SECTION 28 31 00

FIRE ALARM SYSTEM

PART 1 - GENERAL

11 SCOPE

Work described in this Section includes providing all labor, materials, and equipment indicated,
specified, and necessary for complete and operating systems in accordance with SECTION 26 00 00 -
ELECTRICAL GENERAL PROVISIONS.

12 APPLICABLE PARAGRAPHS

Applicable paragraphs of SECTION 26 0500 - ELECTRICAL BASIC MATERIALS AND
METHODS, shall apply to this Section as though repeated herein.

13 FIRE ALARM SYSTEM SUBMITTALS

A. Contractor shall haveacertified firealarminstaller prepare equipment brochures, plan view
and one line schematic shop drawings for the work of this contract.

B. Equipment brochures shall consist of items specified hereinafter and itemsthat are pertinent
to the work. The brochures shall include a sequence of operation, battery calculations, and statement
identifying "type of system". These brochures shall be submitted for review per paragraph 26 0000. Where
remote station monitoring isrequired, brochures shall provide the name of the monitoring company (which
must be Fire Marshal approved).

C. Shop drawings shall indicate sizes, quantities, and typesof conductors, cablesand raceways
and detail s necessary to install the work, to include strobe candela ratings.

D. Contractor shall submit the following to the Architect for Fire Marshal review:
1 Six sets of the reviewed equipment brochures.
2. Six sets of shop drawings and one set of reproducibles.
3. Completed Louisiana State Fire Marshal's plan review form.

4, Check for review fee, if applicable.
E. If additional clarifying details and/or components are required by the Fire Marshal,

Contractor shall prepare the details, provide components, and secure approval at no additional cost to the
Owner. Instalation shall not begin until the Fire Marshal's review is complete.
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F. Operating instructions provided to the Owner shall include submittal brochure, shop
drawings, and bookl et i ncluding device addresses to match shop drawings, and control commandsfor doors,
HVAC, etc.

PART 2 - PRODUCTS

21 FIRE ALARM SYSTEM

A. Contractor shall furnish and install smoke detectors, air-stream smoke detectors, heat
detectors, manual stations, beam detectors, signals, door hold-open devices, monitor modules, control
modules with relays, control panel, DACT, remote annunciator, wiring and raceways, and all other
equipment, whether specifically indicated or not, to provide a complete and operating addressable anal og,
voice notification, non-coded, supervised fire alarm system to meet the requirements of NFPA 72 and all
other applicable Life Safety Codes.

B. Contractor shall provide wiring as recommended by the manufacturer and it shall be
indicated in the point-to-point interconnection drawings that shall be included with the submittals. The
completed installation is to conform to applicable sections of NFPA 72, local and state code requirements
and the National Electrical Code. Entire system shall have battery backup to meet NFPA and local codes
plus 20% spare capacity.

C. Manual stations shall be addressable, double action type, metal or Lexan housing with red
finish on flush outlet box. Where surface mounting is allowed, a full size backbox made specifically for
manual stations shall be used.

D. Smoke detectors shall be photoelectric, low profile, addressable, analog type with base
mounted on flush outl et box. Smoke detectorsshall communicate actual smoke chamber valuestothe system
control panel. Sensors shall be listed to UL 268. Sensors shall be listed as compatible with the control
equipment and shall, in combination with this control equipment, be able to generate sensitivity reports
acceptable to the Authority Having Jurisdiction as automatically meeting NFPA sensitivity testing
requirements. Sensorsshall befully field programmabl efor sensitivity | evel sand indicatewhen maintenance
isrequired. Each sensor base shall contain an LED that will flash each time the detector is scanned. LED
shall aso indicate when the sensor isin alarm. Where surface mounting is allowed, a round backbox that
isslightly larger in diameter than the detector base shall be used.

