





SECTION 15010 GENERAL MECHANICAL PROVISIONS

set aside to demonstrate the workability of all systems and to instruct the Owner or his
representative, fully in the operations, adjustment, and maintenance of all equipment
furnished. Give at least 5 working days notice to the Owner and Mechanical Engineer in
advance of the demonstration.

3.05 CLEAN UP
A. At the completion of work, all equipment on the project shall be checked and thoroughly
cleaned including any all areas around or in equipment provided under the Mechanical

Section. Remove off site all rubbish and debris resulting from the operations and leave all
equipment spaces absolutely clean and ready for use.

END OF SECTION 15010
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SECTION 15050 BASIC MATERIALS AND METHODS

SECTION 15050-BASIC MATERIALS AND METHODS

PART | GENERAL
1.01 SCOPE

A.  This Specification Section describes the materials and methods common to all sections of
DIVISION 15.

PART 2 PRODUCTS

2.01 VALVES

A General
1. Provide valves as specified herein and as indicated on the Drawings complete
with accessories and attachments as required and appropriate.
2. Supply valves for proper pressure ratings determined by the system working
pressures at point of use and of proper types for systems and functions indicated.
3. Provide like type valves of one manufacturer only unless specified otherwise
4. Plainly and permanently mark valves with manufacturer’s name or trademark,

pressure rating, both Water/Oil/Gas (WOG) and Steam Working Pressure
(SWP), as applicable and flow direction when required to prevent improper
installation.

5. Mark valves requiring approval by Underwriter’s Laboratories (UL) or Factory
Mutual Engineering Division (FM) with appropriate markings cast into the valve
body.

6. Provide extended necks as appropriate for insulation.

7. Pressure Ratings: Unless otherwise indicated, valves shall be suitable for 200 Ib
WOG and 250°F.

8. Fire Protection valve shall be in accordance with Section 15300 — Fire
Protection

B. Acceptable Manufacturers, subject to compliance with requirements:

1. Ball Valves: Comply with MSS-SP-110. Apollo, Hammond, Milwaukee,
Jamesbury, Jomar.

2. Balancing Valves: Bell and Gossett, Armstrong, Tour and Andersen, Gerard,

Griswold, Nibco, FlowDesign, Hays, Nexus.
C. Ball Valves: Two-piece bronze construction with Teflon seats, full fall port, blowout
proof stem and positive shut off with packing nut, suitable for 150 Ibs saturated steam or
600 b non-shock water pressure.
D. Balancing Valves (Piping sizes '%” through 27): Bronze or brass construction, ball or
globe valve type, integral differential pressure read-out ports fitted with check or stop

valves, calibrated port opening, non-incremental memory stop, valve designed for
positive shut-off.

PART 3 EXECUTION

3.01 VIBRATION CONTROL
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SECTION 15050 BASIC MATERIALS AND METHODS

A.  Equipment.

1. Install vibration control equipment on all mechanical equipment driven with motors
rated over 3/4 HP unless otherwise noted.

B.  Pipe Hangers.

1. Suspend piping connected to all mechanical equipment requiring vibration control
equipment with combination spring and rubber hangers for 50 feet from vibrating
equipment.

C.  Ductwork.

1. All ductwork connected to mechanical equipment requiring vibration control
equipment shall have flexible duct connections. Duct connections shall be double
neoprene coated 30 oz. fiberglass fabric, 6" wide, and UL labeled. Thrust restraints
shall be provided where necessary to maintain a slack position of the flexible duct
connections.

3.02  GENERAL PIPING PRACTICES
A.  Installing.

1. Maintain maximum head room under piping. Install exposed pipe parallel to or at
right angles with the lines of the building or with other exposed pipes, care being
taken to avoid all windows, doors, or other outlets and not to weaken any structural
portion of the building. Make all offsets, bends, reductions, etc. with factory
manufactured long radius fittings of corresponding finish, strength, etc., as pipe. No
bending shall be allowed. Provide drains with hose connections at low points for
draining system.

B.  Fittings.

1. Piping fittings and specialties shall be the same size as the pipe they are installed in,
unless otherwise specified. All piping specialties and valves located at pumps shall
be same size as the piping shown on the DRAWINGS regardless of the size of the
suction and discharge connections of the pump.

C.  Unions.
1. Provide a union or flange connection between equipment and its respective shutoff
valve.

D.  Dielectric Unions.

1. Dielectric unions and flanges shall be provided at the following connections between
ferrous and non ferrous metals.

a. Connections between above ground and buried ferrous and non ferrous metallic
piping.

b.  Connections between ferrous and non ferrous metallic domestic water, or other
open system piping and equipment.
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SECTION 15050 BASIC MATERIALS AND METHODS

E. Thermometers.

1. Provide thermometers on each side of equipment where a change in temperature takes
place. P/T plugs may be substituted in lieu of thermometers on terminal equipment.

F.  Pipe Hangers.

1. Provide pipe supports to support piping without sagging. Support piping at flexible
connections. Provide pipe clamps for vertical pipes at each floor. Provide all
supplementary steel angles, channels, and etc. where hanger location falls between
Joists, purlins or beams. Safety factor of all such assemblies shall be 5 to | minimum.
Provide inserts between piping and hangers on insulated piping. When hangers
contact pipe, hangers shall be of the same material as the pipe, or have a plating of the
same material as the pipe. Pipes within walls shall be supported every 6 vertical feet
where pipes supply fixtures and within 6 inches of both sides of a control valve.

G.  Sleeves.

—_

Provide sleeves wherever pipes pass through masonry walls or floors.
2. Terminate floor sleeves flush with finished floor. Terminate floor sleeves 1" AFF in
toilet rooms, equipment rooms, and chases.

3. Sleeves shall be large enough to allow for continuous insulation to pass through the
sleeve.

4. Seal sleeves in rated construction with fire barrier caulk.

5. Seal sleeves in below grade walls with watertight mechanical type compression link

seals.
H.  Piping Imbedded In Concrete.

1. Cover all piping either passing through or imbedded in concrete with 1/2" thick
closed cell insulation, unless otherwise noted.

i Escutcheons.
1. Install escutcheons on exposed pipes passing through walls, floors, and ceilings.
2. Escutcheons may be deleted in mechanical equipment rooms.

3.03 IDENTIFICATION
A, Equipment.

1. Permanently identify mechanical equipment with the PLAN CODE as shown on the
DRAWINGS.

B.  Piping.

1. Apply pipe markers and directional arrow markers on each pipe. Identification shall
be applied every 50 LF, or at least once in each room.

C.  Fire Dampers.

1. Fire dampers shall be identified by stencil painted lettering.

END OF SECTION 15050
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SECTION 15900 DUCTWORK AND ACCESSORIES

SECTION 15900-DUCTWORK AND ACCESSORIES

PART | GENERAL
1.01 SCOPE
A.  The work of this section consists of providing ductwork, intakes, discharges, fire dampers,
and appurtenances, and installing motorized dampers in connection with the heating,
ventilating, and air conditioning system.
PART 2 PRODUCTS
2.01 DUCTWORK MATERIALS

A. Galvanized Sheet Metal.

1. Galvanized sheet steel.
2. ASTM AS525 75 G90 coating (SMACNA 1.25 oz./sq. ft.)

B. Stainless Steel.

1. AISI type 304 or 316.
2. ASTM fish type Mill Polish #4.

C.  Rigid Fibrous Glass — NOT ALLOWED
D.  Hardware.

1. All associated reinforcing angles, supports, screws, bolts, etc. shall be of same
material as sheet metal.

2.02 SPIN-IN COLLARS

A.  Spin in collar with butterfly damper with quadrant operator. No damper required on take off
to VAV box.

2.03 FLEXIBLE DUCT

Spring steel wire helix.

Vinyl coated non porous liner.

1" thick insulation.

Outer jacket with permeability rating of .75 perms.
UL 181 and NFPA approved.

moows

2.04 OPPOSED BLADE DAMPERS
A, Multiple opposed blades.
B.  External handle and quadrant type locking device.
C.  Blades not to exceed 6" in width.

2.05 FIRE DAMPERS

A. UL listing and label.
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SECTION 15900 DUCTWORK AND ACCESSORIES

moow

1.5 hour fire rating.

165 degree fusible link.

Galvanized steel construction.

Stainless steel closure spring on horizontal units.

2.06 FIRE/SMOKE DAMPERS

moow>

UL listing and label.

1.5 hour fire rating.

165 degree thermal disk.

Galvanized steel construction.

24V, power-open/spring-return (fail close) actuator.

2.07 SMOKE DAMPERS

A
B.
C.
D.

UL listing and label.

1.5 hour fire rating.

Galvanized steel construction,

24V, power-open/spring-return (fail close) actuator.

2.08 DUCT MOUNTED ACCESS DOORS

>

m COw

Double gatvanized steel with 1" fiber glass insulation (insulation not required when installed
in uninsulated ducts).

Hinges and Latch.

Continuous gasket to seal edges.

12" X 16" minimum size. Where duct size will not accommodate this size door, the door
shall be made as large as practicable.

Where clearance to building construction is himited, doors shall be removable.

2.09 FIELD ASSEMBLED CASING

mob o w»r

16 gage galvanized steel panels with flanged and double standing seam.

1" fiber glass with aluminum foil or neoprene facing securely fastened to panels with
adhesive, pins and clips.

172" X 1 1/2" X 1/8" galvanized steel angle iron located on 4 foot grid to maintain
structural rigidity.

Full size access door with latch handle on both sides of the door.

Seal all joints airtight.

PART 3 EXECUTION

3.01 HVAC DUCTWORK MATERIALS

A

Galvanized Steel Only.

1. Only galvanized steel ductwork shall be installed in the following locations except as
otherwise shown on the Drawings or specified in these Specifications:

a.  Drops from rooftop equipment including elbow to turn duct from vertical to
horizontal.

In mechanical equipment rooms.

Where exposed to view.

Upstream of VAV terminal units.

Where exposed to weather.

caoo
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SECTION 15900 DUCTWORK AND ACCESSORIES

f.  Above accessible lay-in ceilings.
g.  Onthe discharge side of VAV terminal units.
3.02 HVAC DUCTWORK CONSTRUCTION
A.  Thickness.

1. Construct ducts in accordance with the SMACNA HVAC Duct Construction
Standards unless otherwise noted.

B.  Hanging.
1. Suspend ducts from structure with proper hangers at 4 feet on center and at each floor.
C.  Branch Takeoffs.

1. Do not install takeoffs on elbows or other points of the system where air velocity is
not uniform.

D.  Volume Dampers.

1. Volume dampers shall be installed in each branch supply duct takeoff from the main
supply duct.
E.  Elbows
1. Elbows shall be long radius type wherever possible, with a centerline radius not less

than 1 1/2 times the width or diameter of the duct. Where space does not permit the
use of long radius elbows, mitered elbows with factory fabricated turning vanes shall

be used.
F.  Offsets.
1. Make all duct offsets with 15 degree transitions. Sharper transitions can be made

only when space does not allow 15 degree off sets, 30 degree offsets maximum.
G.  Rated Construction.

1. All ducts penetrating fire rated or smoke rated construction shall be provided with
dampers as required by the International Building Code.

3.03 SEALING
H.  Low Pressure Ductwork.

1. Seal all ductwork not located in the conditioned space (including above suspended
ceilings) per SMACNA Class B Standards. Seal by using mastic or mastic and tape.

i High Pressure Ductwork.

1. Al high pressure ductwork must have all seams, joints and connection well sealed by
welding or with sealing compounds as recommended by SMACNA.

J. Ductwork Exposed To Weather.
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SECTION 15900 DUCTWORK AND ACCESSORIES

3.04

3.05

3.06

3.07

3.08

1. All joints shall be watertight by welding, soldering, or duct sealants.
FLEXIBLE DUCTS

K. Attach all flexible duct inner liner helix to duct connectors, diffuser necks, or ductwork with
sheet metal screws 4" on center and stainless steet worm driven clamp. Tape outer vapor
barrier securely over clamp with vapor barrier tape. Provide maximum length of 6 feet.

FIRE, FIRE/SMOKE, AND SMOKE DAMPERS
L. General.

1. Install fire, fire/smoke, and smoke dampers in accordance with NFPA-90A.
Coordinate with Fire Alarm Contractor for exact actuator power/voltage requirements
before ordering fire/smoke and smoke dampers.

M.  Duct Mounted Access Doors.

1. Provide access door in duct large enough to permit raising of damper and installing
new heat link.

N.  Identification.

1. All fire damper enclosures shall be painted red.
DUCT MOUNTED ACCESS DOORS
O.  General.

1. Provide a duct access door sized and located to permit easy access for future servicing
and inspection. In locations where an easily removable grill core will permit
sufficient access to the damper, the access door may be omitted.

P.  Where Required.
1. Provide access doors at each of the following.

Duct mounted coil.

Duct mounted fan.

Filter bank.

All dampers.

All fire, fire/smoke, and smoke dampers.

Duct mounted equipment not easily removable.
Elsewhere as shown on the DRAWINGS.

@ oao o

CASINGS

Q.  Secure the casing to floors, walls and ceilings by a 2" X 2" X 1/8" galvanized angle tron.
Attach angle iron by 1/4" bolts located 12" on center. Seal between angle and building and
all joints airtight. Provide access doors to equipment and cotls.

OUTLETS AND INLETS

R.  Interior.
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SECTION 15900 DUCTWORK AND ACCESSORIES

1. Coordinate location of all devices with General Contractor and other trades before
fabricating ductwork. Fit ceiling mounted units symmetrically into grid pattern of
ceilings.

S.  Exterior.

1. Coordinate location of all devices with General Contractor and other trades before
fabricating ductwork. Provide water proofing as required.

