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SECTI ON 13850A

FI RE DETECTI ON AND ALARM SYSTEM DI RECT CURRENT LOCP
02/ 02

PART 1  GENERAL
Exi sting FA systemof bldg 1176 (south, north bays & adnmin area) is a
hardwi red system The FA systemshall be nodified to neet the
requi renents of NFPA 409, ETL & other codes & stds as applicable for a
conpl ete operational system The nain FA panel & slave panels are
Notifier series 5000 and shall remain, but majority of devices as
del i neated on plans shall be replaced with new devices conpati bl e and
listed with the FA panel manufacturer. New power supplies as needed and
del i neated shall be added to adequately provide power to the system
appl i ances & devices. Alarm supervisory & trouble circuits shall be
correctly wired/ connected for proper annunication. Conduit rough-in
shal |l be corrected to neet the hazardous requirenents of the bay areas.

1.1 REFERENCES
The publications listed below forma part of this specification to the
extent referenced. The publications are referred to in the text by basic
designation only. Publications shall be the latest edition

AVERI CAN NATI ONAL STANDARDS | NSTI TUTE ( ANSI )

ANSI S3. 41 (1990; R 1996) Audi bl e Energency
Evacuati on Si gnal

FACTORY MUTUAL ENG NEERI NG AND RESEARCH (FM
FM P7825a (1998) Approval Guide Fire Protection
I NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENG NEERS (| EEE)

| EEE C62. 41 (1991; R 1995) Surge Voltages in
Low Vol tage AC Power Circuits

NATI ONAL FI RE PROTECTI ON ASSOCI ATl ON ( NFPA)

NFPA 70 (2002) National Electrical Code
NFPA 72 (2002) National Fire Al arm Code
NFPA 90A (2002) Installation of Air Conditioning

and Ventilating Systens

UNDERWRI TERS LABORATORI ES (UL)

UL 1242 (1996; Rev Mar 1998) Internediate Metal
Condui t
UL 1971 (1995; Rev thru Apr 1999) Signaling

Devi ces for the Hearing | npaired

UL 268 (1996; Rev thru Jan 1999) Snpke Detectors
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for Fire Protective Signaling Systens
(1998) Snpke Detectors for Duct Application

(1996; Rev thru May 1999) Audi bl e Signal
Appl i ances

(1999) Heat Detectors for Fire Protective
Si gnal i ng Systens

(1997) Rigid Metal Conduit

(1993; Rev thru Mar 1997) Electrical
Metal I'i ¢ Tubi ng

(1996; Rev thru Mar 1999) Control Units
for Fire Protective Signaling Systens

Fire protection Engineering Criteria

1.2 SUBM TTALS

CGovernment approval is required for submittals with a "G' designation;
submittals not having a "G' designation are for information only. Wen
used, a designation following the "G' designation identifies the office

that wll

review the submittal for the Government. The follow ng shall be

submtted in accordance with Section 01330 SUBM TTAL PROCEDURES:

SD- 02 Shop Drawi ngs

Fire Alarm Reporting System G EC

Detail draw ngs, prepared and signed by a Registered
Pr of essi onal Engi neer to delineate the existing systemas nodified
with a conplete list of new equi pnent and material, including
manuf acturer's descriptive and technical literature, catalog cuts,
and installation instructions. Note that the contract draw ngs
show | ayouts of major conponents of existing FA system & notes for
new requi rements. The Contractor shall check, verify the |ayout
and nake any necessary revisions in the detail draw ngs. The
detail drawi ngs shall also contain existing wring and wiring
di agranms for the new equi prent furnished, equipnment |ayout, and
any other details required to denonstrate that the system has been
coordi nated and will properly function as a unit. Detailed
poi nt-to-point wiring diagramshall be prepared and signed by a
Regi st ered Prof essional Engineer for a conplete FA systemto
i ncl ude existing wiring color coding, new wiring color coding
andshowi ng poi nts of connection. Diagramshall include
connecti ons between system devi ces, appliances, control panels,
supervi sed devices, and equi prent that is activated or controlled
by the panel. Details on contract drawi ngs & specs are mainly
based on the Fire Protection System Testi ng Report prepared by
Pool e Consulting Services Inc, O athe, Kansas Phone 913 829-8650.

SD- 03 Product Data

Storage Batteries; G EC
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Substantiating battery calculations for supervisory and al arm
power requirenents for existing nmain, slave panels & Monaco
transmtter. Anmpere-hour requirements for each system component
and each panel conponent, and the battery rechargi ng period shal
be i ncl uded.

Vol tage Drop; G EC

Vol tage drop cal cul ations for notification appliance circuits to
i ndicate that sufficient voltage is available for proper appliance
operation.

Spare Parts; G EC

Spare parts data for each different itemof material and
equi prent specified, not later than 1 nonths prior to the date of
beneficial occupancy. Data shall include a conplete list of parts
and supplies with the current unit prices and source of supply and
alist of the parts recomended by the nmanufacturer to be repl aced
after 3 year of service

Training; G RE

Lesson plans, operating instructions, maintenance procedures,
and training data, furnished in manual format, for the training
courses. The operations training shall familiarize designated
gover nment personnel with proper operation of the fire alarm
system The mai ntenance training course shall provide the
desi gnat ed gover nnent personnel adequate know edge required to
di agnose, repair, mmintain, and expand functions inherent to the
system

Testing; G RE
Detail ed test procedures, prepared and signed by a Regi stered

Pr of essi onal Engineer for the fire detection and al arm system 30
days prior to perform ng systemtests.

SD-06 Test Reports

Testing; G RE

Test reports, in booklet form showing field tests performed to
prove conpliance with the specified performance criteria, upon
conpletion and testing of the installed system Each test report
shal I docunent readings, test results and indicate the fina
position of controls. The Contractor shall include the NFPA 72
Certificate of Conpletion and NFPA 72 Inspection and Testing Form
with the appropriate test reports.

SD-07 Certificates

Equi prent; G EC

Certified copies of current approvals or listings issued by an
i ndependent test lab if not listed by UL, FMor other nationally
recogni zed testing | aboratory, show ng conpliance with specified
NFPA st andar ds.
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Qualifications; G EC

Proof of qualifications for required personnel. The installer
shal | subnit proof of experience for the Professional Engineer
fire alarmtechnician, and the installing conmpany.

SD-10 Operation and Mai ntenance Data
O & Mmanuals; G EC

Si x copies of operating instructions outlining step-by-step
procedures required for system startup, operation, and shut down.
The instructions shall include the manufacturer's nanme, nodel
nunber, service manual, parts list, and conplete description of
equi prent and their basic operating features. Six copies of
mai nt enance instructions listing routine maintenance procedures,
possi bl e breakdowns and repairs, and troubl eshooting guide. The

i nstructions shall include conduit |ayout, equipnent |ayout and
simplified wiring, and control diagrans of the system as
installed. The instructions shall include conplete procedures for

system revi sion and expansion, detailing both equi pnent and
software requirenents. Oiginal and backup copies of all software
delivered for this project shall be provided, on each type of
nmedia utilized. Instructions shall be approved prior to training.
1.3 GENERAL REQUI REMENTS
1.3.1 St andard Products
Mat eri al and equi pnent shall be the standard products of a manufacturer
regul arly engaged in the manufacture of the products for at |east 2 years
prior to bid opening. Equipnent shall be supported by a service
organi zation that can provide service within 24 hours of notification
1.3.2 Nanepl at es
Maj or conponents of equi pnment shall have the manufacturer's nane, address,
type or style, voltage and current rating, and catal og number on a
noncorrosi ve and nonheat-sensitive plate which is securely attached to the
equi prent .
1.3.3 Keys and Locks
Locks shall be keyed alike. Four keys for the system shall be provided.
1.3.4 Tags

Tags with stanmped identification nunber shall be furnished for keys and
| ocks.

1.3.5 Verification of D nensions
After becoming famliar with details of the work, the Contractor shal
verify dinmensions in the field and shall advise the Contracting Oficer of
any di screpancy before performng the work.

1.3.6 Conpl i ance

13850A-6



DACA41- 03- R- 0008- 0002
Vol une 2

The fire detection and alarm system and the central reporting system shal
be configured in accordance with NFPA 72; exceptions are acceptable as
directed by the Contracting Oficer. The equi pnent furni shed shall be
conpati ble and be UL listed, FM approved, or approved or listed by a
nationally recogni zed testing | aboratory in accordance with the applicable
NFPA st andards.

1.3.7 Qualifications
1.3.7.1 Engi neer and Techni ci an

a. Registered Professional Engineer with verification of experience
and at |east 4 years of current experience in the design of the fire
protection and detection systens.

b. National Institute for Certification in Engineering Technol ogi es
(NI CET) qualifications as an engineering technician in fire alarm systens
programwi th verification of experience and current N CET certificate.

c. The Registered Professional Engi neer nay performall required
items under this specification. The NICET Fire Al arm Technici an shal
performonly the itens allowed by the specific category of certification
hel d.

1.3.7.2 Installer
The installing Contractor shall provide the following: NCET Fire Alarm

Technicians to performthe installation of the system A N CET Level 3 or
4 Fire Alarm Technician shall supervise the installation of the fire alarm

system N CET Level 2 or higher Fire Alarm Technician shall install and
termnate fire alarm devices, cabinets and panels. An electrician or N CET
Level 1 Fire Alarm Technician shall install conduit for the fire alarm

system The Fire Alarmtechnicians installing the equi pnrent shall be
factory trained in the installation, adjustnent, testing, and operation of
t he equi pnent specified herein and on the draw ngs.

1.3.7.3 Desi gn Servi ces

Installations requiring nodifications of fire detection, fire alarm or
fire suppression systens shall require the services and review of a
qualified fire protection engineer. For the purposes of neeting this
requirenent, a qualified fire protection engineer is defined as an

i ndi vidual neeting one of the follow ng conditions:

a. An engineer having a Bachel or of Science or Masters of Science
Degree in Fire Protection Engineering froman accredited
uni versity engi neering program plus a mnimmof 2 years' work
experience in fire protection engi neering.

b. A registered professional engineer (P.E.) in fire protection
engi neeri ng.

c. Aregistered PEin a related engineering discipline and menber
grade status in the National Society of Fire Protection Engineers.

d. An engineer with a mninmmof 10 years' experience in fire

protection engi neering and nmenber grade status in the Society of
Fire Protection Engi neers
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1

4  SYSTEM DESI GN
4.1 Oper ation

The existing fire alarmand detection systemw th nodifications shall be a
conpl ete, supervised fire alarmreporting system The system shall be
activated into the al arm nbde by actuation of any alarminitiating device.
The systemshall remain in the alarmnode until the initiating device is
reset and the fire alarmcontrol panel is reset and restored to nornal
Alarminitiating devices shall be connected to initiating device circuits
(IDC), Style D, in accordance with NFPA 72. Alarmnotification appliances
shal |l be connected to notification appliance circuits (NAC), Style Z in
accordance with NFPA 72. Conduit systemshall remain as initially

i ntended/indi cated. Textual, audible, and visual appliances and systens
shall comply with NFPA 72. Fire alarm system conponents requiring power,
except for the control panel power supply, shall operate on 24 Volts dc.

. 4.2 Qper ational Features

The existing systemshall have the foll owi ng operating features:

a. Mnitor electrical supervision of alarmI1DC and NAC. Snhoke
detectors shall not have combined alarminitiating and power
circuits.

b. Monitor electrical supervision of the prinmary power (ac) supply,
battery voltage, placenment of alarm zone nodule (card, PC board)
within the control panel, and transmitter tripping circuit
integrity.

c. A trouble buzzer and trouble Iight emtting diode (LED) to
activate upon a single break, open, or ground fault condition
whi ch prevents the required normal operation of the system The
troubl e signal shall also operate upon |oss of primary power (ac)
supply, low battery voltage, renoval of alarm zone nodul e (card,
PC board), and di sconnection of the circuit used for transmtting
alarmsignals off-premises. A trouble alarmsilence switch shal
be provided which will silence the trouble buzzer, but wll not
extinguish the trouble indicator LED. Subsequent trouble and
supervisory alarnms shall sound the trouble signal until silenced.
After the systemreturns to normal operating conditions, the
troubl e buzzer shall again sound until the silencing switch
returns to nornmal position, unless autonatic trouble reset is
provi ded.

d. A one person test node. Activating an initiating device in this
node will activate an alarmfor a short period of tine, then
automatically reset the alarm without activating the transmtter
during the entire process.

e. Atransmitter disconnect switch to allow testing and mai nt enance
of the systemwi thout activating the transmitter but providing a
troubl e signal when di sconnected and a restoration signal when
reconnect ed.

f. Evacuation alarmsilencing switch which, when activated, wll
silence alarm devices, but will not affect the zone indicating
LED/ LCD nor the operation of the transmitter. This switch shal
be over-ridden upon activation of a subsequent alarmfrom an
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unal armed zone and the NAC devices will be activated.

g. FElectrical supervision for circuits used for supervisory signha
services (i.e., sprinkler systenms, valves, etc.). Supervision
shal | detect any open, short, or ground.

h. The fire alarmcontrol panel shall provide supervised relays for
HVAC shut down. An override at the HVAC panel shall not be
provi ded.

i. Provide one person test node - Activating an initiating device in
this node will activate an alarmfor a short period of tine, then
automatically reset the alarm w thout activating the transmtter
during the entire process.

j. The fire alarmcontrol panel shall provide the required nodules to
nmoni tor and control the fire sprinkler system or other fire
protection extinguishing system

k. Zones for alarm|DC and NAC shall be as shown on the matrix of
contract draw ngs.

1.4.3 Al ar m Functi ons
An alarmcondition on a circuit shall autonmatically initiate the foll ow ng
functions:

a. Transm ssion of signals over the station radio fire reporting

1

f.

4.4

system The signals shall be different for each zone all as
i ndi cated on the matrix of contract draw ngs..

Vi sual indications of the alarned zones on the fire alarmcontro
panel annunci ator and on the renote annunci ator

Cont i nuous soundi ng or operation of alarmnotification appliances
t hr oughout the building as required by ANSI S3.41.

Operation of the smoke control system

Deactivation of the air handling units throughout the building.

Automat i c di scharge of the designated fire suppression systens.

Primary Power

Qperating power shall remain as originally provided. Verify all power
supplies to the panels are on a dedicated circuit. Loss of ac power shal
not prevent transm ssion of a signal via the fire reporting system upon
operation of any initiating circuit.
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1.4.5 Battery Backup Power

Battery backup power shall be through use of rechargeable, seal ed-type
storage batteries and battery charger

1.5 DELI VERY AND STORAGE

Equi prent delivered and placed in storage shall be stored with protection
fromthe weather, humdity and tenperature variation, dirt, dust, and any
ot her contam nants.

PART 2 PRODUCTS
2.1 CONTROL PANEL

Use existing main control panel & slave control panels all Notifier series
5000

2.1.1 Circuit Connections

Circuit conductors entering or |eaving the panel shall be connected to
screwtype ternmnals with each conductor and terninal marked for
identification.Wre nut connectors are not permtted.

2.2 STORAGE BATTERI ES

Storage batteries shall be provided and shall be 24 Vdc seal ed,

| ead-cal ciumtype requiring no additional water. The batteries shall have
anpl e capacity, with primary power disconnected, to operate the fire alarm
systemfor a period of 72 hours. Following this period of battery
operation, the batteries shall have anple capacity to operate al
conponents of the system including all alarmsignaling devices in the
total alarmmnode for a mninum period of 15 minutes. New batteries shal
be located in the original location or in a separate battery cabi net.
Batteries shall be provided with overcurrent protection in accordance with
NFPA 72. Separate battery cabinets shall have a | ockabl e, hinged cover
simlar to the fire alarmpanel. The lock shall be keyed the sane as the
fire alarmcontrol panel. New cabinets shall be painted to match the fire
al arm control panel

2.3 BATTERY CHARGER

Exi sting battery charger for each control panel shall be used if conpatible
with the size & charge rate of new batteries. Report descrepancies to COR

2.4  FI RE DETECTI NG DEVI CES
Fire detecting devices shall conply with the applicable requirenents of

NFPA 72, NFPA 90A, UL 268, UL 268A, and UL 521. The detectors shall be
provided as indicated. Detector base shall have screw term nals for making

connections. No solder connections will be all owed. Detectors located in
conceal ed | ocations (above ceiling, raised floors, etc.) shall have a
renmote visible indicator LED)LCD. Installed devices shall conformto the

NFPA 70 hazard cl assification of the area where devices are to be install ed.
2.4.1 Heat Detectors

Exi sting heat detectors as wired shall be used.
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2.4.2 Duct Detectors

2.4.2.1 Duct Detectors
See section 15951A Direct Digital Control of HVAC
2.4.3 Fl ame Detectors

The detectors shall conply with FM P7825a. The detectors shall be
sensitive to the mcron range best suited for their intended use. The
detectors shall operate over electrically supervised wiring circuits and
the | oss of power to the detector shall result in a trouble signal. A
self-test feature shall be provided for each detector to be individually
t est ed.

2.4.3.1 Conbi nati on W/ IR Fl ame Detector

The UV/ IR detector shall provide discrimnation against fal se al arns by
requiring both W and IR flane detection before an alarmis sent. The
U/ IR detector shall be Omiguard nodel 860-00100 or approved equal

2.5 NOTI FI CATI ON APPLI ANCES

Audi bl e appliances shall conformto the applicable requirenents of UL 464.
Devi ces shall be connected into notification appliance circuits. Devices
shal | have a separate screw terminal for each conductor. Audible
appl i ances shall generate a audi ble sound as required by NFPA 72. Audible
appl i ances shall be painted red

2.5.1 Al ar m Hor ns

Horns shall be surface nounted, with the matchi ng nmounti ng back box
vibrating type suitable for use in an electrically supervised circuit.
Horns shall produce a sound rating of at |east 85 dBA at Horns used in
exterior locations shall be specifically listed or approved for outdoor use
and be provided with nmetal housing and protective grilles.

2.5.2 Vi sual Notification Appliances

Vi sual notification appliances shall conformto the applicable requirenents
of UL 1971. Appliances shall have clear high intensity optic | ens, xenon
flash tubes, and output white light. Strobe flash rate shall be between 1
to 3 flashes per second and a mini mum of 110 candel a.

2.5.3 Val ve Supervisory (Tanper) Switch

Switch shall be designed to nonitor the open condition of each water or
AFFF concentrate control valve to which it is mounted (OS & Y val ve or bal
valve). It shall include a cast al um num housi ng, tanper proof cover, two
sets of single pole, double throw (SPDT) contacts and brackets and J-bolts
needed for nmounting. Renoval of the cover shall cause both switches to
oper at e.

2.6 REMOTE ANNUNCI ATI ON EQUI PMENT
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2.

6.1 Renot e Graphi ¢ Annunci at or

Graphi ¢ annunci ator shall have a plan view of the building. Indicator
| anps shall be shown as reflected on sheet E116 LEDs shall be red for
al arm condi tion, anmber for supervisory malfunction condition, and yell ow
for trouble condition. Plan views shall be approxinately to scale and in

no case smaller than in length or width. Annunciator shall have a door
wi th piano hinge and two point cylinder |ock or two cylinder |ocks. Lock
shal | be operable using the sane key as the control panel. Annunci ator

shall contain a LED test switch, audible trouble signal and a trouble
switch to silence the audible alarm but not extinguish the trouble LED
Annunci ator shall be surface nounted.

.7 FI RE DETECTI ON AND ALARM SYSTEM PERI PHERAL EQUI PMENT

7.1 Condui t

Conduit and fittings shall conply with UL 6, UL 1242 and UL 797.

. 7.2 Wring

Wring shall conformto NFPA 70 and shall be used to wire the new devices
for which existing wiring does not exist. New wiring for Fire Alarm
circuits shall be No. 14 AWG mininum Vol tages shall not be m xed in any
junction box, housing, or device, except those containing power supplies
and control relays. Wring shall conformto NFPA 70. Systemfield wring
shall be solid copper and installed in metallic conduit or electrica
metallic tubing, except rigid plastic conduit may be used under

sl ab-on-grade. Conductors shall be color coded. Conductors used for the
sanme functions shall be simlarly color coded. Wring code col or shal
remai n uni form throughout the circuit.

. 8 TRANSM TTERS

.8.1 Radio Alarm Transmitters

Existing Radio transmitter shall be used.

.8.1.1 Transmitter Power Supply

Exi sting 120 volt ac power shall continue to power the radio transmtter

b. Battery Power: Transmitter standby battery capacity shall provide
sufficient power to operate the transmitter in a normal standby
status for a mninmumof 72 hours and be capable of transnitting
al arns during that period.

PART 3 EXECUTI ON

3.

3.

1 | NSTALLATI ON

Al work shall be installed as shown, and in accordance with NFPA 70 and
NFPA 72, and in accordance with the manufacturer's diagrans and
recomendat i ons, unl ess otherw se specified.

1.1 Power Supply for the System
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Exi sting 120 volt ac power shall continue to power the FA panels. Provide
| ocki ng mechanismfor all the circuit breakers serving the FA equi pnent
marked in red with the words "FI RE ALARM Cl RCU T CONTROL".

3.1.2 Wring

Conduit size for wiring shall be as indicated on the drawi ngs. Wring for
the fire alarmsystemshall not be installed in conduits, junction boxes,

or outlet boxes with conductors of lighting and power systens. Not nore
than two conductors shall be installed under any device screw term nal

The wires under the screw term nal shall be straight when placed under the
term nal then clanped in place under the screw termnal. The wres shal

be broken and not tw sted around the terminal. Circuit conductors entering
or leaving any nounting box, outlet box enclosure, or cabinet shall be
connected to screw termnals with each term nal and conductor nmarked in
accordance with the wiring diagram Connections and splices shall be made
using screw term nal blocks. The use of wire nut type connectors in the
systemis prohibited. Wring within any control equi pnent shall be readily
accessi bl e without renoving any conponent parts. The fire al arm equi pnent
manuf acturer's representative shall be present for the connection of wring
to the control panel

3.1.3 Control Panel & Assorted components

The assorted conponents of FACP shall be mobunted so that no part of the
encl osing cabinet is less than 18 inches nor nore than above the
finished floor. Manually operable controls shall be between above the
finished floor. Panel shall be installed to conply with the requirenents
of UL 864.

3.1. 4 Notification Appliances

Notification appliances shall be nounted in the same |ocation of the
exi sting device that is being repl aced.

3.1.5 Annunci at or Equi prent

Annunci at or equi prent shall be mounted in the sanme | ocation of the existing
annuni cat or

3.1.6 Supervi sory and Al arm Contacts

Contacts in suppression systens and other fire protection subsystens shal
be properly connected to the fire alarmsystemto perform supervisory and
alarmfunctions as identified in NFPA 72 and as indicated on the draw ngs.
Contacts shall be provided in accordance with other sections of the
specifications and specific instructions on correspondi ng drawi ngs. See
Section 13955A Aqueous Film Form ng Foam (AFFF) Fire Protection System

3.2 OVERVOLTAGE AND SURGE PROTECTI ON

3.2.1 Power Line Surge Protection
Provi de new surge protection for existing alternating current circuits from
surges per | EEE C62.41 B3 conbi nati on waveform and NFPA 70. Fuses shal
not be used for surge protection. The surge protector shall be rated for a

maxi mum |l et thru voltage of 350 Volts ac (line-to-neutral) and 350 Volt ac
(neutral -to-ground).
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3.

3.

3 SUPERVI SI NG STATI ON PROVI SI ONS

3.1 Revi sions to Existing Facilities

Exi sting supervising conponents shall be nodified as indicated on the

drawi ngs, updated to accomopdate the revised configuration. Acceptance
testing shall include procedures that woul d denpnstrate that operation of
exi sting equipnment with the revised configuration plus interfacing
conponents operate conpatibly at the protected prem ses. Wrk on existing
equi pnrent shall be perforned in accordance with the manufacturer's

i nstructions or under supervision of the manufacturer's representative.

.4 TESTI NG

The Contractor shall notify the Contracting Officer at |east 10 days before
the prelinmnary and acceptance tests are to be conducted in the presence of
t he Regi stered design engineer. The tests shall be perfornmed in accordance
with the approved test procedures in the presence of the Contracting
Oficer. The Contractor shall furnish instrunents and personnel required
for the tests.

4.1 Prelimnary Tests

Upon conpletion of the installation, the systemshall be subjected to
functional and operational performance tests including tests of each
installed initiating and notification appliance, when required. Tests
shal | include the nmeggering of systemconductors to determne that the
systemis free fromgrounded, shorted, or open circuits. The negger test
shal | be conducted prior to the installation of fire alarmequipnent. |If
deficiencies are found, corrections shall be made and the system shall be
retested to assure that it is functional. After conpleting the prelimnary
testing the Contractor shall conplete and submt the NFPA 72, Certificate
of Conpl eti on.

.4.2 Accept ance Test

Acceptance testing shall not be performed until the Contractor has
conpl eted and submitted the Certificate of Conpletion. Testing shall be in
accordance with NFPA 72 and in the presence of Regi stered design engi neer.
The recomended tests in NFPA 72 shall be considered nandatory and shal
verify that previous deficiencies have been corrected. The Contractor
shal |l conplete and subnit the NFPA 72, Inspection and Testing Form The
test shall include all requirenents of NFPA 72 and the foll ow ng:

a. Test of each function of the control panel

b. Test of each circuit in both trouble and normal nobdes.

c. Tests of each alarminitiating devices in both normal and trouble
condi tions.

d. Tests of each control circuit and device.
e. Tests of each alarmnotification appliance.

f. Tests of the battery charger and batteries.
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g. Conplete operational tests under energency power supply.
h. Visual inspection of wiring connections.

i. Opening the circuit at each alarminitiating device and
notification appliance to test the wiring supervisory feature.

j. Gound fault.

k. Short circuit faults.
. Stray voltage

m Loop resistance.

n. Test UV IR detectors to include pan tests as recommended by the
manuf .

3.5 TRAI NI NG

Trai ning course shall be provided for the operations and mai nt enance staff.
The course shall be conducted in the building where the systemis installed
or as designated by the Contracting Oficer. The training period for
systens operation & mmi ntenance shall consist of 1 training days (8 hours
per day) and shall start after the systemis functionally conpl eted but
prior to final acceptance tests. The instructions shall cover itens
contained in the operating and mai ntenance instructions.

-- End of Section --
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SECTI ON 15080A

THERVAL | NSULATI ON FOR MECHANI CAL SYSTEMS
07/ 02

PART 1 GENERAL
1.1 REFERENCES

The publications listed below forma part of this specification to the
extent referenced. The publications are referred to in the text by basic
designation only. At the discretion of the Government, the manufacturer of
any material supplied will be required to furnish test reports pertaining
to any of the tests necessary to assure conpliance with the standard or
standards referenced in this specification.

AMERI CAN SOCI ETY FOR TESTI NG AND MATERI ALS (ASTM

ASTM A 167 (1999) Stainless and Heat - Resi sting
Chrom um Ni ckel Steel Plate, Sheet, and
Strip

ASTM A 580/ A 580M (1998) Stainless Steel Wre

ASTM B 209M (2001) Al um num and Al um num Al | oy Sheet
and Plate (Metric)

ASTM C 1126 (2000) Faced or Unfaced Rigid Cellular
Phenol ic Thermal |nsulation

ASTM C 1136 (1995) Flexible, Low Permeance Vapor
Retarders for Thermal I|nsulation

ASTM C 1290 (2000e1) Flexible Fibrous dass Bl anket
Insulation Used to Externally Insulate
HVAC Duct s

ASTM C 195 (1995) M neral Fiber Thermal Insulating
Cenment

ASTM C 449/ C 449M (2000) M neral Fiber Hydraulic-Setting

Thermal [ nsul ati ng and Fi ni shi ng Cenent

ASTM C 533 (1995; R 2001) Calcium Silicate Bl ock and
Pi pe Thermal Insulation

ASTM C 534 (2001a) Prefornmed Flexible Elastoneric
Cellular Thermal Insulation in Sheet and
Tubul ar Form

ASTM C 547 (2000) M neral Fiber Pipe Insulation
ASTM C 552 (2000) Cellular A ass Thernal I|nsulation
ASTM C 553 (2000) M neral Fiber Bl anket Ther nal

I nsul ation for Commercial and | ndustri al
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Appl i cations
ASTM C 591 (2001) Unfaced Preforned Rigid Cellular
Pol yi socyanurate Thermal I|nsul ation
ASTM C 610 (1999) Mol ded Expanded Perlite Bl ock and
Pi pe Thermal |nsulation
ASTM C 612 (2000a) M neral Fiber Block and Board
Thermal [ nsul ation
ASTM C 647 (1995; R 2000) Properties and Tests of
Mastics and Coating Finishes for Thernal
I nsul ation
ASTM C 665 (2001e1) M neral - Fi ber Bl anket Ther mal
Insul ation for Light Franme Construction
and Manuf actured Housi ng
ASTM C 795 (1992; R 1998el) Thernal I|nsulation for
Use in Contact with Austenitic Stainless
St eel
ASTM C 920 (2002) El astoneric Joint Seal ants
ASTM C 921 (1989; R 1996) Determining the Properties
of Jacketing Materials for Thermal
I nsul ati on
ASTM D 882 (1997) Tensile Properties of Thin Plastic
Sheet i ng
ASTM E 84 (2001) Surface Burning Characteristics of
Buil ding Materials
ASTM E 96 (2000e1) Water Vapor Transni ssion of
Material s
MANUFACTURERS STANDARDI ZATI ON SOCI ETY OF THE VALVE AND FI TTI NGS
| NDUSTRY ( MSS)
MSS SP- 69 (1996) Pi pe Hangers and Supports -
Sel ection and Application
M DWEST | NSULATI ON CONTRACTORS ASSCCI ATI ON (M CA)
M CA Insul ation Stds (1999) National Conmercial & Industrial

I nsul ati on St andar ds
1.2 SYSTEM DESCRI PTI ON

Fi el d-applied insulation and accessories on nechani cal systens shall be as
specified herein; factory-applied insulation is specified under the piping,
duct or equipnment to be insulated. Insulation of heat distribution systens
and chilled water systens outside of buildings shall be as specified in
Section 02552A PRE- ENG NEERED UNDERGROUND HEAT DI STRI BUTI ON SYSTEM Secti on
02553A HEAT DI STRI BUTI ON SYSTEMS | N CONCRETE TRENCHES, Section 02554A
ABOVEGRCOUND HEAT DI STRI BUTI ON SYSTEM and Secti on 02555A PREFABRI CATED
UNDERGROUND HEATI NG COCLI NG DI STRI BUTI ON SYSTEM  Fiel d applied insul ation
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materials required for use on Governnent-furnished itens as listed in the
SPECI AL CONTRACT REQUI REMENTS shal | be furnished and installed by the
Contractor.