E. Air-stream smoke detectors shall be addressable anal og detectors. Performance shall be as
described for smoke detectors. A remote test station (with indicator light and keyed test switch on a
single-gang plate to be engraved with associated air unit designation) shall be provided for each air-stream
smoke detector. Each shall bein aflush outlet box at alocation asdirected (generally) in corridor wall near
the detector or at areadily accessible placein the associated mechanical room, unlessalocationisindicated
onthedrawings. Providewiring in raceways from detector(s) to remotetest station (test station shall not be
addressable device with adifferent address than the detector). Provide an addressable control module with
relay at the air handling system associated with each air-stream smoke detector and program the control
module for fan/damper shutdown control resulting from activation of that detector associated with that air
handling system. The control module shall be located within 2' of the starter or control panel. Where not
part of Division 23 work, provide wiring and raceways from control module relays so that each air-stream
smoke detector will provide fan shutdown and, where applicable, closure of smoke damper for only the
associated HV AC system (i.e., other HV AC systemsshall not be controlled by thisair-stream smoke detector
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or by the fire alarm control panel unless indicated otherwise). Air-stream smoke detectors shall be as
follows:

1 Where air-stream to be sensed passesthrough a duct, the air-stream smoke detector
shall be aduct type smoke detector with housing and air sampling tubes. These shall belocated in
accordance with NFPA 72 requirements with exact location to be coordinated with the Division 15
contractor. Multiple duct smoke detectors shall be provided at each location where ducts split into
multiple ducts that cannot be monitored by a single detector.

2. Where air-stream to be sensed does not pass through a duct, the air-stream smoke
detector(s) shall belocated in accordancewith NFPA 72 paragraphs5.14.4.2.2and A.5.14.4.2.2 and
shall be of thetype (and quantity) suitableand UL listed for the application (including air vel ocity).

F. Heat detectors shall be used whereindicated and in lieu of smoke detectors where moisture
will cause the smoke detectors to malfunction. Each shall be addressable and shall be rate-of-rise or fixed
temperaturetype asappropriate. Where used in association with elevator sprinkler heads, they shall befixed
temperaturetypewithtemperaturelower than sprinkler head temperature and one shall belocated withintwo
feet of each head. Where surface mounting is allowed, a round backbox that is dightly larger in diameter
than the detector base shall be used.

G. Beam detectors (transmitters and receivers) shall be photoelectric type with minimum of
three sengitivity settings, normal and alarm LED's, 24V DC, with 180 degree horizontal adjustability and 20
degreevertical adjustability. Provide detectorswith the appropriate beam patternfor each location. Provide
power supplies, monitor modules, etc., as needed.

H. Bases for addressable smoke detectors shall be identical to bases for addressable hest
detectors so that smoke detectors can be changed by simply unplugging the smoke head and pluggingin a
heat head. The system shall automatically recognize the new device and operate on a default program
designed for the new device. The Fire Alarm Control Panel shall automatically be notified of any device
changes and the exact location of these changes.

l. Provide a small permanent label on each addressable device to indicate the address.

J. Audiovisual signal units shall be wall mounted speakers with strobe lights with off-white
plate/housing. Strobelightsshall be xenon flasher, with theword "FIRE" and shall be ADA compatible and
listed to UL 1971. Units shall be mounted on flush outlet boxes. Where surface mounting is allowed, an
off-white full size backbox made specifically for these signal units shall be used. Mounting height to the
bottom of the device lense shall be 80" above the highest floor level within the space. Strobe intensity at
each location shall be selected to meet ADA and NFPA 72. Wherethere are more than two unitsin aspace,
units shall flash in synchronization. Audio unit shall be selected to provide adequate volume at each
location. Speakersshall berated 88.8db at 10' for 2-watt setting; lower wattage settings may be used aslong
as sound levels are sufficient for al occupantsto clearly hear the voice messages (generally 15 db above
ambient).