END OF SECTION 15900
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SECTION 15990 TESTING, ADJUSTING AND BALANCING

SECTION 15990-TESTING, ADJUSTING AND BALANCING

PART I GENERAL
1.0 WORK INCLUDED

A, This section covers testing and balancing of environmental systems including but not
limited to air distribution systems, hydronic distribution systems, and connected
equipment. The testing and balancing of all environmental systems shall be the
responsibility of one Testing, Balancing and Adjusting firm. The minimal standards to be
met are those set forth in Chapter 36 in the 1999 Edition of the ASHRAE HVAC

Applications Handbook.
B. Section 15990 Contractor shall submit bid directly to Division 15 Contractor.
C. This Section includes testing, adjusting, and balancing HVAC systems to produce design
objectives, including the following:
1. Balancing airflow and water flow within distribution systems, including
submains, branches, and terminals, to indicated quantities according to specified
tolerances.

Adjusting total HVAC systems to provide indicated quantities.

Measuring electrical performance of HVAC equipment.

Setting quantitative performance of HVAC equipment.

Verifying that automatic control devices are functioning properly.
Measuring sound and vibration.

Reporting results of the activities and procedures specified in this Section.

Hownbk N

1.1 RELATED WORK

A. The General Conditions, Supplementary Conditions and Division 1, General
Requirements apply to this section, and Contractor shall review and adhere to all
requirements of these documents.

B. Section 15990 Contractor shall review all Sections of Divisions 15 for coordination and
extent of work.

12 QUALIFICATIONS OF CONTRACTOR

Al The Division 15 Contractor shall directly procure the services of an independent testing
and balancing agency specializing in the testing, adjusting and balancing of
environmtental systems to perform the above mentioned work. Testing and balancing
work shall be directly supervised and the results attested to by one of the following:

I Under the direct supervision of a Registered Professional Engineer having an
established office in the State of Colorado and having an experience record of
not less than 5 years in the mechanical contracting industry engaged in testing,
balancing and adjusting mechanical systems.

b2

NEBB Certified Testing, Balancing and Adjusting Supervisor
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SECTION 15990 TESTING, ADJUSTING AND BALANCING

B. Section 15990 Contractor shall have a minimum of five years of documented experience
as a Testing, Balancing and Adjusting Contractor of air and hydronic mechanical systems
for not less than two years of that time.

C. Acceptable Section 15990 Contractors
I Checkpoint
2 Finn and Associates
3 TAB Services
4 JPG Engineering

1.3 NOTIFICATION OF CONTRACTOR

Al The Division 15 shall submit the name of the TBA firm to the Engineer within thirty days
of contract award to ensure that the TBA firm is on the project from the outset of
construction.

B. Any TBA firm desiring to offer their services for this work shall submit their

qualifications to the Engineer, not less than seven calendar days before the bid date.
Approval or disapproval will be given on each request and this action will be given in
writing prior to bidding the work.

1.4 STATUS OF SYSTEMS

A. Air and water testing and balancing shall not begin until the system has been completed,
cleaned and flushed and is in full working order.

B. Put all heating, ventilating and air conditioning systems and equipment into full operation
and continue operation of same during each working day of testing and balancing.
Preliminary TBA requirements shall be ascertained prior to the commencement of work
through a review of available plans and specifications for the project. In addition, visual
observations at the site during construction shall be made to determine the location of
required balancing devices and that they are being installed properly for the need.

C. Before any air balance work is done, the system shall be checked for duct leakage, assure
filters are installed, see that filters are changed if they are dirty, check for correct fan
rotation, equipment vibration, and check automatic dampers for proper operation. All
volume control dampers and outlets shall be wide open at this time.

D. Before any hydronic balancing work is done, the system shall be checked for plugged
strainers, proper pump rotation, proper control valve installation and operation, air locks,
proper system static pressure to assure a full system, proper flow meter and check valve
installation. All throttling devices and control valves shall be open at this time.

PART 2- PRODUCTS

2.0 NOT USED

PART 3- EXECUTION

3.0 TEMPERATURE CONTROLS

A. Inspect all temperature control systems for proper sequence of operation and approximate
calibration. Report any deficiencies to the responsible contractor immediately.

3.1 REQUIREMENTS OF WORK
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SECTION 15990 TESTING, ADJUSTING AND BALANCING

A Balance all air and water flow to terminals within +10% to -5% of design flow quantities.
Measure and record the following data.

B. Alr Balance

1. Air supply, return and exhaust systems with air quantities for each air device; air
handling units including supply, return, mixed and outside temperatures and fan
data including CFM, static pressure, fan RPM, motor running and full load
amperage before and after final balance.

2. Auar diffusion patterns shall be set to minimize objectionable drafts and noise.

3. The supply, return and exhaust fan static pressure shall be set by the balancing
firm and the control contractor if the systems have fan volume control dampers.

4. The duct static shall be confirmed both through the instrumentation installed the
job and by the balancing contractor.

5. The system shall be tested in all operating modes (full return air, full outside air,

modulated damper position, full cooling with the design diversity and full
cooling with no diversity).
6. System static pressure and fan motor amperages shall be recorded in all modes.
7. The fan speed resulting in satisfactory system performance shall be determined
at full design delivery inlet or outlet fan volume control dampers shall be in the
wide open position and one path presenting the greatest resistance to flow shall
be fully open and unobstructed.

C. Hydronic Balance
1. Heat-Transfer Water Coils
a. Entering-and leaving-water temperatures.
b. Water flow rate.
c. Water pressure drop.
d. Dry-bulb temperatures of entering and leaving air.
e. Wet-bulb temperatures of entering and leaving air for cooling coils
designed for less than 7500 cfm (3540 L/s)
f. Airflow
g. Alr pressure drop.
32 REPORTS OF WORK
A. The TBA Contractor shall submit six bound copies of the final testing and balancing
report at least fifteen days prior to the Mechanical Contractor’s request for final
inspection.
l. All data shall be recorded on applicable reporting forms.
2. The report shall include all operating data as listed in paragraph 3.2 above, a list

of all equipment used in the testing and balancing work, and shall be signed by
the supervising engineering and affixed with his certification seal.

3. Final acceptance of this project will not take place until a satisfactory report is
received.
B. Initial Construction-Phase Report: Based on examination of the Contract Documents

prepare a report on the adequacy of design for the systems’ balancing devices.
Recommend changes and additions to the systems’ devices to facilitate proper
performance measuring and balancing. Recommend changes and additions to the HVAC
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SECTION 15990 TESTING, ADJUSTING AND BALANCING

systems and general construction to allow access for performance measuring and
balancing devices.

C. When all balancing is done and all dampers are set, all test holes shall be plugged and all
dampers shall be marked. The following information shall be recorded in the final report:
Design inlet or outlet size, actual inlet or outlet size, design CFM and velocity thorough
the orifice, for each terminal in the system. The pitot tube traverse method for
determining CFM shall be used and recorded where ever possible.

D. When all hydronic balancing is done, all valves shall be marked or the locking rings set.
Control valve bypass loops shall be set with the balancing valve to provide equal flow in
either mode. Confirm in writing.

E. After all balancing is complete and all coordination with the contractor and the engineer
is complete, the balancing firm shall furnish a bound report which shall contain the
following information:

1. Static pressure across all components of the system.

2, Required and final balanced CFM at each system terminal. Include the terminal
size, reading orifice size, and velocities read to attain the CFM.

3. Pump and motor nameplate information, amperage and voltage to all motors,

pressure drop across all system terminals, pressure rise across the pump in PSI
and feel of head.

4. Thermal protection for all motors shall be recorded. Starter brand, model
enclosure type, installed thermal heaters and the rating of the heaters, required
thermal heaters and the rating of the heaters if different than installed shall be
recorded. If the starters were furmnished by the mechanical contractor, the heaters
shall be changed to the correct size and so noted in the report. If the starters
were furnished by the electrical contractor, the correct heater sizes shall be noted
in the report and the electrical contractor shall be advised.

5. The report shall include a sheet which shall report the method of balance, project
altitude, and any correction factors used in the calculations.
6. A reduced set of contract drawings shall be included in the report with all

terminals (VAV boxes, outlets, inlets, coils, unit heaters, fin tube loops, radiant
panel loops, etc.) clearly marked and all equipment designated.

7. Any problems, deficiencies or abnormal conditions that may affect the
performance or operation of the systems.

33 GUARANTEE OF WORK
A. The TBA Contractor shall guarantee the tests and balance for a period of ninety days
from date of final acceptance of the test and balance report. During this period, the TBA

Contractor shall make personnel available at no cost to the Owner to correct deficiencies
in the balance.

END OF SECTION 15990
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SECTION 16010 BASIC ELECTRICAL REQUIREMENTS

SECTION 16010-BASIC ELECTRICAL REQUIREMENTS

PART | GENERAL
1.O1SUMMARY

A. Section Includes:

1. Basic requirements related to Division 16.

B. Related Sections:
Division 1 - General Requirements.
Notice to Bidders - Substitutions.
Division 3 - Concrete.
Division 4 - Elevators.

Division 15 - Mechanical.
Division 9 - Finishes

S S e

I.02REFERENCE CODES AND STANDARDS

A. The electrical design and installations shall meet as a minimum of the most recent versions of the
following:

Federal and State regulations.
OSHA

NFPA

NEMA

IEEE

ANSI

NESG

University Standards.

N R e

PART 2 PRODUCTS
2. 0IMANUFACTURERS
A. Product Data:

1. Require shop drawings submittals on the following products to verify that material standards are being

satisfied.
a.  Circutt and motor disconnects including fuses.
h. Low voltage distribution equipment.
¢. Wiring devices.
d. Luminaires.

PART 3 EXECUTION

3.01SPECIAL ELECTRICAL PROVISIONS
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SECTION 16010 BASIC ELECTRICAL REQUIREMENTS

A. Bidding Requirements

l.

2.

The bidder shall give evidence of being able to be bonded to 14 times project value.

A letter shall be provided by the bonding agency assuring capability of bonding

this level and associated rates.

The successful firm shall be capable of starting work immediately upon receipt of contract award

and have the resources to complete the total project in 30 (time should be project  specific) days or
less. (Allowance will be made for matenial delays caused by problems outside of contractor’s control,
with proper documentation.)

B. Qualification Requirements

1.

Contractors bidding this project must complete AIA Document A305-1986 “Contractor’s

Qualification Statement” and submit it with their proposal for information purposes.

2.

In addition to the information requested in Paragraph 1., the Contractor must provide a statement

indicating they meet the following minimum requirements:

a.  Macintosh HD:Data:Electrical Standards:Converted:E16010 (Word6) List a minimum of two
projects completed in the last five years which were similar in size (or larger), complexity and

type. For each project list:

Name and location of project.

Name, address and phone number of client/owner and owner’s representative.
Contract type (prime or subcontract) and contract value (or subcontract value).
Year in which work was performed.

b.  If required list two projects on which the Contractor acted as the prime contractor (may be the
same projects listed in Paragraph (a), if applicable).

c. The firm or its operating officers (above the level of Project Manager) shall have been

involved in Electrical Contracting for at least five years.
d. List project values (or subcontract values, if applicable) which total at least five times job
value of electrical work in the last five years completed by the firm or its operating officers.

C. General Requirements

1.

The successful firm shall provide a project supervisor of proven experience, and be willing to

leave him (or her) on the project for the duration of the project, unless acceptable  alternative
arrangements are made with the owner.

2.

The successful firm must have a business office which is staffed during normal working

hours (8:00 - 5:00 Monday through Friday).

3.

The project manager of the successful firm shall have paging capability during working

hours.

D. Craftsman Regulations

I

2.

Contractors shall include no more than one indentured apprentice per journeyman electrician.
Apprentices shall be under the direct supervision of a licensed electrician at all times.

Helpers may be assigned to the project as required to do laboring type tasks, but may not do

any installation type electrical work.

High voltage cable splicers must be certified by the Director of Facilities Management or

his (her) Designated Representative, before either cable splicing or terminating begins. Certification
requirement must be satisfied by illustrating knowledge by a test demonstration of capabilities. The
University of Colorado at Boulder (UCB) will provide cable for test splice, contractor should
provide test splice kits per UCB Standard and perform splice for CU High Voltage Department.
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SECTION 16010 BASIC ELECTRICAL REQUIREMENTS

Upon completion of requirements, a certification card will be issued by the Department of Facilities
Management.

E. Shop Drawing Submittals

1. Shop drawings shall be provided showing the following %" scaled drawings of electrical rooms,
fault calculations and coordination. Equipment wiring diagrams indicating circuit arrangements,
bussing, size, electrical ratings, equipment dimensions, weights, equipment arrangements, housing
and proposed finishes, and NEMA rating. Equipment requiring this information:

a. Fire Detection/Alarm Systems and other special systems
F. Construction Requirements

I. It shall be a requirement that the Contractor have available at the job site, current
information, on the following at all times:

Construction Plans and Specifications

Addenda

Change Orders

Submittals

Inspection Reports

Test Results

Outage Information and requests

Electrical outages must be held to a minimum. The contractor shall submit a request for the
outage to the owner detailing the reasons for the outage, areas affected, sequence of
procedures to accomplish work, estimated maximum length of time, the date and time of day
outage will occur. The Contractor shall obtain written authorization from the owner fourteen
calendar days prior to all outages. Due to the critical implications of power outages, the
owner may direct the contractor as to the time of day or night and date an outage may take
place. The Contractor will be responsible for any temporary power required.

. As-built Drawings (showing all changes)

FEome oo ow

3.02MAINTENANCE
A. Maintenance Service:
1. As part of the service and instruction manuals for the project, the Contractor shall be required to
submit schematic diagrams and point-to-point wiring diagrams for the following systems.
Submittal shall be in the form of blacklines, furnish reproducible copy (mylar sepia), and
AutoCAD latest version.
a. Fire Detection/Alarm Systems
3.03PROJECT CLOSEOUT
A. Operating and Acceptance Tests
I. The Contractor shall hire an independent testing agent to conduct operating and acceptance

tests on new electrical system components and all existing devices which are impacted by
the project.

2. The Testing agent shall prepare written reports of values of all test readings and procedures.
Reports shall include all breaker settings and modifications to one line and three line
drawings.
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SECTION 16010 BASIC ELECTRICAL REQUIREMENTS

C.

3 The Testing agent shall furnish all equipment, instruments and personnel required to conduct
tests.
4, Test will be defined in the individual section describing the equipment or system.

Punch Lists

1. Final payment will not be authorized until all items on the final punch list have been
completed, and routine maintenance procedure and spare parts have been received.