1.3 GENERAL QUALI TY CONTROL

1.3.1 St andard Products
Materials shall be the standard products of nmanufacturers regularly engaged
in the manufacture of such products and shall essentially duplicate itens
t hat have been in satisfactory use for at |east 2 years prior to bid
openi ng.

1.3.2 Installer's Qualifications

Qualified installers shall have successfully conpleted three or nore
simlar type jobs within the last 5 years.

1.3.3 Surface Burning Characteristics

Unl ess ot herwi se specified, insulation not covered with a jacket shall have
a flame spread i ndex no higher than 75 and a snoke devel oped i ndex no

hi gher than 150. Insulation systens which are located in air plenuns, in
ceiling spaces, and in attic spaces shall have a flanme spread index no
hi gher than 25 and a snoke devel oped i ndex no higher than 50. |Insulation

materials |ocated exterior to the building perineter are not required to be
fire-rated. Flane spread, and snoke devel oped i ndexes, shall be determ ned
by ASTME 84. Insulation shall be tested in the same density and installed
t hi ckness as the material to be used in the actual construction. Materia
supplied by a nanufacturer with a jacket shall be tested as a conposite
material. Jackets, facings, and adhesives shall have a flanme spread index
no hi gher than 25 and a snoke devel oped i ndex no hi gher than 50 when tested
i n accordance with ASTM E 84.

1.3.4 Identification of Materials
Packages or standard containers of insulation, jacket nmaterial, cenents,
adhesi ves, and coatings delivered for use, and sanples required for
approval shall have manufacturer's stanp or |abel attached giving the nane
of the manufacturer and brand, and a description of the nmateri al

1.4  SUBM TTALS
CGovernment approval is required for submittals with a "G' designation
submttals not having a "G' designation are for information only. Wen
used, a designation following the "G designation identifies the office

that will review the submttal for the Governnent. The follow ng shall be
submitted in accordance with Section 01330 SUBM TTAL PROCEDURES:

SD- 04 Sanpl es

Thermal Insulation Materials; G RE
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After approval of materials actual sections of installed
systens, properly insulated in accordance with the specification
requi renents, shall be displayed. Such actual sections mnust
remai n accessible to inspection throughout the job and will be
reviewed fromtime to time for controlling the quality of the work
t hroughout the construction site. Each naterial used shall be
identified, by indicating on an attached sheet the specification
requirenent for the material and the material by each manufacturer
intended to neet the requirenent. The Contracting O ficer wll
i nspect display sanple sections at the jobsite. Approved display
sanmpl e sections shall remain on display at the jobsite during the
construction period. Upon conpletion of construction, the display
sanpl e sections will be closed and seal ed.

Pi pe Insulation Display Sections: Display sanple sections shal
i nclude as a minimum an el bow or tee, a valve, dielectric
wat erways and fl anges, a hanger with protection shield and
i nsulation insert, or dowel as required, at support point, nethod
of fastening and sealing insulation at |ongitudinal |ap
circunferential lap, butt joints at fittings and on pipe runs, and
term nating points for each type of pipe insulation used on the
job, and for hot pipelines and cold pipelines, both interior and
exterior, even when the same type of insulation is used for these
servi ces.

Duct Insulation Display Sections: Display sanple sections for
rigid and flexible duct insulation used on the job. A tenporary
covering shall be used to enclose and protect display sections for
duct insul ation exposed to weat her.

5 STORACE

Materials shall be delivered in the manufacturer's unopened cont ai ners.
Materials delivered and placed in storage shall be provided with protection
fromweather, humdity, dirt, dust and other contam nants. The Contracting
Oficer may reject insulation material and supplies that becone dirty,
dusty, wet, or contani nated by sone ot her neans.

PART 2 PRODUCTS

2.

1 GENERAL MATERI ALS

Materials shall be conpatible and shall not contribute to corrosion
soften, or otherwi se attack surfaces to which applied in either the wet or
dry state. Materials to be used on stainless steel surfaces shall neet
ASTM C 795 requirenents. Materials shall be asbestos free and conformto
the foll ow ng:

1.1 Adhesi ves

.1.1.1 M neral Fiber |nsul ation Cement

Cenent shall be in accordance with ASTM C 195.

.1.1.2 Laggi ng Adhesi ve

Lagging is the material used for thermal insulation, especially around a
cylindrical object. This may include the insulation as well as the
cloth/material covering the insulation. Lagging adhesives shall be
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nonfl anmabl e and fire-resistant and shall have a flane spread rating no

hi gher than 25 and a snoke devel oped rating no higher than 50 when tested
in accordance with ASTM E 84. Adhesive shall be pignented white and be
suitable for bonding fibrous glass cloth to faced and unfaced fibrous gl ass
i nsul ati on board; for bonding cotton brattice cloth to faced and unfaced
fibrous glass insulation board; for sealing edges of and bonding fi brous
glass tape to joints of fibrous glass board; for bonding lagging cloth to
thermal insulation; or for attaching fibrous glass insulation to netal
surfaces. Laggi ng adhesives shall be applied in strict accordance with the
manuf acturer's recomrendati ons.

2.1.2 Cont act Adhesi ve

Adhesi ves may be dispersed in a volatile organic solvent. Adhesives may be
any of, but not limted to, the neoprane based, rubber based, or

el astomeric type that have a flame spread index no higher than 25 and a
snoke devel oped i ndex no higher than 50 when tested in the dry state in
accordance with ASTM E 84. The adhesive shall not adversely affect,
initially or in service, the insulation to which it is applied, nor shal

it cause any corrosive effect on netal to which it is applied. Any solvent
di spersing mediumor volatile component of the adhesive shall have no

obj ecti onabl e odor and shall not contain any benzene or carbon

tetrachl oride. The dried adhesive shall not emt nauseous, irritating, or
toxic volatile matters or aerosols when the adhesive is heated to any
tenperature up to 100 degrees C. The dried adhesive shall be nonfl amuabl e
and fire resistant. Natural cross-ventilation, |local (mnmechanical) pickup
and/ or general area (mechanical) ventilation shall be used to prevent an
accunul ati on of solvent vapors, keeping in mnd the ventilation pattern
must renove any heavi er-than-air solvent vapors fromlower |levels of the
wor kspaces. d oves and spectacl e-type safety gl asses are recomended in
accordance with safe installation practices.

2.1.3 Caul ki ng
ASTM C 920, Type S, Grade NS, dass 25, Use A
2.1. 4 Cor ner Angl es

Nom nal 0.4060 nm aluminum?25 x 25 nm wth factory applied kraft backing.
Al umi num shall be ASTM B 209M, Alloy 3003, 3105, or 5005.

2.1.5 Fi ni shi ng Cenent
ASTM C 449/ C 449M M neral fiber hydraulic-setting thernmal insulating and

finishing cement. Al cenments that may come in contact with Austenitic
stainl ess steel nust include testing per ASTM C 795.

2.1.6 St apl es
Qutward clinching type ASTM A 167, Type 304 or 316 stainless steel. Mone
is a nickel rich alloy that has high strength, high ductility, and
excel l ent resistance to corrosion.

2.1.7 Jacket s
ASTM C 921, Type |, maxi num noi sture vapor transm ssion 0.02 perns,
(rmeasured before factory application or installation), ninimmpuncture

resi stance 50 Beach units on all surfaces except conceal ed ductwork, where
a mni mum puncture resi stance of 25 Beach units is acceptable. M nimm
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tensile strength, 6.1 NNmm w dth. ASTM C 921, Type Il, mninmm puncture
resi stance 25 Beach units, tensile strength minimum 3.5 NNmm wi dth.
Jackets used on insul ation exposed in finished areas shall have white
finish suitable for painting without sizing. Based on the application
insulation materials that require factory applied jackets are mnera

fiber, cellular glass, and phenolic foam Al non-netallic jackets shal
have a maxi mum fl ane spread i ndex of 25 and a maxi mum snoke devel oped i ndex
of 50 when tested in accordance with ASTM E 84.

2.1.7.1 VWi te Vapor Retarder All Service Jacket (ASJ)

For use on hot/cold pipes, ducts, or equi pment vapor retarder jackets used
on insulation exposed in finished areas shall have white finish suitable
for painting wthout sizing.

2.1.7.2 Al um num Jacket s

Al umi num j ackets shall be corrugated, enbossed or snmooth sheet, 0.4060 nm
nom nal thickness; ASTM B 209M, Tenper H14, Tenper H16, Alloy 3003, 5005,
or 3105 with factory applied noisture retarder. Corrugated al um num jacket
shal |l not be used outdoors. Alum num jacket securing bands shall be Type
304 stainless steel, 0.3960 nm thick, 12.7 mm wi de for pipe under 300 nm
diameter and 19.1 mm (3/4 inch) w de for pipe over 300 nm and | arger
diameter. Al um num jacket circunferential seam bands shall be 50.8 x
0.4060 nm al um num natching jacket material. Bands for insulation bel ow
ground shall be 19.1 x 0.5080 mm thick stainless steel, or fiberglass
reinforced tape. The jacket may, at the option of the Contractor, be
provided with a factory fabricated Pittsburg or "Z" type |ongitudina

joint. Wen the "Z" joint is used, the bands at the circunferential joints
shal | be designed by the manufacturer to seal the joints and hold the

j acket in place.

2.1.7.3 Pol yvi nyl Chl oride (PVC) Jackets

Pol yvi nyl chloride (PVC) jacket and fitting covers shall have high inpact
strength, WV resistant rating or treatnent and noderate chenical resistance
with mninmumthickness 0.7620 mm

2.1.8 Vapor Retarder Required
2.1.8.1 Vapor Retarder Mastic Coatings

The vapor retarder coating shall be fire and water resistant and
appropriately selected for either outdoor or indoor service. Color shal

be white. The water vapor permeance of the conpound shall be determ ned
according to procedure B of ASTME 96 utilizing apparatus described in ASTM
E 96. The coating shall be a nonflanmable, fire resistant type. Al other
application and service properties shall be in accordance with ASTM C 647.

2.1.8.2 Lam nated Fi |l m Vapor Retarder

ASTM C 1136, Type |, maximum noi sture vapor transm ssion 0.02 perms,
m ni mum puncture resi stance 50 Beach units on all surfaces except conceal ed
ductwork, where Type |I, naxinmum noi sture vapor transm ssion 0.02 perns, a

m ni mum puncture resi stance of 25 Beach units is acceptable.
2.1.8.3 Pol yvi nyl i dene Chl ori de (PVDC) Film Vapor Retarder

The PVDC fil mvapor retarder shall have a maxi mum noi sture vapor
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transm ssion of 0.02 perns, mninmum puncture resistance of 150 Beach units,
a mnimmtensile strength in any direction of 5.3 kNNm when tested per
ASTM D 882, and a maxi mum fl ane spread/ snoke devel oped i ndex of 25/50 per
ASTM E 84.

2.1.8.4 Pol yvi nyl i dene Chl ori de Vapor Retarder Adhesive Tape

Requi renents nust neet the sanme as specified for PVDC Fi | m Vapor Retarder
i n paragraph 2.1.9.2 above.

2.1.9 Vapor Retarder Not Required

ASTM C 1136, Type |11, maxi mum noi sture vapor transm ssion 0.10 perns,

m ni mum puncture resi stance 50 Beach units on all surfaces except ductwork,
where Type |V, maxi mum noi sture vapor transm ssion 0.10, a m ni num puncture
resi stance of 25 Beach units is acceptable.

2.1.10 Wre

Soft anneal ed ASTM A 580/ A 580M Type 302, 304 or 316 stainless steel, 16 or
18 gauge.

2.1.11 Seal ant s

Seal ants shall be chosen fromthe butyl polynmer type, the styrene-butadi ene
rubber type, or the butyl type of sealants. Sealants shall have a maxi mum
noi sture vapor transm ssion of 0.02 perns, and a maxi mum fl ane spread/ snmoke
devel oped i ndex of 25/50 per ASTM E 84.

2.2 Pl PE | NSULATI ON MATERI ALS

The Contractor shall conply with EPA requirements in accordance with
Section 01670A RECYCLED / RECOVERED MATERI ALS. Pipe insulation nmaterials
shall be Iimted to those listed herein and shall neet the follow ng
requirenents:

2.2.1 Aboveground Col d Pi peline

Insulation for mnus 34 degrees to plus 16 degrees C for outdoor, indoor
exposed or conceal ed applications, shall be as follows:

a. Cellular dass: ASTMC 552, Type Il, and Type Ill. Supply the
i nsulation with manufacturer's recomended factory-applied jacket.

b. Flexible Elastomeric Cellular Insulation: ASTMC 534, Type | or
I1. Type Il shall have vapor retarder skin on both sides of the
i nsul ati on.

c. Phenolic Insulation: ASTMC 1126, Type Ill. Phenolic insulations
shall conmply with ASTM C 795 and with the ASTM C 665 paragraph
Corrosiveness. Supply the insulation with manufacturer's
recommended factory-applied jacket.

d. Polyisocyanurate Insulation: ASTMC 591, type |I. Supply the
i nsulation with manufacturer's recommended factory-applied vapor
retarder.

2.2.2 Aboveground Hot Pipeline
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Insul ation for above 16 degrees C, for outdoor, indoor, exposed or
conceal ed applications shall neet the followi ng requirenments. Supply the
i nsulation with manufacturer's recommended factory-applied jacket.

a. Mneral Fiber: ASTMC 547, Types I, Il or IIl, supply the
i nsulation with manufacturer's recomended factory-applied jacket.

b. CalciumSilicate: ASTM C 533, Type | indoor only, or outdoors
above 121 degrees C pipe tenperature. Supply insulation with the
manuf acturer's recomended factory-applied jacket.

c. Cellular dass: ASTMC 552, Type Il and Type IIl. Supply the
i nsulation with manufacturer's recomended factory-applied jacket.

d. Flexible Elastomeric Cellular Insulation: ASTMC 534, Type | or
Il to 93 degrees C service.

e. Phenolic Insulation: ASTMC 1126 Type Ill to 121 C service shal
conply with ASTM C 795. Supply the insulation with manufacturer's
recommended factory-applied jacket.

f. Perlite Insulation: ASTMC 610

g. Polyisocyanurate Insulation: ASTMC 591, Type 1, to 149 degrees C

service. Supply the insulation with manufacturer's reconmended
factory applied jacket.

2.2.3 Bel ow ground Pi peline Insulation

For bel ow ground pipeline insulation the follow ng requirenments shall be
met .

2.2.3.1 Cel lular d ass

ASTM C 552, type I1.
2.2.3.2 Pol yi socyanur at e

ASTM C 591, Type 1, to 149 degrees C .
2.3 DUCT | NSULATI ON MATERI ALS

Duct insulation naterials shall be limted to those |isted herein and shal
neet the follow ng requirenents:

2.3.1 Rigid M neral Fiber

ASTM C 612: Type IA IB, II, 1lI, &IV
2.3.2 Fl exi bl e M neral Fiber

ASTM C 553: Type I,or Type Il up to 121 C. ASTM C 1290 Type II1.
2.3.3 Cellular dass

ASTM C 552, Type I.

2.3.4 Phenol i ¢ Foam
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ASTM C 1126: Type Il shall conply with ASTM C 795.
2.3.5 Fl exi bl e El astoneric Cel |l ul ar

ASTM C 534: Type I1.
2.3.6 Pol yi socyanur at e

ASTM C 591: Type 1. Supply the insulation with manufacturer's recomended
factory-applied jacket.

2.4 EQUI PMENT | NSULATI ON MATERI ALS

Equi pnent insulation materials shall be limted to those |isted herein and
shall neet the follow ng requirenents:

2.4.1 Col d Equi prent | nsul ation

For equi prent operating tenperatures below 16 degrees C
2.4.1.1 Cel lular d ass

ASTM C 552: Type |, Type IIl, or Type IV as required.
2.4.1.2 Fl exi bl e El astoneric Cellular Insulation

ASTM C 534, Type I1.
2.4.1.3 Phenol i ¢ Foam

ASTM C 1126: Type Il shall conply with ASTM C 795.
2.4.1.4 Pol yi socyanur at e Foam

ASTM C 591, Type |. Supply the insulation with manufacturer's
factory-applied jacket.

2.4.2 Hot Equi prrent | nsul ation
For equi prent operating tenperatures above 16 degrees C
2.4.2.1 Rigid M neral Fiber

ASTM C 612: Type IA IB, I, Ill, IV, or V as required for tenperatures
encountered to 982 degrees C

2.4.2.2 Fl exi bl e M neral Fi ber

ASTM C 553: Type |, I, 11, IV, V, VI or VII as required for tenperatures
encountered to 649 degrees C.

2.4.2.3 Calcium Silicate
ASTM C 533, Type |, in-doors only, or outdoors above 121 degrees C. Pi pe
shape nay be used on diesel engine exhaust piping and nufflers to 649
degrees C.

2.4.2. 4 Cel lular d ass
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ASTM C 552: Type |, Type IIl, or Type |V as required.
2.4.2.5 Fl exi bl e Elastoneric Cellular Insulation
ASTM C 534, Type II, to 93 degrees C.
2.4.2.6 Phenol i ¢ Foam
ASTM C 1126, Type Il, to 121 degrees C. shall conply with ASTM C 795.
2.4.2.7 Mol ded Expanded Perlite
ASTM C 610.
2.4.2.8 Pol yi socyanur at e Foam

ASTM C 591, Type | to 149 degrees C service. Supply the insulation with
manuf acturer's reconmended factory-applied jacket.

PART 3 EXECUTI ON
3.1 APPL| CATI ON - GENERAL

Insulation shall only be applied to unheated and uncool ed pi pi ng and

equi pnment. Flexible elastonmeric cellular insulation shall not be
conpressed at joists, studs, colunmms, ducts, hangers, etc. The insulation
shall not pull apart after a one hour period; any insulation found to pul
apart after one hour, shall be replaced.

3.1.1 Install ation

Except as otherw se specified, nmaterial shall be installed in accordance
with the manufacturer's witten instructions. |Insulation materials shal
not be applied until tests specified in other sections of this
specification are completed. Material such as rust, scale, dirt and

noi sture shall be renpved from surfaces to receive insulation. Insulation
shal | be kept clean and dry. Insulation shall not be renpbved fromits

shi pping containers until the day it is ready to use and shall be returned
to like containers or equally protected fromdirt and noisture at the end

of each workday. Insulation that becones dirty shall be thoroughly cl eaned
prior to use. |If insulation becomes wet or if cleaning does not restore
the surfaces to like new condition, the insulation will be rejected, and

shal |l be imediately renoved fromthe jobsite. Joints shall be staggered
on multi layer insulation. Mneral fiber thernal insulating cement shal
be m xed with dem neralized water when used on stainless steel surfaces.
Insul ation, jacketing and accessories shall be installed in accordance with
M CA Insul ation Stds plates except where nodified herein or on the draw ngs.
3.1.2 Fi re- st oppi ng
VWere pipes and ducts pass through fire walls, fire partitions, above grade
floors, and fire rated chase walls, the penetration shall be sealed with
fire stopping materials as specified in Section 07840A FI RESTOPPI NG
3.1.3 Pai nting and Fi ni shing
Pai nting shall be as specified in Section 09900 PAI NTS AND COATI NGS

3.1.4 Install ation of Flexible Elastomeric Cellular |nsulation
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Fl exi bl e el astoneric cellular insulation shall be installed with seans and
joints sealed with rubberized contact adhesive. Insulation with
pre-applied adhesive is not pernmitted. Flexible elastoneric cellular

i nsul ation shall not be used on surfaces greater than 93 degrees C Searns
shal | be staggered when applying nmultiple layers of insulation. |Insulation
exposed to weat her and not shown to have jacketing shall be protected with
two coats of WV resistant finish as reconmended by the manufacturer after
the adhesive is dry. A brush coating of adhesive shall be applied to both
butt ends to be joined and to both slit surfaces to be sealed. The
adhesi ve shall be allowed to set until dry to touch but tacky under slight
pressure before joining the surfaces. |Insulation seals at seans and joints
shal |l not be capable of being pulled apart one hour after application
Insulation that can be pulled apart one hour after installation shall be
repl aced.

3.1.5 Vel di ng
No wel di ng shall be done on piping, duct or equipnent without witten
approval of the Contracting Oficer. The capacitor discharge wel di ng
process may be used for securing nmetal fasteners to duct.

3.1.6 Pi pes/ Duct s/ Equi prent whi ch  Require |nsul ation

Insulation is required on all pipes, ducts, or equipnent, except for
omtted items, as specified.

3.2 Pl PE | NSULATI ON | NSTALLATI ON

3.2.1 Pi pe I nsul ation

3.2.1.1 Gener a
Pi pe insulation shall be installed on aboveground hot and col d pipeline
systens as specified belowto forma continuous thermal retarder, including
straight runs, fittings and appurtenances unl ess specified otherw se.
Installation shall be with full Iength units of insulation and using a
single cut piece to conplete a run. Cut pieces or scraps abutting each
ot her shall not be used. Pipe insulation shall be omtted on the foll ow ng:

a. Pipe used solely for fire protection.

b. Chrom um plated pipe to plunbing fixtures. However, fixtures for
use by the physically handi capped shall have the hot water supply
and drain, including the trap, insulated where exposed.

c. Sanitary drain lines.

d. Air chanbers.

3.2.1.2 Pi pes Passing Through Walls, Roofs, and Fl oors

a. Pipe insulation shall be continuous through the sleeve.

b. An alum numjacket with factory applied noisture retarder shall be
provi ded over the insulation wherever penetrations require sealing.

c. \ere pipes penetrate interior walls, the alum numjacket shal
extend 50 mm beyond either side of the wall and shall be secured
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on each end with a band.

VWere penetrating floors, the alum numjacket shall extend froma
poi nt bel ow t he backup material to a point 250 nm above the floor
with one band at the floor and one not nore than 25 nm fromthe
end of the al um num j acket.

Where penetrating waterproofed floors, the alum numjacket shal
extend from bel ow t he backup material to a point 50 mm above the
flashing with a band 25 nm fromthe end of the al um num jacket.

Where penetrating exterior walls, the alum numjacket required for
pi pe exposed to weather shall continue through the sleeve to a
point 50 mm beyond the interior surface of the wall

VWere penetrating roofs, pipe shall be insulated as required for
interior service to a point flush with the top of the flashing and
seal ed with vapor retarder coating. The insulation for exterior
application shall butt tightly to the top of flashing and interior
i nsulation. The exterior alum numjacket shall extend 50 nm down
beyond the end of the insulation to forma counter flashing. The
flashing and counter flashing shall be seal ed underneath with
caul ki ng.

For hot water pipes supplying lavatories or other simlar heated
service that requires insulation, the insulation shall be

term nated on the backside of the finished wall. The insulation
term nation shall be protected with two coats of vapor barrier
coating with a minimumtotal thickness of 2.0 nm applied with
gl ass tape enbedded between coats (if applicable). The coating
shall extend out onto the insulation 50.0 nm and shall seal the
end of the insulation. d ass tape seans shall overlap 25 mm.
The annul ar space between the pipe and wall penetration shall be
caul ked with approved fire stop material. The pipe and wall
penetration shall be covered with a properly sized (well fitting)
escutcheon plate. The escutcheon plate shall overlap the wal
penetration at |east 10 mm.

For domestic cold water pipes supplying |avatories or other
simlar cooling service that requires insulation, the insulation
shall be term nated on the finished side of the wall (i.e.

i nsul ati on nmust cover the pipe throughout the wall penetration).
The insulation shall be protected with two coats of vapor barrier
coating with a mnimumtotal thickness of 2.0 nm. The coating
shal |l extend out onto the insulation 50 nm and shall seal the end
of the insulation. The annular space between the outer surface of
the pipe insulation and the wall penetration shall be caul ked with
an approved fire stop material having vapor retarder properties.
The pipe and wall penetration shall be covered with a properly
sized (well fitting) escutcheon plate. The escutcheon plate shal
overlap the wall penetration by at |east 10 mm.

Pi pes Passi ng Through Hangers

I nsul ation, whether hot or cold application, shall be continuous

t hrough hangers. Al horizontal pipes 50 mm and snaller shall be
supported on hangers with the addition of a Type 40 protection
shield to protect the insulation in accordance with MSS SP-69.
VWhenever insul ation shows signs of being conpressed, or when the
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i nsul ation or jacket shows visible signs of distortion at or near
t he support shield, insulation inserts as specified bel ow for
pi ping | arger than 50 mm shall be install ed.

b. Horizontal pipes larger than 50 nm at 16 degrees C and above
shal | be supported on hangers in accordance with MSS SP-69, and
Secti on 15400A PLUMBI NG GENERAL PURPCSE

c. Horizontal pipes larger than 50 nrm and bel ow 16 degrees C shal
be supported on hangers with the addition of a Type 40 protection
shield in accordance with MSS SP-69. An insulation insert of
cellular glass, calciumsilicate (or perlite above 27 C), or the
necessary strength polyisocyanurate shall be installed above each
shield. The insert shall cover not less than the bottom
180-degree arc of the pipe. Inserts shall be the sane thickness
as the insulation, and shall extend 50 mm on each end beyond the
protection shield. Wen insulation inserts are required per the
above, and the insulation thickness is less than 25 nm, wooden or
cork dowel s or blocks may be installed between the pipe and the
shield to prevent the weight of the pipe fromcrushing the
i nsulation, as an option to installing insulation inserts. The
i nsul ation jacket shall be continuous over the wooden dowel,
wooden bl ock, or insulation insert.

d. Vertical pipes shall be supported with either Type 8 or Type 42
riser clamps with the addition of two Type 40 protection shields
in accordance with MSS SP-69 covering the 360-degree arc of the
insulation. An insulation insert of cellular glass or calcium
silicate shall be installed between each shield and the pipe. The
i nsert shall cover the 360-degree arc of the pipe. Inserts shal
be the same thickness as the insulation, and shall extend 50 mm
on each end beyond the protection shield. Wen insulation inserts
are required per the above, and the insulation thickness is |ess
than 25 mm, wooden or cork dowels or blocks may be installed
bet ween the pipe and the shield to prevent the hanger from
crushing the insulation, as an option instead of installing
i nsulation inserts. The insulation jacket shall be continuous
over the wooden dowel, wooden bl ock, or insulation insert. The
vertical weight of the pipe shall be supported with hangers
located in a horizontal section of the pipe. When the pipe riser
is longer than 9 m, the weight of the pipe shall be additionally
supported with hangers in the vertical run of the pipe that are
directly clanped to the pipe, penetrating the pipe insulation
These hangers shall be insulated and the insulation jacket seal ed
as indicated herein for anchors in a simlar service.

e. Inserts shall be covered with a jacket material of the sane
appearance and quality as the adjoining pipe insulation jacket,
shal | overlap the adjoining pipe jacket 38 nm and shall be
seal ed as required for the pipe jacket. The jacket material used
to cover inserts in flexible elastoneric cellular insulation shal
conformto ASTM C 1136, Type 1, and is allowed to be of a
different material than the adjoining insulation materi al

3.2.1.4 Fl exi bl e El astoneric Cellular Pipe Insulation
Fl exi bl e el astoneric cellular pipe insulation shall be tubular formfor

pi pe sizes 150 nm and less. Type Il sheet insulation used on pipes |arger
than 150 nm shall not be stretched around the pipe. On pipes |larger than
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300 mm the insulation shall be adhered directly to the pipe on the | ower
1/3 of the pipe. Seans shall be staggered when applying nultiple |ayers of
i nsulation. Sweat fittings shall be insulated with mter-cut pieces the
same size as on adjacent piping. Screwed fittings shall be insulated with
sleeved fitting covers fabricated frommter-cut pieces and shall be
over | apped and seal ed to the adjacent pipe insulation

.2.1.5 Pi pes in high abuse areas.

In high abuse areas such as janitor closets and traffic areas in equi prent
rooms, Kkitchens, and nechani cal roons, alum numjackets shall be utilized.
Pipe insulation to the 1.8 m level shall be protected. Qher areas that
specifically require protection to the 1.8 m level are Building 1176 North
Bay Mezzani ne, outside near condensing units.

. 2.2 Aboveground Col d Pi pel i nes

The followi ng cold pipelines shall be insulated per Table |I mnus 34
degrees Cto plus 16 degrees C

a. Domestic cold and chilled drinking water.

b. Make-up water.

c. Horizontal and vertical portions of interior roof drains.
d. Refrigerant suction lines.

e. Chilled water.

f. Dual tenperature water, i.e. HVAC hot/chilled water

g. Air conditioner condensate drains.

h. Brine system cryogenics

i. Exposed lavatory drains and donestic water |ines serving plunbing
fixtures for handi cap persons.

3.2.2.1 I nsul ati on Thi ckness

I nsul ation thickness for cold pipelines shall be determned using Table I.

Table | - Cold Piping Insulation Thickness
Pi pe Size (mm

Run-outs 25 nm 30 65 - 125 - 205 mm
Type of & 50 mm 100 mMm 150 mMm &
Service Mat eri al | ess | ar ger
[Brine System CG 65 65 75 75 90
Cryogeni cs FC 40 40 40 45 45
(-34.4 to PF 40 40 40 40 40
-17.8 deg O]
[Brine System CG 50 50 50 65 75
Cryogeni cs FC 25 25 30 30 40
(-17.8 to PF 40 40 40 40 40
1.1 deg O]
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Table | - Cold Piping Insulation Thickness
Pi pe Size (mm
Run-outs 25 mm 30 65 - 125 - 205 mm

Type of up to & 50 mm 100 mMm 150 mMm &
Service Mat eri al 50 mt | ess | ar ger
[ Refri ger ant CG 40 40 40 40 40
suction FC 25 25 25 25 25
pi pi ng PF 40 40 40 40 40

PC 25 25 25 25 25]
[Chilled water CG 40 40 40 50 50 50
supply & FC 15 25 25 25 25 25
return & dual PF 40 40 40 40 40 40
tenmp piping PC 25 25 25 25 25 25]
[Col d domestic CG 40 40 40 40 40 40
wat er, above FC 10 10 10 10 10 10
and bel ow PF 40 40 40 40 40 40
ceilings, PC 25 25 25 25 25 25
& make up
wat er ]
[ Exposed FC 15 15 15 15 20 20
| avat ory MF 15 25 25 40 40 40
drai ns and
domestic wat er
i nes serving
pl unmbi ng fixtures
for handi cap
per sonnel ]
[ Hori zont al FC 15 15 15 15 15
& verti cal PF 40 40 40 40 40
roof drain CG 40 40 40 40 40
| eaders PC 25 25 25 25 25
(i ncl udi ng
under si de of
roof drain
fitting)]
[Ar FC 10 15 15 N A N A
condi ti oni ng PF 40 40 40 N A N A
condensat e PC 25 25 25 N A N A

drain | ocat ed
i nsi de buil di ng]

*When run-outs to terminal units exceed 3.66 mthe entire | ength of run-out
shall be insulated |ike the main feed pipe. Insulations may not be applied

if their flame and snoke devel oped ratings exceed the requirements of 25/50
established in this guide specification. Layered insulations, or

installation where nultiple |ayers of the sane insulation are used, nust be
checked for this (in particular if the insulation has been rated per ASTME 84
for one thickness).