K. Visual signal units shall be xenon flasher on an off-white plate/housing with the word
"FIRE", shall be ADA compatible, and shall bewall mounted onflush outlet boxes. Where surface mounting
isalowed, an off-white full size backbox made specifically for these signal units shall be used. Mounting
height shall be the same as audiovisual signal units. Strobe intensity at each location shall be selected to
meet ADA and NFPA 72. Where more than two in a space, units shall flash in synchronization.
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L. Provide addressable monitor modules for each sprinkler flow switch, sprinkler valve
supervisory switch, sprinkler pressure switch, fire suppression panel (two for trouble, two for alarm), fire
pump controllers(onefor pump running alarm, onefor phasereversal-troubl e, onefor loss of phase-trouble),
and for other equipment as shown. Provide wiring in raceways from monitor modules to the equipment to
be monitored. Modules shall communicate any change in status to the fire alarm control panel (alarm for
flow switches, fire suppression panels, fire pump controllers and trouble for valve supervisory switches,
pressure switches, fire suppression panels, fire pump controllers).

M. Provide addressable control modules at air handling systems (as hereinbeforeindicated), at
door control panels (quantity as required), and for other equipment as indicated on the drawings. Provide
wiring in raceways from control modules to the equipment to be controlled; observe distance limitations
required in NFPA 72. Provide custom programming as required.

N. Provide connectionto door hold-open devicesfurnished under other Divisions. Providewall
mounted magnetic door hold-open devicesin flush outlet boxes. Provide control modulesor, if permitted by
code, door control from fire alarm control panel.

O. Firealarm control panel shall be Notifier NFS-2-640 series, or Edwards System Technol ogy
EST-3 series, flush mounted with battery backup (including charger, transfer switch, and batteries, with
24-hour capacity in standby mode and 5-minute capacity in alarm mode (15 minute capacity in voice alarm
mode) mi croprocessor based monitoring and control, 80 character L CD display, 400 event historical logging,
point selectable alarm verification feature (alarm verification shall not be programmed at this time),
dedicated supervisory serviceindicator, acknowledgetroublesilencereminder (timeinterval and signal type
to be programmable to suit Owner), interface addressabl e devices (equipped with hardware for 159 analog
points and 159 monitor/control points. Firealarm control panel shall include avoice communication center
(in the control panel cabinet) with audio control board, audio amplifiers (sized for all speakers
simultaneously plus 50 percent, minimum), voice zone sel ector switches (onefor each floor of the building,
andall-call), amicrophone, and arecorded message programmed per Fire M arshal and Owner'srequirements.
V oice messages shall be preceded by chime tones per NFPA 72. There shall be one N.O. and one N.C. dry
contact that shall change state during any alarm condition. There shall be an RS-232 port for on-site
mai ntenance, another RS-232 port programmed for plug-in of afuture printer, and an internal modem with
interface assembly for off-site viewing of system status for maintenance. There shall be a signal silence
switch with ring-back that does not cancel the strobe lights. Strobe lights shall flash until all devices are
restored to normal and systemisreset. Custom labeling and programming shall be provided for proper use
of system. Power supplies and batteries shall be sized for 150% capacity for future additions. Where
amplifiers, power supplies, and batteries will not fit in fire alarm control panel, they shall be provided in
cabinets to be located in closets with locations to be approved. Provide dedicated 120 volt circuits as
necessary and identify the circuit disconnecting means at the control panel.

P. Remote annunciators shall be flush mounted and compatible with control panel. It shall
have 80 character L CD display with key operated door, reset button, silence button, alarm and troublelights
with audible signals.

Q. A digital alarm communicator transmitter (DACT) shall be provided in fire alarm control
panel. It shall be used to transmit system status (for each device in alarm and trouble, simultaneously, for
as many as 89 devices) to a remote station receiver via public telephone network. Two telephone linesin
raceway shall beinstalled to the nearest tel ephone backboard/cabinet for the DACT inaddition to atelephone
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line for the modem. Contractor shall provide programming, make all connections, and provide one year of
remote monitoring service of the DACT.

