of
thieads project through fo permiit bushings fo butt up tight against the end of the conduit, after
whichthe logknuts shall b serewed tight. Conduit shall be joined by approved condult

couplings:and shall have ends huttedin all. cases whiere couplings are used. Use three picse
threaded electrical unions whete standard couplings cannot be used. THedse of ruiming
threads will not be permirted. Whiere condulets cannot bejoined by standard thread
couplings, approved type conduit unions shall be used, Connectors and couplings forelectric
metallic tubing shall be of the sét sarew type. Couplings forrigidheavy-wall conduit stiall be
of the threaded type:

. ConduitFitings shall be Crouse-Hinds or Appleton grounding type, or-approved equal,

Insulated buskings shall 'be provided for all conductors #4 and laiger.

hall be: pulledin until the gonduit systent s complete and plastering dried. Thiy
welude fhewhiite finish-coat oF plasier,

During Construgtion, all sutlet boxes and conduit stub-ins shall bG.'S!_.i.ii'db.}}:f profécied agalitst
the entrance of forelgn material.

2.3 BOXES AND BITTINGS

Al

B.

Boxes and fittings shall conform 1o requirements of Article 370 of the N.E.C,

Jonctionsand pull boxegrequired by fleld conditions shall be installed whether indicated an

drawings ornot.

The toeatiomofoutiels nerspecifically di

wenigioned on the drawings shiould be considéred as
apptoximaté only. The Contractorshall s general plang with rélation o the spads.
surruiding-edth outletin order-that his work {it the wotk of%others so that when fixtures or
othet. fiftings are ingfalled, they will be symmewrically located aceonding to design
requirements,

Use only-galvanized outlet and jurictionbioxes, condutt fittings, covers, and supports for

i sinth gasketed cavers for exterior wirlng. “The
Contraclor shall provide sl negessary structurad supports for boxes and wabinets. Kindorfor
Unistrut-¢hannels shall be dsed where appiicable,
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Boxes Tor concealed outlets shall be 4

square by 1-172" deeg, or larger, with raised device
coveis-as required, excapithat 2-38" deepswitcl Boxes may’'be used where only one
gonduitenters 4 bok

Boxes tor concealed ¢eiling outlets shall be 4" octagonal by 1-1/2" deep; or larger. Boxes in
plaster-ceilings shall have plaster covers. Fixture outlet boxes shall be equipped with fixture
studs secured to the boxes,

Outlet boxes for exposed work shall be 4" square by 1-1/2" deep, or larges. Boxes shall have
Agpleton 142" deep surface wictal govers-to:acesninodate the devices indivated, ordpprovéd

“SP 4078
E.
.
G,
equal.
.

=

By

L Iewallsatie gel

1 of contrete, tile 6r other non-combustible material, boxes and fittings
shall be sodnstalled thatthe front edge of the box or fitting will not set back of the finished
surface more than 144", In walls or ceilings constructed of weod or other combustible
miaterial, cutlet boxes and Hilings shalt be set flush-with the Finished surface.

finish between the edge of the-canopy-and-ibg outlet box shall be covered with non-
combustible mdterial.

1T fixture, canopy or pam s used as an outlerbox cayer, any combustible-wall or celling

Fistuire stisds shall be installed in all fivture outlets. In each case, the maximiin. permissible
number-of conduelors shall be reduced by one.

Appropriate gatvanized blank eovers. subjeet to approval-of the Engineer, shall be instalied
overoutlet of junction boxes which do not fiouse-adeviee, Mulfiple devices shall be installed
iti one-picce multi-gang box with ase-picce mnltigang:cover plates, On surface mounted
sswitch and recepiaele outlets, provide raised covers to pérmit mounting devices without
additional devieeplates.

For junction and pull boxes, 14 gatige or thickersheetmetal. Attachcovers by means of 1/4"
¥ 90 round head macking sgrews. Indanitp locations, provide rubber or nggprene. paskets.

Attention s calfed to Nationa! Electrical Code, Article 370, Paragtap!
{a}y and (b) relativeto allowable nubes of
provisions o prévent overcrowding ouil
conducters shown onthe drawings 4
requirements on this subject.

B70-18, Sub-paragraph
iduciory iy outlel boxes. Contractor shallinake
and junction boxes regardléss of number of
wtlets. There shall be no deviations from Code

UCTORS

Allconductors shall becopper and no wite shall be less than 712 AWGlexcept as
othérwise noted hereinand orindicated on drawings:

All conductors, except as herein noted and’or as indicated on drasvings, shail have 600 volt

frsulafion type THHNTHEN, "Wirldg through channels of contituous surface or suspended
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' C. Reeessed fluorsscent fxfures shall be fed 3% CTHHN, or REE conductors and recgsged
incandescent fixtures shall be fed with Type THHN vonductors,

D. Condvctdrs 48 and larger shall be stranded, Teedersshull beofth
drawings. '

stzerantltype indicated-on

E. TypeMCcable shall not'be used.
2.3 GROUNBING
A. Grounding shall coiilomn to the requiremients of Article.250 of the N.E.C,

B. Contractorshall provide groundiiig as indicated on drawings, or as required by the
moditications 1o the distibiition sy stem.