LEGEND:
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PF - Phenol i ¢ Foam

CG - Cellular dass

MF - M neral Fiber

FC - Flexible Elastoneric Cellul ar
PC - Pol yi socyanurate Foam

3.2.2.2 Jacket for Mneral Fiber, Cellular d ass, Phenolic Foam and
Pol yi socyanurate Foam | nsul at ed Pi pe

Insul ation shall be covered with a factory applied vapor retarder jacket or
field applied seal welded PVC jacket. Insulation inside the building, to
be protected with an al um numjacket, shall have the insulation and vapor
retarder jacket installed as specified herein. The alum numjacket shal

be installed as specified for piping exposed to weather, except sealing of
the I aps of the alum num jacket is not required. In high abuse areas such
as janitor closets and traffic areas in equi pment roomns, kitchens, and
nmechani cal roons, alum num jackets shall be utilized. Pipe insulation to
the 1.8 m level shall be protected. Qher areas that specifically require
protection to the 1.8 m level are Building 1176 North Bay Mezzani ne and
out si de near condensing units.

3.2.2.3 Insulation for Straight Runs (M neral Fiber, Cellular d ass,
Phenol i ¢ Foam and Pol yi socyanur at e Foam

a. Insulation shall be applied to the pipe with joints tightly
butted. Al butted joints and ends shall be sealed with joint
seal ant and sealed with a vapor retarder coating or PVDC adhesive
t ape.

b. Longitudinal laps of the jacket material shall overlap not |ess
than 38 mMm Butt strips 75 nm w de shall be provided for
circunferential joints.

c. Laps and butt strips shall be secured with adhesive and stapled on
100 mm centers if not factory self-sealing. |If staples are used,
they shall be sealed per item"e." below. Note that staples are
not required with cellular glass systens.

d. Factory self-sealing |ap systens may be used when the anbient
tenperature is between 4 degrees and 50 degrees C during
installation. The |lap systemshall be installed in accordance
wi th manufacturer's reconmendati ons. Stapler shall be used only
if specifically recormmended by the manufacturer. Were gaps
occur, the section shall be replaced or the gap repaired by
appl yi ng adhesi ve under the lap and then stapling.

e. Al Staples, including those used to repair factory self-seal |ap
systens, shall be coated with a vapor retarder coating or PVDC
adhesive tape. All seans, except those on factory self-sea
systens shall be coated with vapor retarder coating or PVDC
adhesi ve tape.

f. Breaks and punctures in the jacket material shall be patched by
wrapping a strip of jacket material around the pipe and securing
it with adhesive, stapling, and coating with vapor retarder coating
or PVDC adhesive tape. The patch shall extend not |ess than 38
mm past the break

g. At penetrations such as thernmonmeters, the voids in the insulation
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shall be filled and seal ed with vapor retarder coating or PVDC
adhesi ve tape.

3.2.2.4 Insulation for Fittings and Accessories

a. Pipe insulation shall be tightly butted to the insulation of the
fittings and accessories. The butted joints and ends shall be
sealed with joint sealant and sealed with a vapor retarder coating
or PVDC adhesi ve tape.

b. Precut or preforned insulation shall be placed around all fittings
and accessories and shall conformto M CA pl ates except as
nodi fied herein: 5 for anchors; 10, 11, and 13 for fittings; 14
for valves; and 17 for flanges and unions. |Insulation shall be
the sane insulation as the pipe insulation, including sane
density, thickness, and thermal conductivity. Were
precut/prefornmed is unavailable, rigid preformed pipe insulation

sections nay be segnented into the shape required. |nsulation of
t he sane thickness and conductivity as the adjoining pipe
i nsul ation shall be used. |f nesting size insulation is used, the

i nsul ation shall be overl apped 50 nm or one pipe di aneter
El bows insul ated using segnents shall conformto M CA Tables 12.20
"Mtered Insulation El bow .

c. Upon completion of insulation installation on flanges, unions,
val ves, anchors, fittings and accessories, terninations, seans,
joints and insulation not protected by factory vapor retarder
jackets or PVC fitting covers shall be protected with PVDC
adhesi ve tape or two coats of vapor retarder coating with a
mnimmtotal thickness of 2.0 nm applied with glass tape
enbedded between coats. Tape seans shall overlap 25 mm. The
coating shall extend out onto the adjoining pipe insulation 50 nm

Fabricated insulation with a factory vapor retarder jacket shal
be protected with PVDC adhesi ve tape or two coats of vapor
retarder coating with a mninumthickness of 2 nm and with a 50
mnm wi de gl ass tape enbedded between coats. Wiere fitting
i nsulation butts to pipe insulation, the joints shall be seal ed
with a vapor retarder coating and a 100 mm wi de ASJ tape which
mat ches the jacket of the pipe insulation.

d. Anchors attached directly to the pipe shall be insulated for a
sufficient distance to prevent condensation but not |ess than 150
nm fromthe insulation surface.

e. Insulation shall be marked showi ng the |ocation of unions,
strainers, and check val ves.

3.2.2.5 Optional PVC Fitting Covers

At the option of the Contractor, prenolded, one or two piece PVC fitting
covers may be used in lieu of the vapor retarder and enbedded gl ass tape.
Factory precut or prenolded insulation segnents shall be used under the
fitting covers for el bows. Insulation segnments shall be the sane

i nsul ation as the pipe insulation including sane density, thickness, and
thermal conductivity. The covers shall be secured by PVC vapor retarder

t ape, adhesive, seal welding or with tacks nade for securing PVC covers.
Seans in the cover, and tacks and |laps to adjoining pipe insulation jacket,
shal |l be sealed with vapor retarder tape to ensure that the assenbly has a
conti nuous vapor seal
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3.2.3 Aboveground Hot Pipelines

The foll owi ng hot pipelines above 16 degrees C shall be insul ated per
Tabl e 11

a. Donmestic hot water supply & re-circul ating system
b. Steam
c. Condensate & conpressed air discharge.
d. Hot water heating.
e. Heated oil
f. Water defrost lines in refrigerated roons.
3.2.3.1 I nsul ati on Thi ckness
I nsul ation thickness for hot pipelines shall be determ ned using Table 11
LEGEND:
PF - Phenolic Foam
CG - Cellular dass
CS - CalciumSilicate
M- - M neral Fiber
FC - Flexible Elastoneric Cellular

PL - Perlite
PC - Pol yi socyanurate Foam

Table Il - Hot Piping Insulation Thickness
Pi pe Size (mm

Type of Run-out s 25 mm 32 - 65 - 125 - 205 mm
Service up to & 50 100 150 &
(degrees Q) Mat eri al 50 mt | ess nm nm nm | ar ger
[ Hot donestic CG 40 40 40 40 40 40
wat er supply FC 15 25 25 40 40 40
& re-circulating PF 15 25 25 25 25 25
system & Water M- 15 40 40 40 40 40
defrost lines PC 25 25 25 25 25 25
(93C nmax) **]
[ Conpressed Air CG 40 50 50 50 65
di schar ge PF 25 25 25 25 40
st eam MF 40 40 50 50 65
& condensat e CS/ PL 40 50 65 65 65
return (94 C PC 25 25 25 25 25
-121 O]
[ Heati ng hot CG 40 40 50 50 65 80
wat er, supply PF 15 25 25 25 25 40
& return, & M- 15 40 40 50 65 80
heat ed oi l CS/ PL 25 40 50 65 65 80
(121 C Max) PC 25 25 25 25 25 25]
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Table Il - Hot Piping Insulation Thickness

Pi pe Size (mm

Type of Run- out s 25 mm 32 - 65 - 125 - 205 mm
Service up to & 50 100 150 &
(degrees Q) Mat eri al 50 mt | ess nm nm nm | ar ger
[ Medi um Tenp CG 40 65 80 90 90 100
Hot water & M- 40 50 65 65 80 90
steam & CS/ PL 40 65 65 90 90 115
heat ed oi |
(122-1770)]
[ H gh Tenp Hot CG 50 90 100 115 125 140
wat er & steam MF 40 80 90 100 100 115
& heated oil CS/ PL 50 90 100 115 125 140

(177C 2600) ]

* \When run-outs to termnal units exceed 3.66 m the entire | ength of
run-out shall be insulated |like the main feed pipe.

**  Applied to re-circulating sections of service or donestic hot water
systens and first 2.4 neters fromstorage tank for non-re-circul ating systens.

3.2.3.2 Jacket for Insulated Hot Pipe, Except Pipe Insulated with Flexible
El astomeric Cel | ul ar

I nsul ation shall be covered, in accordance with manufacturer's
recomendations, with a factory applied Type Il jacket or field applied
al um num where required or seal wel ded PVC

3.2.3.3 Insulation for Strai ght Runs
a. Insulation shall be applied to the pipe with joints tightly butted.

b. Longitudinal laps of the jacket material shall overlap not |ess
than 38 mm and butt strips 75 nm w de shall be provided for
circunferential joints.

c. Laps and butt strips shall be secured with adhesive and stapl ed on
100 mm centers if not factory self-sealing. Adhesive may be
om tted where pipe is conceal ed.

d. Factory self-sealing |ap systens may be used when the anbient
tenperature is between 4 degrees and 49 degrees C and shall be
installed in accordance with manufacturer's instructions. Laps
and butt strips shall be stapled whenever there is non-adhesi on of
the system \here gaps occur, the section shall be replaced or
the gap repaired by applying adhesive under the |lap and then
st apl i ng.

e. Breaks and punctures in the jacket material shall be patched by
either wapping a strip of jacket material around the pipe and
securing with adhesive and staple on 100 mm centers (if not
factory self-sealing), or patching with tape and sealing with a
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brush coat of vapor retarder coating. Adhesive nmay be onmitted
where pipe is concealed. Patch shall extend not |ess than 38 mMm
past the break.

f. Installation of flexible elastoneric cellular pipe insulation
shall be by slitting the tubular sections and applying themonto
the piping or tubing. Alternately, whenever possible slide
un-slit sections over the open ends of piping or tubing. Al
seans and butt joints shall be secured and seal ed with adhesive.
VWhen using self seal products only the butt joints shall be
secured with adhesive. Insulation shall be pushed on the pipe,
never pulled. Stretching of insulation may result in open seans
and joints. Al edges shall be clean cut. Rough or jagged edges
of the insulation shall not be permtted. Proper tools such as
sharp knives shall be used. Type Il sheet insulation when used on
pi pe larger than 150 nm shall not be stretched around the pipe.
On pipes larger than 300 nm adhere sheet insulation directly to
the pipe on the lower 1/3 of the pipe.

3.2.3.4 Insulation for Fittings and Accessories

a. Pipe insulation shall be tightly butted to the insulation of the
fittings and accessories.

b. Precut or preforned insulation shall be placed around all fittings
and accessories and shall conformto MCA plates, except as
nodi fied herein: 5 for anchors; 10, 11, 12,and 13 for fittings;
14, 15 and 16 for valves; 17 for flanges and unions; and 18 for
couplings. Insulation shall be the sane as the pipe insulation
i ncludi ng sane density, thickness, and thermal conductivity.
Where precut/preformed is unavailable, rigid preforned pipe
i nsul ation sections may be segnmented into the shape required.
I nsul ation of the sanme thickness and conductivity as the adjoi ning
pi pe insul ation shall be used. |If nesting size insulation is
used, the insulation shall be overlapped 50 nm or one pipe
di ameter. El bows insulated using segnments shall conformto M CA
Tabl es 12.20 "M tered Insul ation El bow

c. Upon completion of installation of insulation on flanges, unions,
val ves, anchors, fittings and accessories, termnations and
i nsul ation not protected by factory jackets or PVC fitting covers
shal |l be protected with two coats of adhesive applied with glass
t ape enbedded between coats. Tape seans shall overlap 25 mm
Adhesi ve shall extend onto the adjoining insulation not |ess than

50 mm The total dry filmthickness shall be not less than 2.0
nm

d. Insulation term nations shall be tapered to unions at a 45-degree
angl e.

e. At the option of the Contractor, factory pre-nolded one- or
two-piece PVC fitting covers may be used in lieu of the adhesive
and enmbedded gl ass tape. Factory pre-nol ded segnents or factory
or field cut blanket insert insulation segnents shall be used
under the cover and shall be the sane thickness as adj oi ning pipe
i nsul ation. The covers shall be secured by PVC vapor retarder
t ape, adhesive, seal welding or with tacks nade for securing PVC
covers.
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3.

2.4 Pi pi ng Exposed to Wat her

Pi pi ng exposed to weat her shall be insulated and jacketed as specified for
t he applicable service inside the building. After this procedure, an

al um num j acket or PVC jacket shall be applied. PVC jacketing requires no
factory-applied jacket beneath it, however an all service jacket shall be
applied if factory applied jacketing is not furnished. Flexible

el astonmeric cellular insulation exposed to weather shall be treated in
accordance with paragraph | NSTALLATI ON OF FLEXI BLE ELASTOVERI C CELLULAR

| NSULATI ON

.2.4.1 Al um num Jacket

The jacket for hot piping may be factory applied. The jacket shall overlap
not less than 50 mm at |ongitudinal and circunferential joints and shal

be secured with bands at not nore than 300 mm centers. Longitudina

joints shall be overl apped down to shed water and | ocated at 4 or 8 o' clock
positions. Joints on piping 16 degrees C and bel ow shall be sealed with
caul ki ng whil e overlapping to prevent noisture penetration. Were
jacketing on piping 16 degrees C and bel ow abuts an un-insul ated surface,
joints shall be caulked to prevent noisture penetration. Joints on piping
above 16 degrees C shall be sealed with a noisture retarder

.2.4.2 Insulation for Fittings

Fl anges, unions, valves, fittings, and accessories shall be insulated and
finished as specified for the applicable service. Two coats of breather
emul si on type weat herproof mastic (inpermeable to water, permeable to air)
recommended by the insul ation manufacturer shall be applied with glass tape
enbedded between coats. Tape overlaps shall be not less than 25 nm and

t he adj oi ni ng al um num jacket not |less than 50 mm Factory preforned

al um num j ackets may be used in lieu of the above. Mdlded PVC fitting
covers shall be provided when PVC jackets are used for straight runs of
pipe. PVC fitting covers shall have adhesive wel ded joints and shall be
weat her pr oof .

.2.4.3 PVC Jacket

PVC j acket shall be ultraviolet resistant and adhesi ve wel ded weat her ti ght
wi th manufacturer's reconmended adhesive. Installation shall include
provi sion for thermal expansion.

. 2.5 Bel ow ground Pi pe I nsul ation

The followi ng shall be included:
a. Heated oil
b. Domestic hot water.
c. Heating hot water.
d. Dual tenperature water.
e. Steam

f. Condensat e.

3.2.5.1 Type of Insulation
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Bel ow ground pipe shall be insulated with Cellular dass insulation, or
wi th Pol yi socyanurate insulation, in accordance with manufacturer's
instructions for application with thickness as deternmined fromTable | or

Table |1

3.2.5.2

3.

3

a.

(whi chever is the nost restrictive).
Installati on of Bel ow ground Pi pe Insulation

Bore surfaces of the insulation shall be coated with a thin coat
of gypsum cenent of a type recomrended by the insulation

manuf acturer. Coating thickness shall be sufficient to fil
surface cells of insulation. Mastic type materials shall not be
used for this coating. Note that unless this is for a cyclic
application (i.e., one that fluctuates between high and | ow
tenmperature on a daily process basis) there is no need to bore
coat the nmateri al

Stainl ess steel bands, 19 mm wi de by 0.5080 mm thick shall be
used to secure insulation in place. A ninimmof two bands per
section of insulation shall be applied. As an alternate,
fiberglass reinforced tape nmay be used to secure insulation on
piping up to 300 mm in dianmeter. A mninumof two bands per
section of insulation shall be applied.

I nsulation shall term nate at anchor bl ocks but shall be
conti nuous through sl eeves and nanhol es.

At point of entry to buildings, underground insulation shall be
termnated 50 nm inside the wall or floor, shall butt tightly
agai nst the aboveground insulation and the butt joint shall be
seal ed with high tenperature silicone seal ant.

Provi sion for expansion and contraction of the insulation system
shall be made in accordance with the insul ati on manufacturer's
recomrendat i ons.

Fl anges, couplings, valves, and fittings shall be insulated with
factory pre-nol ded, prefabricated, or field-fabricated sections of
i nsul ation of the same material and thickness as the adjoining
pi pe insulation. Insulation sections shall be secured in place
with wire, the bore surfaces coated, and joints seal ed as
speci fi ed.

Insulation, including fittings, shall be finished with three coats
of asphaltic mastic, with 6 by 5.5 nesh synthetic reinforcing
fabric enmbedded between coats. Fabric shall be overlapped a

m ni mum of 50 mMm at joints. Total filmthickness shall be a
mnimmof 4.7 nm As an alternate, a prefabricated bituni nous

| am nated jacket, reinforced with internal reinforcenent nesh,
shall be applied to the insulation. Jacketing material and
application procedures shall match manufacturer's witten

i nstructions.

At term nation points, other than building entrances, the nmastic
and cloth or tape shall cover the ends of insulation and extend 50
nm al ong the bare pipe.

DUCT | NSULATI ON | NSTALLATI ON
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Except for oven hood exhaust duct insulation, corner angles shall be
installed on external corners of insulation on ductwork in exposed finished
spaces before covering with jacket. Air conditioned spaces shall be
defined as those spaces directly supplied with cooled conditioned air (or
provided with a cooling device such as a fan-coil unit) and heated
conditioned air (or provided with a heating device such as a unit heater,
radi ator or convector).

3.3.1 Duct | nsul ati on Thi ckness

Duct insulation thickness shall be in accordance with Table I11.

Table I'll - Mninmum Duct Insulation (nm
Cold Air Ducts 50
Rel i ef Ducts 40
Fresh Air Intake Ducts 40
Warm Air Ducts 50
Rel i ef Ducts 40
Fresh Air |Intake Ducts 40

Maxi mum t hi ckness for flexible elastomeric cellular insulation shall not
exceed 25 mm and maxi mum t hi ckness for polyisocyanurate foaminsul ation
shal |l not exceed 40 mmto conply with ASTM E 84 fl ane spread/ snoke
devel oped ratings of 25/50
Maxi mum t hi ckness for flexible elastomeric cellular insulation shall not
exceed 1 inch and maxi mum t hi ckness for polyisocyanurate foaminsul ation
shall not exceed 1.5 inch, to conply with ASTM E 84 fl ane spread/ snoke
devel oped ratings of 25/50.

3.3.2 I nsul ation and Vapor Retarder for Cold Air Duct

I nsul ation and vapor retarder shall be provided for the following cold air
ducts and associ at ed equi pnent.

a. Supply ducts.

b. Return air ducts.

c. Relief ducts.

d. Flexible run-outs (field-insulated).
e. Plenuns.

f. Duct-nounted coil casings.

g. Coil headers and return bends.

h. Coil casings.

i. Fresh air intake ducts.

j. Filter boxes.

k. Mxing boxes (field-insulated).
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I. Supply fans (field-insulated).

m Site-erected air conditioner casings.
n. Ducts exposed to weather.

0. Conbustion air intake ducts.

Insul ation for rectangul ar ducts shall be flexible type where conceal ed,

m ni mum density 12 kg per cubic meter and rigid type where exposed,

m ni mum density 48 kg per cubic neter. |Insulation for round/oval ducts
shall be flexible type, mninmmdensity 12 kg per cubic neter wth a
factory Type | or |l jacket; or, a sem rigid board, nminimmdensity 48 kg
per cubic neter, , formed or fabricated to a tight fit, edges bevel ed and
joints tightly butted and staggered, with a factory applied Type |I or |

all service jacket. Insulation for exposed ducts shall be provided wth
either a white, paint-able, factory-applied Type | jacket or a vapor
retarder jacket coating finish as specified. |Insulation on conceal ed duct
shal |l be provided with a factory-applied Type | or Il vapor retarder
jacket. The total dry filmthickness shall be approximately 2.0 nm. Duct
i nsul ati on shall be continuous through sl eeves and prepared openi ngs except
firewall penetrations. Duct insulation termnating at fire danpers, shal
be conti nuous over the danper collar and retaining angle of fire danpers,
whi ch are exposed to unconditioned air and which may be prone to condensate
formation. Duct insulation and vapor retarder shall cover the collar

neck, and any un-insul ated surfaces of diffusers, registers and grills.
Vapor retarder materials shall be applied to forma conpl ete unbroken vapor
seal over the insulation. Sheet Metal Duct shall be sealed in accordance
with Section 15895A Al R SUPPLY, DI STRIBUTI ON, VENTILATI ON, AND EXHAUST
SYSTEM

3.3.2.1 Install ati on on Conceal ed Duct

a. For rectangular, oval or round ducts, insulation shall be attached
by appl yi ng adhesive around the entire perineter of the duct in
150 mm wide strips on 300 mm centers.

b. For rectangul ar and oval ducts, 600 mm and |arger insulation
shall be additionally secured to bottom of ducts by the use of
nmechani cal fasteners. Fasteners shall be spaced on 400 mm
centers and not nore than 400 nm from duct corners.

c. For rectangular, oval and round ducts, nechanical fasteners shal
be provided on sides of duct risers for all duct sizes. Fasteners
shal |l be spaced on 400 mm centers and not nore than 400 mm from
duct corners.

d. Insulation shall be inpaled on the nmechanical fasteners (self
stick pins) where used and shall be pressed thoroughly into the
adhesive. Care shall be taken to ensure vapor retarder jacket
joints overlap 50 nm The insulation shall not be conpressed to a
t hi ckness |l ess than that specified. Insulation shall be carried
over standing seans and trapeze-type duct hangers.

e. Self-locking washers shall be installed where nechanical fasteners
are used. The pin shall be trimred back and bent over.

f. Jacket overlaps shall be secured with staples and tape as
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necessary to ensure a secure seal. Staples, tape and seans shal
be coated with a brush coat of vapor retarder coating or PVDC
adhesi ve tape.

Breaks in the jacket material shall be covered with patches of the
sanme material as the vapor retarder jacket. The patches shal
extend not |less than 50 mm beyond the break or penetration in al
directions and shall be secured with tape and staples. Staples
and tape joints shall be sealed with a brush coat of wvapor
retarder coating or PVDC adhesive tape.

At jacket penetrations such as hangers, thernmoneters, and danper
operating rods, voids in the insulation shall be filled and the
penetration sealed with a brush coat of vapor retarder coating or
PVDC adhesi ve tape.

Insul ation term nations and pin punctures shall be seal ed and
flashed with a reinforced vapor retarder coating finish or tape
with a brush coat of vapor retarder coating.. The coating shal
overlap the adjoining insulation and un-insul ated surface 50 mMn
Pin puncture coatings shall extend 50 mm fromthe puncture in al
directions.

Where insul ati on standoff brackets occur, insulation shall be
ext ended under the bracket and the jacket termnated at the
br acket .

Installati on on Exposed Duct Wbrk

For rectangul ar ducts, rigid insulation shall be secured to the
duct by nechani cal fasteners on all four sides of the duct, spaced
not more than 300 nm apart and not nore than 75 nm fromthe
edges of the insulation joints. A mnimmof two rows of
fasteners shall be provided for each side of duct 300 mm and
larger. One row shall be provided for each side of duct |ess than
300 mm

Duct insulation shall be forned with mininumjacket seans. Each
pi ece of rigid insulation shall be fastened to the duct using
nmechani cal fasteners. Wen the height of projections is |ess than
the insulation thickness, insulation shall be brought up to
standi ng seans, reinforcing, and other vertical projections and
shall not be carried over. Vapor retarder jacket shall be

conti nuous across seans, reinforcing, and projections. Wen

hei ght of projections is greater than the insulation thickness,

i nsul ati on and jacket shall be carried over.

Insul ation shall be inpaled on the fasteners; self-1ocking washers
shall be installed and the pin trimed or bent over.

Joints in the insulation jacket shall be sealed with a 100 mm w de
strip of tape. Tape seans shall be sealed with a brush coat of
vapor retarder coating.

Breaks and ribs or standing seam penetrations in the jacket
material shall be covered with a patch of the same material as the
jacket. Patches shall extend not Iess than 50 nm beyond the
break or penetration and shall be secured with tape and stapl ed.
Staples and joints shall be sealed with a brush coat of vapor
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retarder coating.

f. At jacket penetrations such as hangers, thernoneters, and danper
operating rods, the voids in the insulation shall be filled and
the penetrations sealed with a brush coat of vapor retarder
coati ng.

g. Insulation term nations and pin punctures shall be seal ed and
flashed with a reinforced vapor retarder coating finish. The
coating shall overlap the adjoining insulation and un-insul ated
surface 50 mm Pin puncture coatings shall extend 50 mm from
the puncture in all directions.

h. Oval and round ducts, flexible type, shall be insulated with
factory Type | jacket insulation with mnimmdensity of 12 kg per
cubic meter, attached as per M CA standards.

3.3.3 I nsul ation for Warm Air Duct

I nsul ation and vapor barrier shall be provided for the followi ng warm air
ducts and associ ated equi pnent: .

a. Supply ducts.

b. Return air ducts

c. Relief air ducts

d. Flexible run-outs (field insul ated)

e. Plenuns

f. Duct-nounted coil casings

g. Coil-headers and return bends

h. Coil casings.

i. Fresh air intake ducts

j. Filter boxes

k. M xing boxes

. Supply fans

m Site-erected air conditioner casings

n. Ducts exposed to weat her
Insul ation for rectangul ar ducts shall be flexible type where conceal ed,
m ni mum density 12 kg per cubic meter; and rigid type where exposed,
m ni mum density 48 kg per cubic meter. |Insulation on exposed ducts shal
be provided with a white, paint-able, factory-applied Type Il jacket, or
finished with adhesive finish. Flexible type insulation shall be used for
round ducts, minimmdensity 12 kg per cubic neter wth a factory-applied
Type Il jacket. Insulation on conceal ed duct shall be provided with a

factory-applied Type Il jacket. Adhesive finish where indicated to be used
shal | be acconplished by applying two coats of adhesive with a |ayer of
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gl ass cloth enbedded between the coats. The total dry filmthickness shal
be approximately 2.0 nm Duct insulation shall be continuous through

sl eeves and prepared openings. Duct insulation shall termnate at fire
danpers and fl exi bl e connecti ons.

3.3.3.1

3. 3.

3.

a.

Install ati on on Conceal ed Duct

For rectangul ar, oval and round ducts, insulation shall be
attached by applying adhesive around the entire perinmeter of the
duct in 150 nm wi de strips on 300 nm centers.

For rectangul ar and oval ducts 600 mm and |larger, insulation
shal |l be secured to the bottom of ducts by the use of mechanica
fasteners. Fasteners shall be spaced on 450 nm centers and not
nmore than 450 mm from duct corner

For rectangul ar, oval and round ducts, nechanical fasteners shal
be provided on sides of duct risers for all duct sizes. Fasteners
shal |l be spaced on 450 mm centers and not nore than 450 mm from
duct corners.

The insul ation shall be inpaled on the mechanical fasteners where
used. The insulation shall not be compressed to a thickness |ess
than that specified. Insulation shall be carried over standing
seans and trapeze-type hangers.

Sel f-1 ocki ng washers shall be installed where nechani cal fasteners
are used and the pin trimed and bent over.

I nsul ation jacket shall overlap not less than 50 mm at joints and
the Iap shall be secured and stapled on 100 mm centers.

Installati on on Exposed Duct

For rectangul ar ducts, the rigid insulation shall be secured to
the duct by the use of nechanical fasteners on all four sides of

t he duct, spaced not nore than 400 nm apart and not nore than 150
mm fromthe edges of the insulation joints. A mininumof two
rows of fasteners shall be provided for each side of duct 300 mm
and | arger and a m ni mum of one row for each side of duct |ess
than 300 nm

Duct insulation with factory-applied jacket shall be formed with
m ni mum j acket seans, and each piece of rigid insulation shall be
fastened to the duct using nechanical fasteners. \Wen the height
of projection is less than the insulation thickness, insulation
shal | be brought up to standi ng seans, reinforcing, and other
vertical projections and shall not be carried over the projection
Jacket shall be continuous across seans, reinforcing, and
projections. Wiere the height of projections is greater than the
i nsul ation thickness, insulation and jacket shall be carried over
t he projection.

Insul ation shall be inpaled on the fasteners; self-1ocking washers
shall be installed and pin excess clipped and bent over.

Joints on jacketed insulation shall be sealed with a 100 mm wi de
strip of tape and brushed with vapor retarder coating.
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e. Breaks and penetrations in the jacket material shall be covered
with a patch of the sanme material as the jacket. Patches shal
extend not |ess than 50 mm beyond the break or penetration and
shal | be secured with adhesive and stapl ed.

f. Insulation termnations and pin punctures shall be sealed with
tape and brushed with vapor retarder coating.

g. Oval and round ducts, flexible type, shall be insulated with
factory Type | jacket insulation, mninmmdensity of 12 kg per
cubic meter attached by staples spaced not nore than 400 mm and
not nmore than 150 nm fromthe degrees of joints. Joints shall be
sealed in accordance with item"d." above.

3.3.4 Ducts Handling Air for Dual Purpose

For air handling ducts for dual purpose bel ow and above 16 degrees C
ducts shall be insulated as specified for cold air duct.