R. Programming shall be provided as required and shall include programming for off-site
maintenance through the modem.

S. System shall operatein such away that activation of any pull station, smoke detector, heat
detector, air-stream smoke detector, beam detector, sprinkler system flow switch, fire suppression panel
(pre-alarm and alarm), or fire pump controller shall cause all audio and visual signals to operate, zone
annunciator in the fire alarm control panel and remote annunciators to operate, sonalert to sound until
acknowledged by the operator, signal to be transmitted to the remote monitoring system and door hol d-open
devicestobereleased. Acknowledgment shall silence message and thisoperation shall beloggedin memory.
Operation of the signal silence button shall silence all audible signals and this operation shall be logged in
memory. Audio visual signals shall remain on until the systemisreset. A break inaninitiating loop, signal
loop, monitor or control circuit, wiring to a control circuit, loss of power, activation of valve supervisory
switch to off normal position, trouble activations of afire suppression panel or fire pump controller, failure
of any amplifier or oscillator circuit shall causeasystemtrouble conditionto occur, the systemtroublelamps
to flash, and the sonalert to sound. Acknowledging the trouble condition shall cause the sonalert to be
silenced and the trouble LED's to come on steady, and shall be archived in memory. All aarm and trouble
conditions shall be archived in the memory by time and date of occurrence. Alarm conditions shall also
provide other control functions such as selected HV AC functions and the following:

1. In addition, signals shall be sent to control modules for door control so that doors
will be unlocked. Provide programming as required to meet door security system requirements.
Contractor shall arrange with and pay all costs for a door security technician to connect from the
control modules to door security system junction boxes and provide security system programming
as necessary.

2. Any alarm condition shall cause a control module at the sound systems to turn off
the sound systems.

PART 3 - EXECUTION

31 FIRE ALARM SYSTEM INSTALLATION

A. Wiring shall be provided as necessary for proper system operation and shall be of the type
as recommended by system manufacturer. Wiring shall be contained in conceal ed raceways unless noted
otherwise. There shall be minimum of 40% spare analog capacity and 40% spare binary capacity in each
dataline. Audiocircuitsshall have 50% spare capacity for futureadditions. Wiring between control panels,
power supply panels, and remote annunciators shall be U.L. System 22 cables (Tyco or equal) in EMT or
rigid galvanized steel conduit.

B. System shall be installed by a qualified fire alarm technician licensed by the State of
Louisiana. Devices shall be individually tested. A final operational test shall be conducted on the entire
system. After wiring and construction is completed, system shall be certified by equipment supplier in
writing as being complete and properly operating. The certification letter shall include NFPA 72 forms.
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C. Contractor shall adjust volume tap on each audible signal unit for proper volume at each
location.

D. Contractor shall meet with the Owner to establish name for each device address.

E. Contractor shall meet with the Owner (or security contractor) to properly program as
required.

F. Provide5 spare smoke detectors, 5 spare audiovisual signal units, 5 sparevisual signal units,

2 gpare heat detectors, and 3 spare air-stream (duct type) smoke detectors to the Owner.

G. Install 3 additional monitor modules and 3 additional control modules with relays at
locations as directed. Connect them to the system and to monitored and controlled devices. At end of
construction, any of these modules not used shall be turned over to the Owner.

H. Contractor shall demonstrate proper operation of systemto the Engineer (using smokecans).
After systemisacceptabl eto Engineer, Contractor shall contact FireMarshal and demonstrate systemtohim,
as many times as required.

l. Contractor shall, at the completion of the project, arrange with equipment supplier totrain
designated Owner personnel in the proper operation, programming and minor maintenance of the system.
Thisshall includetraining on programming to make changesin device addressing, to make other specified
programming changes (to include changes to smoke detector sensitivity settings), and to generate system
reports. Training shall be minimum of 2 hours.

J. Thecompleted systemsshall beguaranteed freefromelectrical, mechanical, software, and/or

operational defects for a period of one year.