Cleaning and Conduit Painting

I. Clean all electrical equipment, such as switches, panelboards, luminaires, etc., of construction
dirt, dust, paint smears, etc., and touch-up or repaint all scars, blemishes, rust spots, efc., to
original or approved other state of finish.

Operation and Maintenance Manuals

1. Compile a complete list of product data and shop drawings, acceptance tests, warranties,
certificates, sub-contractor and supplier information (i.e. name, address, and phone no.).

Guarantees and Warranties

1. Furnish to the Owner a formal warranty covering the electrical system installed under this
contract, to be free from defective materials and workmanship for a period of one year after
date of acceptance of installation by Owner. During this period provide all labor and new
materials required to repair or replace all defects to the satisfaction of the Owner at no cost to
Owner .

As-built Drawings

1. The Contractor shall provide to the Architect/Engineer a contract set of electrical drawings
and CAD files, both hard copy and electronic copy with all CAD and clouded changes and
deviations from the original drawings.

Emergency Lighting

I All emergency lighting installed shall be commissioned. Commissioning shall be performed
by UCB electrical engineer and contractor by walking. Areas of emergency egress lighting
during non daylight hours and taking footcandle measurements where areas do not meet code,
emergency lighting shall be added at NO COST to the university.

END OF SECTION 16010
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SECTION 16110 RACEWAYS

SECTION 16110-RACEWAYS

PART | GENERAL

1.01 SUMMARY

A. Section Includes:
1. Rigid metal conduit and fittings.
2. Intermediate metal conduit and fittings.
3. Electrical metallic conduit and fittings.
4, Flexible metal conduit and fittings.
5. Liquid tight flexible metal conduit and fittings.
6. PVC coated rigid metal conduit and fittings .
7. Non-metallic conduit and fittings.
8. Cable trays.
9. Under floor duct.
10. Surface wireways.
B. Related Sections:
I. Section 01045 - Cutting and Patching
2. Section 02225 - Trenching, Excavation and Backfill
3. Section 03300 - Cast-In-Place Concrete: Protective envelope for underground conduit installations.
4. Section 07620 - Sheet Metal Flashing and Trim

1.02 References

A. Specify Underwriters Laboratories (UL) listed equipment, assemblies and materials.
B. Where appropriate, refer to current ANSI and NEMA Standards for material ratings.
C. National Electrical Code (NEC) (Current Edition).
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SECTION 16110 RACEWAYS

PART 2 PRODUCTS

2.01 MATERIALS

A. Electrical Metallic Tubing
I. All steel set screw fittings for interior locations.
2. All steel set compression fittings for exterior locations.
B. Flexible Metal Conduit:
I Galvanized steel with all steel fittings. Compression type fittings (squeeze types).
C. Liquid Tight Flexible Metal Conduit:
I. Galvanized steel with plastic jacket.
2. Liquid Tight Flexible Metal Conduit: Specify fittings which provide grounding continuity.
D. Prohibited Materials:
1. Use of aluminum conduit is specifically prohibited unless special permission is given by

Department of Facilities Management.

2. Use of extra-flexible, non-labeled conduit is prohibited.
3. ENMT (or Electrical Non-Metallic Tubing) is prohibited.
4. MC Cable is prohibited.

E. Surface Wireways:
1. Steel with factory applied paint finish or natural brushed or stainless steel finish. Coordinate
finish selection with Department of Facilities Management prior to final design.
PART 3 EXECUTION

3.01 INSTALLATION APPLICATION

A Conduit Sizing, Arrangement and Support:
1. Conduit Size:
a. For “power” receptacle circuits, the minimum conduit size shall be 3/4” in all buildings.
For lighting circuits the minimum conduit size shall be 3/4”.
b. Size conduit (for receptacle circuits, motor circuits, other circuits delivering power to

devices who’s utilization is not producing light, and panelboard feeders only) to meet
requirements of National Electric Code insulation type RH, RHW, RHH. Lighting
circuits shall comply with appropriate insulation fil tables.
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SECTION 16110 RACEWAYS
2. Flexible Conduit Size:

a. Minimum flexible conduit size shall be 3/4” with exception for a 6’ maximum length
whip from j-box to light fixture may be 4”7,

b. For power circuits, in compliance with 3.01.A.1.

c. Maximum length of flexible conduit is 3" except for connections to lighting equipment
which may be up to 6" maximum length.

d. 3/8” flexible conduit is permitted if furnished as part of a manufactured equipment
connection (including lighting equipment).

3. Conduit Straps and Hangers:
a. Heavy-duty malleable iron or steel.
b. For locations above grade which are subject to moisture or corrosion, specify corrosion

resisting steel.
c. Perforated pipe strap or wire hangers are not permitted.

d. Support conduits above suspended ceilings from building structure by suitable hangers.
Supporting conduits from ceiling suspension wires is not permitted.

4. Conduit Anchors:
a. Plastic or fiber expansion anchors are prohibited.
b. Powder activated anchors are allowed.

B. Conduit Installation - Interior:

1. Electrical Metallic Tubing: Shall be used or specified for the following locations:
a. Interior partitions.
b. Above ceilings.
c. Prohibited in hazardous or corrosive areas.
d. Exterior walls, above grade.
e. Prohibited in concrete slabs or walls,
f. Prohibited below grade.

2. Flexible Metal Conduit: Specify for the following locations:

a.  Motor final connections.
b. Transformer final connections.
¢.  Mechanical equipment final connections.

d. Lighting equipment final connections.

UNIVERSITY OF COLORADO THEATRE ADA ADDITION - 080320 16110-3



SECTION 16110 RACEWAYS

3. Liquid Tight Flexible Metal Conduit: Specify for the following locations:
a. Outdoor installations.
b. Damp or wet installations.
c. Corrosive installations.
d. Motors in wet, damp locations or subject to oil drip .
e. Final 3 foot connection to all sprinkler and preaction valves.
4. Non-Metallic Conduit: Prohibited for interior use, allowed in concrete slabs and walls.
5. Expansion Joints: Specify suitable expansion fittings where conduits cross expansions joints.

Specify steel fittings which provide grounding continuity.

6. Incompatible Materials: Do not permit use of dissimilar metal fittings on raceway systems. All
fittings and conduits must be compatible.

7. All surface mounted conduit shall be painted to match surface mounted upon. Use paint
appropriate for conduit application.

8. Label all conduits i.e. Power 120/208, Lighting 277, telecom, control.
C. Surface Raceways:
I. Require electrical continuity of all raceway components throughout length of system.

END OF SECTION 16110
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SECTION 16120 WIRE AND CABLE

SECTION 16120-WIRE AND CABLE

PART 1 GENERAL
L.OISUMMARY
A. Section Includes:
1. Building wire.
2. Remote control and signal cable.
3. Wiring connections and terminations.
B. Related Sections:
I.  Section 16110 - Raceways

1.02REFERENCES

A. Specify Underwriters Laboratories (UL) listed equipment, assemblies and materials.
B. Where appropriate, refer to current NEMA Standards for material ratings.
C. National Electrical Code (NEC) (Current Edition).

PART 2 PRODUCTS
2.01BUILDING WIRE
A. Thermoplastic - Insulated Wire:
1. Types THW, THHN, THWN; rating 600V,
C. Conducted Material:
1. Conductors #10 AWG and larger, stranded copper.
2. Conductors smaller than #10 AWG, solid copper.
D. Control Wire:
I.  Stranded copper with 600V insulation.
2.02REMOTE CONTROL AND SIGNAL CABLE
A, Class 1,2, or 3;
1. Copper conductor, 300V insulation, rated 60°C, covered with PV(C jacket.

2. All control and signal cables shall be in conduit.

<.
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SECTION 16120 WIRE AND CABLE

2.03MODULAR WIRING SYSTEMS

A. Not allowed.

2.04TERMINATION

A. Splices and taps are to carry full ampacity of conductors without perceptible temperature rise.

PART 3

EXECUTION

3.01GENERAL WIRING METHODS

A.

Device removal - in multi-wire branch circuit - where a circuit extends through a receptacle, it shall be a
requirement that all conductors shall be pigtailed so downstream load does not go through receptacles.

Where harmonic currents exist on circuits supplying electric discharge lighting, data processing or similar
equipment, a full sized neutral shall be provided for each single phase circuit, and an oversized neutral may

be required for each multi-wire circuit.

Wire Sizing:

1. Minimum wire size of #12 AWG for power and lighting circuits.

2. Minimum wire size #14 AWG for control circuits.

3. For 20 ampere 120V circuits longer than 75, #10 AWG conductors.
4. For 20 ampere 277V circuits longer than 150°, #10 AWG conductors.

5. For circuit amperes other than 20 ampere and for distances greater than listed above, calculate
voltage drop and size conductors for maximum 3% voltage drop.

Wire Color Coding:

1. Color code wires for building voltage classes as follows:

120/208V-30 277/480V-30
DA - Black A - Brown
B - Red OB - Orange
OC - Blue OC - Yellow
Neutral - White Neutral - Gray
Ground - Green Ground - Green

Parallel Conductors:

1. Specify that parallel conductor feeders be instalied so that all runs are of identical equal length.
Insulation Ratings:

1. All conductors shall be specified 600V rated.

2. Insulation types specified shall conform to NEC requirements for temperature, moisture, and
mechanical environmental conditions.
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SECTION 16120 WIRE AND CABLE

3.02WIRING INSTALLATION IN RACEWAYS
Al Wire Pulling:
1. Conductors shall be pulled into conduit at the same time.
2. Use UL listed wire pulling lubricant.
3. Cnduits shallbe swabbed clean before wire is pulled in.

B. Length of conductors at receptacles, junction, and switches at least 6” of free conductor shall be left at
each outlet, junction and switches for splices or connection of fixtures or devices.

3.03CABLE INSTALLATION
A. Cable Protection:
1. Provide protection for cables where subject to mechanical damage.
3.04WIRING CONNECTIONS AND TERMINATIONS

A. General Requirements:

L. Conductors shall be spliced only in accessible junction boxes or wireways.
2. Conductors shall be thoroughly cleaned before installing lugs or connectors.

3. Anequipment grounding conductor(s) shall be installed in all branch circuit raceways.

3.05QUALITY CONTROL

A. Feeders:

1. Feeder to elevator shall be tested for continuity and insulation (meggar) resistance. Minimum four
(4) meg.

END OF SECTION 16120

UNIVERSITY OF COLORADO THEATRE ADA ADDITION-080320 16120-3






SECTION 16130 BOXES

SECTION 16130-BOXES

PART 1 GENERAL
1.OISUMMARY
A. Section Includes:
1. Wall and ceiling outlet boxes.
2. Pull and junction boxes.
B. Related Sections:
1. Section 16110 - Raceways
2. Section 16510 - Lighting fixtures
1.02REFERENCES
A. Where appropriate, refer to current ANSI and NEMA standards.

B. National Electrical Code (NEC) (Current Edition).

PART 2 PRODUCTS
2.010UTLET BOXES
Al Sheet Metal Qutlet Boxes:
1. Galvanized steel, 4” square minimum with a 2” box depth minimum and with plaster ring.
B. Cast Boxes:
1. Cast ferroalloy, deep type with gasketed cover, threaded hubs.
2.02PULL AND JUNCTION BOXES
A Sheet Metal Boxes:
1. Galvanized steel. Minimum size 47 square X 2- 1/8” deep.

B. Sheet Metal Boxes Over 127 In Any Dimension (cabinet shall comply with requirements of
16160.2.01.B.1)

C. Boxes For Outdoor And Wet Locations :

I.  Flat flanged, surface mounted, UL listed as raintight, galvanized cast iron box and cover with
neoprene gasket and stainless steel cover screws.
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SECTION 16130 BOXES

D. Boxes For Buried Flush Grade Locations:

1. Flat flanged, UL listed as watertight, galvanized cast iron, aluminum or PVC box and cover with
neoprene gaskets.

2.04BOX EXTENSIONS

Al Prohibited on new construction.

B. One extension is permitted on remodel work to extend existing installations. Where more than one
box is needed to flush out installation, provide a large (i.e. 67x6™) box to flush out the existing box and
nipple over to a new box.

PART 3 EXECUTION
3.01BOX LOCATIONS

A. Provide electrical boxes to accommodate wire pulling, splices, taps, equipment connections and code
compliance.

B. Electrical Contractor shall furnish to G.C., access doors as required to provide access to boxes in hard
ceilings and similar inaccessible areas.

C. Provide cast box (with threaded hubs) in high traffic areas (surface installations), as specified by owner.
3.020UTLET BOX INSTALLATIONS

A. Back to back outlet boxes are not permitted. Separate boxes a minimum of 6” in standard walls and a
minimum of 2 feet in acoustical walls.

B. Install knockout closures for unused openings.
C. Blank cover plates shall be used in all unused boxes .

D. For multiple device installations, multi-gang boxes shall be provided. Sectional boxes are not permitted.
Install barrier separation of different voltage conductors in the same box.

E. Thoroughly coordinate casework and backsplash heights with mounting heights of boxes.

F. Provide recessed outlet boxes in finished areas, supported from interior partition studs. Supports are to be
stamped steel stud bridges for hollow stud walls and adjustable steel channel fasteners for flush ceiling
outlet boxes.

G.  Provide back supports for boxes in metal stud walls.

3.03PULL AND JUNCTION BOX INSTALLATION

A.  Wherever possible, locate pull and junction boxes above accessible ceilings in finished areas.

B. Pull or junction boxes shall be supported independently of conduit.

END OF SECTION 16130
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SECTION 16140 WALL SWITCHES

SECTION 16140-WALL SWITCHES

PART I GENERAL
1.LOI WORK INCLUDED

A. Provide wall switches for control of lighting, receptacles and all other required functions .
1.02SHOP DRAWINGS AND DESCRIPTIVE DATA

A. Shop drawings and descriptive data shall be submitted in accordance with Section 16010 and shall, as a
minimumn, include the following:

1. Manufacturer’s complete catalog data.
PART 2 PRODUCTS

2,01 ACCEPTABLE MANUFACTURES

A. Wall switches, receptacles and plates shall be of the same manufacturer insofar as possible.
B. Wall switches shall be as manufactured by:

1. Hubbell

2. Leviton

3. Arrow-Hart

4. P&S
C. Products shall comply with Federal specification W-S-896E.

2.02ZMATERIALS

A. 1207277 volt wall switches shall be specification grade rated 20 amperes and shall be quiet quick make,
quick break with toggle handle, and totally enclosed case. Other ampere switches may only be used with
UCB permission.