3.3.5 Insul ation for Evaporative Cooling Duct

Evaporative cooling supply duct |ocated in spaces not evaporatively cool ed,
shall be insulated. Material and installation requirements shall be as
specified for duct insulation for warmair duct.

3.3.6 Duct Test Hol es

After duct systens have been tested, adjusted, and bal anced, breaks in the
i nsul ation and jacket shall be repaired in accordance with the applicable
section of this specification for the type of duct insulation to be
repaired.

3.3.7 Duct Exposed to Weat her

3.3.7.1 Installation
Ducts exposed to weather shall be insulated and finished as specified for
t he applicable service for exposed duct inside the building. After the

above is acconplished, the insulation shall then be further finished as
detailed in the foll ow ng subparagraphs.

3.3.7.2 Round Duct
Al umi num jacket with factory applied noisture retarder shall be applied
with the joints | apped not Iess than 75 nm and secured with bands | ocated
at circunferential |laps and at not nore than 300 mm intervals throughout.
Hori zontal joints shall |ap down to shed water and located at 4 or 8
o' clock position. Joints shall be sealed with caul king to prevent nvisture

penetration. Were jacketing abuts an un-insulated surface, joints shal
be seal ed with caul ki ng.

3.3.7.3 Fittings

Fittings and other irregular shapes shall be finished as specified for
rectangul ar ducts.

3.3.7.4 Rect angul ar Duct s

Two coats of weather barrier mastic reinforced with fabric or nmesh for
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out door application shall be applied to the entire surface. Each coat of
weat her proof nmastic shall be 2.0 mm minimumthickness. The exterior shal
be a netal jacketing applied for nechanical abuse and weat her protection
and secured with screws.
3.4 EQUI PMENT | NSULATI ON | NSTALLATI ON
3.4.1 Gener a
Renovabl e insul ation sections shall be provided to cover parts of equi pment
t hat rmust be opened periodically for maintenance including vessel covers,
fasteners, flanges and accessories. FEquipnent insulation shall be onmtted
on the foll ow ng:
a. Hand- hol es.
b. Boil er manhol es.
c. Ceanouts.
d. ASME stanps.
e. Mnufacturer's namepl at es.

3.4.2 I nsulation for Cold Equi prent

Col d equi prent bel ow 16 degrees C. Insulation shall be furnished on
equi prent handl i ng medi a bel ow 16 degrees C including the foll ow ng:

a. Punps.
b. Refrigeration equipnent parts that are not factory insul ated.
c. Drip pans under chilled equipnent.
d. Cold water storage tanks.
e. \Water softeners.
f. Duct nounted coils.
g. Cold and chilled water punps.
h. Pneumatic water tanks.
i. Roof drain bodies.
j. Air handling equipnment parts that are not factory insul ated.
k. Expansion and air separation tanks.
3.4.2.1 I nsul ation Type

Insulation shall be suitable for the tenperature encountered. Thicknesses
shall be as foll ows:

a. Equi pnent handling nedia between 2 and 16 degrees C. 40 mm thick

cellular glass, 25 mm thick flexible elastoneric cellular, 40 mm
thi ck phenolic foam or 25 nm thick polyisocyanurate foam
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b. Equi prrent handl i ng nedia between nminus 18 degrees C and plus 1
degrees C 75 mm thick cellular glass, 40 mm flexible
el astomeric cellular, 40 nmthick phenolic foam or 40 mm thick
pol yi socyanurate foam

c. Equi pnent handling nmedia between mnus 34 degrees C and minus 18
degrees C. 90mm thick cellular glass 45 mm thick flexible
el astomeric cellular, 40 nm thick phenolic foam or 40 mm thick
pol yi socyanurate foam

3.4.2.2 Punp I nsul ation

a. Insulate punps by forming a box around the punp housing. The box
shal | be constructed by form ng the bottom and sides using joints
that do not | eave raw ends of insulation exposed. Joints between
si des and between sides and bottom shall be joined by adhesive
with lap strips for rigid mneral fiber and contact adhesive for
flexible elastomeric cellular insulation. The box shall conform
to the requirenents of MCA Insulation Stds plate No. 49 when
using flexible elastoneric cellular insulation. Joints between
top cover and sides shall fit tightly formng a fenale shiplap
joint on the side pieces and a nale joint on the top cover, thus
nmaki ng the top cover renovabl e.

b. Exposed insulation corners shall be protected with corner angles.

c. Upon conpletion of installation of the insulation, including
renovabl e sections, two coats of vapor retarder coating shall be
applied with a layer of glass cloth enbedded between the coats.
The total dry thickness of the finish shall be 2.0 nm A parting
line shall be provided between the box and the renovabl e sections
all owi ng the renovabl e sections to be renmoved wi t hout di sturbing
the insulation coating. Caulking shall be applied to parting
line, between equi pment and renovabl e section insulation, and at
all penetrations.

3.4.2.3 Q her Equi prrent

a. Insulation shall be formed or fabricated to fit the equipnment. To
ensure a tight fit on round equi pnent, edges shall be bevel ed and
joints shall be tightly butted and staggered.

b. Insulation shall be secured in place with bands or wires at
i nterval s as recommended by the manufacturer but not nmore than 300
mm centers except flexible elastoneric cellular which shall be
adhered. Insulation corners shall be protected under w res and
bands with suitable corner angles.

c. Phenolic foaminsulation shall be set in a coating of bedding
conpound and joints shall be sealed wth beddi ng conpound as
recommended by the manufacturer. Cellular glass shall be
installed in accordance with manufacturer's instructions. Joints
and ends shall be sealed with joint sealant, and sealed with a
vapor retarder coating.

d. Insulation on heads of heat exchangers shall be renovable.

Renovabl e section joints shall be fabricated using a male-fenale
shiplap type joint. The entire surface of the renpovabl e section

15080A- 33



DACA41- 03- R- 0008- 0002
Vol une 2

shal |l be finished by applying two coats of vapor retarder coating
with a layer of glass cloth enbedded between the coats. The tota
dry thickness of the finish shall be 2.0 mm
e. Exposed insulation corners shall be protected with corner angl es.
f. Insulation on equipnment with ribs shall be applied over 150 x 150
mm by 12 gauge wel ded wire fabric which has been cinched in
pl ace, or if approved by the Contracting O ficer, spot welded to
t he equi pnent over the ribs. Insulation shall be secured to the
fabric with J-hooks and 50 x 50 nm washers or shall be securely
banded or wired in place on 300 mm centers.
3.4.2.4 Vapor Retarder
Upon conpl etion of installation of insulation, penetrations shall be
caul ked. Two coats of vapor retarder coating shall be applied over
i nsul ation, including renovabl e sections, with a |ayer of open nesh
synthetic fabric enbedded between the coats. The total dry thickness of
the finish shall be 2.0 mn Caul ki ng shall be applied to parting line
bet ween equi pnent and renpvabl e section insul ation.
3.4.3 I nsul ation for Hot Equi prent

I nsul ation shall be furnished on equi pnment handli ng medi a above 16 degrees
C including the foll ow ng:

a. Converters.

b. Heat exchangers.

c. Hot water generators.

d. Water heaters.

e. Punps handling nmedi a above 54 degrees C.
f. Fuel oil heaters.

g. Hot water storage tanks.

h. Air separation tanks.

i. Surge tanks.

j. Flash tanks.

k. Feed-water heaters.

. Unjacketed boilers or parts of boilers.
m Boiler flue gas connection fromboiler to stack (if inside).
n. Induced draft fans.

o. Fly ash and soot collectors.

p. Condensate receivers.
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3.4.3.1 I nsul ation

DACA41- 03- R- 0008- 0002

Insul ation shall be suitable for the tenperature encountered. Shell and
t ube-type heat exchangers shall be insulated for the tenperature of the

shel I nedi um
I nsul ation thickness for hot equi pnent shall
Legend

RV Rigid Mneral Fiber
FMF:  Fl exi ble M neral Fiber
CS: CalciumSilicate

PL: Perlite

CG Cel lular d ass

be determ ned using Table IV:

FC: Fl exi bl e El astoneric Cel | ul ar

PF: Phenol i ¢ Foam

PC: Pol yi socyanurat e Foam

TABLE |V
I nsul ati on Thickness for Hot Equi prent (nm

Equi prent handl i ng steam Mat eri al Thi ckness

or other media to indicated

pressure or tenperature

[imt

103. 4 kPa RMF 50 nm

or FMVF 50 mMm

121 C CS/ PL 100 nm
CG 75 mMm
PF 40 mm
FC(<93 Q) 25 mMm
PC 25 mm

1379. OkPa RMF 75 mm

or FIMF 75 mm

204 C CS/ PL 100 nmm
CG 100 mm

316 C RMF 125 mm
FMF 150 mm
CS/ PL 150 mm
CG 150 mm

316 C. Thickness necessary to linmt the externa
insulation to 50 C, except that diesel engine exhaust

tenperature of the
pi pi ng and mufflers

shall be covered with 150 mmthick material suitable for 650 degrees C
service. Heat transfer calculations shall be submtted to substantiate

i nsul ati on and t hi ckness sel ecti on

TABLE IV

I nsul ation Thickness for Hot Equi pnent (I nches)

Equi prent handl i ng steam Materi a
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or media to indicated pressure
or tenperature limt:

15 psig RVF 2.0 inches
or FVF 2.0 inches
250F CS/ PL 4.0 inches
CG 3.0 inches

PF 1.5 inches

FC (<200F) 1.0 inches

- PC 1.0 i nches
200 psig RVF 3.0 inches
or FVF 3.0 inches
400 F CS/ PL 4.0 inches
CG 4.0 inches

600 F RVF 5.0 inches
FVF 6.0 inches

CS/ PL 6.0 inches

CG 6.0 inches

>600 F: Thickness necessary to limt the external tenperature of the

i nsulation to 120F, except that di esel engi ne exhaust piping and nufflers
shal |l be covered with 6.0 inch thick material suitable for 1200 degrees F
service. Heat transfer calculations shall be subnmitted to substantiate

i nsul ati on and thickness sel ection

3.4.3.2 I nsul ati on of Punps

I nsul ate punps by form ng a box around the punp housing. The box shall be
constructed by form ng the bottom and sides using joints that do not |eave
raw ends of insulation exposed. Bottom and sides shall be banded to forma
rigid housing that does not rest on the punp. Joints between top cover and
sides shall fit tightly. The top cover shall have a joint formng a female
shiplap joint on the side pieces and a male joint on the top cover, naking
the top cover renovable. Two coats of Cass | adhesive shall be applied
over insulation, including renovable sections, with a layer of glass cloth
enbedded between the coats. A parting |line shall be provided between the
box and the renovabl e sections allow ng the renovable sections to be
renoved wi t hout disturbing the insulation coating. The total dry thickness
of the finish shall be 2.0 mMn Caul ki ng shall be applied to parting line
of the renopvabl e sections and penetrati ons.

3.4.3.3 O her Equi prent

a. Insulation shall be formed or fabricated to fit the equipnment. To
ensure a tight fit on round equi pnent, edges shall be bevel ed and
joints shall be tightly butted and staggered.

b. Insulation shall be secured in place with bands or wires at
i nterval s as recomended by the manufacturer but not greater than
300 mm centers except flexible elastoneric cellular which shal
be adhered. Insulation corners shall be protected under wires and
bands with suitable corner angles.

c. On high vibration equipnent, cellular glass insulation shall be

set in a coating of bedding conpound as recommended by the
manuf acturer, and joints shall be sealed with beddi ng conpound.
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M neral fiber joints shall be filled with finishing cenent.

d. Insulation on heads of heat exchangers shall be renpvable. The
renovabl e section joint shall be fabricated using a nale-female
shiplap type joint. Entire surface of the renovable section shal
be finished as specifi ed.

e. Exposed insulation corners shall be protected with corner angl es.

f. On equipment with ribs, such as boiler flue gas connection, draft
fans, and fly ash or soot collectors, insulation shall be applied
over 150 x 150 nm by 12 gauge wel ded wire fabric which has been
cinched in place, or if approved by the Contracting O ficer, spot
wel ded to the equi pmrent over the ribs. Insulation shall be
secured to the fabric with J-hooks and 50 x 50 mm washers or
shal |l be securely banded or wired in place on 300 nm (maxi nmun
centers.

g. On equi pnent handling nedi a above 316 degrees C, insulation shal
be applied in two or nore layers with joints staggered.

h. Upon conmpletion of installation of insulation, penetrations shal
be caul ked. Two coats of adhesive shall be applied over
i nsul ation, including renovabl e sections, with a |ayer of gl ass
cl oth enbedded between the coats. The total dry thickness of the
finish shall be 2.0 mm Caul ki ng shall be applied to parting
i ne between equi pnent and renpvabl e section insul ation

3.4. 4 Equi prent Handl i ng Dual Tenperature Media

Bel ow and above 16 degrees C. equi prent handl i ng dual tenperature nedia
shal |l be insulated as specified for cold equi pnent.

3.4.5 Equi pnrent Exposed to Weat her
3.4.5.1 I nstallation

Equi pnent exposed to weather shall be insulated and finished in accordance
with the requirenents for ducts exposed to weather in paragraph DUCT
| NSULATI ON | NSTALLATI ON

3.4.5.2 Optional Panel s

At the option of the Contractor, prefabricated netal insulation panels nay
be used in lieu of the insulation and finish previously specified. Therma
performance shall be equal to or better than that specified for field
applied insulation. Panels shall be the standard catal og product of a
manuf acturer of metal insulation panels. Fastenings, flashing, and support
system shall conformto published recommendati ons of the manufacturer for
weat her proof installation and shall prevent nmoisture fromentering the

i nsul ation. Panels shall be designed to accommpdate thernal expansion and
to support a 1112 N wal king | oad wi thout pernanent deformation or

per manent damage to the insulation. Exterior metal cover sheet shall be
al um num and exposed fastenings shall be stainless steel or alum num

-- End of Section --
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SECTI ON 15182A

REFRI GERANT PI PI NG
02/ 03

PART 1 GENERAL

1

1 REFERENCES

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

Al' R CONDI TI ONI NG AND REFRI GERATI ON | NSTI TUTE ( ARI)

ARl 710 (1986) Liquid-Line Driers

ARl 720 (1997) Refrigerant Access Val ves and Hose
Connectors

ARl 750 (2001) Thernostatic Refrigerant Expansion
Val ves

ARl 760 (1994) Sol enoid Valves for Use Wth

Vol atile Refrigerants
ASTM | NTERNATI ONAL (ASTM

ASTM A 53/ A 53M (2001) Pipe, Steel, Black and Hot- D pped,
Zi nc- Coat ed, Wl ded and Seani ess

ASTM A 653/ A 653M (2001a) Steel Sheet, Zinc-Coated
(Gl vani zed) or Zinc-lron All oy-Coated
(Gl vanneal ed) by the Hot-Di p Process

ASTM B 117 (1997) Operating Salt Spray (Fog) Apparatus
ASTM B 280 (1999e1) Seam ess Copper Tube for Air
Condi tioning and Refrigeration Field
Servi ce
ASTM B 32 (2000) Sol der Metal
ASTM B 62 (1993) Comnposition Bronze or Qunce Met al
Casti ngs
ASTM B 75M (1999) Seam ess Copper Tube (Metric)
ASTM B 813 (2000) Liquid and Paste Fluxes for
Sol deri ng of Copper and Copper Alloy Tube
ASTM D 3308 (2001) PTFE Resin Skived Tape
ASTM D 520 (2000) Zi nc Dust Pignent
ASTM E 84 (2001) Surface Burning Characteristics of
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Buil ding Materials

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

ASHRAE 15 (2001) Safety Standard forRefrigeration
System
ASHRAE 17 (1998) Method of Testing Capacity of

Thernostatic Refrigerant Expansion Val ves

AMERI CAN VELDI NG SOCI ETY ( AW5)

AVWS A5. 8 (1992) Filler Metals for Brazing and Braze
Vel di ng

AVWS BRH (1991) Brazi ng Handbook

AVWS Z749. 1 (1999) Safety in Wlding, Cutting and

Al lied Processes

ASME | NTERNATI ONAL ( ASME)

ASME B16. 22 (1995) Wought Copper and Copper All oy
Sol der Joint Pressure Fittings

ASME B16. 26 (1988) Cast Copper Alloy Fittings for
Fl ared Copper Tubes

ASME B31.1 (2001) Power Piping

ASME B31.5 (2001) Refrigeration Piping and Heat

Transfer Conponents

ASME B40.1 (1991) Gauges - Pressure Indicating D al
Type - Elastic El enment

ASME BPVC SEC I X (2001) Boiler and Pressure Vessel Code;
Section | X, Wl ding and Brazing
Qualifications

MANUFACTURERS STANDARDI ZATI ON SOCI ETY OF THE VALVE AND FI TTI NGS
| NDUSTRY ( MBS)

MBS SP- 58 (1993) Pi pe Hangers and Supports -
Mat eri al s, Design and Manufacture

MSS SP- 69 (1996) Pi pe Hangers and Supports -
Sel ection and Application

1.2 SUBM TTALS

CGovernment approval is required for submittals with a "G' designation;
submittals not having a "G' designation are for information only or as
ot herwi se desi gnated. Wen used, a designation followi ng the "G
designation identifies the office that will review the submttal for the
Government. The following shall be submitted in accordance with Section
01330 SUBM TTAL PROCEDURES:
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SD- 02 Shop Drawi ngs
Refrigerant Piping System G EC

Drawi ngs, at least 5 weeks prior to beginning construction
provi ded in adequate detail to denonstrate conpliance with
contract requirenents. Draw ngs shall consist of:

a. Piping layouts which identify all valves and fittings.

b. Plans and el evati ons which identify cl earances required for
nmai nt enance and operation.

c. Proposed | ayout sketch of air cool ed condensing unit ACC- 5
refrigerant piping, and two existing chilled water lines (not part
of ACC-5 but |l ocated in subject trench), inside trench, through
foundati on wall, and floor penetrations for air cool ed condensi ng
unit ACC-5. For foundation wall, and floor, show existing pipe

sl eeve penetration, and proposed new penetrations.

d. Proposed | ayout sketch of air cool ed condensing unit ACC 7
refrigerant piping in pipe/conduit, through foundation wall,
routed inside wall and above ceiling, and nezzani ne fl oor
penetrations for air cool ed condensing unit ACC-7. For foundation
wal |, and floor, show existing pipe sleeve penetration, and
proposed new penetrations.

SD- 03 Product Data

Mat eri al s and Equi pnent; G EC

Manuf acturer's standard catal og data, at |east 5 weeks prior to
t he purchase or installation of a particular conponent,
hi ghli ghted to show material, size, options, performance charts
and curves, etc. in adequate detail to denpnstrate conpliance wth
contract requirenents. Data shall include manufacturer's
recommended installation instructions and procedures. Data shal
be provided for the followi ng conponents as a m ni num
a. Piping and Fittings
b. Valves
c. Piping Accessories
d Pipe Hangers, Inserts, and Supports
Spare Parts; G RE

Spare parts data for each different item of equi pnent specified.
Qualifications; G
RE copies of qualified procedures, and |ist of nanes and
identification synmbols of qualified welders and wel di ng operators,
prior to non-factory wel di ng operations.
Refrigerant Piping Tests; G RE

A schedul e, at |east weeks prior to the start of related
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3

testing, for each test. The schedules shall identify the proposed

date, tinme, and | ocation for each test.
Denpnstrations; G RE

A schedul e, at least 2 weeks prior to the date of the proposed

training course, which identifies the date, time, and | ocation for

t he training.
Verification of D nensions; G RE

Aletter, at |least 2 weeks prior to beginning construction
including the date the site was visited, conformati on of existing
conditions, and any di screpancies found.

SD-06 Test Reports

Refrigerant Piping Tests; G RE

Si x copies of the report shall be provided in bound 216 x 279 nm
(8 1/2 x 11 inch) booklets. Reports shall docurment all phases of

the tests performed. The report shall include initial test
summaries, all repairs/adjustments nade, and the final test
results.

SD-07 Certificates
Service Organization; G RE

A certified list of qualified permanent service organi zati ons
for support of the equi pnent which includes their addresses and
qualifications. The service organi zations shall be reasonably
convenient to the equi pment installation and be able to render
sati sfactory service to the equi pment on a regul ar and energency
basis during the warranty period of the contract.

SD-10 Operation and Mai ntenance Data
Qperation Manual; G RE
Si x conpl ete copies of an operation manual in bound 216 x 279
(81/2 x 11 inch) booklets listing step-by-step procedures

required for systemstartup, operation, abnormal shutdown,
enmer gency shutdown, and normal shutdown at |east 4 weeks prior to

the first training course. The booklets shall include the
manuf acturer's name, nodel nunber, and parts list. The manuals
shal I include the manufacturer's nane, nodel nunber, service

manual , and a brief description of all equi pnent and their basic
operating features.

Mai nt enance Manuals; G RE
Si x conpl ete copi es of maintenance manual in bound 216 x 279

(81/2 x 11 inch) booklets listing routine maintenance procedures,
possi bl e breakdowns and repairs, and a trouble shooting guide.

The manual s shall include piping |ayouts and sinplified wiring and

control diagranms of the systemas installed.

QUALI FI CATI ONS
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Pi pi ng shall be welded in accordance with the qualified procedures using
performance qualified wel ders and wel di ng operators. Procedures and

wel ders shall be qualified in accordance with ASME BPVC SEC | X. Wl ding
procedures qualified by others, and wel ders and wel di ng operators qualified
by anot her enpl oyer may be accepted as permitted by ASME B31.1. The
Contracting Oficer shall be notified 24 hours in advance of tests and the
tests shall be perfornmed at the work site if practical. The welder or
wel di ng operator shall apply the personally assigned synbol near each wel d
made, as a permanent record. Structural nenbers shall be welded in
accordance with Section 05090A WELDI NG STRUCTURAL.

.4 SAFETY REQUI REMENTS

Exposed novi ng parts, parts that produce high operating tenperature, parts
whi ch may be electrically energized, and parts that may be a hazard to
operating personnel shall be insulated, fully encl osed, guarded, or fitted
with other types of safety devices. Safety devices shall be installed so
t hat proper operation of equipnent is not inpaired. WIding and cutting
safety requirenents shall be in accordance with AWS Z49. 1.

.5 DELI VERY, STORAGE, AND HANDLI NG

Stored itenms shall be protected fromthe weather, humidity and tenperature
variations, dirt and dust, or other contam nants. Proper protection and
care of all naterial both before and during installation shall be the
Contractor's responsibility. Any nmaterials found to be damaged shall be
repl aced at the Contractor's expense. During installation, piping and
sim | ar openings shall be capped to keep out dirt and other foreign matter

.6 PRQIECT/ SI TE CONDI Tl ONS

.6.1 Verification of D nensions

The Contractor shall beconme fanmiliar with all details of the work, verify
all dimensions in the field, and advise the Contracting O ficer of any
di screpancy before perform ng any work.

.6.2 Dr awi ngs

Because of the small scale of the drawings, it is not possible to indicate
all offsets, fittings, and accessories that may be required. The
Contractor shall carefully investigate the plunbing, fire protection

el ectrical, structural and finish conditions that would affect the work to
be performed and shall arrange such work accordingly, furnishing required
of fsets, fittings, and accessories to neet such conditions.

.6.3 Spare Parts

The Contractor shall subnmt spare parts data for each different item of

equi prent specified, after approval of detail drawings and not later than 1
nmonths prior to the date of beneficial occupancy. The data shall include a
conplete list of parts and supplies, with current unit prices and source of
supply, a reconmended spare parts list for 1 year of operation, and a list
of the parts recomended by the manufacturer to be replaced on a routine
basi s.

PART 2 PRODUCTS

2.

1 STANDARD COMMVERCI AL PRODUCTS
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Mat eri al s and equi pnment shall be standard products of a manufacturer

regul arly engaged in the manufacturing of such products, which are of a
simlar material, design and workmanship. The standard products shall have
been in satisfactory conmercial or industrial use for 2 years prior to bid
opening. The 2 year use shall include applications of equipnent and
materials under sinilar circunstances and of simlar size. The 2 years
experi ence shall be satisfactorily conpleted by a product which has been
sold or is offered for sale on the comercial market through
advertisenents, manufacturer's catal ogs, or brochures. Products having
less than a 2 year field service record shall be acceptable if a certified
record of satisfactory field operation, for not |ess than 6000 hours
exclusive of the manufacturer's factory tests, can be shown. Products
shal | be supported by a service organi zation. System conponents shall be
environnental ly suitable for the indicated |ocations.

.2 ELECTRI CAL WWORK

El ectrical equi pment and wiring shall be in accordance with Section 16415A
ELECTRI CAL WORK, INTERIOR. Field wiring shall be in accordance with

manuf acturer's instructions. Manual or automatic control and protective or
signal devices required for the operation specified and any control wiring
required for controls and devices specified, but not shown, shall be

provi ded.

.3 REFRI GERANT PI PI NG SYSTEM

Ref ri gerant piping, valves, fittings, and accessories shall be in
accordance with ASHRAE 15 and ASME B31.5, except as specified herein.
Refri gerant piping, valves, fittings, and accessories shall be conpatible
with the fluids used and capabl e of withstanding the pressures and
tenperatures of the service. Refrigerant piping, valves, and accessories
used for refrigerant service shall be cleaned, dehydrated, and seal ed
(capped or plugged) prior to shipnment fromthe manufacturer's plant.

.4 PI PE, FI TTI NGS AND END CONNECTI ONS (JO NTS)

4.1 Copper Tubi ng

Copper tubing shall conformto ASTM B 280 anneal ed or hard drawn as
requi red. Copper tubing shall be soft anneal ed where bending is required
and hard drawn where no bending is required. Soft anneal ed copper tubing
shall not be used in sizes larger than 35 mm (1-3/8 inches) . Joints shal
be brazed except that joints on lines 22 nm (7/8 inch) and smaller nay be
flared. Cast copper alloy fittings for flared copper tube shall conformto
ASME B16. 26 and ASTM B 62. Wought copper and bronze sol der-joint pressure
fittings shall conformto ASME B16.22 and ASTM B 75M. Joints and fittings
for brazed joint shall be wought-copper or forged-brass sweat fittings.
Cast sweat-type joints and fittings shall not be allowed for brazed joints.
Brass or bronze adapters for brazed tubing may be used for connecting
tubing to flanges and to threaded ends of val ves and equi pnent.

. 4.2 Sol der

Sol der shall conformto ASTM B 32, grade Sb5, tin-antinony alloy for
service pressures up to 1034 kPa . Solder flux shall be liquid or paste
form non-corrosive and conformto ASTM B 813.

4.3 Brazing Filler Metal
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Filler netal shall conformto AWS A5.8, Type BAg-5 with AWS Type 3 fl ux,
except Type BCuP-5 or BCuP-6 may be used for brazing copper-to-copper
joints.

2.5 VALVES

Val ves shal |l be designed, manufactured, and tested specifically for
refrigerant service. Valve bodies shall be of brass, bronze, steel, or
ductile iron construction. Valves 25 nm and smaller shall have brazed or
socket wel ded connections. Valves larger than 25 nm shall have

t ongue- and- groove flanged end connections. Threaded end connecti ons shal
not be used, except in pilot pressure or gauge |ines where mai nt enance

di sassenbly is required and wel ded fl anges cannot be used. Internal parts
shal | be renovable for inspection or replacenment w thout applying heat or
br eaki ng pi pe connections. Valve stens exposed to the atnosphere shall be
stainless steel or corrosion resistant netal plated carbon steel

Direction of flow shall be legibly and permanently indicated on the valve
body. Control valve inlets shall be fitted with integral or adapted
strainer or filter where recomended or required by the nanufacturer

Purge, charge and receiver valves shall be of manufacturer's standard
configurati on.

2.5.1 Refrigerant Stop Val ves

Val ve shall be the globe or full-port ball type with a back-seating stem
especi al |y packed for refrigerant service. Valve packing shall be

repl aceabl e under |ine pressure. Valve shall be provided with a handwhee
operator and a seal cap. Valve shall be the straight or angle pattern
design as indicated.

2.5.2 Check Val ves

Val ve shall be the swing or |lift type as required to provide positive
shutoff at the differential pressure indicated. Valve shall be provide
with resilient seat.

2.5.3 Li quid Sol enoi d Val ves

Val ves shall comply with ARl 760 and be suitable for continuous duty with
appl i ed vol tages 15 percent under and 5 percent over nominal rated voltage
at maxi nrum and m ni mum encountered pressure and tenperature service
conditions. Valves shall be direct-acting or pilot-operating type,

packl ess, except that packed stem seal capped, nmanual lifting provisions
shall be furnished. Solenoid coils shall be noisture-proof, UL approved,
totally encapsul ated or encapsul ated and netal jacketed as required.

Val ves shall have safe working pressure of 2760 kPa (400 psi) and a

maxi mum operating pressure differential of at |east 1375 kPa (200 psi) at
85 percent rated voltage. Valves shall have an operating pressure
differential suitable for the refrigerant used.

2.5.4 Expansi on Val ves
Val ve shall conformto ARl 750 and ASHRAE 17. Valve shall be the di aphragm

and spring-loaded type with internal or external equalizers, and bulb and
capillary tubing. Valve shall be provided with an external superheat

adjustment along with a seal cap. Internal equalizers may be utilized
where flowi ng refrigerant pressure drop between outlet of the valve and
inlet to the evaporator coil is negligible and pressure drop across the
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evaporator is less than the pressure difference corresponding to 1 degrees
C (2 degrees F) of saturated suction tenperature at evaporator conditions.

Bul b charge shall be deternmi ned by the manufacturer for the application
and such that liquid will remain in the bulb at all operating conditions.
Gas limted liquid charged val ves and other valve devices for limting
evaporator pressure shall not be used without a distributor or discharge
tube or effective neans to prevent |oss of control when bul b becones warner
than val ve body. Pilot-operated valves shall have a characterized plug to

provi de required nmodul ating control. A de-energized sol enoid val ve may be

used in the pilot Iine to close the main valve in lieu of a solenoid valve

inthe minliquid line. An isolatable pressure gauge shall be provided in
the pilot line, at the main valve. Autonatic pressure reduci ng or constant
pressure regul ati ng expansi on val ves may be used only where indicted or for
const ant evaporator | oads.

2.5.5 Safety Relief Valves

Val ve shall be the two-way type, unless indicated otherwi se. Valve shal
bear the ASME code synbol. Valve capacity shall be certified by the

Nati onal Board of Boiler and Pressure Vessel |nspectors. Valve shall be of
an automatically reseating design after activation.