-END OF SECTION -
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	A. This Section includes the following:
	1. Preparing of subgrade for retaining walls, slabs, sidewalks, pavements, and     foundations.
	2. Excavating and backfilling for underground mechanical and electrical utilities and    buried mechanical and electrical appurtenances.
	3.  Pavement base course.
	4. Placement and compaction of general backfill and site fill (sub-base).
	5. Placement of geogrid.
	6. Excavation and backfill required for all sewer systems.
	7. Structural excavation
	8. Incidental excavation.

	B. Excavating and Backfilling for Mechanical/Electrical Work: Refer to Divisions 22 and 26 for excavation and backfill required in conjunction with underground mechanical and electrical utilities and buried mechanical and electrical appurtenances.
	C. Final grading, together with placement and preparation of topsoil for lawns and planting, will be in another contract.
	A. Excavation consists of removal of material encountered to subgrade elevations indicated and subsequent disposal of materials removed.
	B. Unauthorized excavation consists of removal of materials beyond indicated subgrade elevations or dimensions without specific direction of Architect. Unauthorized excavation, as well as remedial work directed by Architect or Architect’s consultants, shall be at Contractor's expense.
	1.  Under footings, foundation bases, or retaining walls, fill unauthorized excavation by extending indicated bottom elevation of footing or base to excavation bottom, without altering required top elevation. Lean concrete fill may be used to bring elevations to proper position, when acceptable to Architect.
	2. In locations other than those above, backfill and compact unauthorized excavations as specified for authorized excavations of same classification, unless otherwise directed by Architect.

	C. Additional Excavation: When excavation has reached required subgrade elevations, notify Architect, who will inspect conditions. If the Architect determines that bearing materials at required subgrade elevations are unsuitable, continue excavation, until suitable bearing materials are encountered and replace excavated material as directed by the Architect. The Contract Sum may be adjusted by an appropriate Contract Modification.
	1. Removal of unsuitable material and its replacement as directed will be paid on basis of Conditions of the Contract relative to changes in work.

	D. Sub-base: The compacted soil layer immediately below granular base.
	E. Subgrade: The undisturbed earth or the compacted soil layer immediately below subsequent construction.
	F. Structure: Foundations, slabs, tanks, curbs, or other manmade stationary features occurring above or below ground surface.
	A. Test Reports: Submit the following reports directly to Architect from the testing services, with copy to Contractor:
	1. Test reports on all fill materials.
	2. Verification of suitability of each footing subgrade material, in accordance with specified requirements.
	3. Field reports; inplace soil density tests.
	4. One optimum moisturemaximum density curve for each type of soil encountered.
	5. Report of actual unconfined compressive strength and/or results of bearing tests of each material tested.

	A. Codes and Standards: Perform excavation work in compliance with applicable requirements of authorities having jurisdiction, such as:
	1.  Louisiana Standard Specifications: Comply with applicable requirements of "Louisiana Standard Specifications for Roads and Bridges," 2000 Edition, of the Department of Transportation and Development, Office of Highways, for work performed on LaDOTD rights-of-way, unless requirements specified in this Section are more restrictive.
	2. City of New Orleans Standards: Comply with applicable standards of the City of New Orleans 1999 General Specifications for Street Paving of the Department of Public Works, for work performed on public rights-of-way unless requirements specified in this Section are more restrictive, or as indicated elsewhere.
	3. Sewerage  & Water Board of New Orleans: Comply with applicable standards of the Sewerage & Water Board of New Orleans, for work performed on public rights-of-way or on S&WB servitudes, unless requirements specified in this Section are more restrictive.