B. Two pole, 3-way and 4-way switches shall be of the same construction.
C. Key operated switches shall be same as above except with locking type mechanism.
D. Switches shall have color coded bodies as follows:

20A - Red

30A - Green

Switches with pilot light shall be the same as above except that switches shall be equipped with and
connected to an integral pilot light.

m

F. Switches shall be in accordance with the following schedule:
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SECTION 16140 WALL SWITCHES

DEVICE HUBBELL CATALOG NO.
Single Pole Switch 1221
Single Pole Switch with Pifot Light (120 V - load on) 1221-PLC
2 Pole Switch 1222
3-Way Switch 1223

G. Switch color to be ivory unless otherwise specified. Verify color with Architect prior to ordering.
H. Switch for life safety circuits shall be red.
I.  Grounding screw on all devices.
PART 3 EXECUTION
3.01INSTALLATION
A. Switches shall be located as indicated on drawings, arranged singular or in gangs and within 18” of the
door jam on the strike side of the door openings. Verify the door swings with the Architectural drawings
prior to rough-in,

B. Install life safety system switches separate from normal power switches. Do not include in the multiple
gang configuration.

C. Switch and receptacle combinations shall be as above in a 2-gang box where both are of the same voltage.
Provide separate boxes where different voltages are present.

D. All switches in Mechanical rooms, Electrical rooms and other such places shall be a lighted handle single
pole light switch(es) as required.

E. Provide circuit and panelboard identification on outside of all switch plates with electronic label maker.

END OF SECTION 16140
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SECTION 16141 RECEPTACLES

SECTION 16141-RECEPTACLES

PART 1 GENERAL
1.0l WORK INCLUDED

A. Provide convenience receptacles as herein specified or called for on the drawings.
1.02SHOP DRAWINGS AND DESCRIPTIVE DATA

A. Shop drawings and descriptive data shall be submitted in accordance with Section 16010 and
shall, as a minimum, inclade the following:

B. Manufacturer’s complete catalog data.
PART2 PRODUCTS
2.01ACCEPTABLE MANUFACTURERS
A. Wall switches, receptacles and plates shall be of same manufacturer insofar as possible.

B. Receptacles shall be as manufactured by:

1. Hubbell

2.  Daniel Woodhead
3. Leviton

4. Cooper

5. P&S

2.02MATERIALS
A. Materials shall comply with federal specification W-C-596E.

B. Receptacles shall be specification grade and shall be of the grounding type. Provide grounding
screw.

C. Receptacles shall have a one piece brass strap.

D. Receptacles shall be in accordance with the following schedule:

DEVICE HUBBELL CATALOG NO.
Duplex Receptacle, 20A, 125V 5362
Duplex Receptacle, 20A, 125V, Ground Fault GF-5362

E. Device color to be ivory unless otherwise specified. Verify color with Architect prior to ordering.
F.  Device color for life safety circuits shall be red.
PART 3 EXECUTION

3.0IINSTALLATION
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SECTION 16141 RECEPTACLES

A. Fumnish and install all devices as shown on drawings. Confirm location, height, mounting
conditions, etc., of all devices with Architectural drawings prior to rough-in.

B. Convenience outlets shall be mounted such that the front of the device is flush with the cover
plate.

C. Over-counter devices shall be horizontally mounted, ground to the right.
D. Switch and receptacle combinations shall comply with Section 16141,

E. Where convenience outlets or similar devices are installed within one stud spacing width from a
switch, the convenience outlet and switch shall align vertically.

F.  Provide separate green ground wire for all isolated ground receptacles

G. Provide hospital safety grade receptacles in all areas associated with children .
H. Provide heavy duty specification grade receptacles in all areas .

[ Vertical mounted receptacles to be installed with the ground up.

J. Provide circuit and panelboard identification on the outside of all receptacle plates with embossed
tape, or electronic label maker per section 16195.

END OF SECTION 16141
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SECTION 16142 DEVICE PLATES

SECTION 16142-DEVICE PLATES
PART | GENERAL
1.0l WORK INCLUDED
A. Provide device plates as required and indicated on the drawings.
1.028HOP DRAWINGS AND DESCRIPTIVE DATA

A. Shop drawings and descriptive data shall be submitted in accordance with Section 16010 and
shall, as a minimum, include the following:

B. Manufacturer’s catalog data.
PART 2 PRODUCTS
2.01ACCEPTABLE MANUFACTURES

A. Wall switches, receptacles and device plates shall be by same manufacturer as devices.
(Hubbell, Daniel Woodhead, Leviton, Arrow-Hart, Eagle, P&S)

2.02MATERIALS
A. Smooth Metal: Stainless steel
B. Smooth Lexan: In all locations unless otherwise directed.
C. Wrinkle Finish: Steel, finish to be painted, color to be ivory unless otherwise noted.

D. Cast Metal or Aluminum: Die cast profile, ribbed for strength, flash removed, primed with gray
enamel.

E. Gaskets: Resilient rubber or closed cell foam urethane.

F.  Weatherproof: Cast metal or aluminum, gasketed; provide spring loaded gasketed doors. All
devices in areas subject to frequent use shall be “in-use” type of covers.

PART 3 EXECUTION
3.01INSTALLATION
A. Install device plates as required for all devices boxes and blanked outlet boxes.
B. Plate color shall be ivory unless otherwise specified.
C.  All light switch device plates in classrooms shall be metal engraved nameplates and labeled with
circuit, and panel identification on the lights controlled. Light switches shall be labeled as to
lights controlled, receptacles with feeding circuit. All device plates elsewhere shall be labeled per

direction in 16140 and 16141.

END OF SECTION 16142
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SECTION 16195 ELECTRICAL IDENTIFICATION

SECTION 16195- ELECTRICAL IDENTIFICATION

PART 1 GENERAL
1.01 SUMMARY
Al Section Includes:
1. Nameplates and tape labels.
2. Wire and cable markers.
B. Related Sections:
1. Section 09900 - Painting
2. Section 16110 - Raceways
3. Section 16130 - Boxes
4. Section 16140 — Wall Switches
5. Section 16141 - Receptacles
6. Section 16470 - Panelboards
PART 2 PRODUCTS
2.0 MATERIAL
A. Nameplates:
1. Engraved three-layer laminated plastic, black letters on white background.

2. Life safety and emergency shall be white letters on red background .

B. Electronic Labels :
1. Manufacturers:
2. Kroy
3. Brother

4. pre-approved equal
C. Wire and Cable Markers:
1. Cloth markers, split sleeve or tubing type.

D. Embossed labels prohibited
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SECTION 16195 ELECTRICAL IDENTIFICATION

PART 3 EXECUTION
3.0} INSTALLATION
A. Nameplates and Labels:

I.  Provide the following:

a. Degrease and clean surfaces to receive nameplates and labels.
b. Install nameplates parallel to equipment lines.
c. Secure nameplates to equipment using screws or rivets. Locate nameplates on outside

face of panelboard doors in finished locations.
d. Electronic labels will be permitted only for identification of disconnects, individual wall
switches (in unfinished areas), control station devices and starters, and on outside
face of receptacles and wall switch plates.
B. Wire Identification:
1. Provide the following:

a. Provide wire markers on each conductor at points of termination in panelboards, outlet
and junction boxes and at load connections. Identify with branch circuit or feeder
number for power and lighting circuits and with control circuit number for control
wiring. Install wire markers in panelboard between deadfront and edge of can.

3.02NAMEPLATE ENGRAVING SCHEDULE

A. For engraving, identification shall be the name of the device, panelboards, etc. The “voltage, load
serve” line also shall include the name of the feeding panel, switchboard, etc.

B. Switchboards and Motor Control Centers:
1. Identification:
a. 1/2” high lettering.
2. Voltage, Loads Served:
a. 1/4” high letters.
C. Panelboards:

I. Identification:

a. 1/2" high lettering
2. Voltage:
a. 1/4” high lettering.
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SECTION 16195 ELECTRICAL IDENTIFICATION

D. Switches, Starters, Receptacles:
1. Identification:
a. Electronic tape or neatly written permanent ink on inside faceplate in finished areas.
3.03PULL AND JUNCTION BOX COLOR CODING

A. For ease of identification during maintenance and remodeling, junction box covers shall be color
coded according to the following schedule:

1. Fire Alarm - Red

2. Emergency Circuitry - Yellow
3. Telephone - Green

4. Television - Violet

5. Computer Data - Blue

6. 277/480V Systems - Orange

END OF SECTION 16195
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SECTION 16440 DISCONNECT SWITCHES

SECTION 16440-DISCONNECT SWITCHES

PART | GENERAL
1.0 SUMMARY
A. Section Includes:
1. Disconnect switches.
2. Enclosures.
1.02 REFERENCES
A. Specify Underwriters Laboratories (UL) listed equipment, assemblies and materials.
B. Where appropriate, refer to ANSI and NEMA Standards for material ratings.
C. National Electrical Code (NEC) (Current Edition).
1.03 SUBMITTALS

A. Require submittals under the provisions of Section 16010 - Basic Electrical Requirements and Section
01300 - Submittals.

PART 2 PRODUCTS
2.0 MANUFACTURERS
A. Disconnect Switches:
1. General Electric
2. Westinghouse/Cutler Hammer
3. ITE/Siemens
4. Square D
2.02MATERIALS
A. Disconnect Switches:
1. Fusible Switch Assemblies (NEMA KS-1):
a. Heavy duty rated, quick-make, quick-break, load interrupter enclosed knife switch, with
externally operable handle with override screw to permit opening front cover with switch in “ON”

position. Handle lockable in “OFF” position. Class R rejection fuse clips, designed to
accommodate required fuses.
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SECTION 16440 DISCONNECT SWITCHES

2. Non-Fusible Switch Assemblies: (NEMA-KS-1)
a. Heavy duty rated, quick-make, quick-break, load interrupter enclosed knife switch, with
externally operable handle with override screw to permit opening front cover with switch in “ON”

position. Handle lockable in “OFF” position.

3. Enclosures:

a.  Suitable for environment in which installed; indicate on Drawings. Typically Type | indoors and
Type 3R outdoors.

PART 3 EXECUTION

301 INSTALLATION
A. Provide disconnects for all motors and mechanical equipment. Locate adjacent to units per NEC.
B. Coordinate fusing of disconnects with mechanical equipment electrical characteristics.

END OF SECTION 16440
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SECTION 16470 PANELBOARDS

SECTION 16470-PANELBOARDS

PART | GENERAL

1.L01SUMMARY

A. Section Includes:

1. Lighting and appliance branch circuit panelboards.

B. Related Sections:

1. Section 16195 - Identification

[.O2REFERENCES

Al

B.

C.

Provide Underwriters Laboratories (UL) listed equipment, assemblies and materials.
Where appropriate, refer to current ANSI and NEMA Standards for material ratings.
1. NEMA AB 1 - Molded case circuit breakers.

2. NEMA PB 1 - Panelboards

3. NEMA PB 1.1 - Installation for safe installation operation and maintenance of panelboards.

2008 National Electrical Code (NEC).

1.O3SUBMITTALS

A,

Require submittals under the provisions of Section 16010 - Basic Electrical Requirements and 01300 -
Submittals.

Include outline and support point dimensions, voltage, main bus ampacity, integrated short circuit ampere
rating, circuit breaker arrangement and sizes.

PART 2 PRODUCTS

2.01MANUFACTURERS

A

Panelboards:

1. General Electric

2. Westinghouse/Cutler Hammer
3. ITE - Siemens

4. Square-D

2.02MATERIALS

Al

Panelboards:

1. Panelboard Assembly:
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SECTION 16470 PANELBOARDS

2.

3.

d.

Bolt on, circuit breaker type, cabinet front with concealed trim c¢lamps door in door construction
and flush lock, finished in manufacturer’s standard enamel. Provide with copper bus rated at
120/208V or 277/480V, 1@ or 3. Also provide ground bus and full size neutral bus. Current
rating 100, 225, 400 or 600 amperes with minimum integrated short circuit rating: 10,000
amperes rms. symmetrical, 120/208V and 14,000 amperes rms. symmetrical 277/480V.

Panelboard types shall be as indicated below for the type of purposes indicated. Type codes noted
for illustration are by General Electric.

() General purpose lighting, 277/480V - NHB
(2) General purpose lighting and receptacles, 120/208V - NLAB
(3 Power distribution, 277/480V - CCB

Provide flush or surface cabinet front as required with concealed trim clamps, hinged trim door-
in-door construction with interior door containing a flush lock all keyed alike. Finish in
manufacturer’s standard gray enamel. Door-in-door hinged trim enclosure shall contain two
quarter turn latches. (See detail at the end of this section.) University shall install the lock on the
door-in-door exterior door.

Panelboards shall be fully rated. The use of series rated panelboards is prohibited.

Molded Case Circuit Breakers:

a.

Provide full size bolt-on circuit breakers with integral thermal and instantaneous magnetic trip in
each pole. Provide circuit breakers listed as type SWD for applications where load will be
switched at panelboard. Do not allow piggyback breakers. Breakers shall meet FSW-C-375.

Load Centers:

a.

Load centers are prohibited.

B. Panelboard layout

1.

2.

Lighting and receptacle branch circuit breakers shall be minimum 20  ampere.

Provide minimum 25% future circuit spaces for total connected circuit breakers in panelboard.

PART 3 EXECUTION

3.01INSTALLATION

A. Install panelboards as follows:

I
2.
3.

Install panelboards plumb (and flush in finished areas).

Maximum height to top of panelboard shall be 6~ 67,

Provide directory cards, typed, showing each branch circuit load with spares and space written neatly
in erasable pencil.