2.5.6 Evaporator Pressure Regul ators, Direct-Acting

Val ve shall include a diaphragn spring assenbly, external pressure
adjustrment with seal cap, and pressure gauge port. Valve shall nmaintain a
constant inlet pressure by balancing inlet pressure on di aphragm agai nst an
adj ustabl e spring | oad. Pressure drop at system design | oad shall not
exceed the pressure difference corresponding to a 1 degrees C change in
saturated refrigerant tenperature at evaporator operating suction
tenperature. Spring shall be selected for indicated naxi mum al | owabl e
suction pressure range.

2.5.7 Ref ri gerant Access Val ves

Ref ri gerant access val ves and hose connections shall be in accordance with
ARl 720

2.6 Pl PI NG ACCESSORI ES
2.6.1 Filter Driers
Driers shall conformto ARl 710. Sizes 15 mm (5/8 inch) and |arger shal

be the full flow, replaceable core type. Sizes 15 mm (1/2 inch) and
smal l er shall be the sealed type. Cores shall be of suitable desiccant

that will not plug, cake, dust, channel, or break down, and shall renove
water, acid, and foreign material fromthe refrigerant. Filter driers
shal |l be constructed so that none of the desiccant will pass into the

refrigerant lines. M nimmbursting pressure shall be 10.3 MPa (1.500 psi)
2.6.2 Sight d ass and Liquid Level |ndicator
2.6.2.1 Assenbly and Components
Assenbly shall be pressure- and tenperature-rated and constructed of
materials suitable for the service. dass shall be borosilicate type.

Ferrous conponents subject to condensation shall be el ectro-gal vani zed.

2.6.2.2 Gauge d ass
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Gauge gl ass shall include top and bottomisolation valves fitted with
aut omati ¢ checks, and packing followers; red-line or green-line gauge

gl ass; elastomer or polymer packing to suit the service; and gauge gl ass
guard.

2.6.2.3 Bull's-Eye and Inline Sight dass Reflex Lens

Bull's-eye and inline sight glass reflex | ens shall be provided for
dead-end liquid service. For pipe line mounting, two plain | enses in one
body suitable for backlighted view ng shall be provided.

2.6.2.4 Moi st ure | ndi cat or

I ndi cator shall be a self-reversible action, noisture reactive, color
changi ng nedia. Indicator shall be furnished with full-color-printing tag
contai ning color, moisture and tenperature criteria. Unless otherw se

i ndi cated, the noisture indicator shall be an integral part of each
correspondi ng sight gl ass.

2.6.3 Vi brati on Danpeners
Danpeners shall be of the all-metallic bell ows and woven-wire type.
2.6.4 Fl exi bl e Pi pe Connectors

Connector shall be a conposite of interior corrugated phosphor bronze or
Type 300 Series stainless steel, as required for fluid service, with
exterior reinforcement of bronze, stainless steel or nmonel wire braid.
Assenbly shall be constructed with a safety factor of not less than 4 at
150 degrees C (300 degrees F) . Unless otherw se indicated, the | ength of
a flexible connector shall be as recommended by the manufacturer for the
servi ce intended.

2.6.5 Strai ners

Strainers used in refrigerant service shall have brass or cast iron body,
Y-or angl e-pattern, cleanable, not |ess than 60-nesh noncorrodi ng screen of
an area to provide net free area not less than ten times the pipe dianeter
with pressure rating conpatible with the refrigerant service. Screens
shal |l be stainless steel or nmonel and reinforced spring-loaded where
necessary for bypass-proof construction

2.6.6 Pressure and Vacuum Gauges

Gauges shall conformto ASME B40.1 and shall be provided with throttling
type needl e valve or a pul sati on danpener and shut-off valve. Gauge shal
be a minimumof 85 mm in diameter with a range fromO0 kPa (0 psig) to
approxinmately 1.5 tines the naxi mum system worki ng pressure. Each gauge
range shall be selected so that at normal operating pressure, the needle is
within the mddle-third of the range.

2.6.7 Tenper at ure Gauges

Tenperature gauges shall be the industrial duty type and be provided for
the required tenperature range. Gauges shall have Celsius scale in 1
degree graduations scale (black nunbers) on a white face. The pointer
shal |l be adjustable. Rigid stemtype tenperature gauges shall be provided
inthermal wells located within 1.5 m of the finished floor. Universa

15182A-12



DACA41- 03- R- 0008- 0002
Vol une 2

adj ustabl e angle type or renpte el enent type tenperature gauges shall be

provided in thermal wells located 1.5 to 2.1 m above the finished floor

Renot e el enent type tenperature gauges shall be provided in thermal wells
located 2.1 m above the finished floor

2.6.7.1 St em Cased- d ass

Stem cased- gl ass case shall be polished stainless steel or cast al um num
229 mm (9 inches) long, with clear acrylic lens, and non-nmercury filled
gl ass tube with indicating-fluid colum.

2.6.7.2 Bimetallic Dia

Binetallic dial type case shall be not less than 89 nm (3-1/2 inches),
stainless steel, and shall be hernetically sealed with clear acrylic |ens.
Binetallic element shall be silicone danpened and unit fitted with externa
calibrator adjustnent. Accuracy shall be one percent of dial range.

2.6.7.3 Liquid-, Solid-, and Vapor-Filled D al

Liquid-, solid-, and vapor-filled dial type cases shall be not |ess than 89
mm (3-1/2 inches), stainless steel or cast alumnumwth clear acrylic
lens. Fill shall be nonmercury, suitable for encountered cross-anbients,
and connecting capillary tubing shall be doubl e-braided bronze.

2.6.7.4 Ther mal Wl |

Thermal well shall be identical size, 15 or 20 mm (1/2 or 3/4 inch) NPT
connection, brass or stainless steel. Were test wells are indicated,
provi de captive plug-fitted type 15 nm (1/2 inch) NPT connection suitable
for use with either engraved stem or standard separabl e socket thernoneter
or thernostat. Mercury shall not be used in thernmoneters. Extended neck
thermal wells shall be of sufficient length to clear insulation thickness
by 25 mm.

2.6.8 Pi pe Hangers, Inserts, and Supports

Pi pe hangers, inserts, guides, and supports shall conformto MSS SP-58 and
MBS SP- 69.

2.6.9 Escut cheons

Escut cheons shall be chromiumplated iron or chrom umpl ated brass, either
one piece or split pattern, held in place by internal spring tension or set
SCrews.

2.7 FABRI CATI ON
2.7.1 Factory Coati ng

Unl ess ot herwi se specified, equipnment and conponent itens, when fabricated
fromferrous metal, shall be factory finished with the manufacturer's
standard finish, except that itens |ocated outside of buildings shall have
weat her resistant finishes that will w thstand 500 hours exposure to the
salt spray test specified in ASTM B 117 using a 5 percent sodium chloride
solution. Imrediately after conpletion of the test, the speci nen shal
show no signs of blistering, winkling, cracking, or |oss of adhesion and
no sign of rust creepage beyond 3 nm on either side of the scratch nmark
Cut edges of gal vani zed surfaces where hot-di p gal vani zed sheet steel is
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2.
2.

used shall be coated with a zinc-rich coating conform ng to ASTM D 520,
Type 1I.

. 7.2 Factory Applied Insulation

Refri gerant suction |lines between the cool er and each conmpressor and col d
gas inlet connections to gas cooled notors shall be insulated with not |ess
than 19 mm (3/4 inch) thick unicellular plastic foam Factory insul ated
items installed outdoors are not required to be fire-rated. As a m ni num
factory insulated itenms installed indoors shall have a flanme spread index
no hi gher than 75 and a snoke devel oped i ndex no hi gher than 150. Factory
insulated itens (no jacket) installed indoors and which are located in air
pl enuns, in ceiling spaces, and in attic spaces shall have a flanme spread

i ndex no higher than 25 and a snoke devel oped i ndex no hi gher than 50.

Fl ame spread and snoke devel oped i ndexes shall be determ ned by ASTM E 84.
Insul ation shall be tested in the same density and installed thickness as
the material to be used in the actual construction. Material supplied by a
manufacturer with a jacket shall be tested as a conposite materi al

Jackets, facings, and adhesives shall have a flane spread i ndex no higher
than 25 and a snoke devel oped i ndex no higher than 50 when tested in
accordance with ASTM E 84.

8  SUPPLEMENTAL COVPONENTS/ SERVI CES
8.1 Field Applied Insulation

Field applied insulation shall be provided and installed in accordance wth
Section 15080A THERMAL | NSULATI ON FOR MECHANI CAL SYSTEMS

PART 3 EXECUTI ON

3.

1 | NSTALLATI ON

Pipe and fitting installation shall conformto the requirements of ASME
B31.1. Pipe shall be cut accurately to measurenents established at the
jobsite, and worked into place w thout springing or forcing, conpletely
clearing all w ndows, doors, and other openings. Cutting or other
weakeni ng of the building structure to facilitate piping installation wll
not be permtted without witten approval. Pipe or tubing shall be cut
square, shall have burrs renoved by reaming, and shall permt free
expansi on and contraction w thout causing damage to the building structure,
pi pe, joints, or hangers.

1.1 Directional Changes

Changes in direction shall be made with fittings, except that bending of

pi pe 100 mm (4 inches) and smaller will be pernmitted, provided a pipe
bender is used and wi de weep bends are formed. Mtering or notching pipe
or other simlar construction to formelbows or tees will not be permtted.

The centerline radius of bends shall not be less than 6 dianeters of the
pi pe. Bent pipe showi ng kinks, winkles, flattening, or other
mal formations will not be accepted.

1.2 Functional Requirenents

Pi pi ng shall be installed 4 nrmper m of pipe in the direction of flowto
ensure adequate oil drainage. Open ends of refrigerant |lines or equi pnent
shal | be properly capped or plugged during installation to keep noisture,

dirt, or other foreign material out of the system Piping shall remain
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capped until installation. Equipnent piping shall be in accordance wth
t he equi pnent nanufacturer's reconmmendati ons and the contract draw ngs.
Equi prent and pi pi ng arrangenents shall fit into space allotted and all ow
adequat e acceptabl e clearances for installation, replacenent, entry,
servicing, and mai nt enance.

3.1.3 Fittings and End Connecti ons
3.1.3.1 Thr eaded Connecti ons

Thr eaded connections shall be nmade with tapered threads and made tight with
PTFE t ape conplying with ASTM D 3308 or equival ent thread-joint conpound
applied to the nale threads only. Not nore than three threads shall show
after the joint is made.

3.1.3.2 Brazed Connecti ons

Brazing shall be perforned in accordance with AWS BRH, except as nodified
herein. During brazing, the pipe and fittings shall be filled with a
pressure regul ated i nert gas, such as nitrogen, to prevent the fornmation of
scale. Before brazing copper joints, both the outside of the tube and the
inside of the fitting shall be cleaned with a wire fitting brush until the
entire joint surface is bright and clean. Brazing flux shall not be used.
Surplus brazing material shall be renoved at all joints. Steel tubing
joints shall be made in accordance with the nanufacturer's recomrendati ons.
Joints in steel tubing shall be painted with the sanme nmaterial as the
baked-on coating within 8 hours after joints are made. Tubing shall be
prot ect ed agai nst oxidation during brazing by continuous purging of the
i nside of the piping using nitrogen. Piping shall be supported prior to
brazi ng and not be sprung or forced.

3.1.3.3 Fl ared Connecti ons

VWhen flared connections are used, a suitable lubricant shall be used
bet ween the back of the flare and the nut in order to avoid tearing the
flare while tightening the nut.

3.1.3.4 Fl anged Connecti ons

VWhen steel refrigerant piping is used, union or flange joints shall be
provided in each line inmedi ately preceding the connection to each piece of
equi prent requiring nai ntenance, such as conpressors, coils, chillers,
control valves, and other sinilar items. Flanged joints shall be assenbl ed
square end tight with natched fl anges, gaskets, and bolts. Gaskets shal

be suitable for use with the refrigerants to be handl ed.

3.1.4 Val ves
3.1.4.1 Cener a

Refri gerant stop valves shall be installed on each side of each piece of
equi prent such as conpressors condensers, evaporators, receivers, and ot her
simlar itens in nmultiple-unit installation, to provide partial system
isolation as required for naintenance or repair. Stop valves shall be
installed with stems horizontal unless otherw se indicated. Ball valves
shall be installed with stens positioned to facilitate operation and

mai nt enance. |solating valves for pressure gauges and sw tches shall be
external to thermal insulation. Safety switches shall not be fitted with

i solation valves. Filter dryers having access ports may be considered a
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poi nt of isolation. Purge valves shall be provided at all points of
systens where accumul at ed noncondensi bl e gases woul d prevent proper system
operation. Valves shall be furnished to match line size, unless otherw se
i ndi cated or approved.

3.1.4.2 Expansi on Val ves

Expansi on val ves shall be installed with the thernbstatic expansion val ve
bul b I ocated on top of the suction line when the suction line is | ess than
54 mm (2-1/8 inches) in dianeter and at the 4 o' clock or 8 o' clock
position on lines larger than 54 mm (2-1/8 inches). The bulb shall be
securely fastened with two clanps. The bulb shall be insulated. The bulb

shall installed in a horizontal portion of the suction line, if possible,
with the pigtail on the bottom [If the bulb nmust be installed in a
vertical line, the bulb tubing shall be facing up

3.1.4.3 Val ve |l dentification

Each system val ve, including those which are part of a factory assenbly,
shal | be tagged. Tags shall be in al phanunmeric sequence, progressing in
direction of fluid flow Tags shall be enbossed, engraved, or stanped

pl astic or nonferrous metal of various shapes, sized approximately 34 nm
(1-3/8 inch) diameter, or equival ent dinmension, substantially attached to
a conponent or imediately adjacent thereto. Tags shall be attached with
nonferrous, heavy duty, bead or |ink chain, 14 gauge annealed wire, nylon
cabl e bands or as approved. Tag nunbers shall be referenced in Operation
and Mai nt enance Manual s and system di agr ans.

3.1.5 Vi brati on Danpers

Vi brati on danper shall be provided in the suction and discharge |ines on
spring nmounted conpressors. Vibration danpers shall be installed paralle
with the shaft of the conpressor and shall be anchored firmy at the
upstream end on the suction line and the downstreamend in the di scharge
l'ine.

3.1.6 Strai ners

Strainers shall be provided i medi ately ahead of sol enoid val ves and
expansi on devices. Strainers may be an integral part of an expansion val ve.

3.1.7 Filter Dryer

Aliquid line filter dryer shall be provided on each refrigerant circuit

| ocated such that all liquid refrigerant passes through a filter dryer.
Dryers shall be sized in accordance with the manufacturer's recomendati ons
for the systemin which it is installed. Dryers shall be installed such
that it can be isolated fromthe system the isolated portion of the system
evacuated, and the filter dryer replaced. Dryers shall be installed in the
hori zontal position except replaceable core filter dryers may be installed
in the vertical position with the access flange on the bottom

3.1.8 Si ght d ass
A nmoisture indicating sight glass shall be installed in all refrigerant
circuits down streamof all filter dryers and where indicated. Site

gl asses shall be full line size.

3.1.9 Di scharge Line G| Separator
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Di scharge line oil separator shall be provided in the discharge line from
each conpressor. QI return line shall be connected to the conpressor as
recormended by the conpressor manufacturer

3.1.10  Accumul at or
Accunul ators shall be provided in the suction line to each conpressor
3.1.11 Fl exi bl e Pi pe Connectors

Connectors shall be installed perpendicular to |line of notion being

i solated. Piping for equipnment with bidirectional nmotion shall be fitted
with two flexible connectors, in perpendicular planes. Reinforced

el astomer flexi ble connectors shall be installed in accordance with

manuf acturer's instructions. Piping guides and restraints related to

fl exi bl e connectors shall be provided as required.

3.1.12 Tenper at ure Gauges

Tenper at ure gauges shall be | ocated specifically on, but not limted to the
following: the liquid line |leaving a receiver and the suction line at each
evaporator or liquid cooler. Thermal wells for insertion thernoneters and
t hernostats shall extend beyond thermal insulation surface not |ess than 25
mm .

3.1.13 Pi pe Hangers, Inserts, and Supports

Pi pe hangers, inserts, and supports shall conformto MSS SP-58 and MSS SP-69,
except as nodified herein. Pipe hanger types 5, 12, and 26 shall not be
used. Hangers used to support piping 50 nm (2 inches) and larger shall be
fabricated to permt adequate adjustnent after erection while stil

supporting the load. Piping subjected to vertical novenent, when operating

t emper at ures exceed anbi ent tenperatures, shall be supported by variable
spring hangers and supports or by constant support hangers.

3.1.13.1 Hanger s

Type 3 shall not be used on insulated piping. Type 24 may be used only on
trapeze hanger systenms or on fabricated franes.

3.1.13.2 I nserts
Type 18 inserts shall be secured to concrete forns before concrete is
pl aced. Continuous inserts which allow nore adjustments may be used if
they otherw se nmeet the requirenments for Type 18 inserts.
3.1.13.3 C- O anps
Type 19 and 23 C-clanps shall be torqued per MSS SP-69 and have both
| ocknuts and retaining devices, furnished by the nmanufacturer
Fiel d-fabricated C clanp bodies or retaining devices are not acceptable.

3.1.13.4 Angle Attachnents

Type 20 attachnents used on angles and channels shall be furnished with an
added mal | eabl e-iron heel plate or adapter

3.1.13.5 Saddl es and Shi el ds

15182A-17



DACA41- 03- R- 0008- 0002
Vol une 2

Where Type 39 saddl e or Type 40 shield are pernmitted for a particular pipe
attachment application, the Type 39 saddl e, connected to the pipe, shall be
used on all pipe 100 mm (4 inches) and |larger when the tenperature of the
mediumis 16 degrees C or higher. Type 40 shields shall be used on al

pi ping |l ess than 100 mm (4 inches) and all piping 100 mMm (4 inches) and

| arger carrying nmedium|less than 16 degrees C. A high density insulation

insert of cellular glass shall be used under the Type 40 shield for piping

50 mm (2 inches) and |arger

3.1.13.6 Hori zontal Pipe Supports

Hori zontal pipe supports shall be spaced as specified in MSS SP-69 and a
support shall be installed not over 300 nm fromthe pipe fitting joint at
each change in direction of the piping. Pipe supports shall be spaced not
over 1.5 m apart at val ves.

3.1.13.7 Vertical Pipe Supports

Vertical pipe shall be supported at each floor, except at slab-on-grade,
and at intervals of not nore than 4.5 m not nore than 2.4 mfromend of
risers, and at vent term nations.

3.1.13.8 Pi pe Gui des

Type 35 guides using, steel, reinforced pol ytetrafl uoroethyl ene (PTFE) or
graphite slides shall be provided where required to allow | ongitudinal pipe
noverment. Lateral restraints shall be provided as required. Slide
materials shall be suitable for the system operating tenperatures,

at nospheric conditions, and bearing | oads encountered.

3.1.13.9 Steel Slides

VWere steel slides do not require provisions for restraint of latera
noverent, an alternate guide nmethod nmay be used. On piping 100 mm (4
inches) and larger, a Type 39 saddle shall be used. On piping under 100
mm (4 inches), a Type 40 protection shield nay be attached to the pipe or
i nsulation and freely rest on a steel slide plate.

3.1.13.10 Hi gh Tenperature CGuides with Cradl es

Where there are high systemtenperatures and welding to piping is not
desirable, then the Type 35 guide shall include a pipe cradle, welded to
t he guide structure and strapped securely to the pipe. The pipe shall be
separated fromthe slide material by at |east 100 mm or by an anount
adequate for the insulation, whichever is greater

3.1.13. 11 Mul tiple Pipe Runs
In the support of nmultiple pipe runs on a comopn base nenber, a clip or
clanmp shall be used where each pipe crosses the base support nemnber.
Spaci ng of the base support nenbers shall not exceed the hanger and support
spacing required for an individual pipe in the multiple pipe run

3.1.13.12 Sei sm ¢ Requirenents
Pi pi ng and attached val ves shall be supported and braced to resist seismc

| oads as specified under Sections 13080 SElI SM C PROTECTI ON FOR
M LCELLANEQUS EQUI PMENT and 15070A SElI SM C PROTECTI ON FOR MECHANI CAL
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EQUI PMENT as shown on the drawings. Structural steel required for
reinforcement to properly support piping, headers, and equi pnent but not
shown shall be provided under this section. Material used for support
shal |l be as specified under Section 05120 STRUCTURAL STEEL.

3.1.13.13 Structural Attachnents

Attachment to building structure concrete and nmasonry shall be by cast-in
concrete inserts, built-in anchors, or masonry anchor devices. Inserts and
anchors shall be applied with a safety factor not less than 5. Supports
shall not be attached to netal decking. Supports shall not be attached to
t he underside of concrete filled floors or concrete roof decks unless
approved by the Contracting Oficer. Masonry anchors for overhead
applications shall be constructed of ferrous materials only. Structura
steel brackets required to support piping, headers, and equi pnent, but not
shown, shall be provided under this section. Material used for support
shal |l be as specified under Section 05120 STRUCTURAL STEEL.

3.1.14 Pi pe Alignnent CQuides

Pi pe alignnent guides shall be provided where indicated for expansion

| oops, offsets, and bends and as recommended by the manufacturer for
expansion joints, not to exceed 1.5 m on each side of each expansion
joint, and in lines 100 mm (4 inches) or smaller not nore than 600 nm on
each side of the joint.

3.1.15 Pi pe Anchors

Anchors shall be provided wherever necessary or indicated to |ocalize
expansion or to prevent undue strain on piping. Anchors shall consist of
heavy steel collars with lugs and bolts for clanping and attachi ng anchor
braces, unless otherw se indicated. Anchor braces shall be installed in
the nost effective nmanner to secure the desired results using turnbuckles
where required. Supports, anchors, or stays shall not be attached where
they will injure the structure or adjacent construction during installation
or by the weight of expansion of the pipeline. Were pipe and conduit
penetrations of vapor barrier seal ed surfaces occur, these itens shall be
anchored i mredi atel y adj acent to each penetrated surface, to provide
essentially zero novenment within penetration seal. Detailed draw ngs of
pi pe anchors shall be submitted for approval before installation

3.1.16 Bui | di ng Surface Penetrations

Sl eeves shall not be installed in structural nmenbers except where indicated
or approved. Sleeves in nonload bearing surfaces shall be gal vani zed sheet
nmetal, confornmng to ASTM A 653/ A 653M Coating Cass G 90, 1.0 mm (20
gauge) . Sleeves in |oad bearing surfaces shall be uncoated carbon stee

pi pe, conforming to ASTM A 53/ A 53M Standard wei ght. Seal ants shall be
applied to nmoisture and oil-free surfaces and el astoners to not |ess than
13 mm depth. Sleeves shall not be installed in structural nenbers.

3.1.16.1 Refri gerated Space

Refrigerated space building surface penetrations shall be fitted with

sl eeves fabricated fromhand-lay-up or helically wound, fibrous glass

rei nforced polyester or epoxy resin with a mninumthickness equal to

equi val ent size Schedule 40 steel pipe. Sleeves shall be constructed with
integral collar or cold side shall be fitted with a bonded slip-on flange
or extended collar. |In the case of masonry penetrati ons where sleeve is
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not cast-in, voids shall be filled with latex m xed nortar cast to shape of
sl eeve and flange/external collar type sleeve shall be assenbled with butyl
el astomer vapor barrier sealant through penetration to cold side surface
vapor barrier overlap and fastened to surface with masonry anchors.

Integral cast-in collar type sleeve shall be flashed with not |less than 100
mm (4 inches) of cold side vapor barrier overlap of sleeve surface.
Normal Iy noni nsul at ed penetrating round surfaces shall be sealed to sleeve
bore with nechani cally expandabl e seals in vapor tight nmanner and renaini ng
warm and col d side sleeve depth shall be insulated with not |ess than [100]
[ ] mm of foamed-in-place rigid polyurethane or foaned-in-place
silicone elastomer. Vapor barrier sealant shall be applied to finish warm
side insulation surface. Warmside of penetrating surface shall be

i nsul ated beyond vapor barrier sealed sleeve insulation for a distance

whi ch prevents condensation. Wres in refrigerated space surface
penetrating conduit shall be sealed with vapor barrier plugs or compound to
prevent noisture mgration through conduit and condensation therein.

3.1.16.2 Ceneral Service Areas

Each sl eeve shall extend through its respective wall, floor, or roof, and
shall be cut flush with each surface. Pipes passing through concrete or
masonry wall or concrete floors or roofs shall be provided with pipe
sleeves fitted into place at the tinme of construction. Sleeves shall be of
such size as to provide a mninmmof 6.35 nm all-around cl earance between
bare pi pe and sl eeves or between jacketed-insulation and sl eeves. Except
in pipe chases or interior walls, the annul ar space between pi pe and sl eeve
or between jacket over-insulation and sl eeve shall be sealed in accordance
with Section 07900A JO NT SEALI NG

3.1.16.3 Wat er pr oof Penetrations

Pi pes passing through roof or floor waterproofing nmenbrane shall be
installed through a 5.17 kg/sq. m (17 ounce) copper sleeve, or a 0.81 mm
(0.032 inch) thick alum num sl eeve, each within an integral skirt or
flange. Flashing sleeve shall be suitably formed, and skirt or flange
shal |l extend not less than 200 mm fromthe pipe and be set over the roof
or floor nenmbrane in a trowel ed coating of bitumi nous cenent. The flashing
sl eeve shall extend up the pipe a mninumof 50 nm above the roof or floor
penetration. The annul ar space between the flashing sl eeve and the bare
pi pe or between the flashing sleeve and the netal -jacket-covered insulation
shal |l be sealed as indicated. Penetrations shall be sealed by either one
of the follow ng nethods.

a. Waterproofing C anping Flange: Pipes up to and including 250 mm
i n di ameter passing through roof or floor waterproofing menbrane
may be installed through a cast iron sleeve with caul ki ng recess,
anchor lugs, flashing clanp device, and pressure ring with brass
bolts. Waterproofing nenbrane shall be clanped into place and
seal ant shall be placed in the caul ki ng recess.

b. Modul ar Mechanical Type Sealing Assenbly: In lieu of a
wat er proofi ng cl anpi ng fl ange and caul ki ng and seal i ng of annul ar
space between pipe and sl eeve or conduit and sleeve, a nodul ar
nechani cal type sealing assenbly nay be installed. Seals shal
consi st of interlocking synthetic rubber |inks shaped to
continuously fill the annul ar space between the pipe/conduit and
sl eeve with corrosion protected carbon steel bolts, nuts, and
pressure plates. Links shall be |oosely assenbled with bolts to
forma continuous rubber belt around the pipe with a pressure

15182A- 20



DACA41- 03- R- 0008- 0002
Vol une 2

pl ate under each bolt head and each nut. After the seal assenbly
is properly positioned in the sleeve, tightening of the bolt shal
cause the rubber sealing elenents to expand and provide a

wat erti ght seal rubber sealing elenents to expand and provide a
wat erti ght seal between the pipe/conduit seal between the

pi pe/ conduit and the sleeve. Each seal assenbly shall be sized as
recomended by the manufacturer to fit the pipe/conduit and sl eeve
i nvol ved. The Contractor electing to use the nodul ar nechani ca
type seals shall provide sleeves of the proper dianeters.

3.1.16. 4 Fire-Rated Penetrati ons

Penetration of fire-rated walls, partitions, and floors shall be sealed as
specified in Section 07840A FlI RESTOPPI NG

3.1.16.5 Escut cheons

Fi ni shed surfaces where exposed piping, bare or insulated, pass through
floors, walls, or ceilings, except in boiler, utility, or equiprment roons,
shal |l be provided with escutcheons. Were sleeves project slightly from
floors, special deep-type escutcheons shall be used. Escutcheon shall be
secured to pipe or pipe covering.

3.1.17  Access Panels
Access panels shall be provided for all conceal ed val ves, vents, controls,
and itenms requiring inspection or maintenance. Access panels shall be of
sufficient size and | ocated so that the conceal ed itens may be serviced and
mai nt ai ned or conpletely renoved and replaced. Access panels shall be as
specified in Section 05500A M SCELLANEQUS METAL.

3.1.18 Field Applied Insulation

Field installed insulation shall be as specified in Section 15080A THERMAL
| NSULATI ON FOR MECHANI CAL SYSTEMS, except as defined differently herein.

3.1.19 Fiel d Painting
Pai nting required for surfaces not otherw se specified, and finish painting
of items only prined at the factory are specified in Section 09900
PAI NTI NG, GENERAL.

3.1.19.1 Col or Codi ng

Col or coding for piping identification is specified in Section 09900
PAI NTI NG, GENERAL.

3.1.19.2 Col or Codi ng Schene

A col or coding schenme for |ocating hidden piping shall be in accordance
with Section 15400A PLUMBI NG GENERAL PURPOSE

3.2 CLEANI NG AND ADJUSTI NG

Cl ean uncont anm nated systen(s) by evacuation and purgi ng procedures
currently recommended by refrigerant and refrigerant equi prent

manuf acturers, and as specified herein, to renmove small anounts of air and
noi sture. Systenms contai ni ng noderate ampunts of air, noisture,

contam nated refrigerant, or any foreign matter shall be considered
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contam nated systens. Restoring contam nated systens to clean condition
i ncl udi ng di sassenbly, conponent replacenent, evacuation, flushing,

purgi ng, and re-charging, shall be perfornmed using currently approved
refrigerant and refrigeration manufacturer's procedures. Restoring
cont am nated systens shall be at no additional cost to the Government as
determ ned by the Contracting Officer. Water shall not be used in any
procedure or test.

3.3 REFRI GERANT PI PI NG TESTS

After all conponents of the refrigerant system have been installed and
connected, the entire refrigeration systemshall be subjected to pneunuatic,
evacuation, and startup tests as described herein and in accordance wth

t he approved Operation Manual. Tests shall be conducted in the presence of
the Contracting Officer. Water and electricity required for the tests wll
be furnished by the Governnent. Any material, equipnent, instruments, and
personnel required for the test shall be provided by the Contractor. The
services of a qualified technician shall be provided as required to perform
all tests and procedures indicated herein. Field tests shall be

coordi nated with Section 15990A TESTI NG ADJUSTI NG AND BALANCI NG OF HVAC
SYSTENS

3.3.1 Prelim nary Procedures

Prior to pneumatic testing, equipnent which has been factory tested and
refrigerant charged as well as equi pnent which could be damaged or cause
personnel injury by inposed test pressure, positive or negative, shall be
isolated fromthe test pressure or renmoved fromthe system Safety relief
val ves and rupture discs, where not part of factory seal ed systens, shal
be renpbved and openi ngs capped or plugged.