	B. Testing and Inspection Service: Owner will employ and pay for a qualified independent geotechnical testing and inspection laboratory to perform soil testing and inspection service during earthwork operations.
	C. Testing Laboratory Qualifications: To qualify for acceptance, the geotechnical testing laboratory must demonstrate to Architect's satisfaction, based on evaluation of laboratorysubmitted criteria conforming to ASTM E 699, that it has the experience and capability to conduct required field and laboratory geotechnical testing without delaying the progress of the Work.
	A. Site Information: Data in subsurface investigation reports was used for the basis of the design and are available to the Contractor for information only. Conditions are not intended as representations or warranties of accuracy or continuity between soil borings. Owner will not be responsible for interpretations or conclusions drawn from this data by Contractor.
	1. Additional test borings and other exploratory operations may be performed by Contractor, at the Contractor's option; however, no change in the Contract Sum will be authorized for such additional exploration.

	B. Existing Utilities: Locate existing underground utilities in areas of excavation work. If utilities are indicated to remain in place, provide adequate means of support and protection during earthwork operations.
	1.  Should uncharted, or incorrectly charted, piping or other utilities be encountered during excavation, consult utility owner immediately for directions. Cooperate with Owner and utility companies in keeping respective services and facilities in operation. Repair damaged utilities to satisfaction of utility owner.
	2. Do not interrupt existing utilities serving facilities occupied by Owner or others, during occupied hours, except when permitted in writing by Architect and then only after acceptable temporary utility services have been provided.
	3. Provide minimum of 48hour notice to Architect and utility owner, and receive written notice to proceed before interrupting any utility.
	4. Demolish and completely remove from site existing underground utilities indicated to be removed. Coordinate with utility companies for shutoff of services if lines are active.

	C. Use of Explosives: Use of explosives is not permitted.
	D. Protection of Persons and Property: Barricade open excavations occurring as part of this work and post with warning lights.
	1. Operate warning lights as recommended by authorities having jurisdiction.
	2. Protect structures, utilities, sidewalks, driveways, pavements, and other facilities from damage caused by settlement, lateral movement, undermining, washout, and other hazards created by earthwork operations.
	3. Perform earthwork of contaminated excavated materials in compliance with the recommendations of an industrial hygienist, in compliance with other specifications in this Section.

	E. Handling and Disposition of Excavated Material:
	1. To be removed from the site.

	A. Shall be Backfill and Fill Materials:  Sand free of wood roots, clay lumps and other deleterious materials.  Sand fill should have no more than 10% material passing the No. 200 sieve; liquid limit less than 25; plasticity index less than 6.
	B. Unsatisfactory soil materials are defined as those complying with ASTM D2487 soil classification groups GC, SC, ML, MH, CL, CH, OL, OH, and PT.
	C. Base Course Material: Naturally or artificially graded mixture of natural or crushed stone (asphalt), pumped riversand (concrete), crushed concrete (paver).
	D. Backfill and Fill Materials (Sub-base): Pumped riversand or other satisfactory soil materials free of clay, rock or gravel larger than 2 inches in any dimension, debris, waste, frozen materials, vegetation and other deleterious matter. 
	E. Unacceptable Materials:  Materials from on site excavations shall not be used.
	2.2  OTHER MATERIALS
	B. Single Layer, Type I Biaxial Structural Geogrid: The geogrid shall conform to the physical properties listed in the following table. The listed property values are certifiable minimum average roll values, and are equal to the mean values less one standard deviation which reflects a 95% confidence level. The minimum properties values are as follows:

	A. Excavation is unclassified and includes excavation to subgrade elevations indicated, regardless of character of materials and obstructions encountered.
	A. General: Comply with local codes, ordinances, and requirements of agencies having jurisdiction.
	B. Slope sides of excavations to comply with local codes, ordinances, and requirements of agencies having jurisdiction. Shore and brace where sloping is not possible because of space restrictions or stability of material excavated. Maintain sides and slopes of excavations in safe condition until completion of backfilling.
	C. Shoring and Bracing: Provide materials for shoring and bracing, such as sheet piling, uprights, stringers, and cross braces, in good serviceable condition. Maintain shoring and bracing in excavations regardless of time period excavations will be open. 
	1.  Provide permanent steel sheet piling or pressurecreosoted timber sheet piling wherever subsequent removal of sheet piling might permit lateral movement of soil under adjacent structures. Cut off tops a minimum of 30 inches below final grade and leave permanently in place.