For every three (3) unused spaces and/or three (3) spare breakers, stub one (1) 3/4” empty conduit out
of flush mounted panelboards into accessible areas.

Where main breakers are required, they shall be bolted to the ends of the main busses. Back
connected breakers and branch mounted breakers are prohibited.

Provide identification of panelboards per Section 16195 - Identification.
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SECTION 16470 PANELBOARDS

7. Panelboards which are installed in electrical equipment rooms shall not share the space with other
systems such as piping, ductwork, telephone equipment, etc.

END OF SECTION 16470
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SECTION 16501 LAMPS

SECTION 16501-LAMPS

PART | GENERAL
1.01 SUMMARY
A. Section Includes:
1. Fluorescent lamps.
2. HID lamps.
3. Incandescent lamps.
B. Related Sections:
1. Section 16502 - Ballasts and Accessories
2. Section 16510 - Lighting Fixtures
3. Section 16530 - Site Lighting
1.02 REFERENCES

A. Provide Underwriters Laboratories (UL) or Electrical Testing Laboratories (ETL) listed equipment,
assemblies and materials.

1.03 SUBMITTALS

A. Provide submittals under the provisions of Section 16010 - Basic Electrical Requirements and 01300 -
Submittals.

PART 2 PRODUCTS

2.0} MANUFACTURERS
A. Fluorescent Lamps:

General Electric

Phillips

OSRAM/Sylvania
Others only by approval of University

Bt —

B. HID Lamps:

OSRAM/Sylvania

General Electric

Phillips

Others only by approval of University.

B

C. Incandescent Lamps:
1. General Electric

2. OSRAM/Sylvania
3. Phillips
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4.

Others only by approval of University

2.02 MATERIALS

A. General

1. All lamps used as lighting during construction for > 100 hours of use shall be replaced before final c.o.

is issued. All lamps in new buildings shall have less than 100 hours of bum time or use.

B. Fluorescent Lamps

1.

Fluorescent lamps shall be T-8 F32 energy saving with 3,500 degree K color only and with a color
rendering index (CR1) of 73 or greater. All fluorescent lamps shall be low mercury type. Other
lengths of lamps may be specified only by University written approval and if special conditions
require them. Use compact fluorescent style lamps for down light applications where possible in lieu
of incandescent for energy conservation and maintenance savings. Phillips F32T8/TL835 (T-8).

2. The use of T-8 lamps is required in all new luminaires. New T-12 lamps may only be used in existing
to be reuse luminaires and with University approval.
3. Outdoor fluorescent lamps shall be high output, cool white, lengths as required.
C. HID Lamps:

]

Use super Metal Halide position orientated lamps for all exterior lighting.

For indoors, use color corrected metal halide lamps for applications where high light output and color
rendering is required. Use low wattage color corrected metal halide lamps for lower ceiling
architectural applications.

D. Incandescent Lamps:

l.

Incandescent lamps shall not be used.

PART 3 EXECUTION

3.01 INSTALLATION

A. Replace non-functional lamps at time of final acceptance and provide 10% spare lamps.

END OF SECTION 16501
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SECTION 16502-BALLASTS AND ACCESSORIES

PART | GENERAL
1.01 SUMMARY
A. Section Includes:
1. Ballasts and accessories for lighting equipment.
B. Related Sections:
1. Section 16501 - Lamps
2. Section 16510 - Lighting Fixtures
3. Section 16530 - Site Lighting

1.02REFERENCES

A. Provide only Underwriters Laboratories (UL) or Electrical Testing Laboratories (ETL) listed equipment,
assemblies and materials.

B. Where appropriate, refer to current ANSI and NEMA Standards for material ratings.
C. All ballasts shall be UL and CBM listed.

1.03 SUBMITTALS

A. Provide submittals under the provisions of Section 16010 - Basic Electrical Requirements and 01300 -
Submittals.

PART 2 PRODUCTS
2.0l MANUFACTURERS
A. Ballasts in Order of Preference - Electronic
1. Motorola
2. Advance
3. Magnetek
4. Others only by approval of University
B. Ballasts in Order of Preference: Standard core and coil.

1. Advance
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2.

3.

Universal

Others only by approval of University

C. Use of Ballasts: Electronic ballasts shall be used in all new luminaries on a project, in compliance with
manufacturers recommendations. Standard core and coil ballasts will only be allowed as replacements and on
individual use by case basis with UCB permission only.

2.02MATERIALS

A. Fluorescent Ballasts - Electronic Rapid Start Ballasts:

I.

Provide electronic ballasts for all four foot rapid start T-8 (and T-12) lamps with voltage as indicated on
the plans and luminaire schedule. The ballast shall deliver normal lamp life and must be interchangeable
with electromagnetic ballasts. The light output shall not vary in response to an input voltage variance of
less than 10% rated voltage. Drive output shall be greater than 25 kHz with lamp flicker less than 2%.

The ballast Total Harmonic Distortion shall be less than 10% with the third harmonic (180 Hz) distortion
less than 8%.

The ballast shall have a crest factor of less than 1.7 and shall have transient protection which meets IEEE
587, category A (ANSI C62.41) requirements.

The ballast shall have a power factor of 0.98 or higher and shall have a ballast efficiency of 90% or
higher.

The ballast shall be UL listed Class P and shall have a sound rating better than A.

The ballast electromagnetic interference shall be less than 54 dB from 450 kHz to 30 MHz (FCC CFR 47
Part 18 requirements).

The manufacturer shall provide a full five year warranty beginning at time of substantial completion . The
manufacturer shall replace any and all failed ballasts within 48 hours of notification. The manufacturer
shall provide the labor for warranty replacements, phone number and Fax number to report these outages
and updates of those numbers.

The ballasts shall be Advance Mark V or Motorola. All other manufacturers shall request prior approval
and supply test data from an independent testing laboratory to substantiate compliance with specifications.

B. Instant Start High Ballast Factor Ballasts:

I.

> o oe

The electronic bassast shall be provided with integral leads, color coded to ANSI standard C82.11
(latest version).

The “High Frequency” electronice ballast shall operate lamps at a frequency of 20 KHz or higher
without visible flicker.

The electronic ballast’s mput current shall have “Total Harmonic Distortion: (THD) of less than 20%
when used with primary lamp.

The electronic ballast shall have a “power Factor: greater than 98% when used with primary lamp.

The electronic ballast shall have “Lamp Current Crest Factor” of less than 1.7.

The electronic ballast shall support a sustained short to ground or open circuit of any output leads
without damage to ballast.

The electronic ballast shall have an audible noise rating (Class A) or better.
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8. Ballast shall meet the requirements of the Federal Communications Commission rules and regulations,
part 18, for non-consumer equipment, ANSI C82.11 standards regarding harmonic distortion, ANSI
C62.41 Cat. A for transient protection.

9. The electronic ballast shall be Underwniters Laboratories (UL) listed (Class P) and CSA Certified where
applicable.

10. The electronic ballast shall carry a five year warranty.

C. Fluorescent Ballasts - Standard Ballast:
I. Magnetic ETL-CBM certified Premium Class P, energy saving, sound level “A” rated, high power factor
with built-in auto resetting overload and overheat protective devices. Order of preference is Advance
Mark 1, Universal type SLH.
2. Low temperature ballasts shall be rated for minus 20 degree F for outdoor application.
C. HID Ballasts:
1. Constant wattage auto transformer type suitable for low temperature operation.

2.03CONTROLS

A. Lighting Controllers - Photocells, time clocks, contactors, etc. shall be of normal proven products of a known
manufacturer.

PART 3 EXECUTION
3.01 INSTALLATION
B. All projects which involve remodel of complete rooms or areas, clectronic ballasts shall be used. New
construction shall use rapid start ballasts. Where energy savings is a concern Instant start may be used with

written permission. Low Ballast Factor instant start ballasts may only be used with written University
permission.

END OF SECTION 16502

UNIVERSITY OF COLORADO THEATRE ADA ADDITION -080320 16502-3






SECTION 16510
LUMINAIRES

SECTION 16510-LUMINAIRES

PART | GENERAL
1.0ISUMMARY
A. Section Includes:

1.  Interior luminaires and accessories.
2. Outdoor architectural (building) luminaires.

B. Related Sections:

1. Section 16501 - Lamps
2. Section 16502 - Ballasts and Accessories

1.02REFERENCES

A. Provide only Underwriters Laboratories (UL) or Electrical Testing Laboratories (ETL) listed equipment,
assemblies and materials.

B.  Where appropriate, refer to current ANSI and NEMA Standards for material ratings.
C. 2008 National Electrical Code (NEC).

1.03SUBMITTALS

A. Provide submittals under the provisions of Section 16010 - Basic Electrical Requirements and 01300 -
Submittals.

PART 2 PRODUCTS
2.01EQUIPMENT
A. Fluorescent Luminaires:

1. Provide with hinged frames with latches, pre-wired with trim and accessories as required for ceiling
system that luminaire is mounted into. Doors may be hinged from either side and shall be gasketed to
prevent light leaks.

2. Recessed fluorescent fixtures to be equipped with 6” long flexible whip for connection to a junction
box.

3. Acrylic lenses shall have a minimum 0.125 inch thickness.
B. Incandescent Luminaires shall not be used.
C.  Exit Signs:

1. Light emitting diode (LED), low wattage type with long life, maintenance free battery require
programmed discharge under load, self-testing and self-diagnostics. Green letters on white
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background. When used in a building with an emergency generator, batteries are not required.

2. Accepted Manufacturers:
a. Exitronics, 500 Series
b. Others only by approval by University

D. Egress/Emergency Lights. Self-testing (the unit shall perform battery tests in accordance with NFPA),
self-diagnostic (the unit shall perform self diagnostics and indicate problems discovered via LED’s.)

Dual Light Spectron

Prescolite CVS

Siltron Continuous Diagnostic
Others by approval of University

Bt

E. HID Luminaires:
1. Pre-wired with integral ballast. Where required by lamp failure, provide with protective lens to retain
lamp particles in the event of non-passive lamp failure.
2. Provide, where necessary, tungsten halogen lamp for instant light in the event of a momentary power
outage.
PART 3 EXECUTION
3.01INSTALLATION

A. Provide independent support systems for all fixtures. All luminaires shall hang evenly and in straight rows.

B. Outlet boxes which support lighting fixtures shall be required to have support from the building structure
independent of conduit system and ceiling systems.

C. Fluorescent fixtures shall be supported independently from the structural ceiling.
D. All 3 and 4 lamp luminaires shall be dual switched.
H. All interior recessed HID, and compact fluorescent luminaires shall have all wiring and ballasts be

accessible through the ceiling luminaire opening. The angle of maximum candela from each interior
fixture shall intersect opaque building interior surfaces and not exit building through windows

END OF SECTION 16510
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SECTION 16720-FIRE ALARM AND DETECTION SYSTEMS

PART L General
1.01 Reference
A. Related Sections

1. Section 15300 - Fire Protection
2. Section 15950 — Controls
3, Division 16 - Electrical

B. References
1. International Building Code
2. International Fire Code

3. National Electrical Code
4. NFPA
5. American National Standards Institute (ANSI)
6. Design engineer and contractor shall use the UCB
standard symbols
7. ADA Guidelines
1.02 Quality Assurance

A. Manufacturer’s Qualifications: Firm regularly engages in the manufacture of
fire alarm systems of types, sizes, and electrical characteristics compatible with
the current campus systems, and whose products have been in satisfactory use in
similar service for not less than 5 year

B. Installers Qualifications: Firm with at least 5 years of successful fire alarm
systems installation experience. Installers shall have at least 2 years documented
fire alarm installation experience and a minimum of a NICET Il certification for
Fire Alarm Systems

1.03 Codes and Standards:

A. Each and every item of the fire alarm system shalil be new and listed as the
product of a fire alarm system manufacturer under the appropriate category by
Underwriters Laboratory, Inc. (UL) and shall bear the UL label on all devices

B. The complete installation shall conform to the applicable sections of NFPA
especially NFPA 72 and the National Electrical Code

1.04 Summary

A. Proprietary Supervising Station: Class B-IDC, Class 4-SLC, Class B-NAC

B. Hardwire zones shall only be used with UCB permission and only for small
systems

C. The fire alarm system and devices shall comply with ADA and UL requirements

D. At a minimum, provide manual pull stations at each building exit, adjacent to
the FACP, and any stage manager consoles

E. Where feasible smoke detectors are to be provided as required by code and in
electric and telecommunication/data rooms

F. The use of duct detectors shall be minimized where feasible, area detectors shall

be used to accomplish the objective
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FIRE ALARM AND DETECTION SYSTEMS

G. Smoke detectors located in open areas should be used rather than duct- type
detectors for the operation of any automatic smoke control system
H. Stage Manager’s Console:
1 A “Stage Manager’s Console” shall be installed in those areas open to
the public for performances or special events where special effects
could be used. Areas where special effects are used shall provide a
means to disable detection during performances. All switches are to be
identified and activate a system trouble upon activation of any switch.
2. Any initiating devices that are disabled from the stage manager’s
console shall cause a trouble at the FACP and activate a trouble lamp at
the stage manager’s console
3. A pull station shall be located near the stage manager’s console
I Pre-Action systems shall operate in accordance with Section 15300
1. Outside bell and strobe apphances shall track the main water flow device
K. Elevators:
I. Shunt trip shall be activated only from the FACP, not contacts on heat
detectors
2. Where heat detectors perform elevator recall and shunt trip, smoke and
heat detectors shall share the same time counter to activate the shunt
trip However, heat detector activation is required for shunt trip
3, Where required, the vent for the elevator shaft shall have a pneumatic
damper where possible. Where allowed by code, the damper shall be
normally closed (energize to open). The damper shall have a manual
control located adjacent to the FACP and be keyed to the University
standard. The damper activation shall be 24VDC powered from the
fire alarm system
4. The 120VAC power to the elevator shunt trip shall be supervised
L. A remote annunciator shall be required where the FACP is not readily accessible
for Fire Department response in a building. At a minimum, annunciators shall
have a control panel fully duplicating the functions of the FACP front panel
M The contractor shall install a remote reset station (provided by the Owner)
adjacent to the fire alarm control panel and include the following:
1. Common alarm and common trouble lamps
2. A single pole double throw remote silence switch. Upon activation,
this switch will silence all notification appliances in the building. This
switch shall be supervised by the FACP and keyed to the University
standard
3. A single pole spring loaded remote reset switch that is supervised by
the FACP and keyed to the University standard
N. Door holders shall be non-supervised and release upon AC power loss
0. Fan shutdown shall be hardwired through the fire alarm system
1.05 Mass Notification Systemn:In general, campus buildings shall be provided with Mass

Notification System (MNS). Small buildings may not require MNS; examples include
very small buildings such as pump houses, lawn equipment storage areas, single family
houses on the Hill and similar places. The design team shall coordinate with the campus
AHIJ and determine whether the building under design needs to be provided with MNS.
Only for buildings where it is determined and agreed that MNS is required and that it is
combined with the fire detection and alarm system, all applicable paragraphs in this
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section that refer to MNS shall apply. For buildings where it is determined and agreed
that MNS is not required, none of the paragraphs that refer to MNS shall apply. Where
the MNS is independent of the fire detection and alarm system, please refer to applicable
codes and standards, instead of using this section.