3.3.2 Pneunati c Test

Pressure control and excess pressure protection shall be provided at the
source of test pressure. Valves shall be wi de open, except those | eading
to the atnosphere. Test gas shall be dry nitrogen, with mnus 55 degrees C
(mnus 70 degree F) dewpoint and less than 5 ppmoil. Test pressure shal
be applied in two stages before any refrigerant pipe is insulated or
covered. First stage test shall be at 69 kPa (10 psi) wth every joint
being tested with a thick soap or color indicating solution. Second stage
tests shall raise the systemto the mninumrefrigerant |eakage test
pressure specified in ASHRAE 15 with a naxi mumtest pressure 25 percent
greater. Pressure above 690 KPa (100 psig) shall be raised in 10 percent
increnents with a pressure acclimatizing period between increnments. The
initial test pressure shall be recorded along with the anmbient tenperature
to which the systemis exposed. Final test pressures of the second stage
shal | be maintai ned on the systemfor a m ni mum of 24 hours. At the end of
the 24 hour period, the systempressure will be recorded along with the
anbi ent tenperature to which the systemis exposed. A correction factor of
2 kPa (0.3 psi) wll be allowed for each degree C (F) change between test
space initial and final anbient tenperature, plus for increase and ni nus
for a decrease. |If the corrected systempressure is not exactly equal to
the initial systemtest pressure, then the systemshall be investigated for
| eaking joints. To repair |leaks, the joint shall be taken apart,

t horoughl y cl eaned, and reconstructed as a new joint. Joints repaired by
caul ki ng, renelting, or back-wel ding/brazing shall not be acceptable.
Following repair, the entire systemshall be retested using the pneumatic
tests described above. The entire system shall be reassenbl ed once the
pneumatic tests are satisfactorily conpl eted.
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3.

3.3 Evacuati on Test

Fol | owi ng satisfactory conpletion of the pneumatic tests, the pressure
shall be relieved and the entire system shall be evacuated to an absol ute
pressure of 300 microneters. During evacuation of the system the anbient
tenperature shall be higher than 2 degrees C. No nore than one system
shal | be evacuated at one tine by one vacuum punp. Once the desired vacuum
has been reached, the vacuumline shall be closed and the system shal

stand for 1 hour. |If the pressure rises over 500 micronmeters after the 1
hour period, then the system shall be evacuated again down to 300
mcroneters and |l et set for another 1 hour period. The systemshall not be
charged until a vacuum of at |east 500 microneters is naintained for a
period of 1 hour without the assistance of a vacuumline. |f during the
testing the pressure continues to rise, check the systemfor |eaks, repair
as required, and repeat the evacuation procedure. During evacuation
pressures shall be recorded by a thernmocoupl e-type, electronic-type, or a
cal i brated-mcroneter type gauge

. 3.4 System Chargi ng and Startup Test

Fol | owi ng satisfactory conpletion of the evacuation tests, the system shal
be charged with the required amount of refrigerant by raising pressure to
normal operating pressure and in accordance wi th nmanufacturer's procedures.

Fol | owi ng chargi ng, the systemshall operate with high-side and | ow side
pressures and correspondi ng refrigerant tenperatures, at design or inproved
values. The entire systemshall be tested for |eaks. Fluorocarbon systens
shall be tested with halide torch or electronic | eak detectors.

.3.5 Ref ri gerant Leakage

If arefrigerant |leak is discovered after the system has been charged, the
| eaki ng portion of the systemshall imrediately be isolated fromthe

remai nder of the systemand the refrigerant punped into the systemreceiver
or other suitable container. Under no circunstances shall the refrigerant

be di scharged into the atnosphere.

.3.6 Contractor's Responsibility

The Contractor shall, at all times during the installation and testing of
the refrigeration system take steps to prevent the rel ease of refrigerants
into the atnosphere. The steps shall include, but not be linited to,
procedures which will mininize the release of refrigerants to the

at nosphere and the use of refrigerant recovery devices to renpve
refrigerant fromthe systemand store the refrigerant for reuse or reclaim
At no tine shall nore than 85 g (3 ounces) of refrigerant be released to
t he atnosphere in any one occurrence. Any systemleaks within the first
year shall be repaired in accordance with the requirenments herein at no
cost to the Government including naterial, |abor, and refrigerant if the
leak is the result of defective equipnment, material, or installation

.4 DEMONSTRATI ONS

Contractor shall conduct a training course for the operating staff as
designated by the Contracting Oficer. The training period shall consi st
of a total 24 hours of nornmal working tinme and start after the systemis
functionally conpleted but prior to final acceptance tests. The field
posted instructions shall cover all of the items contained in the approved
operation and mai nt enance manual s as well as denonstrations of routine
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nmai nt enance operati ons.

-- End of Section --
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SECTI ON 16415A

ELECTRI CAL WORK, | NTERI OCR
11/01

PART 1 GENERAL

1.

1 REFERENCES

The publications listed below forma part of this specification to the
extent referenced. The publications are referred to in the text by basic
desi gnation only.

AVERI CAN NATI ONAL STANDARDS | NSTI TUTE (ANSI )

ANSI C39.1 (1981; R 1992) Requirenments for Electrical
Anal og I ndicating Instrunents

ANSI C78.1 (1991; C78.1a; R 1996) Fluorescent Lanps -
Rapi d- Start Types - Di nensi onal and
El ectrical Characteristics

ANSI C78. 20 (1995) Electric Lanps - Characteristics of
I ncandescent Lamps A, G PS, and Sinmlar
Shapes with E26 Medi um Screw Bases

ANSI C78. 21 (1995) Physical and El ectri cal
Characteristics - Incandescent Lanps - PAR
and R Shapes

ANSI C80.5 (1995) Rigid Al um num Condui t
ANSI CB82.1 (1997) Specifications for Fluorescent Lanp
Bal | asts

AMERI CAN SOCI ETY FOR TESTI NG AND MATERI ALS (ASTM
ASTM B 1 (1995) Hard-Drawn Copper Wre

ASTM B 8 (1999) Concentric-Lay-Stranded Copper
Conductors, Hard, Medium Hard, or Soft

ASTM D 709 (2000) Lami nated Thernosetting Materials
I NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENG NEERS (| EEE)

| EEE C62. 41 (1991; R 1995) Surge Voltages in
Low Vol tage AC Power Circuits

| EEE Std 81 (1983) Cuide for Measuring Earth
Resi stivity, Gound |Inpedance, and Earth
Surface Potentials of a Ground System
(Part 1)

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATl ON ( NEMR)
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NEMVA 250 (1997) Enclosures for Electrical Equiprent
(1000 Vol ts Maxi mun
NEVA AB 1 (1993) Mol ded Case Circuit Breakers and
Mol ded Case Switches
NEMA | CS 2 (1993) Industrial Controls and Systens
Controllers, Contactors, and Overl oad
Rel ays Rated Not Mdre Than 2,000 Volts AC
or 750 Volts DC
NEMA | CS 6 (1993) Industrial Control and Systens,
Encl osur es
NEMVA LE 4 (1987) Recessed Luminaires, Ceiling
Conpatibility
NEVA MG 1 (1998) Mdtors and Generators
NEMA MG 10 (1994) Energy Managenent Cuide for
Sel ection and Use of Pol yphase Mtors
NEMA CS 1 (1996) Sheet-Steel CQutlet Boxes, Device
Boxes, Covers, and Box Supports
NEMA CS 2 (1998) Nonnetallic Qutlet Boxes, Device
Boxes, Covers and Box Supports
NEMA RN 1 (1998) Pol yvinyl-Chloride (PVC) Externally
Coated Gal vani zed Rigid Steel Conduit and
I nternediate Metal Conduit
NEMA TC 13 (1993) Electrical Nonnetallic Tubing (ENT)
NEMA TC 2 (1998) El ectrical Polyvinyl Chloride (PVQ
Tubi ng (EPT) and Conduit (EPC- 40 and
EPC- 80)
NEVA WD 1 (1999) Ceneral Requirements for Wring
Devi ces
NEVA WD 6 (1997) Wring Devices - D nensional
Requi renent s
NATI ONAL FI RE PROTECTI ON ASSOCI ATl ON ( NFPA)
NFPA 101 (2000) Life Safety Code
NFPA 70 (1999) National Electrical Code
U. S. NATI ONAL ARCH VES AND RECORDS ADM NI STRATI ON ( NARA)
47 CFR 18 Industrial, Scientific, and Medi cal
Equi pnent
UNDERWRI TERS LABORATORI ES (UL)
uL 1 (2000) Fl exible Metal Conduit
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(1994; Rev thru Nov 1999) Electric Mtors
(1998) Line Isolation Mnitors

(1995; Rev Jul 1998) Isol ated Power
Systens Equi pnent

(1996; Rev Mar 1998) Internedi ate Metal
Condui t

(1999; Rev thru Jan 2000) Metal -C ad Cabl es

(1995; Rev thru Nov 1999) Fl uorescent
Li ghting Fixtures

(1995; Rev thru Nov 1999) Incandescent
Li ghting Fixtures

(2000) Liquid-Tight Flexible Nonnetallic
Condui t

(1995; Rev thru Oct 1998) GCeneral -Use Snap
Swi t ches

(1996; Rev thru QOct 1997) Liquid-Tight
Fl exi bl e Steel Conduit

(1996) Arnored Cabl e

(1993; Rev thru Apr 1999) G oundi ng and
Bondi ng Equi pnment

(1997; Rev thru Dec 1998) Wre Connectors

and Sol dering Lugs for Use with Copper
Conduct or s

(1997; Rev thru Aug 1998) Splicing Wre
Connectors

(1994; Rev thru Feb 1997) Equi pnrent Wring
Terminals for Use with Al um num and/ or
Copper Conductors

(1996; Rev thru Dec 1998) Ml ded- Case

Circuit Breakers, Ml ded-Case Swi tches,
and Circuit-Breaker Enclosures

(1996; Rev thru Jan 1999) Attachment Pl ugs
and Receptacl es

(1996) Surface Metal Raceways and Fittings

(1995; Rev thru Nov 1999) Encl osures for
El ectrical Equi pment

(1999) Industrial Control Equi pnent

(1994; Rev thru Apr 1998) Pol yvi nyl
Chl ori de, Pol yethyl ene, and Rubber
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I nsul ati ng Tape
(1996; Rev Dec 1999) Metallic Qutlet Boxes

(1997; Rev COct 1998) Fittings for Cable
and Condui t

(1996; Rev thru Dec 1999) Nonnetallic
Cut | et Boxes, Flush-Device Boxes, and
Covers

(1999) Lamphol ders, Starters, and Starter
Hol ders for Fluorescent Lanps

(1997) Rigid Metal Conduit

(1995; Rev thru Oct 1998) Schedul e 40 and
80 Rigid PVC Conduit

(1995; Rev thru Apr 1998) Type EB and A
Ri gi d PVC Conduit and HDPE Condui t

(1994; Rev thru Oct 1998) Electric Mtors
and Generators for Use in Division 1
Hazardous (C assified) Locations

(1996; Rev Jul 1999) Nonnetallic- Sheat hed
Cabl es

(1993; Rev thru Mar 1997) Electrical
Metal I'i ¢ Tubi ng

(1994; Rev thru May 1999) Cord Sets and
Power -

(1998; Rev thru Sep 1999)
Ther nopl astic-1nsulated Wres and Cabl es

(1993; Rev thru Nov 1999) Circuit Breakers
and Circuit-Breaker Enclosures for Use in
Hazardous (C assified) Locations

(1998) Energy Managenent Equi prent

(1993; Rev thru May 1998) G ound- Faul t
Circuit-Interrupters

(1994; Rev thru Jun 1998) Encl osed and
Dead- Front Switches

(1999) Electrical Construction Equi pnent
Directory

conformto the requirenents of NFPA 70 and NFPA 101,
requi renents are indicated or shown.
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1

2.2 Coor di nati on

The drawi ngs indicate the extent and the general |ocation and arrangenent
of equi pment, conduit, and wiring. The Contractor shall become famliar
with all details of the work and verify all dimensions in the field so that
the outl ets and equi prment shall be properly |located and readily accessible.
Lighting fixtures, outlets, and other equi prment and naterials shall be
careful ly coordinated with nmechanical or structural features prior to
installation and positioned according to architectural reflected ceiling
pl ans; otherwi se, lighting fixtures shall be symretrically |ocated
according to the room arrangenent when uniformillum nation is required, or
asymetrically located to suit conditions fixed by design and shown.
Raceways, junction and outlet boxes, and lighting fixtures shall not be
supported from sheet metal roof decks. |[If any conflicts occur
necessitating departures fromthe drawi ngs, details of and reasons for
departures shall be submtted and approved prior to inplenmenting any
change. The Contractor shall coordinate the electrical requirements of the
nmechani cal work and provide all power related circuits, wiring, hardware
and structural support, even if not shown on the draw ngs.

. 2.3 Speci al Environnents

Wring, Fixtures, and equi pnment in designated |ocations shall conformto
NFPA 70 requirenents for installation in damp or wet |ocations.

.2.4 Hazar dous Locati ons

Wring and equi pnent in locations indicated shall be of the classes,
groups, divisions, and suitable for the operating tenperature; as indicated.

. 2.5 Ducts, Plenuns and Ot her Air-Handling Spaces

Wring and equi pnent in ducts, plenunms and ot her air-handling spaces shal
be installed using materials and nmethods in conformance with NFPA 70unl ess
nore stringent requirements are indicated in this specification or on the
contract draw ngs.

.3 St andard Products

Mat eri al and equi pnent shall be a standard product of a manufacturer

regul arly engaged in the manufacture of the product and shall essentially
duplicate itens that have been in satisfactory use for at |east 2 years
prior to bid opening.

.4 Nanepl at es

4.1 I dentification Nanmepl ates

Major items of electrical equipnent and nmajor conponents shall be
permanently marked with an identification nane to identify the equi pment by
type or function and specific unit nunber as indicated. Designation of
nmotors shall coincide with their designation in the notor control center or
panel . Unless otherw se specified, identification naneplates shall be nade
of lam nated plastic in accordance with ASTM D 709 with bl ack outer |ayers
and a white core. Edges shall be chanfered. Plates shall be fastened with
bl ack-fi ni shed round-head drive screws, except notors, or approved
nonadhesi ve netal fasteners. When the naneplate is to be installed on an

i rregul ar-shaped object, the Contractor shall devise an approved support

16415A-9



DACA41- 03- R- 0008- 0002
Vol une 2

suitable for the application and ensure the proper installation of the
supports and naneplates. |In all instances, the naneplate shall be
installed in a conspicuous location. At the option of the Contractor, the
equi prent manufacturer's standard enbossed nanmepl ate material w th bl ack
paint-filled letters may be furnished in lieu of lamnated plastic. The
front of each panel board, motor control center, sw tchgear, and switchboard
shal | have a naneplate to indicate the phase |letter, correspondi ng col or
and arrangenment of the phase conductors. The foll ow ng equi pnent, as a

m ni mum shall be provided with identification nanepl ates:

Each panel, section, or unit in notor control centers, swtchgear or
simlar assenblies shall be provided with a naneplate in addition to
nanepl ates |isted above, which shall be provided for individual
conpartnents in the respective assenbly, including nanmepl ates which
identify "future," "spare," and "dedi cated" or "equi pped spaces."

1.5 As-Built Draw ngs

Fol l owi ng the project conmpletion or turnover, within 30 days the Contractor
shall furnish 2 sets of as-built drawings to the Contracting Oficer.

1.6 SUBM TTALS

Covernment approval is required for submittals with a "G' designation;
submttals not having a "G' designation are for information only. Wen
used, a designation following the "G' designation identifies the office
that will review the submittal for the Governnent. The follow ng shall be
submitted in accordance with Section 01330 SUBM TTAL PROCEDURES:

SD- 02 Shop Drawi ngs
Interior Electrical Equiprment; G RE.

Detail drawi ngs consisting of equi pnent draw ngs, illustrations,
schedul es, instructions, diagrans, and other information necessary
to define the installation. Detail draw ngs shall show the rating
of items and systenms and how t he conponents of an item and system
are assenbl ed, function together, and how they will be installed
on the project. Data and draw ngs for conponent parts of an item
or system shall be coordinated and subnmitted as a unit. Data and
draw ngs shall be coordinated and included in a single subm ssion.

Mul tipl e subm ssions for the sane equi pnent or system are not
accept abl e except where prior approval has been obtained fromthe
Contracting Oficer. In such cases, a list of data to be
subnmitted | ater shall be included with the first subnission.
Detail drawi ngs shall show physical arrangement, construction
details, connections, finishes, materials used in fabrication,
provisions for conduit or busway entrance, access requirenents for
installation and mai nt enance, physical size, electrical
characteristics, foundation and support details, and equi prent
wei ght. Draw ngs shall be drawn to scal e and/ or di nensi oned.
Optional itens shall be clearly identified as included or
excluded. Detail draw ngs shall be provided of sway bracing for
suspended | uni naires.
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El ectrical draw ngs including single-line and three-Iline
di agranms, and schematics or elenmentary diagranms of each electrica
system internal wiring and field connection di agranms of each
el ectrical device when published by the manufacturer; wring
di agrams of cabinets, panels, units, or separate nountings;
i nterconnection diagranms that show the wiring between separate
conponents of assenblies; field connection diagrans that show the
term nation of wiring routed between separate itens of equipnrent;
internal wiring diagranms of equipment showing wiring as actually
provided for this project. Field wiring connections shall be
clearly identified.

I f departures fromthe contract draw ngs are deenmed necessary by
the Contractor, conplete details of such departures, including
changes in related portions of the project and the reasons why,
shall be submitted with the detail drawi ngs. Approved departures
shal | be nade at no additional cost to the Government.

SD- 03 Product Data

Manuf acturer's Catal og; G RE

Dat a conposed of catal og cuts, brochures, circul ars,
specifications, product data, and printed information in
sufficient detail and scope to verify conpliance with the
requi renents of the contract docunents.

Mat eri al, Equipnent, and Fixture Lists; G RE

A conplete item zed listing of equipnent and materials proposed
for incorporation into the work. Each entry shall include an item
nunber, the quantity of itenms proposed, and the name of the
manuf acturer of each item

Installation Procedures; G RE
Installati on procedures for equi prent, shall include diagrans,

i nstructions, and precautions required to install, adjust,
calibrate, and test devices and equi prent.

As-Built Drawings; G RE

The as-built draw ngs shall be a record of the construction as
installed. The draw ngs shall include all the information shown
on the contract draw ngs, deviations, nodifications, and changes
fromthe contract draw ngs, however minor. The as-built draw ngs
shal |l be kept at the job site and updated daily. The as-built
drawi ngs shall be a full-sized set of prints marked to reflect al
devi ati ons, changes, and nodifications. The as-built draw ngs
shal |l be conplete and show the | ocation, size, dinmensions, part
identification, and other information. Additional sheets may be
added. The as-built draw ngs shall be jointly inspected for
accuracy and conpl eteness by the Contractor's quality contro
representative and by the Contracting Officer prior to the
subm ssi on of each nonthly pay estimate. Upon conpletion of the
work, the Contractor shall submit three full sized sets of the
marked prints to the Contracting O ficer for approval. |f upon
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review, the as-built drawings are found to contain errors and/or
om ssions, they will be returned to the Contractor for correction
The Contractor shall correct and return the as-built drawings to
the Contracting O ficer for approval within ten cal endar days from
the tine the drawings are returned to the Contractor

Onsite Tests; G G

A detail ed description of the Contractor's proposed procedures
for on-site tests.

SD- 06 Test Reports

Factory Test Reports; G RE
Si x copies of the information described belowin 216 x 280 nm
bi nders having a mnimumof 5 rings fromwhich material my
readily be renoved and replaced, including a separate section for
each test. Sections shall be separated by heavy plastic dividers
with tabs.
a. A list of equiprment used, with calibration certifications.
b. A copy of neasurenments taken
c. The dates of testing.
d. The equi prent and values to be verified.
e. The conditions specified for the test.
f. The test results, signed and dated.
g. A description of adjustments nade.
Field Test Plan; G RE
A detail ed description of the Contractor's proposed procedures
for onsite test submtted 30 days prior to testing the installed
system No field test will be performed until the test plan is
approved. The test plan shall consist of conplete field test
procedures including tests to be perforned, test equi pnent
required, and tolerance linmts.
Field Test Reports; G RE.
Si x copies of the information described below in binders having
a mnimmof 5 rings fromwhich material nay readily be renoved
and replaced, including a separate section for each test.
Sections shall be separated by heavy plastic dividers with tabs.
a. A list of equiprment used, with calibration certifications.
b. A copy of neasurenments taken
c. The dates of testing.

d. The equi prent and values to be verified.
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e. The conditions specified for the test.
f. The test results, signed and dat ed.
g. A description of adjustments nade.
h. Final position of controls and device settings.
SD-07 Certificates
Material s and Equi prent; G RE

The I abel or listing of the Underwiters Laboratories, Inc.
will be accepted as evidence that the nmaterials or equi pnent
conformto the applicable standards of that agency. In lieu of
this label or listing, a statenent froma nationally recognized,
adequately equi pped testing agency indicating that the itenms have
been tested in accordance with required procedures and that the
materi al s and equi pnent conply with all contract requirenments will
be accepted. However, naterials and equi pment installed in
hazardous | ocati ons nust bear the UL | abel unless the data
submtted fromother testing agency is specifically approved in
witing by the Contracting Oficer. Itenms which are required to
be listed and | abel ed in accordance with Underwiters Laboratories
must be affixed with a UL |abel that states that it is UL |isted.
No exceptions or waivers will be granted to this requirement.
Material s and equi prent will be approved based on the
manuf acturer's published data.

For ot her than equipnent and materials specified to conformto
UL publications, a manufacturer's statenent indicating conplete
conpliance with the applicable standard of the American Society
for Testing and Materials, National Electrical Mnufacturers
Associ ation, or other commercial standard, is acceptable.

1.7  WORKMANSHI P

Mat eri al s and equi pnent shall be installed in accordance with NFPA 70,
reconmendati ons of the manufacturer, and as shown.

1.8 SElI SM C REQUI REMENTS

Seisnmc details shall conformto Sections 13080 SEI SM C PROTECTI ON FOR
M SCELLANEQUS EQUI PMENT and 16070 SEI SM C PROTECTI ON FOR ELECTRI CAL
EQUI PMENT

PART 2 PRODUCTS

Products shall conformto the respective publications and ot her

requi renents specified below. Materials and equi pnment not |isted bel ow
shall be as specified el sewhere in this section. Itens of the same
classification shall be identical including equi prent, assenblies, parts,
and conponents.

2.1  CABLES AND W RES
Conductors No. 8 AWG and | arger dianeter shall be stranded. Conductors No.

10 AWG and smal | er diameter shall be solid, except that conductors for
renote control, alarm and signal circuits, classes 1, 2, and 3, shall be
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stranded unl ess specifically indicated otherw se. Conductor sizes and
anpacities shown are based on copper, unless indicated otherw se. Al
conductors shall be copper

2.1.1 Equi prent Manuf act urer Requirenents
When manufacturer's equi pnment requires copper conductors at the
term nations or requires copper conductors to be provided between
conponents of equi prent, provide copper conductors or splices, splice
boxes, and other work required to neet manufacturer's requirenments.

2.1.2 Alum num Conduct ors
Al umi num conductors shall not be used.

2.1.3 I nsul ation
Unl ess indicated otherw se, or required by NFPA 70, power and |ighting
wires shall be 600-volt, Type THW, THHN, or THWconform ng to UL 83
except that grounding wire may be type TWconformng to UL 83;
renote-control and signal circuits shall be Type TW THWor TF, conform ng
to UL 83. \Where lighting fixtures require 90-degree Centigrade (Q)
conductors, provide only conductors with 90-degree C insulation or better

2.1. 4 Bondi ng Conductors
ASTM B 1, solid bare copper wire for sizes No. 8 AW and snal | er dianeter;
ASTM B 8, O ass B, stranded bare copper wire for sizes No. 6 AWG and | arger
di anmet er.

2.1.5 Non-netal | i c Sheathed Cabl e
UL 719, type NM or NMC.

2.1.6 Met al -l ad Cabl e
UL 1569; NFPA 70, Type MC cabl e.

2.1.7 Arnored Cabl e
UL 4; NFPA 70, Type AC cable.

2.1.8 M neral - I nsul at ed, Metal - Sheat hed Cabl e

UL listed NFPA 70, type M cable. Sheathing containing asbestos fibers
shal | not be used.

2.1.9 Tray Cable or Power Linited Tray Cable
UL listed; Type TC or PLTC
2.1.10 Cord Sets and Power-Supply Cords

UL 817.

2.2 CI RCU T BREAKERS

2.2.1 MOLDED- CASE Cl RCUI T BREAKERS
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Mol ded-case circuit breakers shall conformto NEMA AB 1 and UL 489and UL 877
for circuit breakers and circuit breaker encl osures |ocated in hazardous
(classified) locations. GCircuit breakers may be installed in panel boards,
swi t chboards, enclosures, nmptor control centers, or conbinati on nptor
controll ers.

2.2.1.1 Construction

Circuit breakers shall be suitable for mounting and operating in any
position. Lug shall be listed for copper conductors only in accordance
with UL 486E. Single-pole circuit breakers shall be full nbdule size with
not nmore than one pole per nodule. Milti-pole circuit breakers shall be of
the comon-trip type having a single operating handl e such that an overl oad
or short circuit on any one pole will result in all poles opening

si mul taneously. Sizes of 100 anperes or |ess may consist of single-pole
breakers permanently factory assenbled into a nulti-pole unit having an

i nternal, nechanical, nontanperable comon-trip mechani smand externa
handle ties. Al circuit breakers shall have a qui ck- nake, quick-break
overcenter toggle-type nechanism and the handl e nmechani sm shall be
trip-free to prevent holding the contacts cl osed against a short-circuit or
sustai ned overload. All circuit breaker handl es shall assune a position
bet ween "ON' and "OFF" when tripped automatically. Al ratings shall be
clearly visible.

2.2.1.2 Rat i ngs

Vol tage ratings shall be not less than the applicable circuit voltage. The
interrupting rating of the circuit breakers shall be at |east equal to the
avail abl e short-circuit current at the line terminals of the circuit
breaker and correspond to the UL listed integrated short-circuit current
rating specified for the panel boards and sw tchboards. Mol ded-case circuit
breakers shall have nom nal voltage ratings, maxi mum continuous-current
ratings, and maxi mum short-circuit interrupting ratings in accordance with
NEMA AB 1. Ratings shall be coordinated with system X R rati o.

2.2.1.3 Ther mal - Magnetic Trip El enents

Thermal magnetic circuit breakers shall be provided as shown. Automatic
operation shall be obtained by nmeans of thermal-magnetic tripping devices

| ocated in each pole providing inverse tine delay and instantaneous circuit
protection. The instantaneous nagnetic trip shall be adjustable and
accessible fromthe front of all circuit breakers on frane sizes above 150
anperes.

2.2.2 Solid-State Trip El enents

Solid-state circuit breakers shall be provided for all swi tchboard nain
breakers and any feeder breakers 400 anmps or larger. All electronics shal
be self-contained and require no external relaying, power supply, or
accessories. Printed circuit cards shall be treated to resist noisture
absorption, fungus growth, and signal |eakage. All electronics shall be
housed in an encl osure which provides protection agai nst arcs, magnetic

i nterference, dust, and other contam nants. Solid-state sensing shal
neasure true RMS current with error |ess than one percent on systens with
di stortions through the 13th harnmonic. Peak or average actuating devices
are not acceptable. Current sensors shall be torodial construction,
encased in a plastic housing filled with epoxy to protect agai nst damage
and noi sture and shall be integrally mounted on the breaker. Were
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i ndi cated on the drawi ngs, circuit breaker frames shall be rated for 100
percent continuous duty. Circuit breakers shall have tripping features as
shown on the draw ngs and as descri bed bel ow

a. Long-time current pick-up, adjustable from50 percent to 100
percent of continuous current rating.

b. Adjustable long-tine del ay.

c. Short-tine current pick-up, adjustable from1.5 to 9 tines
long-tine current setting.

d. Adjustable short-tine del ay.
e. Short-tine | square tinmes t swtch.

f. Instantaneous current pick-up, adjustable from1.5 to 9 tines
long-tine current setting.

j. Overload and short-time trip indicators shall be provided.

2.2.3 HACR Circuit Breakers
Crcuit breakers 60 anperes or below, 240 volts, 1-pole or 2-pole, intended
to protect nmulti-nmptor and conbination-load installations involved in
heating, air conditioning, and refrigerating equi pnrent shall be narked
"Li sted HACR Type."

2.2. 4 Ground Fault Circuit Interrupters
UL 943. Breakers equipped with ground fault circuit interrupters shal

have ground fault class, interrupting capacity, and voltage and current
rati ngs as indicated.

2.3 CONDUI T AND TUBI NG
2.3.1 El ectrical, Zinc-Coated Steel Metallic Tubing (EM)
uL 797
2.3.2 El ectrical Nonmetallic Tubing (ENT)
NEMA TC 13.
2.3.3 El ectrical Plastic Tubing and Conduit
NEMA TC 2.
2.3.4 Flexible Conduit, Steel and Plastic
CGeneral - purpose type, UL 1; liquid tight, UL 360, and UL 1660.

2.3.5 I nternmedi ate Metal Conduit
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UL 1242.
2.3.6 PVC Coated Rigid Steel Conduit
NEMA RN 1.
2.3.7 Ri gi d Al umi num Condui t
ANSI CB80.5 and UL 6.
2.3.8 Rigid Metal Conduit
UL 6.
2.3.9 Rigid Plastic Conduit
NEMA TC 2, UL 651 and UL 651A
2.3.10 Surface Metal Electrical Raceways and Fittings
UL 5.
2.4 CONDUI T AND DEVI CE BOXES AND FI TTI NGS
2.4.1 Boxes, Metallic CQutlet
NEMA OGS 1 and UL 514A
2.4.2 Boxes, Nonnetallic, Qutlet and Flush-Device Boxes and Covers
NEMA OS 2 and UL 514C.
2.4.3 Boxes, Switch (Encl osed), Surface-Munted
UL 98.
2.4.4 Fittings for Conduit and Qutl et Boxes
UL 514B.
2.4.5 Fittings, PVC, for Use with Rigid PVC Conduit and Tubi ng
UL 514B.
2.5 CONDUI T COATI NGS PLASTI C RESI N SYSTEM
NEMA RN 1, Type A-40.
2.6 CONNECTORS, W RE PRESSURE
2.6.1 For Use Wth Copper Conductors
UL 486A.
2.7 ELECTRI CAL GROUNDI NG AND BONDI NG EQUI PMENT

UL 467.
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2.7.1 G ound Rods

Ground rods shall be of copper-clad steel conform ng to UL 467 not |ess
than 15.9 mm in diameter by in length of the sectional type driven ful
length into the earth.