C. A grounding condustorshill be provided i all conduit. The grounding conductor shall be
green insulated, with a minimum size of #1724 wor asindicated on the drawings of per
NEC-250. Grounding conductors routed entitely Iivsoil aspint of the-ground loop shall b
bare-copper. The.grounding conductorconnceling The electrical service to the groamd system
shall:be greep ingulsted copper,

D, Band jumpers:shall beused around concentric or eecentric knockouls on service gquipment,

E. Grounding poleof eclt polurized receplacte shull be bonded to #1s-outlet box with copper
wire and machine er self-tapping screw. -

26  EQUIPMENT SUPPORTS
All electrical switches, panels, appurtenances, ste., shall be il

steel {raming which shall be securely fastened to wal
of framing.iiist be submitied to Engineer fordpproval

rsupgorted v Unistful or equal
cellings, ete,, as required. Details
sefoie installation.

27 MOUNTING HEIGHTS

vige indicdted in the drawings, mounting heights to centerling of outlets shiali be

B. Receptacles - 18" above finished foor except.above counter wheraindieated, oras directed
By Owriet,

C. LightSwitches ~48" above finished floor,

D. Panelboard - Not more than 850" from topmost operdting handle o floor.

=

Bragket Fixtures - 8'-0" abowe floot; or where mounted above exterior door, miitros, migdicine
cabinet, ara height just sufficient to-clear the swing of the door or nedicine cabinet,
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~ F. Theabove mounting helghts may be adjusted as required 16-permit bottom or top of plate to
align with sottarjoims in unfinished masonry walls, provided jolnis arenbt raked, Where
Jolnts ave reked, adjust height as required to insure that cciiter of cutlet Box will be in center
afsinasenry ailt,

2.8 BAFETY SWITCHES

A, Safety switches shall be of the wisiblz blade, heavy duly knifz switelitvpe, They ghall be of
the fused.or unfused typeas required. Fused switches shiall have positive pressie fuse clips.
Switehes shall be fully interlocked with provision to-nevtraliue thednteifock by ascrewdriver
while under load without interrupting the-cireuit. Switches shalt be-complete with insulated
base-and pressure or solderless lugs witches shall be horsepower raled, capable of
breaking stalled-rotor mator current at these ratings, Qutdoor focations shall have NEMA
Type 3R enclosures, indoor locaiions shall have NEMA 1 enclosures,

B. Switches shall have provigion for padlocking in the "ON® or “OEE" positions, Safety
switches, as indicated on plans, shall be Siemens, General Eloctric, Cutler-Hamimer, or
Square I,

29 FUSES

A, Fuses utilized shall provit Ho-damage” 68 definedby 1EC 947, All fuses shall have a
winiinom fitersupling ‘ 0,000 A, Fuses protecting wansformers shall be Class J or
RKS time delay. Fusesproteeting motor loads shiall be Class J ot RKT current Timiting.
Provide one set of spare fuses for each load protected. Fuses shall be manufactured By
Ferraz-Shawmut, Cooper Bussman; or approved. equal,

240 TERMINATIONS

All termination ugs shall be raled 75 degrees G or higher, and shall te compatible with number
and size of wires to be terminated,

211 DUCTDETECTORS

A, Duet Detector, Intelligent shall use a photoelectric detectors for the satitpling.
L. Thedustdeteetor shall be capable of multi celored LED remiote indicator light,
2. Thedetectorshall be supplied with the appropriate sainpling tubes to fi the duct
shall bemenitored.
3 Where indicated on drawings provide dust detector with remote relay that shall
be operated form the-centrol paiet.
4, HVAC and fans:shall shutdown when either the duct detectorfor thatunit is

alarmed or when‘any device of the fire alarm svsient i3 activated. The FACP and
remote annuniciator shall be progiamed with buttons for manual operation of
eachair-handling unit.and smoke comizol fin,

5, Wite'to existing firé alarm systen,

IRCUIT BREAKERS
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Clrcuit breakers sl be bolted (o the bus- bar, and be qu1ck~m*'hc quick-break, using overceiiter
logg,le meclianism. Breakers shall indioate ttfpped post: ssuming the centertoggle
positon, Breakr..h shall have defonarextinguisher prmup[t_ All two and three-pole breakers
shall Tave 5 aridleand thecomimon trip. No bail handie ties will be acceptabli. Cirouit

breakershall mateh existing distribution panel board. Provide mounting brackets anid cover plates
As rEquired.

END OF SECTION - 16030
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