A. New Buildings MNS:

1.

2.
3.

All new buildings where a fire alarm control panel is required are to be
provided with a combination Fire Alarm/Mass Notification System.
Speakers, instead of horns are to be used.

The system is to be installed in full compliance with the adopted
edition of the National Fire Protection Association (NFPA) pamphlet
no.72, National Fire Alarm Code.

The system is to be designed and installed such that announcements can
be made for other emergencies on campus. The new or modified fire
alarm control panel shall be capable of receiving audio inputs for
announcements over the systems speakers. The panel shall be
configured and programmed so that these inputs are a higher priority
than a fire alarm (i.e., the audio inputs will override a current or
pending fire alarm announcement).

The system is to be designed and installed such that campus emergency
announcements can be made using a microphone at the fire alarm
control panel and using microphones from two remote campus
buildings, e.g., possibly University of Colorado Police Department
(CUPD) and the Service Center.

The combination systems need to be tested and maintained by CU
personnel in accordance with the testing and maintenance procedures
and frequencies required by NFPA-72. If in-house maintenance and
testing expertise are not available, outside agencies need to be hired to
ensure compliance with testing and maintenance requirements.
Currently, CU Dispatch can use a dial-in system to access the public
address system of several campus buildings. As an intermediate
measure, all new systems should have this feature, allowing CUPD
dispatch to communicate with the occupants via a dial-in connection.
However, in the long term, the objective is to provide CUPD dispatch
with a control panel which would allow the CUPD dispatch to readily
select any number of buildings (that have a Public Address system) for
announcements. The details of this long term plan will be established
by an outside consultant.

Speakers shall be provided in compliance with the Emergency
Voice/Alarm Communications system from NFPA 72.

For emergency voice/alarm communication systems, contractor shall
perform intelligibility testing for the building. All large and/or
complicated spaces and a random sample of reraining areas shall be
tested. Testing shall be performed in accordance with Annex B, Clause
B1, of IEC 60849. The system is to exceed the equivalent of a common
intetligibility scale (CIS) score of 0.70. Alternatively, the use of
subject-based tests methods as described in ANSI S3.2, Method for
Measuring the Intelligibility of Speech Over Communication Systems,
may be used if pre-approved by the University and detail testing
procedures are provided.

Interior emergency voice/alarm systems shall have speakers installed in
accordance with NFPA 72, Speakers are to be provided with integral
strobe visual alarm where appropriate. Mounting of all devices shall
comply with ADA requirements. Speakers shall be designed and
installed to provide voice intelligibility throughout all areas of the

UNIVERSITY OF COLORADO THEATRE ADA ADDTION- 080320 16720-3



SECTION 16720

FIRE ALARM AND DETECTION SYSTEMS

building. Areas where voice intelligibility cannot be provided due to
high ambient noise levels (e.g., mechanical spaces) shall be separately
evaluated by the Engineer to determine appropriate design
requirements. Engineers are encouraged to use an acoustical program
(e.g., EASE from Renkus-Heinz or Modeler from Bose) to determine
speaker layout for large and/or complicated spaces. Provide Wheelock
E70/E90 or ETT0/ET90 series speakers or as approved by the
University.

B Existing Buildings MNS: The fire alarm system construction activities in
existing buildings fall under three categories as explained below.

1.

2.

1.05 Submittals

Fire alarm system replacements: The new system is to comply with the
requirements for new buildings (see section #3 above).

Fire alarm major upgrades: If feasible, the upgraded system is to
comply with the requirements for new buildings (see section #3 above).
Feasibility is to be determined by the project administrator and FLS. At
a minimum, all new Fire Alarm Control Panels (FACP) and devices
added are required to be compatible with a combination Fire
Alarm/Public Address System so that the system is more readily
convertible to a Combination system during future upgrades.

Fire alarm system minor upgrades: Compliance with new building
requirements, listed under item I above, is not required. If feasible, all
new panels and devices added are to be compatible with a combination
Fire Alarm/Public Address System so that the system will be readily
convertible to a Combination system during future upgrades

A. Shop drawings must be submitted within 30 days after award of contract and
shall include the following:

L. Locations of alarm initiating and notification appliances

2. Alarm control equipment

3. Annunciation

4. One line diagram for the complete system including device addresses
and room numbers

5. Power connections

6. Battery calculations

7. Network connections

8. Voltage drop calculations

9. Manufacturer’s model numbers, and listing information for equipment,
devices and material

10. The interface of fire control functions and sequence of operations

1. UCB wiring installation guide

12. Graphic Command Center (GCC) graphic screens

B. Operations and maintenance manuals (O&M’s) shall be submitted within 30

days of the final accepted fire alarm test and shall contain:

i.

v

Four sets of complete as-built drawing the same size as the original
drawings and two CAD disk containing all items of “A” above
corrected to include all shop drawing comments and reflect actual
space installation. The CAD drawings shall be based on campus CAD
standards available from the Facilities Management CAD office
Complete schematic and interconnection wiring diagrams, internal and
external, including junction box wiring with all terminal strip and wire
numbers
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1.06

PART H.

2.01

2.02

2.03

3. Parts list including complete parts price list and recommended spare
parts list
Delivery, Storage, and Handling

A. Store fire alarm equipment in a clean dry place. Protect from weather, dirt,
fumes, water, construction debris, and physical damage

B. Do not install damaged equipment or components; replace with new
Products

Manufacture

Al All fire alarm equipment shall be supplied by one representative. All equipment
and wiring configurations shall be reviewed and approved by the AHJ and the
Owner. Equipment shall be:

1. Simplex

B. All fire alarm equipment shall be compatible with the campus fire alarm systems
and networks.

C. The manufacturer’s representative and service agency supplying the equipment
must have factory authorized 24 hour on- call service departments and a
complete stock of spare parts. Agencies must be located within a 50-mile radius
of the campus. Response time must be guaranteed within 24 hours of
notification.

Addressable Communication

A. The fire alarm system shall provide communication with individual initiating
and control devices, annunciated at the FACP

B. All addressable devices shall have the capability of being individually disabled
and enabled by the FACP

C. Fire alarm systems that require factory reprogramming to add or delete devices
are not acceptable

The use of jumpers to set the address shall not be acceptable
E. Device identification that rely on electrical position along the communication

lines and do not use unique addresses shall not be acceptable

Fire System Devices

A. Manual Pull Stations:
L. Manual, non- coded, single action flush or surface mounted as specified
2. An indication of operation shall be visible until the device has been
manually reset
3. Problem areas such as spaces for theatrical, sporting, or seminar events,

etc. shall utilize dual action break glass type pull station. In
dormitories, and other areas susceptible to nuisance alarms, provide a
clear shielded enclosure with a battery operated sounder

B. Heat Sensors:

I All heat sensors shall be of the addressable type unless environmental
conditions prohibit their use. 1f non restorable detectors are used, an
addressable module shall be located in an area not subject to the
adverse environment
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2. Rate of rise detectors will be used with UCB permission only. Fire
alarm reset shall be required to restore a rate of rise detector to normal

Smoke Detectors:

I. Smoke detectors shall be analog and capable of alarm verification

2. Smoke detectors shall have environmental compensation and provide a
trouble at the FACP when the sensor’s value reaches a predetermined
value

3. Smoke detector/control unit shall be arranged so that the detector
causes a signal at the control unit when its sensitivity 18 outside its
listed range

Duct detectors shall have duct sampling tubes, remote indicator and test switch.
Units shall be able to reset at the FACP

Horns used in sensitive amimal research areas shall be Silentone MKI] or AHJ
approved equal

All signaling devices shall be simplex or wheelock

PART III. Execution

3.01 Identification

A.
B.

C.

All new and reused junction boxes shall be painted red and labeled “Fire Alarm”

All conductors shall be numbered and their numbers shall correspond to the
terminal block numbering they are connected to

Device labeling:

1. All initiating and notification devices shall be labeled with the
appropriate circuit number(s)
2. Labels shall be 3/8” high lettering, black on clear background

3.02 Installation of Basic Wiring Systems

A.

G.

All cable and wiring shall be installed in conduit by a Colorado licensed
electrician and in compliance with Division 16

All wiring shall be in conduit
Provide basic wiring materials that comply with Division 16.

1. Use only copper conductors

2. Provide conductors which are UL listed for installation and location,
and approved for fire alarm use

3, Wire color and size shall be per the University Standards, see
attachment “Installation Guidelines”. If inconsistent with the existing
building fire alarm wiring, the contractor shall match the existing wire
colors and note it on the as-buiit drawings

Install wire and cables in accordance with the manufacturer’s requirements and
in compliance to NEC.

All junction boxes 8”x 8” or larger shall be provided with numbered terminal
strips with all wires numbered and landed on corresponding terminals. One
conductor per terminal

Only one extension ring is allowed on a 47x 4" box

Provide a %" conduit from the FACP to the building main telephone room for
the campus fire alarm network connection. Run 4 multimode fiber strands or 4
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copper conductors between the FACP and the fire alarm network. Verify the
connection type with UCB personnel prior to installation

H. All riser conduits shall be a minimum 17 to 8”x 8" minimum junction boxes
L Contractor shall not pull wire through existing raceways with live circuits
without prior CU approval
3.03 Installation of Fire Alarm Systems
A. All outside bells, horns, and strobes shall be installed a minimum of 10°0” above
finished grade
B. All outside audible appliances shall have an audible level no less than 90db at
10°
C. All conduit and boxes within 6’0" of tamper and water flow switches shall be
watertight
D. All Remote test switches shall be located in common areas at a height of 7°0”
above finished floor
3.04 Fire Alarm Network
A. Graphic Command Center
1. All additions and/or changes to the fire alarm system shall be updated
at the supervising station and all appropriate (as determined by
Facilities Operations Fire Systems Group) graphic command centers to
include graphic screens
2. All new or updated FACP’s shall use fiber optics to tie into the campus
fire alarm network
3.05 Field Quality Control
A. Make all connection to the control equipment under UCB personnel or
manufacturer’s supervision
B. Notify the University Fire Systems Group a minimum of 2 days prior to any
interruption or modification of any existing fire alarm system for scheduling of
work (303-492-0791)
C. Final Acceptance Testing:

1. Before the final test, the contractor shall perform a complete system
check with the manufacturer’s representative present. This test shall be
completed without the involvement of the Owner. The test of the fire
alarm system, initiating devices, notification appliances, and all
functions of the FACP shall comply with NFPA 72. This
“preliminary” test shall be documented as to what was tested and the
test procedures used. This test documentation, NFPA 72 Record of
Completion, and the attached Fire Alarm Application for Final
Accepiance Test shall be submitted to the Owner prior to scheduling a
final test

As a final test, the contractor and a manufacturer’s representative shall
demonstrate to the design engineer and the Owner’s representative that
the system is in full operation status. This demonstration shall include
testing 100% of the devices and/or the systems as directed by the
design engineer and witnessed by the Owner’s representative. The
contractor shall furnish all test equipment necessary to complete the
testing. In cases where a system was remodeled or added to, all new

2
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devices shall be 100% tested and a representative quantity of existing
devices, as determined by the Owner’s representative, shall be re-tested
to ensure proper operation of the system.