2.7.2 G ound Bus

The ground bus shall be bare conductor or flat copper in one piece, if
practi cabl e.

2.8 ENCLOSURES
NEMA I CS 6 or NEMA 250 unl ess ot herw se specified.
2.8.1 Cabi nets and Boxes

Cabi nets and boxes with volune greater than 0.0164 cubic neters shall be
in accordance with UL 50, hot-dip, zinc-coated, if sheet steel

2.8.2 Circuit Breaker Encl osures
UL 489.

2.9 LI GHTI NG FI XTURES, LAMPS, BALLASTS, EMERGENCY EQUI PMENT, CONTRCLS AND
ACCESSORI ES

The foll owi ng specifications are supported and suppl enented by information
and details on the drawi ngs. Additional fixtures, if shown, shall conform
to this specification. Lanps, |anphol ders, ballasts, transforners,
electronic circuitry and other lighting system conponents shall be
constructed according to industry standards. Equi pnent shall be tested and
listed by a recognized i ndependent testing |aboratory for the expected
installation conditions. Equipnent shall conformto the standards |isted
bel ow.

2.9.1 Lanmps

Lanps shall be constructed to operate in the specified fixture, and shal
function wi thout derating life or output as listed in published data.
Lanps shall nmeet the requirenents of the Energy Policy Act of 1992.

a. Incandescent and tungsten hal ogen | anps shall be designed for 125
volt operation (except for |ow voltage |anps), shall be rated for
mnimmlife of 2,000 hours, and shall have col or tenperature
bet ween 2,800 and 3, 200 degrees Kelvin. Tungsten hal ogen | anps
shal | incorporate quartz capsule construction. Lanps shall comply
with ANSI C78.20 and sections 238 and 270 of ANSI C78.21

b. Fluorescent |anps be and shall have col or tenperature 3,500
They shall be designed to operate with the ballasts and circuitry
of the fixtures in which they will be used. Fluorescent |anps,
i ncludi ng spares, shall be manufactured by one manufacturer to
provide for color and perfornmance consistency. Fluorescent |anps
shall conmply with ANSI C78.1. Fluorescent tube |anp efficiencies
shal | neet or exceed the foll ow ng requirenents.

T8, 32 watts (4" 1amp) 2800 | unens
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T12,34 watts (4" | amp) 2800 | unens
T8,59 watts (8" lam) 5700 | unens
T12,60 watts (8" lam) 5600 | unens
T8/ U, 31-32 watts (Ut ube) 2600 | unens
T12/ U, 34 watts (Ut ube) 2700 | unens
(1) Linear fluorescent |anps, unless otherw se indicated, shal
be long 32 watt T8, 265 mA, with minimum CRI of 75. Lanps of
other lengths or types shall be used only where specified or
shown. Lanps shall deliver rated |ife when operated on rapid
start ballasts .
2.9.2 Bal | asts and Transforners

Bal | asts or transfornmers shal
within their optinmm specifications,
bal | ast combi nati ons shal
manuf act ur er.

b. Fluorescent ball asts shal

conply with ANSI

C82.1 and shal

be designed to operate the designated | anps
wi t hout derating the | anps.
be certified as acceptable by the | anp

Lanp and

be

nounted integrally within fluorescent fixture housing unless

ot herw se shown. Ballasts shal

of 1.7; high power factor

case tenperature of 25 degrees C above anbient;
Unl ess ot herw se indicated,
be used to serve each individua

rated Class P
bal | asts shal

have maxi mum current crest factor
Cl ass A sound rating; naximm operating

and shall be

t he m ni mum nunber of

fixture. A single

bal | ast may be used to serve nultiple fixtures if they are
continuously mounted, identically controlled and factory
manuf actured for that installation with an integral wreway.

(2) Electronic fluorescent ballasts shall conmply with 47 CFR 18
for electromagnetic interference. Ballasts shall withstand line
transients per |EEE C62.41, Category A. Ballasts shall have tota
harmoni ¢ distortion between 10 and 20% mi ni num frequency of

20, 000Hz; filanent voltage between 2.5 and 4.5 volts; naximm
starting inrush current of 20 anperes; and shall conmply with the
m ni mum Bal | ast Efficacy Factors shown in the table bel ow.

M ni mum starting tenperature shall be 10 degrees C Bal | asts
shall carry a manufacturer's full warranty of three years,

i ncl uding a m ni num $10 | abor al | owance per ball ast.

ELECTRONI C FLUORESCENT BALLAST EFFI CACY FACTORS

LAMP TYPE OF NOM NAL NUVBER M NI MUM
TYPE STARTER OPERATI ONAL CF BALLAST
& LAMP VOLTAGE LAMPS EFFI CACY
FACTOR
32W T8 rapid 120 or 277 V 1 2.54
start 2 1. 44
li near & 3 0.93
Ut ubes 4 0.73
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ELECTRONI C FLUORESCENT BALLAST EFFI CACY FACTORS

34W T12 rapid 120 or 277 V 1 2.64
start 2 1.41
li near & 3 0.93
U-t ubes

59W T8 rapid 120 or 277 V 2 0. 80
start
i near

60W T12 rapid 120 or 277 V 2 0. 80
start
| i near

2.9.3 Fi xtures

Fi xtures shall be in accordance with the size, shape, appearance, finish,
and performance shown. Unless otherw se indicated, lighting fixtures shal
be provided with housings, junction boxes, wiring, |anpholders, nmounting
supports, trim hardware and accessories for a conplete and operable
installation. Recessed housings shall be mninum 20 gauge cold rolled or
gal vani zed steel as shown. Extruded al um num fixtures shall have m ni mum

wal I thickness of . Plastic |enses shall be 100%virgin acrylic or as
shown. d ass |lenses shall be tenpered. Heat resistant glass shall be
borosilicate type. Conoi d recessed reflector cones shall be Al zak with

cl ear specular low iridescent finish.

a. Incandescent fixtures shall conply with UL 1571. |ncandescent
fixture specular reflector cone trins shall be integral to the
cone and shall be finished to match. Painted trimfinishes shal
be white with mininmumreflectance of 88%

b. Fluorescent fixtures shall conply with UL 1570. Recessed ceiling
fixtures shall conply with NEMA LE 4. Fixtures shall be plainly
mar ked for proper lanp and ballast type to identify |anp dianeter
wattage, color and start type. Marking shall be readily visible
to service personnel, but not visible fromnormal view ng angles.
Fl uorescent fixture lens franes on recessed and surface nounted
troffers shall be one assenbly with mitered corners. Parabolic
| ouvers shall have a low iridescent finish and 45 degree cut-off.
Louver intersection joints shall be hairline type and shal
conceal nounting tabs or other assenbly methods. Louvers shall be
free from bl emi shes, lines or defects which distort the visua
surface. Integral ballast and wireway conpartnents shall be
easily accessible without the use of special tools. Housings
shal |l be constructed to include groundi ng necessary to start the
| anps. Open fixtures shall be equipped with a sleeve, wre guard,
or other positive nmeans to prevent lanmps fromfalling. Medium
bi - pi n | anmphol ders shall be twist-in type with positive | ocking
posi tion.

d. Emergency lighting fixtures and accessories shall be constructed
and independently tested to neet the requirenments of applicable
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codes. Batteries shall be Nicad or equal with no required
nmai nt enance, and shall have a minimumlife expectancy of five
years and warranty period of three years.

e. Exit Signs

Exit signs shall be ENERGY STAR conpliant, thereby neeting the follow ng
requi renents. Input power shall be less than 5 watts per face. Letter
size and spacing shall adhere to NFPA 101. Lum nance contrast shall be

greater than 0.8. Average |um nance shall be greater than 15 cd/ n?
neasured at nornal (0O degree) and 45 degree viewi ng angles. M ninum

| um nance shall be greater than 8.6 cd/ n? measured at nornal and 45 degree
viewi ng angles. Maximumto mni num | umn nance shall be |ess than 20:1
neasured at nornmal and 45 degree view ng angles. The manufacturer warranty
for defective parts shall be at least 5 years. Exit signs shall flash when
a general evacuation alarmis initiated by the fire alarm system

2.9.4 Lanphol ders, Starters, and Starter Hol ders
UL 542
2.9.5 U trasonic, and Passive Infrared Occupancy Sensors

Sensors shall be as specied on the drawings and listed in accordance with
UL 916

2.10 | NSTRUMENTS, ELECTRI CAL | NDI CATI NG
ANSI C39. 1.
2.11 MOTORS, AC, FRACTI ONAL AND | NTEGRAL

Motors, ac, fractional and integral kilowatt, 373.0 kW and snaller shal
conformto NEMA MG 1 and UL 1004for notors; NEMA M5 10 for energy
managenent sel ection of pol yphase notors; and UL 674 for use of nmotors in
hazardous (classified) locations. |In addition to the standards |isted
above, notors shall be provided with efficiencies as specified in the table
"M N MUM NOM NAL EFFI Cl ENCI ES" below. Mtors with power supplied by

Vari abl e Frequency Drives shall be a definite purpose inverter fed type in
accordance with Part 31, NEVA MG 1.

2.11.1 Rat i ng

The kilowatt rating of notors should be linted to no nore than 125
percent of the maxi nrum | oad being served unl ess a NEMA standard size does
not fall within this range. 1In this case, the next |arger NEMA standard
not or size shoul d be used.

2.11.2 Mot or Efficiencies

Al permanently wired pol yphase notors of 746 W or nore shall neet the
mnimumfull-load efficiencies as indicated in the following table, and as
specified in this specification. Mtors of 746 W or nore with open, drip
proof or totally enclosed fan cool ed encl osures shall be high efficiency
type, unless otherw se indicated. Mdtor efficiencies indicated in the
tabl es apply to general - purpose, single-speed, polyphase induction notors.
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Applications which require definite purpose, special purpose, specia
frame, or special nmounted pol yphase induction notors are excluded from
these efficiency requirements. Modtors provided as an integral part of
not or driven equi pnent are excluded fromthis requirement if a mnimum
seasonal or overall efficiency requirement is indicated for that equi prment
by the provisions of another section.

M NI MUM NOM NAL MOTCOR EFFI CI ENCI ES
OPEN DRI P PROCF MOTORS

kw 1200 RPN 1800 RPN 3600 RPM
0.746 82.5 85.5 80.0
1.12 86.5 86.5 85.5
1.49 87.5 86.5 86.5
2.24 89.5 89.5 86.5
3.73 89.5 89.5 89.5
5. 60 91.7 91.0 89.5
7.46 91.7 91.7 90. 2
11.2 92. 4 93.0 91.0
14.9 92.4 93.0 92.4
18. 7 93.0 93.6 93.0
22.4 93.6 93.6 93.0
29.8 94.1 94.1 93.6
37.3 94.1 94.5 93.6
44.8 95.0 95.0 94.1
56.9 95.0 95.0 94.5
74. 6 95.0 95.4 94.5
93.3 95.4 95.4 95.0
112.0 95.8 95.8 95. 4
149.0 95. 4 95.8 95. 4
187.0 95. 4 96. 2 95.8
224.0 95.4 95.0 95.4
261.0 94.5 95.4 95.0
298.0 94.1 95.8 95.0
336.0 94.5 95. 4 95. 4
373.0 94.5 94.5 94.5
TOTALLY ENCLOSED FAN- COOLED MOTCRS
kw 1200 RPN 1800 RPN 3600 RPM
0.746 82.5 85.5 78.5
1.12 87.5 86.5 85.5
1.49 88.5 86.5 86.5
2.24 89.5 89.5 88.5
3.73 89.5 89.5 89.5
5. 60 91.7 91.7 91.0
7.46 91.7 91.7 91.7
11.2 92. 4 92. 4 91.7
14.9 92.4 93.0 92.4
18. 7 93.0 93.6 93.0
22.4 93.6 93.6 93.0
29.8 94.1 94.1 93.6
37.3 94.1 94.5 94.1
44.8 94.5 95.0 94.1
56.9 95.0 95.4 94.5
74. 6 95.4 95.4 95.0
93.3 95.4 95.4 95.4

16415A- 22



DACA41- 03- R- 0008- 0002

Vol une 2

TOTALLY ENCLOSED FAN- COOLED MOTORS
112.0 95.8 95.8 95.4
149.0 95.8 96. 2 95.8
187.0 95. 6 96. 2 95.9
224.0 95.4 96. 1 95.8
261.0 94.5 96. 2 94. 8
298.0 94.5 95.8 94.5
336.0 94.5 94.5 94.5
373.0 94.5 94.5 94.5

M NI MUM NOM NAL MOTOR EFFI Cl ENCI ES

OPEN DRI P PROOF MOTORS
HP 1200 RPN 1800 RPN 3600 RPM

1 82.5 85.5 80.0
1.5 86.5 86.5 85.5
2 87.5 86.5 86.5
3 89.5 89.5 86.5
5 89.5 89.5 89.5
7.5 91.7 91.0 89.5
10 91.7 91.7 90. 2
15 92.4 93.0 91.0
20 92.4 93.0 92.4
25 93.0 93.6 93.0
30 93.6 93.6 93.0
40 94.1 94.1 93.6
50 94.1 94.5 93.6
60 95.0 95.0 94.1
75 95.0 95.0 94.5
100 95.0 95.4 94.5
125 95.4 95.4 95.0
150 95.8 95.8 95.4
200 95.4 95.8 95.4
250 95.4 96. 2 95.8
300 95.4 95.0 95.4
350 94.5 95.4 95.0
400 94.1 95.8 95.0
450 94.5 95.4 95.4
500 94.5 94.5 94.5

TOTALLY ENCLOSED FAN- COOLED MOTORS

HP 1200 RPN 1800 RPN 3600 RPM

1 82.5 85.5 78.5
1.5 87.5 86.5 85.5
2 88.5 86.5 86.5
3 89.5 89.5 88.5
5 89.5 89.5 89.5
7.5 91.7 91.7 91.0
10 91.7 91.7 91.7
15 92.4 92.4 91.7
20 92.4 93.0 92.4
25 93.0 93.6 93.0
30 93.6 93.6 93.0
40 94.1 94.1 93.6
50 94.1 94.5 94.1
60 94.5 95.0 94.1
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TOTALLY ENCLOSED FAN- COOLED MOTORS

75 95.0 95.4 94.5
100 95.4 95.4 95.0
125 95.4 95.4 95.4
150 95.8 95.8 95.4
200 95.8 96. 2 95.8
250 95. 6 96. 2 95.9
300 95.4 96. 1 95.8
350 94.5 96. 2 94. 8
400 94.5 95.8 94.5
450 94.5 94.5 94.5
500 94.5 94.5 94.5

2.12 MOTOR CONTROLS AND MOTOR CONTROL CENTERS
2.12.1 Motor Starters

Conbi nation starters shall be provided with circuit breakers,
2.12.2  Thernal -Overl oad Protection

Each notor of 93 W(1/8 hp) or larger shall be provided with

t her mal - overl oad protection. Polyphase notors shall have overl oad
protection in each ungrounded conductor. The overl oad-protection device
shal |l be provided either integral with the notor or controller, or shall be
nounted in a separate enclosure. Unless otherw se specified, the
protective device shall be of the manually reset type. Single or double
pol e tunbler switches specifically designed for alternating-current
operation only may be used as nmanual controllers for single-phase notors
having a current rating not in excess of 80 percent of the switch rating.

2.12.3 Low Vol tage Motor Overl oad Rel ays
2.12. 3.1 Cenera

Thermal overl oad relays shall conformto NEMA ICS 2 and UL 508. Overl oad
protection shall be provided either integral with the notor or notor
controller, and shall be rated in accordance with the requirenments of NFPA
70. Standard units shall be used for notor starting times up to 7 seconds.

2.12.3.2 Constructi on

Manual reset type thermal relay shall be binmetallic construction

Automatic reset type thernmal relays shall be binetallic construction
Magnetic current relays shall consist of a contact mechani smand a dash pot
nmount ed on a conmon frane.

2.12.3.3 Rat i ngs

Vol tage ratings shall be not less than the applicable circuit voltage.

Trip current ratings shall be established by selection of the replaceable
overl oad device and shall not be adjustable. Were the controller is
renotely-located or difficult to reach, an automatic reset, non-conpensated
overload relay shall be provided. WManual reset overload relays shall be
provi ded otherwi se, and at all |ocations where automatic starting is
provided. Were the notor is located in a constant anbi ent tenperature,
and the thernmal device is located in an anbient tenperature that regularly
varies by more than minus 10 degrees C, an anbi ent tenperature-conpensated
overl oad relay shall be provided.
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2.12.4 Aut omati ¢ Control Devices
2.12.4.1 Direct Control

Automatic control devices (such as thernostats, float or pressure switches)
which control the starting and stopping of notors directly shall be
designed for that purpose and have an adequate kilowatt rating.

2.12.4.2 Pi |l ot - Rel ay Contr ol

Where the automatic-control device does not have such a rating, a nagnetic
starter shall be used, with the autonmatic-control device actuating the
pilot-control circuit.

2.12.4.3 Manual / Aut omati ¢ Sel ecti on

a. \Were conbinati on manual and automatic control is specified and
the automatic-control device operates the notor directly, a
doubl e-t hrow, three-position tunbler or rotary switch (narked
MANUAL - OFF- AUTOVATI C) shal |l be provided for the manual control

b. \Where conbi nati on manual and automatic control is specified and
t he automatic-control device actuates the pilot control circuit of
a magnetic starter, the magnetic starter shall be provided with a
t hree-position selector switch marked MANUAL- OFF- AUTOVATI C

c. Connections to the selector switch shall be such that; only the
normal automatic regul atory control devices will be bypassed when
the switch is in the Manual position; all safety control devices,
such as | ow or high-pressure cutouts, high-tenperature cutouts,
and notor-overload protective devices, shall be connected in the
nmotor-control circuit in both the Manual and the Automatic
positions of the selector switch. Control circuit connections to
any MANUAL- OFF- AUTOVATIC switch or to nore than one autonatic
regul atory control device shall be made in accordance with wiring
di agram approved by the Contracting Oficer unless such diagramis
i ncluded on the drawings. All controls shall be 120 volts or |ess
unl ess ot herwi se indicated.

2.13 RECEPTACLES

UL 498.

2.14 St andard Grade
UL 498.
2.15 Ground Fault Interrupters

UL 943, Class A or B.
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2.16 NEMA St andard Receptacl e Configurations

NEMVA WD 6.

a. Single and Dupl ex, 15-Anmpere and 20- Anpere, 125 Volt

15- anmpere, non-locking: NEMA type 5-15R, [ocking: NEMA type L5-15R

20- anpere, non-locking: NEMA type 5-20R, |ocking: NEMA type L5-20R
2.17  SPLICE, CONDUCTOR

UL 486C.
2.18 SNAP SW TCHES

uL 20.

2.19 TAPES
2.19.1 Pl astic Tape
UL 510.
2.19.2 Rubber Tape
UL 510.
2.20 | SOLATED PONER SYSTEM EQUI PMENT

UL 1047, with nmonitor UL 1022.

2.21 WRI NG DEVI CES

NEVMA WO 1 for wiring devices, and NEMA WD 6 for dinensional requirenents of
Wi ring devices.

PART 3 EXECUTI ON
3.1 GROUNDI NG

Groundi ng shall be in conformance with NFPA 70, the contract draw ngs, and
the foll owi ng specifications.

3.1.1 G ound Rods

The resistance to ground shall be nmeasured using the fall-of-potentia
nmet hod described in EEE Std 81. The maxi mum resi stance of a driven ground

shal | not exceed 25 ohns under normally dry conditions. |If this resistance
cannot be obtained with a single rod, additional rods not less than 1.8
nmeters on centers shall be used., I n high-ground-resistance, UL |listed
chemically charged ground rods may be used. |If the resultant resistance
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exceeds 25 ohms measured not |ess than 48 hours after rainfall, the
Contracting Oficer shall be notified i nmediately. Connections bel ow grade
shal | be fusion welded. Connections above grade shall be fusion wel ded or
shal | use UL 467 approved connectors.

3.1.2 Groundi ng Conductors

A green equi pnent groundi ng conductor, sized in accordance with NFPA 70
shal | be provided, regardless of the type of conduit. Equipnment grounding
bars shall be provided in all panel boards. The equi pment groundi ng
conductor shall be carried back to the service entrance grounding
connection or separately derived groundi ng connection. Al equi pnment
groundi ng conductors, including nmetallic raceway systens used as such
shal | be bonded or joined together in each wiring box or equi pment

encl osure. Metallic raceways and groundi ng conductors shall be checked to
assure that they are wired or bonded into a conmon junction. Metallic
boxes and enclosures, if used, shall also be bonded to these groundi ng
conductors by an approved neans per NFPA 70. Wen switches, or other
utilization devices are installed, any designated grounding termi nal on

t hese devices shall al so be bonded to the equi prent groundi ng conduct or
junction with a short jumnper.

3.2 W RI NG METHODS

Wring shall conformto NFPA 70, the contract draw ngs, and the follow ng
specifications. Unless otherw se indicated, wiring shall consist of

i nsul ated conductors installed in rigid zinc-coated steel conduit,
electrical metallic tubing, electrical nonmetallic tubing, andinternediate

nmetal conduit . Nonnet al | i c-sheat hed cabl es or netallic-arnored cabl es
may be installed in areas permtted by NFPA 70. Wre fill in conduits
shal | be based on NFPA 70 for the type of conduit and wire insulations
specified. Wre fill in conduits located in Class | or Il hazardous areas

shall be Iimted to 25 percent of the cross sectional area of the conduit.
3.2.1 Condui t and Tubi ng Systens

Conduit and tubing systens shall be installed as indicated. Conduit sizes
shown are based on use of copper conductors with insulation types as
descri bed in paragraph WRI NG METHODS. M ni num si ze of raceways shall be
15 mm Only netal conduits will be pernitted when conduits are required
for shielding or other special purposes indicated, or when required by
conformance to NFPA 70. Nonnetallic conduit and tubing may be used in
danp, wet or corrosive |ocations when pernitted by NFPA 70 and the conduit
or tubing systemis provided with appropriate boxes, covers, clanps, screws
or other appropriate type of fittings. Electrical netallic tubing (EM)
may be installed only within buildings. EM may be installed in concrete
and grout in dry locations. EM installed in concrete or grout shall be
provided with concrete tight fittings. EMI shall not be installed in danp
or wet locations, or the air space of exterior nmasonry cavity walls.

Bushi ngs, nmanufactured fittings or boxes providing equival ent neans of
protection shall be installed on the ends of all conduits and shall be of
the insulating type, where required by NFPA 70. Only UL |listed adapters
shall be used to connect EMI to rigid nmetal conduit, cast boxes, and
conduit bodi es. Penetrati ons of above grade fl oor slabs, tinme-rated
partitions and fire walls shall be firestopped in accordance with Section
07840FI RESTOPPI NG Except as otherwi se specified, IMC may be used as an
option for rigid steel conduit in areas as pernmitted by NFPA 70. Raceways
shall not be installed under the firepits of boilers and furnaces and shal
be kept 150 mm away from parallel runs of flues, steam pipes and hot-water
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pi pes. Raceways shall be concealed within finished walls, ceilings, and
floors unless otherwi se shown. Raceways crossing structural expansion
joints or seismic joints shall be provided with suitable expansion fittings
or other suitable nmeans to conpensate for the buil ding expansi on and
contraction and to provide for continuity of grounding. Conductors routed
t hrough expansion fittings shall have a suitable anbunt of conductor coiled
in the nearest junction box or termination point on both sides of the
expansion fitting to all ow sl ack when the expansion, contraction, or

di fferential nmovenent occurs. Wring installed in underfloor duct system
shall be suitable for installation in wet |ocations.

3.2.1.1 Pull Wres

A pull wire shall be inserted in each enpty raceway in which wiring is to
be installed if the raceway is nore than 15 neters in length and contains
nore than the equival ent of two 90-degree bends, or where the raceway is
nore than 45 neters in length. The pull wire shall be of No. 14 AW
zinc-coated steel, or of plastic having not less than 1.4 MPa (200 psi)
tensile strength. Not |less than 254 nm of slack shall be left at each end
of the pull wre.

3.2.1.2 Condui t St ub- Ups

Where conduits are to be stubbed up through concrete floors, a short el bow
shall be installed below grade to transition fromthe horizontal run of
conduit to a vertical run. A conduit coupling fitting, threaded on the

i nside shall be installed, to allow terninating the conduit flush with the
finished floor. Wring shall be extended in rigid threaded conduit to

equi prent, except that where required, flexible conduit nmay be used 150 nm
above the floor. Enmpty or spare conduit stub-ups shall be plugged flush
with the finished floor with a threaded, recessed plug.

3.2.1.3 Bel ow Sl ab-on-Grade or in the G ound

El ectrical wiring bel ow sl ab-on-grade shall be protected by a conduit
system Conduit passing vertically through sl abs-on-grade shall be rigid
steel or IMC. Rigid steel or IMC conduits installed bel ow sl ab-on-grade or
in the earth shall be field wapped with 0.254 nm thick pipe-w apping

pl astic tape applied with a 50 percent overlay, or shall have a
factory-applied polyvinyl chloride, plastic resin, or epoxy coating system

3.2.1.4 Installing in Slabs Including Slabs on G ade

Conduit installed in slabs-on-grade shall be rigid steel or IMC. Conduits
shall be installed as close to the nmiddle of concrete slabs as practicable
wi t hout disturbing the reinforcenent. CQutside dianeter shall not exceed
1/3 of the slab thickness and conduits shall be spaced not closer than 3

di ameters on centers except at cabinet | ocations where the slab thickness
shal |l be increased as approved by the Contracting Oficer. Were conduit

is run parallel to reinforcing steel, the conduit shall be spaced a m ni mum
of one conduit diameter away but not less than 25.4 mm fromthe

rei nforcing steel

3.2.1.5 Changes in Direction of Runs
Changes in direction of runs shall be nade with symetrical bends or
cast-metal fittings. Field-mde bends and of fsets shall be nade with an

approved hi ckey or conduit-bendi ng machi ne. Crushed or deforned raceways
shall not be installed. Trapped raceways in danp and wet | ocations shall be
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avoi ded where possible. Lodgnent of plaster, dirt, or trash in raceways,
boxes, fittings and equi prent shall be prevented during the course of
construction. C ogged raceways shall be cleared of obstructions or shal
be repl aced.

3.2.1.6 Supports

Metal lic conduits and tubing,and the support systemto which they are
attached, shall be securely and rigidly fastened in place to prevent
vertical and horizontal novenent at intervals of not nore than 3 neters
and within 900 nm of boxes, cabinets, and fittings, with approved pipe
straps, wall brackets, conduit clanps, conduit hangers, threaded C clanps,
beam cl anps, or ceiling trapeze. Loads and supports shall be coordi nated
wi th supporting structure to prevent danmage or deformation to the
structure. Loads shall not be applied to joist bridging. Attachment shal
be by wood screws or screwtype nails to wood; by toggle bolts on hollow
masonry units; by expansion bolts on concrete or brick; by machi ne screws,
wel ded t hreaded studs, heat-treated or spring-steel-tension clanps on stee
work. Nail-type nylon anchors or threaded studs driven in by a powder
charge and provided with | ock washers and nuts may be used in lieu of
expansi on bolts or machi ne screws. Raceways or pipe straps shall not be
wel ded to steel structures. Cutting the main reinforcing bars in

rei nforced concrete beans or joists shall be avoided when drilling holes
for support anchors. Holes drilled for support anchors, but not used,
shall be filled. |In partitions of light steel construction, sheet-neta

screws may be used. Raceways shall not be supported using wire or nylon
ties. Raceways shall be independently supported fromthe structure. Upper
raceways shall not be used as a neans of support for |ower raceways.
Supporting means shall not be shared between electrical raceways and
nmechani cal piping or ducts. Cables and raceways shall not be supported by
ceiling grids. Except where permtted by NFPA 70, wiring shall not be
supported by ceiling support systems. Conduits shall be fastened to

sheet -netal boxes and cabinets with two | ocknuts where required by NFPA 70,
where insul ating bushings are used, and where bushi ngs cannot be brought
into firmcontact with the box; otherw se, a single | ocknut and bushi ng may
be used. Threadless fittings for electrical metallic tubing shall be of a
type approved for the conditions encountered. Additional support for

hori zontal runs is not required when EMI rests on steel stud cutouts.

3.2.1.7 Exposed Raceways
Exposed raceways shall be installed parallel or perpendicular to walls,
structural nenmbers, or intersections of vertical planes and ceilings.
Raceways under raised floors and above accessible ceilings shall be
consi dered as exposed installations in accordance with NFPA 70 definitions.
3.2.1.8 Exposed Risers
Exposed risers in wire shafts of nultistory buildings shall be supported by
U-cl anp hangers at each floor level, and at intervals not to exceed
3.2.1.9 Conmruni cati ons Raceways
Conmuni cati ons raceways indicated shall be installed in accordance with the

previous requirenments for conduit and tubing and with the additiona
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requi renent that the mninmumconduit size shall be 26mm and shall not
contain nore than two 90-degree bends or the equivalent. Additional pul
or junction boxes shall be installed to conply with these limtations
whet her or not indicated. Inside radii of bends in conduits of size or
| arger shall not be less than ten tines the nom nal dianeter

3.2.2 Cabl es and Conductors

Installation shall conformto the requirements of NFPA 70. Covered, bare
or insulated conductors of circuits rated over 600 volts shall not occupy
t he sane equi pnent wiring enclosure, cable, or raceway with conductors of
circuits rated 600 volts or |ess.