	A. Prevent surface water and subsurface or ground water from flowing into excavations and from flooding project site and surrounding area.
	1. Do not allow water to accumulate in excavations. Remove water to prevent softening of foundation bottoms, undercutting footings, and soil changes detrimental to stability of subgrades and foundations. Provide and maintain pumps, well points, sumps, suction and discharge lines, and other dewatering system components necessary to convey water away from excavations.
	2. Establish and maintain temporary drainage ditches and other diversions outside excavation limits to convey rain water and water removed from excavations to collecting or runoff areas. Do not use trench excavations as temporary drainage ditches.
	A. Stockpiling:  Stockpile acceptable excavated materials and borrow materials for backfill and fill where directed.  Place, grade, and shape stockpiles for proper drainage. 

	A. Conform to elevations and dimensions shown within a tolerance of plus or minus 0.10 foot, and extending a sufficient distance from footings and foundations to permit placing and removal of concrete formwork, installation of services, and other construction and for inspection.
	1. Excavations for footings and foundations: Do not disturb bottom of excavation. Excavate by hand to final grade just before concrete reinforcement is placed. Trim bottoms to required lines and grades to leave solid base to receive other work.
	2. For pile foundations, stop excavations from 6 inches to 12 inches above bottom of footing before piles are placed. After piles have been driven, remove loose and displaced material. Excavate to final grade, leaving solid base to receive concrete pile caps.
	3. Excavation for Underground Tanks, Basins, and Mechanical or Electrical Structures: Conform to elevations and dimensions indicated within a tolerance of plus or minus 0.10 foot; plus a sufficient distance to permit placing and removal of concrete formwork, installation of services, and other construction and for inspection. Do not disturb bottom of excavations, intended for bearing surface.

	A. Cut surface under pavements to comply with crosssections, elevations and grades as indicated.
	A. Excavate trenches to uniform width, sufficiently wide to provide ample working room and a minimum of 12 inches of clearance on both sides of pipe or conduit.
	B. Excavate trenches and conduit to depth indicated or required to establish indicated slope and invert elevations and to support bottom of pipe or conduit on undisturbed soil. Beyond building perimeter, excavate trenches to allow installation of top of pipe below frost line.
	1. For pipes and equipment 6 inches or larger in nominal size, shape bottom of trench to fit bottom of pipe for 90 degrees (bottom 1/4 of the circumference). Fill depressions with tamped, crushed limestone backfill. At each pipe joint, dig bell holes to relieve pipe bell of loads and to ensure continuous bearing of pipe barrel on bearing surface.

	A. Protect excavation bottoms against freezing when atmospheric temperature is less than 35 degrees F.
	A. General: Place soil material in layers to required subgrade elevations, for each area classification listed below, using materials specified in Part 2 of this Section.
	1. On grassed areas, use topsoil and comply with planting requirements in Division 32.
	2. Under walkways, driveways, sidewalks, and handicap ramps, use pumped riversand.
	3. Under pavements, use base material.
	4. Under piping and conduit and equipment, use crushed stone where required over natural subgrade and for correction of unauthorized excavation. Shape excavation bottom to fit bottom 90 degrees of cylinder.
	5. Backfill trenches with concrete where trench excavations pass within 18 inches of column or wall footings and that are carried below bottom of such footings or that pass under wall footings. Place concrete to level of bottom of adjacent footing.
	6. Concrete is specified in Division 03.
	7. Do not backfill trenches until tests and inspections have been made and backfilling is authorized by Engineer. Use care in backfilling to avoid damage or displacement of pipe systems.
	8. Provide 8inchthick concrete base slab support for all drop inlets, manholes, and catch basins. After installation and testing of piping or conduit, provide minimum 4inchthick encasement (sides and top) of concrete for piping or conduit less than 30 inches below surface of roadway prior to backfilling or placement of pavement sub-base.