3.06 Warranty

A. The contractor shall guarantee all equipment and wiring free from inherent
mechanical and electrical defects for a period of 1 year from the date of
acceptance as set forth in the general conditions

3.07 Operating and Maintenance Instruction

A. Conduct instruction to the Owner’s representative on all normal maintenance
and trouble shooting procedures down to circuit board level of equipment
included in contract (minimuim of eight hours per new system, one to four hours
as required for remodeled systems)

B. For major projects, when needed by the Fire Systems Group, provide one week,
minimum forty hours, of factory training (component and programming) for
University technicians. Training may be either at the factory or in the
Denver/Boulder area. Training shall include transportation, lodging, and one
meal a day for one technician

C. Failure to comply with all contractual obligations resulting in costs incurred by
the University shall result in those costs being transferred to the appropriate
contractor for payment

D. Contractor shall be financially responsible for all fees to the University by the
Boulder Fire Department, and all lost research due to false alarms

3.08 Fire Watch and Shut Down Requirements
A. Fire Alarm Shut Down
1. Except for replacement of control equipment, at no time during

construction should the entire fire alarm system be disabled where the
notification devices are not functioning

2. If the fire alarm system is out of service, fire watches shall be posted in
accordance with UCB procedures. See requirements at
http://fm.colorado.edu/firesafety/constructionpolicies.html

3.09 Painting and Patching

Al Contractor shall paint exposed conduit to match adjacent surfaces. All surfaces
or finishes damaged as a result of work shall be properly patched, painted,
and/or repaired by trained craftsmen of the trade involved
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SECTION 16720 FIRE ALARM AND DETECTION SYSTEMS

Installation Guidelines

HYALL WIRE IS SOLID COPPER* 4

CIRCUIT TYPE COLORS SIZE

| FIRE ALARM ZONES RED + BLACK - 14 THHN ]
| MAPNET 1 RED + BLACK - ] 13TWISTED SHIELDED |
[LCOMMUNICATION LDNE QMRVIPLEX OR LCD) | RED ~BLACK - ] 12 TWISTED SHIELDED |
| ALDIO RISER (VERTICAL RUNS) | RED+BLACK - | 12 TWISTED SHIELDED |

HORNS RED+'BLACK- #14 THHN JACKETED CABLE

(2 CONDUCTOR)

| STROBES (VISUALS) | YELLOW +BROWN - 1 14 THIR ]
| SPEAKERS (HORIZONTAL RUNS) | RED ~BLACK - ] 14 TWISTED SHIELDED |

14 VOLT DC POWER WHITE+BLACK - 14 THEN

DOOR HOLDERS (24 VOLTS DO BLUE +-WHITE - 14 THHN

REMOTE TEST SWITCHES WHITE 'WHITE 16 THEN

REMOTE LIGHTS RED +BLACK - 16 THHEN

FAM CONTROLS GRAY(RAC)PRIK(N O 14 THHN

ORANGE(COMMOYN)

DAMPER CONTROLS SAME AS FANS 14 THIM

REMOTE FIRE FIGHTERS RESET BLUE'BLUE #18

REMOTE FIRE FIGHTERS SIGNAL SILENCE WHITE\WHITE £18

REMOTE FIRE FIGHTERS TROUBLE LIGHT YELLOW #18

REMOTE FIRE FIGHTERS ALARM LIGHT RED #18

REMOTE FIRE FIGHTER LAMP COMMON BLACK %18

FIRE ALARM RETWORK CONNECTIONS RED AND BLACK 16 TWISTED SHIELDED

(2 CABLES REQUIRED)

ELEVATOR RECALL PRIMARY PURPLEPURPLE 16 THEN

ELEVATOR EECALL ALTERNATE SILVERSILVER, 16 TEHN

SHUNT TRIP (#12 CONDUCTORS FOR 120 VAQ WHITEBLACK 14 THEN

*Al winng sizes indicated are minunum

END OF SECTION 16720
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SECTION 312000 EARTH MOVING

SECTION 312000 - EARTH MOVING

PART I - GENERAL

1.1

1.2

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary Conditions and
Division 01 Specification Sections, apply to this Section.

SUMMARY
Section Includes:

Preparing subgrades for slabs-on-grade, walks, pavements, turf and grasses and plants.
Excavating and backfilling for buildings and structures.

Subbase course for concrete walks, pavements.

Subbase course and base course for asphalt paving.

Subsurface drainage backfill for walls and trenches.

R R —

Related Sections:

I. Division 01 Section "Construction Progress Documentation, Photographic Documentation” for
recording preexcavation and earth moving progress.

2. Division 01 Section "Temporary Facilities and Controls”" for temporary controls, utilities, and
support facilities; also for temporary site fencing if not in another Section.

3. Division 03 Section "Cast-in-Place Concrete" for granular course if placed over vapor retarder and

beneath the slab-on-grade.
4, Divisions 21, 22, 23, 26, 27, 28, and 33 Sections for installing underground mechanical and
electrical utilities and buried mechanical and electrical structures.

UNIT PRICES

Work of this Section is affected by unit prices for earth moving specified in Division 01 Section "Unit
Prices."

Quantity allowances for earth moving are included in Division 01 Section "Allowances."

Rock Measurement:  Volume of rock actually removed, measured in original position, but not to exceed
the following. Unit prices for rock excavation include replacement with approved materials.

I 24 inches (600 mm) outside of concrete forms other than at footings.

2 12 inches (300 mm) outside of concrete forms at footings.

3. 6 inches (150 mm) outside of minimum required dimensions of concrete cast against grade.

4 Outside dimensions of concrete walls indicated to be cast against rock without forms or exterior

waterproofing treatments.

6 inches (150 mm) beneath bottom of concrete slabs-on-grade.

6. 6 inches (150 mm) beneath pipe in trenches, and the greater of 24 inches (600 mm) wider than
pipe or 42 inches (1065 mm) wide.

wn

UNIVERSITY OF COLORADO THEATRE ADA ADDITION - 080320 312000 -1



SECTION 312000 EARTH MOVING

1.4

DEFINITIONS

Backfill: Soil material or controlled low-strength material used to fill an excavation.

| Initial Backfill: Backfill placed beside and over pipe in a trench, including haunches to support
sides of pipe.

2. Final Backfill: Backfill placed over initial backfill to fill a trench.

Base Course: Aggregate layer placed between the subbase course and hot-mix asphalt paving.

Bedding Course: Aggregate layer placed over the excavated subgrade in a trench before laying pipe.

Borrow Soil: Satisfactory soil imported from off-site for use as fill or backfill.

Drainage Course: Aggregate layer supporting the slab-on-grade that also minimizes upward capillary
flow of pore water.

Excavation: Removal of material encountered above subgrade elevations and to lines and dimensions
indicated.

1. Authorized Additional Excavation: Excavation below subgrade elevations or beyond indicated
lines and dimensions as directed by Architect. Authorized additional excavation and replacement
material will be paid for according to Contract provisions for changes in the Work.

2. Bulk Excavation: Excavation more than 10 feet (3 m) in width and more than 30 feet (9 m) in
length.
3. Unauthorized Excavation: Excavation below subgrade elevations or beyond indicated lines and

dimensions without direction by Architect. Unauthorized excavation, as well as remedial work
directed by Architect, shall be without additional compensation.

Fill: Soil materials used to raise existing grades.

Rock: Rock material in beds, ledges, unstratified masses, conglomerate deposits, and boulders of rock
material that exceed 1 cu. yd. (0.76 cu. m) for bulk excavation or 3/4 cu. yd. (0.57 cu. m) for footing,
trench, and pit excavation that cannot be removed by rock excavating equipment equivalent to the
following in size and performance ratings, without systematic drilling, ram hammering, ripping, or
blasting, when permitted:

1. Excavation of Footings, Trenches, and Pits: Late-model, track-mounted hydraulic excavator;
equipped with a 42-inch- (1065-mm-) wide, maximum, short-tip-radius rock bucket; rated at not
less than 138-hp (103-kW) flywheel power with bucket-curling force of not less than 28,700 Ibf
(128 kN) and stick-crowd force of not less than 18,400 Ibf (82 kN) with extra-long reach boom;
measured according to SAE J-1179.

2. Bulk Excavation: Late-model, track-mounted loader; rated at not less than 230-hp (172-kW)
flywheel power and developing a minimum of 47,992-Ibf (213.3-kN) breakout force with a
general-purpose bare bucket; measured according to SAE J-732.

Structures: Buildings, footings, foundations, retaining walls, slabs, tanks, curbs, mechanical and
electrical appurtenances, or other man-made stationary features constructed above or below the ground
surface.

Subbase Course: Aggregate layer placed between the subgrade and base course for hot-mix asphalt
pavement, or aggregate layer placed between the subgrade and a cement concrete pavement or a cement
concrete or hot-mix asphalt walk.
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SECTION 312000 EARTH MOVING

K. Subgrade: Uppermost surface of an excavation or the top surface of a fill or backfill immediately below
subbase, drainage fill, drainage course, or topsoil materials.

L. Utilities: On-site underground pipes, conduits, ducts, and cables, as well as underground services within

buildings.
1.5 SUBMITTALS

A. Product Data: For each type of the following manufactured products required:
I Geotextiles.
2. Controlled low-strength material, including design mixture.
3. Warning tapes.

B. Samples for Verification: For the following products, in sizes indicated below:

1. Geotextile: 12 by 12 inches (300 by 300 mm).
2. Warning Tape: 12 inches (300 mm) long; of each color.

C. Qualification Data: For qualified testing agency.
D. Material Test Reports: For each on-site and borrow soil material proposed for fill and backfill as follows:

1. Classification according to ASTM D 2487,
2. Laboratory compaction curve according to ASTM D 698, ASTM D 1557.

E. Blasting plan: Blasting will not be allowed.

F. Preexcavation Photographs or Videotape: Show existing conditions of adjoining construction and site
improvements, including finish surfaces, that might be misconstrued as damage caused by earth moving
operations. Submit before earth moving begins.

1.6 QUALITY ASSURANCE

A. Geotechnical Testing Agency Qualifications: Qualified according to ASTM E 329 and ASTM D 3740
for testing indicated.

B. Preexcavation Conference: Conduct conference at Project site.
1.7 PROJECT CONDITIONS
Al Traffic: Minimize interference with adjoining roads, streets, walks, and other adjacent occupied or used

facilities during earth moving operations.

I. Do net close or obstruct streets, walks, or other adjacent occupied or used facilities without
permission from Owner and authorities having jurisdiction.

2. Provide alternate routes around closed or obstructed traffic ways if required by Owner or
authorities having jurisdiction.

B. Improvements on Adjoining Property: Authority for performing earth moving indicated on property
adjoining Owner's property will be obtained by Owner before award of Contract.
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SECTION 312000 EARTH MOVING

I Do not proceed with work on adjoining property until directed by Architect.

Utility Locator Service: Notify utility locator service for area where Project is located before beginning
earth moving operations.

Do not commence earth moving operations until temporary erosion- and sedimentation-control measures,
specified in Division 01 Section "Temporary Facilities and Controls," are in place.

Do not commence earth moving operations until plant-protection measures specified in Division 01
Section "Temporary Tree and Plant Protection” are in place.

The following practices are prohibited within protection zones:

Storage of construction materials, debris, or excavated material.

Parking vehicles or equipment.

Foot traffic.

Erection of sheds or structures.

Impoundment of water.

Excavation or other digging unless otherwise indicated.

Attachment of signs to or wrapping materials around trees or plants unless otherwise indicated.

Nk W -

Do not direct vehicle or equipment exhaust towards protection zones.

Prohibit heat sources, flames, ignition sources, and smoking within or near protection zones.

PART 2 - PRODUCTS

2.1

G.

H.

SOIL MATERIALS

General: Provide borrow soil materials when sufficient satisfactory soil materials are not available from
excavations.

Satisfactory Soils:  Soil Classification Groups GW, GP, GM, SW, SP, and SM according to
ASTM D 2487, or a combination of these groups; free of rock or gravel larger than | %2 inches in any
dimension, debris, waste, frozen materials, vegetation, and other deleterious matter.

Unsatisfactory Soils: All other soils.

Base Course: Naturally or artificially graded mixture of natural or crushed gravel, crushed stone, and
natural or crushed sand: ASTM D 2940; with at least 95 percent passing a 1-1/2-inch (37.5-mm) sieve
and not more than 8 percent passing a No. 200 (0.075-mm) sieve.

Engincered Fill: Naturally or artificially graded mixture of natural or crushed gravel, crushed stone, and
natural or crushed sand; ASTM D 2940; with at least 90 percent passing a 1-1/2-inch (37.5-mm} sieve
and not more than 12 percent passing a No. 200 (0.075-mm) sieve.

Bedding Course: Naturally or artificially graded mixture of natural or crushed gravel, crushed stone, and
natural or crushed sand; ASTM D 2940; except with 100 percent passing a I-inch (25-mm) sieve and not
more than & percent passing a No. 200 (0.075-mmn) sieve.

Sand: ASTM C 33; fine aggregate.

Impervious Fill: Clayey gravel and sand mixture capable of compacting to a dense state.
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SECTION 312000 EARTH MOVING

22 GEOTEXTILES

A. Separation Geotextile: Woven geotextile fabric, manufactured for separation applications, made from
polyolefins or polyesters; with elongation less than 50 percent; complying with AASHTO M 288 and the
following, measured per test methods referenced:

Survivability: Class 2; AASHTO M 288.

Grab Tensile Strength: 247 Ibf (1100 N); ASTM D 4632.

Sewn Seam Strength: 222 Ibf (990 N); ASTM D 4632,

Tear Strength: 90 [bf (400 N); ASTM D 4533.

Puncture Strength: 90 Ibf (400 N); ASTM D 4833,

Apparent Opening Size: No. 60 (0.250-mm) sieve, maximum; ASTM D 4751.
Permittivity: 0.02 per second, minimum; ASTM D 4491.

UV Stability: 50 percent after 500 hours’ exposure; ASTM D 4355,

NI B D

2.3 CONTROLLED LOW-STRENGTH MATERIAL

A. Controlled Low-Strength Material: Self-compacting, low-density, flowable concrete material produced
from the following:

1. Portland Cement: ASTM C 150, Type I Type 1l or Type L.
2. Fly Ash: ASTM C 618, Class C or F.
3. Normal-Weight Aggregate: ASTM C 33, 3/4-inch (19-mm) nominal maximum aggregate size.
4. Foaming Agent: ASTM C 869.
5. Water: ASTM C 94/C 94M.
6. Air-Entraining Admixture: ASTM C 260.

24 ACCESSORIES

A. Warning Tape: Acid- and alkali-resistant, polyethylene film warning tape manufactured for marking and

identifying underground utilities, 6 inches (150 mm) wide and 4 mils (0.1 mm) thick, continuously
inscribed with a description of the utility; colored as follows:

1. Red: Electric.
2. Yellow: Gas, oil, steam, and dangerous materials.
3. Orange: Telephone and other communications.
4. Blue: Water systems.
5. Green: Sewer systems.
B. Detectable Warning Tape: Acid- and alkali-resistant, polyethylene film warning tape manufactured for

marking and identifying underground utilities, a minimum of 6 inches (150 mm) wide and 4 mils (0.1
mm) thick, continuously inscribed with a description of the utility, with metallic core encased in a
protective jacket for corrosion protection, detectable by metal detector when tape is buried up to 30
inches (750 mm) deep; colored as follows:

Red: Electric.

Yellow: Gas, oil, steam, and dangerous materials.
Orange: Telephone and other communications.
Blue: Water systems.

Green: Sewer systems.

A S e
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SECTION 312000 EARTH MOVING

PART 3 - EXECUTION

3.1

33

PREPARATION

Protect structures, utilities, sidewalks, pavements, and other facilities from damage caused by settlement,
lateral movement, undermining, washout, and other hazards created by earth moving operations.

Protect and maintain erosion and sedimentation controls during earth moving operations.