3.2.2.1 Si zi ng

Unl ess ot herwi se noted, all sizes are based on copper conductors and the

i nsul ation types indicated. Sizes shall be not |ess than indicated.
Branch-circuit conductors shall be not smaller than No. 12 AWG  Conductors
for branch circuits of 120 volts nore than | ong and of 277 volts nore

t han long, frompanel to |load center, shall be no smaller than No. 10
AWG Class 1 renote control and signal circuit conductors shall be not
less than No. 14 AWa C ass 2 renmpte control and signal circuit conductors
shall be not less than No. 16 AWG O ass 3 | owenergy, renote-control and
signal circuits shall be not |less than No. 22 AWG

3.2.2.2 Use of Al um num Conductors in Lieu of Copper
Al umi num conductors shall not be used.
3.2.2.3 Cabl e Systemns

Cabl e systens shall be installed where indicated. Cables shall be
installed conceal ed behind ceiling or wall finish where practicable.

Cabl es shall be threaded t hrough hol es bored on the approxi nate centerline
of wood nenbers; notching of surfaces will not be permitted. Sleeves shal
be provi ded through bond beans of nasonry-block walls for threadi ng cabl es
t hrough hol | ow spaces. Exposed cables shall be installed parallel or at
right angles to walls or structural nembers. In roons or areas not
provided with ceiling or wall finish, cables and outlets shall be installed
so that a roomfinish nay be applied in the future w thout disturbing the
cables or resetting the boxes. Exposed nonnetallic-sheathed cables |ess
than 1.2 neters above floors shall be protected from nechanical injury by
installation in conduit or tubing.

3.2.2.4 Cabl e Splicing

Splices shall be nade in an accessible |location. Crinping tools and dies
shal | be approved by the connector manufacturer for use with the type of
connector and conduct or

a. Copper Conductors, 600 Volt and Under: Splices in conductors No.
10 AWG and smal | er dianmeter shall be made with an insul ated,
pressure-type connector. Splices in conductors No. 8 AWG and
| arger dianeter shall be made with a sol derl ess connector and
insulated with tape or heat-shrink type insulating materia
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3.

3.

equi val ent to the conductor insulation
2.2.5 Conductor ldentification and Taggi ng

Power, control, and signal circuit conductor identification shall be

provi ded within each encl osure where a tap, splice, or termination is nade.
Where several feeders pass through a comon pull box, the feeders shall be
tagged to indicate clearly the electrical characteristics, circuit nunber,
and panel designation. Phase conductors of |ow voltage power circuits
shall be identified by color coding. Phase identification by a particul ar
color shall be maintained continuously for the length of a circuit,

i ncl udi ng junctions.

a. Color coding shall be provided for service, feeder, branch, and
ground conductors. Color shall be green for grounding conductors
and white for neutrals; except where neutrals of nore than one
systemare installed in the sane raceway or box, other neutral
shall be white with colored (not green) stripe. The color coding
for 3-phase and singl e-phase | ow vol tage systens shall be as
fol | ows:

120/ 208-vol t, 3-phase: Black(A), red(B), and blue(Q
277/ 480-volt, 3-phase: Brown(A), orange(B), and yell ow(C).

b. Conductor phase and voltage identification shall be nade by
color-coded insulation for all conductors smaller than No. 6 AWG
For conductors No. 6 AWG and |l arger, identification shall be made
by col or-coded insulation, or conductors with black insulation my
be furnished and identified by the use of half-Iapped bands of
colored electrical tape wapped around the insulation for a
m ni mum of 75 mm of [ ength near the end, or other nmethod as
submtted by the Contractor and approved by the Contracting
Oficer.

c. Control and signal circuit conductor identification shall be nade
by col or-coded insul ated conductors, plastic-coated self-sticking
printed markers, permanently attached stanped nmetal foil nmarkers,
or equival ent neans as approved. Control circuit termnals of
equi prent shall be properly identified. Term nal and conduct or
identification shall match that shown on approved detail draw ngs.

Hand lettering or nmarking is not acceptable.

3 BOXES AND SUPPCRTS

Boxes shall be provided in the wiring or raceway systens where required by
NFPA 70 for pulling of wires, making connections, and nounting of devices
or fixtures. Pull boxes shall be furnished with screw fastened covers.

I ndi cated el evations are approxi mate, except where mini num nmounting hei ghts
for hazardous areas are required by NFPA 70. Unless otherwi se indicated,
boxes for wall switches shall be nounted above finished floors. Switch
and outl et boxes |ocated on opposite sides of fire rated walls shall be
separated by a mninum horizontal distance of 600 mm The total conbined
area of all box openings in fire rated walls shall not exceed per

Maxi mum box areas for individual boxes in fire rated walls vary with the
manuf acturer and shall not exceed the maxi mum specified for that box in UL
Elec Const Dir. Only boxes listed in UL Elec Const Dir shall be used in
fire rated walls.
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3.

3.1 Box Appli cations

Each box shall have not |ess than the volume required by NFPA 70 for numnber
of conductors enclosed in box. Boxes for netallic raceways shall be |isted
for the intended use when located in nornally wet |ocations, when flush or
surface nmounted on outside of exterior surfaces, or when located in
hazardous areas. Boxes installed in wet |ocations and boxes installed
flush with the outside of exterior surfaces shall be gasketed. Boxes for
mounting lighting fixtures shall be not |less than square, or octagonal
except smaller boxes may be installed as required by fixture configuration
as approved. Cast-nmetal boxes with wall thickness are acceptable. Large
si ze boxes shall be NEMA 1 or as shown. Boxes in other |ocations shall be
sheet steel except that al um num boxes may be used wi th al um num conduit,
and nonnetal | i c boxes may be used with nonnetallic conduit and tubing or
nonnetal | i c sheat hed cabl e system when permitted by NFPA 70. Boxes for
use in masonry-block or tile walls shall be square-cornered, tile-type, or
st andard boxes havi ng square-cornered, tile-type covers.

.3.2 Brackets and Fasteners

Boxes and supports shall be fastened to wood with wood screws or screwtype
nails of equal holding strength, with bolts and nmetal expansion shields on
concrete or brick, with toggle bolts on hollow masonry units, and with
machi ne screw or wel ded studs on steel work. Threaded studs driven in by
powder charge and provided with | ockwashers and nuts, or nail-type nylon
anchors may be used in |ieu of expansion shields, or machi ne screws.
Penetration of nore than into reinforced-concrete beans or nore than into
rei nforced-concrete joists shall avoid cutting any main reinforcing steel
The use of brackets which depend on gypsum wal | board or plasterboard for
primary support will not be pernmitted. |In partitions of |ight stee
construction, bar hangers with |ong studs, nounted between netal wal
studs or netal box nounting brackets shall be used to secure boxes to the
buil ding structure. Wen netal box nounting brackets are used, additiona
box support shall be provided on the side of the box opposite the brackets.
Thi s additional box support shall consist of a mninmm |ong section of
wal | stud, bracketed to the opposite side of the box and secured by two
screws through the wall board on each side of the stud. Metal screws nay be
used in lieu of the netal box mounting brackets.

.3.3 Mounting in Walls, Ceilings, or Recessed Locations

In walls or ceilings of concrete, tile, or other non-conbustible materi al
boxes shall be installed so that the edge of the box is not recessed nore
t han fromthe finished surface. Boxes nounted in conbustible walls or
ceiling material shall be mounted flush with the finished surface. The use
of gypsum or pl asterboard as a means of supporting boxes will not be
permtted. Boxes installed for concealed wiring shall be provided with
sui tabl e extension rings or plaster covers, as required. The bottom of
boxes installed in nmasonry-block walls for concealed wiring shall be
nounted flush with the top of a block to mnimize cutting of the bl ocks,
and boxes shall be located horizontally to avoid cutting webs of bl ock
Separ ate boxes shall be provided for flush or recessed fixtures when
required by the fixture termnal operating tenmperature, and fixtures shal
be readily renovable for access to the boxes unless ceiling access panels
are provided.

.3.4 Installation in Overhead Spaces

In open overhead spaces, cast-nmetal boxes threaded to raceways need not be
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separately supported except where used for fixture support; cast-netal
boxes having threadl ess connectors and sheet netal boxes shall be supported
directly fromthe building structure or by bar hangers. Hangers shall not
be fastened to or supported fromjoist bridging. Were bar hangers are
used, the bar shall be attached to raceways on opposite sides of the box
and the raceway shall be supported with an approved type fastener not nore
t han fromthe box.

3.4 DEVI CE PLATES

One- pi ece type device plates shall be provided for all outlets and
fittings. Plates on unfinished walls and on fittings shall be of
zinc-coated sheet steel, cast-netal, or inpact resistant plastic having
rounded or bevel ed edges. Plates on finished walls shall be of steel with
baked enanel finish or inpact-resistant plastic and shall be ivory .
Screws shall be of metal with countersunk heads, in a color to match the
finish of the plate. Plates shall be installed with all four edges in
conti nuous contact with finished wall surfaces wi thout the use of mats or

simlar devices. Plaster fillings will not be permitted. Plates shall be
installed with an alignnent tol erance of The use of sectional -type
device plates will not be permitted. Plates installed in wet |ocations

shal | be gasketed and provided with a hinged, gasketed cover, unless
ot herwi se specified. Provide new device plates for existing devices
indi cated to renain.

3.5 RECEPTACLES
3.5.1 Si ngl e and Dupl ex, 15 or 20-anpere, 125 volt

Si ngl e and dupl ex receptacles shall be rated 20 anperes, 125 volts,
two-pole, three-wire, grounding type with polarized parallel slots. Bodies
shal |l be of ivory to match color of switch handles in the same roomor to
harmoni ze with the color of the respective wall, and supported by nmounting
strap having plaster ears. Contact arrangenent shall be such that contact
is made on two sides of an inserted blade. Receptacle shall be side- or
back-wired with two screws per termnal. The third groundi ng pole shall be
connected to the netal nounting yoke. Switched receptacles shall be the
sanme as ot her receptacles specified except that the ungrounded pole of each
suitabl e receptacle shall be provided with a separate termnal. Only the
top receptacle of a duplex receptacle shall be wired for switching
application. Receptacles with ground fault circuit interrupters shall have
the current rating as indicated, and shall be UL Cass A type unless

ot herwi se shown. Gound fault circuit protection shall be provided as
required by NFPA 70 and as indicated on the draw ngs. Provi de new
receptacles for existing devices indicated to remain

3.5.2 Weat her proof Applications

Weat her proof receptacles shall be suitable for the environnment, danmp or wet
as applicable, and the housings shall be labeled to identify the all owabl e
use. Receptacles shall be marked in accordance with UL 514A for the type
of use indicated; "Danp |locations", "Wt Locations", "Wt Location Only
When Cover C osed". Assenblies shall be installed in accordance with the
manuf acturer's reconmendati ons.

3.5.2.1 Danp Locati ons
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Receptacles in danmp | ocations shall be nounted in an outlet box with a
gasket ed, weat herproof, cast-nmetal cover plate (device plate, box cover)
and a gasketed cap (hood, receptacle cover) over each receptacl e opening.
The cap shall be either a screwon type pernanently attached to the cover
plate by a short length of bead chain or shall be a flap type attached to
the cover with a spring | oaded hinge.

3.5.2.2 Wet Locations

Receptacles in wet |ocations shall be installed in an assenbly rated for
such use whether the plug is inserted or wthdrawn, unless otherw se
indicated. In a duplex installation, the receptacle cover shall be
configured to shield the connections whether one or both receptacles are in
use.

3.6 WALL SW TCHES

Wal | switches shall be of the totally enclosed tunbler type. The wal
switch handle and switch plate color shall be ivory. Wring terninals
shall be of the screw type or of the sol derless pressure type having

sui tabl e conductor-rel ease arrangenment. Not nore than one switch shall be
installed in a single-gang position. Switches shall be rated 20-ampere
120-volt for use on alternating current only. Di mming switches shall be
solid-state flush nounted, sized for the |oads.

3.7 PANELBCOARDS AND LOADCENTERS

New circuits shall be extended from exi sting panel boards as indi cated on
plans. Notify COR of any discrepancies. Circuit breakers and sw tches used
as a notor disconnecting neans shall be capable of being | ocked in the open
position. Door |ocks shall be keyed alike. Naneplates shall be as
approved. Provide new directories for those panel boards to which changes
and new circuits are extended. Directories shall be typed to indicate | oads
served by each circuit and nounted in a hol der behind a clear protective
covering. New panel boards if installed shall have copper bus..

3.7.1 Loadcenters
Loadcenters are not acceptabl e.
3.7.2 Panel boar ds

Panel boards shall be circuit breaker equi pped as indicated on the draw ngs.

3.7.3 Mot or Control Centers (MCQ)

MCC s on whi ch work woul d be performed are existing. Extent of work is
i ndi cated on pl ans.

3.8 MOTORS

Each notor shall conformto the kW and voltage ratings indicated, and
shal |l have a service factor and other characteristics that are essential to
t he proper application and performance of the notors under conditions shown
or specified. Three-phase nmotors for use on 3-phase 208-volt systens shal
have a nanmeplate rating of 200 volts. Unless otherw se specified, al
nmotors shall have open franes, and continuous-duty classification based on
a 40 degree C anbient tenperature reference. Polyphase notors shall be
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squirrel -cage type, having nornmal -starting-torque and | ow starting-current
characteristics, unless other characteristics are specified in other
sections of these specifications or shown on contract draw ngs. The
Contractor shall be responsible for selecting the actual kil owatt
(horsepower) ratings and other notor requirements necessary for the
applications indicated. Wen electrically driven equi pment furnished under
ot her sections of these specifications materially differs fromthe design
the Contractor shall make the necessary adjustnments to the wiring,

di sconnect devices and branch-circuit protection to acconmpdate the

equi prent actually install ed.

3.9 MOTOR CONTROL

Each notor or group of notors requiring a single control and not controlled
froma motor-control center shall be provided under other sections of these
specifications with a suitable controller and devices that will performthe
functions as specified for the respective motors. Each nmotor of 93 W(1/8
hp) or larger shall be provided with thermal -overl oad protection

Pol yphase notors shall have overl oad protection in each ungrounded
conductor. The overl oad-protection device shall be provided either

integral with the notor or controller, or shall be nmounted in a separate
encl osure. Unl ess otherw se specified, the protective device shall be of
the manually reset type. Single or double pole tunmbler swtches
specifically designed for alternating-current operation only nay be used as
manual controllers for single-phase notors having a current rating not in
excess of 80 percent of the switch rating. Automatic control devices such
as thernostats, float or pressure switches may control the starting and
stopping of motors directly, provided the devices used are designed for

t hat purpose and have an adequate kilowatt rating. Wen the
automatic-control device does not have such a rating, a magnetic starter
shal |l be used, with the automatic-control device actuating the
pilot-control circuit. Wen conbination nanual and automatic control is
specified and the automatic-control device operates the notor directly, a
doubl e-t hrow, three-position tunbler or rotary switch shall be provided for
t he manual control; when the automatic-control device actuates the pil ot
control circuit of a nmagnetic starter, the latter shall be provided with a
t hree-position selector switch marked MANUAL- OFF- AUTOVATI C. Connections to
the selector switch shall be such that only the normal automatic regul atory
control devices will be bypassed when the switch is in the Manual position
all safety control devices, such as ow or high-pressure cutouts,

hi gh-tenperature cutouts, and notor-overload protective devices, shall be
connected in the notor-control circuit in both the Manual and the Autonmatic
positions of the selector switch. Control circuit connections to any
MANUAL - OFF- AUTOVATI C switch or to nore than one autonatic regul atory
control device shall be made in accordance with wiring diagram approved by
the Contracting O ficer unless such diagramis included on the draw ngs.

Al'l controls shall be 120 volts or |ess unless otherw se indicated. Al
3-phase notors shall be equi pped with phase failure and undervoltage
protection relays. Relays shall have automatic reset feature. The
undervol tage relay shall be adjustable from80%to 100% of nominal voltage.
The output contact shall be form C, SPDT, rated 5A and 240V. The out put
contact shall be connected in the notor starter circuit with the notor
starter selector switch (HOA) in the hand and automatic positions. The
relay shall be connected to the notor circuit at the notor termnals.

Motor starters, control panels and di sconnect swi tches shall not be nounted
on equi pnent or equi pnment housi ngs unl ess provided as an integral part of

t he equi pnent fromthe manufacturer. Wen not nmounted in a Mdtor Contro
Center and where no suitable walls exist on which to nount control panels,
di sconnect switches and starters the contractor shall fabricate suitable
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supports near the controlled equi pment from gal vani zed steel channels or

gal vani zed angl ed steel. Supports inside shall be securely bolted to the
floor and supports outside shall be bolted to concrete footings. Contro
equi prent shall be mounted in NEMA 3R encl osures when | ocated outside or in
areas designated as wet locations. Mdttor starters shall be provided with
auxiliary contacts as required to achieve the control shown on the contro
di agranms or specified; plus two spare auxiliary contacts shall be provided.

Di sconnect switches shall be heavy duty type.

3.9.1 Cont act s

Unl ess ot herw se indicated, contacts in miscellaneous control devices such
as float switches, pressure switches, and auxiliary relays shall have
current and voltage ratings in accordance with NEMA ICS 2 for rating

desi gnati on B300

3.9.2 Safety Controls

Safety controls for boilers shall be connected to a 2-wire, 120 volt
grounded circuit supplied fromthe associ ated boil er-equi pment circuit.
VWere the boiler circuit is more than 120 volts to ground, safety controls
shal | be energized through a two-w nding transfornmer having its 120 volt
secondary w ndi ng grounded. Overcurrent protection shall be provided in

t he ungrounded secondary conductor and shall be sized for the | oad
encount er ed.

3.9.3 Mot or 3- Phase Failure Rel ay

Al 3-phase notors 1.5 horsepower and above shall be equi pped with phase
failure and undervoltage protection relays. Relays shall have automatic
reset feature. The undervoltage relay shall be adjustable from80%to 100%
of nom nal voltage. The output contact shall be fromC, SPDT, rated 5A and
240V. The output contact shall be connected in the notor starter circuit
with the notor starter selector switch (HOA) in the hand and automatic
positions. The relay shall be connected to the nmotor circuit at the notor
term nal s.

3.10 MOTOR- DI SCONNECT MEANS

Each notor shall be provided with a di sconnecti ng neans when required by
NFPA 70 even though not indicated. For single-phase notors, a single or
doubl e pole toggle switch, rated only for alternating current, will be
acceptabl e for capacities |ess than 30 anperes, provided the anpere rating
of the switch is at |east 125 percent of the notor rating. D sconnect
switches for three phase notors shall be non-fused heavy duty type.
Swi t ches shal |l di sconnect all ungrounded conductors.

3.11 LI GHTI NG FI XTURES, LAMPS AND BALLASTS

Thi s paragraph shall cover the installation of lanps, lighting fixtures and
ball asts in interior or building nounted applications.

3.11.1 Lanmps
Lanps of the type, wattage, and voltage rating indicated shall be delivered

to the project in the original cartons and installed just prior to project
conpletion. Lanps installed and used for working light during construction

16415A- 36



DACA41- 03- R- 0008- 0002
Vol une 2

shal |l be replaced prior to turnover to the Governnent if nore than 15% of
their rated |life has been used. Lanps shall be tested for proper operation
prior to turn-over and shall be replaced if necessary with new | anps from
the original manufacturer. 10% spare |anps of each type, fromthe origina
manuf acturer, shall be provided.

3.11.2 Li ghting Fixtures

Fi xtures shall be as shown and shall conformto the follow ng
specifications and shall be as detailed on the drawings. |Illustrations
shown on the drawi ngs are indicative of the general type desired and are
not intended to restrict selection to fixtures of any particular
manufacturer. Fixtures of simlar designs and equival ent energy
efficiency, light distribution and brightness characteristics, and of equa
finish and quality will be acceptable if approved. |In suspended acoustica
ceilings with fluorescent fixtures, the fluorescent emergency |ight
fixtures shall be furnished with self-contained battery packs.

3.11.2. 1 Accessori es

Accessories such as straps, mounting plates, nipples, or brackets shall be
provi ded for proper installation.

3.11.2.2 Ceiling Fixtures

Ceiling fixtures shall be coordinated with and suitable for installation
in, on or fromthe ceiling as shown. Installation and support of fixtures
shall be in accordance with NFPA 70 and nanufacturer's recomrendati ons.
VWere seismc requirenents are specified herein, fixtures shall be
supported as shown or specified. Recessed fixtures shall have adjustable
fittings to permt alignment with ceiling panels. Recessed fixtures
installed in fire-resistive ceiling construction shall have the sane fire
rating as the ceiling or shall be provided with fireproofing boxes having
materials of the same fire rating as the ceiling, in conformance w thUL
Elec Const Dir. Surface-mounted fixtures shall be suitable for fastening
to the ceiling panel structural supports.

3.11.2.3 Fi xtures for Installation in Gid Type Ceilings

Fixtures for installation in grid type ceilings which are smaller than a
full tile shall be centered in the tile. 305 by 1219 mm fixtures shall be
nounted along the grid rail as shown. W rk above the ceiling shall be
coordi nated anong the trades to provide the lighting |ayout shown.

Fi xtures mounted to the grid shall have trimexactly conpatible with the
grid. Contractor shall coordinate trins with ceiling trades prior to
ordering fixtures. Metric fixtures shall be designed to fit the netric
grid specified. Fixtures in continuous rows shall be coordinated between
trades prior to ordering. Fixtures shall be nounted using independent
supports capabl e of supporting the entire weight of the fixture. No
fixture shall rest solely on the ceiling grid. Recessed fixtures installed
in seismc areas should be installed utilizing specially designed seisnc
clips. Junction boxes shall be supported at four points.

3.11.2. 4 Suspended Fi xtures
Suspended fixtures shall be provided with swi vel hangers or hand-straights
so that they hang plumb. Pendants, rods, or chains 1.2 neters or |onger

excluding fixture shall be braced to prevent swaying using three cables at
120 degrees of separation. Suspended fixtures in continuous rows shal
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have internal wireway systens for end to end wiring and shall be properly
aligned to provide a straight and continuous row w t hout bends, gaps, |ight
| eaks or filler pieces. Aligning splines shall be used on extruded
aluminum fixtures to assure hairline joints. Steel fixtures shall be
supported to prevent "oil-canning" effects. Fixture finishes shall be free
of scratches, nicks, dents, and warps, and shall match the col or and gl oss
specified. Pendants shall be finished to match fixtures. Aircraft cable
shal |l be stainless steel. Canopies shall be finished to match the ceiling
and shall be low profile unless otherw se shown. Maxi num di stance between
suspensi on points shall be or as recomrended by the nmanufacturer

whi chever is |ess.

Suspended fixtures installed in seisnc areas shall have 45% sw vel hangers
and shall be |l ocated with no obstructions within the 45%range in al
directions. The stem canopy and fixture shall be capable of 45% sw ng.

3.11.3 Bal | asts
Renote type ballasts or transforners, where indicated, shall be mounted in
a well ventilated, easily accessible location, within the maxi nrum operating

di stance fromthe | anp as designated by the manufacturer.

3.11. 4 Exit Sign Fixture

Renove all existing exit light fixtures of bldg 1176 and replace with exit
fixture Corps of Engineers lighting std det dwg No 40-06-04 type XL1
except use fixtures that shall conply with the hazardous classification of
the I ocation where installed and installed with emergency battery pack type
XF1. Prior to bidding verify the total count of the fixtures that shall be
repl aced. Fixtures shall be connected to the original wiring

3.12 EQUI PMENT CONNECTI ONS

Wring not furnished and installed under other sections of the
specifications for the connection of electrical equipnent as indicated on

t he drawi ngs shall be furnished and installed under this section of the
specifications. Connections shall conply with the applicable requirenents
of paragraph WRI NG METHODS. Flexible conduits 2 m or less in |length
shall be provided to all electrical equipment subject to periodic renoval,
vi bration, or movenent and for all motors. Al motors shall be provided

wi th separate groundi ng conductors. Liquid-tight conduits shall be used in
danp or wet |ocations.

3.12.1 Mot ors and Mot or Contr ol
Mot ors, notor controls, and notor control centers shall be installed in
accordance with NFPA 70, the manufacturer's recomendati ons, and as
i ndicated. Wring shall be extended to notors, motor controls, and notor
control centers and term nated.

3.12.2 Installati on of Government - Fur ni shed Equi pnent

Wring shall be extended to the equi pnent and term nated.

3.13 CIRCU T PROTECTI VE DEVI CES

The Contractor shall calibrate, adjust, set and test each new adjustable
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3.
3.

circuit protective device to ensure that they will function properly prior
to the initial energization of the new power system under actual operating
condi tions.

.14 PAI NTI NG AND FI NI SHI NG

Fi el d-applied paint on exposed surfaces shall be provided under Section
09900 PAI NTI NG, GENERAL.

.15 REPAI R OF EXI STI NG WORK

The work shall be carefully laid out in advance, and where cutting,
channel i ng, chasing, or drilling of floors, walls, partitions, ceiling, or
ot her surfaces is necessary for the proper installation, support, or
anchorage of the conduit, raceways, or other electrical work, this work
shal |l be carefully done, and any damage to buil di ng, piping, or equipnent
shall be repaired by skilled mechanics of the trades involved at no
additional cost to the Government.

.16 FI ELD TESTI NG

Field testing shall be performed in the presence of the Contracting
Oficer. The Contractor shall notify the Contracting O ficer 30 days prior
to conducting tests. The Contractor shall furnish all materials, |abor

and equi pnent necessary to conduct field tests. The Contractor shal
performall tests and inspection reconmmended by the nanufacturer unless
specifically waived by the Contracting Officer. The Contractor shal
maintain a witten record of all tests which includes date, test perfornmed,
personnel involved, devices tested, serial nunmber and name of test

equi prent, and test results. Al field test reports will be signed and
dated by the Contractor.

.16.1 Saf ety

The Contractor shall provide and use safety devices such as rubber gloves,

protective barriers, and danger signs to protect and warn personnel in the
test vicinity. The Contractor shall replace any devices or equi prent which
are damaged due to inproper test procedures or handling.

.16.2 G ound- Resi stance Tests

The resistance of existing grounding el ectrode system (bldg 1176 & 1166)
shal | be neasured using the fall-of-potential nethod defined in | EEE Std 81
Soil resistivity in the area of the grid shall be neasured concurrently
with the grid measurenents. G ound resistance neasurenments shall be made
by di sconnecting the grounding fromthe electrical distribution system
Measurments shall be made in normally dry conditions not |ess than 48 hours
after the last rainfall. Resistance neasurenents of separate grounding
el ectrode systens shall be made before the systens are bonded toget her
bel ow grade. The conbi ned resi stance of separate systens nmay be used to
neet the required resistance. Notify CORif specified value exceeds.
(Additional ground rods shall be driven to nmeet the specified Chm val ue).

a. Single rod electrode - 25 ohns .

16. 3 Ground-Gid Connection |Inspection
16. 4 Cabl e Tests
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The Contractor shall be responsible for identifying all equi pnent and

devi ces that could be damaged by application of the test voltage and

ensuring that they have been properly disconnected prior to performng

i nsul ation resistance testing. An insulation resistance test shall be

performed on all |ow and medi um vol tage cables after the cables are

installed in their final configuration and prior to energization. The test

vol tage shall be 500 volts DC applied for one minute between each conductor

and ground and between all possible conbinations of conductors. The

m ni mum val ue of resistance shall be:

R in negohns = (rated voltage in kV + 1) x 304.8/(length of cable in neters)

Each cable failing this test shall be repaired or replaced. The repaired
cable systemshall then be retested until failures have been elim nated.

3.16.4.1 Medi um Vol t age Cabl e Tests
a. Continuity test.
b. Insulation resistance test.
c. DC high-potential test.
3.16.4.2 Low Vol tage Cabl e Tests
a. Continuity test.
b. Insulation resistance test.
3.16.5 Met al Encl osed Bus Duct Tests
a. Insulation Resistance phase-to-phase, all conbinations.
b. Insulation resistance phase-to-ground, each phase.
c. AC or DC high-potential test.
d. Phase rotation test.
3.16.6 Mot or Tests
a. Phase rotation test to ensure proper directions.
b. Operation and sequence of reduced voltage starters.
c. Hi gh potential test on each wi nding to ground.
d. Insulation resistance of each winding to ground.
e. Vibration test.

f. Dielectric absorption test on notor

3.16.7 Circuit Breaker Tests
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The following field tests shall be perfornmed on new circuit breakers added
t hrough this contract..

3.16.7.1 Circuit Breaker Tests, Medium Voltage
a. Insulation resistance test phase-to-phase, all conbinations.
b. Insulation resistance tests phase-to-ground, each phase.
c. Cosed breaker contact resistance test.
d. Power factor test.
e. High-potential test.
f. Manual and el ectrical operation of the breaker.
3.16.7.2 Crcuit Breakers, Low Voltage
a. Insulation resistance test phase-to-phase, all conbinations.
b. Insulation resistance test phase-to-ground, each phase.
c. Cosed breaker contact resistance test.
d. Mnual and electrical operation of the breaker
3.16.7.3 Circuit Breakers, Mol ded Case
a. Insulation resistance test phase-to-phase, all conbinations.
b. Insulation resistance test phase-to-ground, each phase.
c. Cosed breaker contact resistance test.
d. Manual operation of the breaker
3.16.8 Mot or Control Centers
a. Insulation resistance test phase-to-phase, all conbinations.
b. Insulation resistance test phase-to-ground, each phase.
c. Mnual and electrical operational tests.
3.17 OPERATI NG TESTS
After the installation is conmpleted, and at such tine as the Contracting
Oficer may direct, the Contractor shall conduct operating tests for
approval. The equi pnent shall be denonstrated to operate in accordance
with the specified requirenents. An operating test report shall be
submtted in accordance wi th paragraph FI ELD TEST REPORTS.
3.18 FI ELD SERVI CE
3.18.1 Onsite Training
The Contractor shall conduct a training course for the operating staff as

designated by the Contracting Officer. The training period shall consi st
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of a total of 4 hours of nornal working tinme and shall start after the
systemis functionally conpleted but prior to final acceptance tests. The
course instruction shall cover pertinent points involved in operating,
starting, stopping, servicing the equiprment, as well as all major elenents
of the operation and mai ntenance nmanuals. Additionally, the course

i nstructions shall denpnstrate all routine maintenance operations.

3.19  ACCEPTANCE
Fi nal acceptance of the facility will not be given until the Contractor has
successfully conpleted all tests and after all defects in installation

mat eri al or operation have been corrected.

-- End of Section --
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