Protect subgrades and foundation soils from freezing temperatures and frost. Remove temporary
protection before placing subsequent materials.

DEWATERING

Prevent surface water and ground water from entering excavations, from ponding on prepared subgrades,
and from flooding Project site and surrounding area.

Protect subgrades from softening, undermining, washout, and damage by rain or water accumulation.

I Reroute surface water runoff away from excavated areas. Do not allow water to accumulate in
excavations, Do not use excavated trenches as temporary drainage ditches.

EXCAVATION, GENERAL

Unclassified Excavation: Excavate to subgrade elevations regardless of the character of surface and
subsurface conditions encountered. Unclassified excavated materials may include rock, soil materials,
and obstructions. No changes in the Contract Sum or the Contract Time will be authorized for rock
excavation or removal of obstructions.

1. If excavated materials intended for fill and backfill include unsatisfactory soil materials and rock,
replace with satisfactory soil materials.

2. Remove rock to lines and grades indicated to permit installation of permanent construction
without exceeding the following dimensions:
a. 12 inches (300 mm) outside of concrete forms at footings.
b. 6 inches (150 mm) outside of minimum required dimensions of concrete cast against grade.
c. Outside dimensions of concrete walls indicated to be cast against rock without forms or

exterior waterproofing treatments.
. 6 inches (150 mm) beneath bottom of concrete slabs-on-grade.
e. 6 inches (150 mm) beneath pipe in trenches, and the greater of 24 inches (600 mm) wider
than pipe or 42 inches (1065 mm) wide.

Classified Excavation: Excavate to subgrade elevations. Material to be excavated will be classified as
earth and rock. Do not excavate rock until it has been classified and cross sectioned by Architect. The
Contract Sum will be adjusted for rock excavation according to unit prices included in the Contract
Documents. Changes in the Contract Time may be authorized for rock excavation.

1. Earth excavation includes excavating pavements and obstructions visible on surface; underground
structures, utilities, and other items indicated to be removed, together with soil, boulders, and
other materials not classified as rock or unauthorized excavation.

a. Intermittent drilling; blasting, if permitted; ram hammering; or ripping of material not
classified as rock excavation is earth excavation.
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SECTION 3120600 EARTH MOVING

2. Rock excavation includes removal and disposal of rock. Remove rock to lines and subgrade
elevations indicated to permit installation of permanent construction without exceeding the
dimensions per Section 3.4.

34 EXCAVATION FOR STRUCTURES

A. Excavate to indicated elevations and dimensions within a tolerance of plus or minus | inch (25 mm). If
applicable, extend excavations a sufficient distance from structures for placing and removing concrete
formwork, for installing services and other construction, and for inspections.

1. Excavations for Footings and Foundations: Do not disturb bottom of excavation. Excavate by
hand to final grade just before placing concrete reinforcement. Trim bottoms to required lines and
grades to leave solid base to receive other work.

B. Excavations at Edges of Tree- and Plant-Protection Zones:
1. Excavate by hand to indicated lines, cross sections, elevations, and subgrades. Use narrow-tine

spading forks to comb soil and expose roots. Do not break, tear, or chop exposed roots. Do not
use mechanical equipment that rips, tears, or pulls roots.

2. Cut and protect roots according to requirements in Division 01 Section "Temporary Tree and Plant
Protection.”
3.5 EXCAVATION FOR WALKS AND PAVEMENTS
A. Excavate surfaces under walks and pavements to indicated lines, cross sections, elevations, and
subgrades.
3.6 EXCAVATION FOR UTILITY TRENCHES
A. Excavate trenches to indicated gradients, lines, depths, and elevations.
1. Beyond building perimeter, excavate trenches to allow installation of top of pipe below frost line.
B. Trench Bottoms: Excavate and shape trench bottoms to provide uniform bearing and support of pipes

and conduit. Shape subgrade to provide continuous support for bells, joints, and barrels of pipes and for
Joints, fittings, and bodies of conduits. Remove projecting stones and sharp objects along trench
subgrade.

C. Trench Bottoms: Excavate trenches 4 inches (100 mm) deeper than bottom of pipe and conduit
elevations to allow for bedding course. Hand-excavate deeper for bells of pipe.

I. Excavate trenches 6 inches (150 mm) deeper than elevation required in rock or other unyielding
bearing material to allow for bedding course.

D. Trenches in Tree- and Plant-Protection Zones:

1. Hand-excavate to indicated lines, cross sections, elevations, and subgrades. Use narrow-tine
spading forks to comb soil and expose roots. Do not break, tear, or chop exposed roots. Do not
use mechanical equipment that rips, tears, or pulls roots.

Do not cut main lateral roots or taproots; cut only smaller roots that interfere with installation of
utilities,

]
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3.7

38

3.9

3.10

3. Cut and protect roots according to requirements i Division 01 Section "Temporary Tree and Plant
Protection.”

SUBGRADE INSPECTION

Notify Architect when excavations have reached required subgrade.

If Architect determines that unsatisfactory soil is present, continue excavation and replace with
compacted backfill or fill material as directed.

Proof-roll subgrade below the building slabs and pavements with a pneumatic-tired and loaded 10-wheel,
tandem-axle dump truck weighing not less than 15 tons (13.6 tonnes) to identify soft pockets and areas of
excess yielding. Do not proof-roll wet or saturated subgrades.

1. Completely proof-roll subgrade in one direction, repeating proof-rolling in direction perpendicular
to first direction. Limit vehicle speed to 3 mph (5 knvh).
2. Excavate soft spots, unsatisfactory soils, and areas of excessive pumping or rutting, as determined

by Architect, and replace with compacted backfill or fill as directed.

Authorized additional excavation and replacement material will be paid for according to Contract
provisions for unit prices, changes in the Work.

Reconstruct subgrades damaged by freezing temperatures, frost, rain, accumulated water, or construction
activities, as directed by Architect, without additional compensation.

UNAUTHORIZED EXCAVATION

Fill unauthorized excavation under foundations or wall footings by extending bottom elevation of
concrete foundation or footing to excavation bottom, without altering top elevation. Lean concrete fill,

with 28-day compressive strength of 2500 psi (17.2 MPa), may be used when approved by Architect.

1. Fill unauthorized excavations under other construction, pipe, or conduit as directed by Architect.

STORAGE OF SOIL MATERIALS

Stockpile borrow soil materials and excavated satisfactory soil materials without intermixing. Place,
grade, and shape stockpiles to drain surface water. Cover to prevent windblown dust.

I. Stockpile soil materials away from edge of excavations. Do not store within drip line of
remaining trees.

BACKFILL
Place and compact backfill in excavations promptly, but not before completing the following:

1. Construction below finish grade including, where applicable, subdrainage, dampproofing,
waterproofing, and perimeter insulation.

Surveying locations of underground utilities for Record Documents.

Testing and inspecting underground utilities.

Removing concrete formwork.

Removing trash and debris.

A
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3.1

H.

312

3.13

6. Removing temporary shoring and bracing, and sheeting,
7. Installing permanent or temporary horizontal bracing on horizontally supported walls.

Place backfill on subgrades free of mud, frost, snow, or ice.

UTILITY TRENCH BACKFILL

Place backfill on subgrades free of mud, frost, snow, or ice.

Place and compact bedding course on trench bottoms and where indicated. Shape bedding course to
provide continuous support for bells, joints, and barrels of pipes and for joints, fittings, and bodies of
conduits.

Trenches under Footings: Backfill trenches excavated under footings and within 18 inches (450 mm) of
bottom of footings with satisfactory soil; fill with concrete to elevation of bottom of footings. Concrete is
specified in Division 03 Section "Cast-in-Place Concrete."

Backfill voids with satisfactory soil while removing shoring and bracing.

Place and compact initial backfill of satisfactory soil, free of particles larger than 1 inch (25 mm) in any
dimension final subgrade.

Controlled Low-Strength Material: Place initial backfill of controlled low-strength material to a height of
12 inches (300 mm) over the pipe or conduit. Coordinate backfilling with utilities testing.

Controlled Low-Strength Material: Place final backfill of controlled low-strength material to final
subgrade elevation.

Install warning tape directly above utilities, 12 inches (300 mm) below finished grade, except 6 inches
(150 mm) below subgrade under pavements and slabs.
SOIL FILL

Plow, scarify, bench, or break up sloped surfaces steeper than 1 vertical to 4 horizontal so fill material
will bond with existing material.

Place and compact fill material in layers to required elevations as follows:

1. Under grass and planted areas, use satisfactory soil material.
2. Under walks and pavements, use satisfactory soil material.
3. Under footings and foundations, use engineered fill.

Place soil fill on subgrades free of mud, frost, snow, or ice.

SOIL MOISTURE CONTROL

Uniformly moisten or aerate subgrade and each subsequent filf or backfill soil layer before compaction to
within 2 percent of optimum mwoisture content.

| Do not place backfill or fill soil material on surfaces that are muddy, frozen, or contain frost or ice.
2. Remove and replace, or scarify and air dry, otherwise satisfactory soil material that exceeds
optimum moisture content by 2 percent and is too wet to compact to specified dry unit weight.
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3.14 COMPACTION OF SOIL BACKFILLS AND FILLS

A. Place backfill and fill soil materials in layers not more than 8 inches (200 mm) in loose depth for material
compacted by heavy compaction equipment, and not more than 4 inches (100 mm) in loose depth for
material compacted by hand-operated tampers.

B. Place backfill and fill soil materials evenly on all sides of structures to required elevations, and uniformly
along the full length of each structure,

C. Compact soil materials to not less than the following percentages of maximum dry unit weight according
to ASTM D 698:

1. Under structures, building slabs, steps, and pavements, scarify and recompact top 8 inches of
existing subgrade and each layer of backfill or fill soil material at 95 percent.

2. Under walkways, scarify and recompact top 8 inches below subgrade and compact each layer of
backfill or fill soil material at 95 percent.

3. Under turf or unpaved areas, scarify and recompact top 6 inches (150 mm) below subgrade and
compact each layer of backfill or fill soil material at 85 percent.

4. For utility trenches, compact each layer of initial and final backfill soil material at 95 percent.

3.15 GRADING

A General: Uniformly grade areas to a smooth surface, free of irregular surface changes. Comply with
compaction requirements and grade to cross sections, lines, and elevations indicated.

1. Provide a smooth transition between adjacent existing grades and new grades.
2. Cut out soft spots, fill low spots, and trim high spots to comply with required surface tolerances.
B. Site Rough Grading: Slope grades to direct water away from buildings and to prevent ponding. Finish

subgrades to required elevations within the following tolerances:

1. Turf or Unpaved Areas: Plus or minus 1 inch (25 mm).
2. Walks: Plus or minus 1 inch (25 mm).
3. Pavements: Per CDOT Road and Bridge Construction Standards.
C. Grading inside Building Lines: Finish subgrade to a tolerance of 1/2 inch (13 mm) when tested with a

10-foot (3-m) straightedge.

3.16 SUBBASE AND BASE COURSES UNDER PAVEMENTS AND WALKS

A. Place subbase course and base course on subgrades free of mud, frost, snow, or ice.
B. On prepared subgrade, place subbase course and base course under pavements and walks as foliows:
1. Install separation geotextile on prepared subgrade according to manufacturer’s written instructions,

overlapping sides and ends.

2. Place base course material over subbase course under hot-mix asphalt pavement.

3. Shape and base course to required crown elevations and cross-slope grades.

4. Place and base course or less in compacted thickness in a single layer.

5. Place and base course that exceeds 6 inches (150 mm) in compacted thickness in layers of equal

thickness, with no compacted layer more than 6 mches (150 mm) thick or less than 3 inches (75
mm}) thick.
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3.17

3.18

6. Compact and base course at optimum moisture content to required grades, lines, cross sections,
and thickness to not less than 95 percent of maximum dry unit weight according to ASTM D 698.

FIELD QUALITY CONTROL

Testing Agency: Owner will engage a qualified geotechnical engineering testing agency to perform tests
and mspections.

Allow testing agency to inspect and test subgrades and each fill or backfill layer. Proceed with
subsequent earth moving only after test results for previously cormpleted work comply with requirements.

Footing Subgrade: At footing subgrades, at least one test of each soil stratum will be performed to verify
design bearing capacities. Subsequent verification and approval of other footing subgrades may be based
on a visual comparison of subgrade with tested subgrade when approved by Architect.

Testing agency will test compaction of soils in place according to ASTM D 1556, ASTM D 2167,
ASTM D 2922, and ASTM D 2937, as applicable. Tests will be performed at the following locations and
frequencies:

L. Paved and Building Slab Areas: At subgrade and at each compacted fill and backfill layer, at least
one test for every 2000 sq. ft. (186 sq. m) or less of paved area or building slab, but in no case
fewer than three tests.

2. Foundation Wall Backfill: At each compacted backfill layer, at least one test for every 100 feet
(30 m) or less of wall length, but no fewer than two tests.
3. Trench Backfill: At each compacted initial and final backfill layer, at least one test for every 150

feet (46 m) or less of trench length, but no fewer than two tests.

When testing agency reports that subgrades, fills, or backfills have not achieved degree of compaction
specified, scarify and moisten or aerate, or remove and replace soil materials to depth required; recompact
and retest until specified compaction is obtained.

PROTECTION

Protecting Graded Areas: Protect newly graded areas from traffic, freezing, and erosion. Keep free of
trash and debris.

Repair and reestablish grades to specified tolerances where completed or partially completed surfaces
become eroded, rutted, settled, or where they lose compaction due to subsequent construction operations
or weather conditions.

I. Scarify or remove and replace soil material to depth as directed by Architect; reshape and
recompact.

Where settling occurs before Project correction period elapses, remove finished surfacing, backfill with
additional soil material, compact, and reconstruct surfacing.

1. Restore appearance, quality, and condition of finished surfacing to match adjacent work, and
eliminate evidence of restoration to greatest extent possible.
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SECTION 312000 EARTH MOVING
3.19 DISPOSAL OF SURPLUS AND WASTE MATERIALS
A. Remove surplus satisfactory soil and waste materials, including unsatisfactory soil, trash, and debris, and

legally dispose of them off Owner's property.

END OF SECTION 312000
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