	B. Backfill excavations as promptly as work permits, but not until completion of the following:
	1. Acceptance of construction below finish grade including, where applicable, damp-proofing, water-proofing, and perimeter insulation.
	2. Inspection, testing, approval, and recording locations of underground utilities have been performed and recorded.
	3. Removal of concrete formwork.
	4. Removal of shoring and bracing, and backfilling of voids with satisfactory materials. Cut off temporary sheet piling driven below bottom of structures and remove in manner to prevent settlement of the structure or utilities, or leave in place if required.
	5. Removal of trash and debris from excavation.
	6. Permanent or temporary horizontal bracing is in place on horizontally supported walls.

	A. Ground Surface Preparation: Remove vegetation, debris, unsatisfactory soil materials, obstructions, and deleterious materials from ground surface prior to placement of fills. Plow strip, or break up sloped surfaces steeper than 1 vertical to 4 horizontal so that fill material will bond with existing surface.
	1. When existing ground surface has a density less than that specified under "Compaction" for particular area classification, break up ground surface, pulverize, moisturecondition to optimum moisture content, and compact to required depth and percentage of maximum density.

	B. Place backfill and fill materials in layers not more than 8 inches in loose depth for material compacted by heavy compaction equipment, and not more than 4 inches in loose depth for material compacted by handoperated tampers.
	C. Before compaction, moisten or aerate each layer as necessary to provide optimum moisture content. Compact each layer to required percentage of maximum dry density or relative dry density for each area classification. Do not place backfill or fill material on surfaces that are muddy, frozen, or contain frost or ice.
	D.    Place backfill and fill materials evenly adjacent to structures, piping, or conduit to required elevations. Prevent wedging action of backfill against structures or displacement of piping or conduit by carrying material uniformly around structure, piping, or conduit to approximately same elevation in each lift.
	E. Control soil and fill compaction, providing minimum percentage of density specified for each area classification indicated below. Correct improperly compacted areas or lifts as directed by Engineer if soil density tests indicate inadequate compaction.
	1. Percentage of Maximum Density Requirements: Compact soil to not less than the following percentages of maximum density:

	F. Moisture Control: Where subgrade or layer of soil material must be moisture conditioned before compaction, uniformly apply water to surface of subgrade or layer of soil material. Apply water in minimum quantity as necessary to prevent free water from appearing on surface during or subsequent to compaction operations.
	1. Remove and replace, or scarify and air dry, soil material that is too wet to permit compaction to specified density.
	2. Stockpile or spread soil material that has been removed because it is too wet to permit compaction. Assist drying by discing, harrowing, or pulverizing until moisture content is reduced to a satisfactory value.

	A. General: Uniformly grade areas within limits of grading under this section, including adjacent transition areas. Smooth finished surface within specified tolerances, compact with uniform levels or slopes between points where elevations are indicated or between such points and existing grades.
	B. Grading Outside Retaining Walls: Grade areas adjacent to retaining walls to drain away from structure and to prevent ponding. Finish surfaces free from irregular surface changes and as follows:
	1. Lawn or Unpaved Areas: Finish areas to receive topsoil to within not more than 0.10 foot above or below required subgrade elevations.
	2. Ramps, Sidewalks and Walkways: Shape surface of areas under walks to line, grade, and crosssection, with finish surface not more than 0.10 foot above or below required subgrade elevation.
	3.  Pavements: Shape surface of areas under pavement to line, grade, and crosssection, with finish surface not more than 1/2 inch above or below required subgrade elevation.
	4. Grading Surface of Fill under Footings and Retaining Walls: Grade smooth and even, free of voids, compacted as specified, and to required elevation. Provide final grades within a tolerance of 1/2 inch when tested with a 10foot straightedge.
	5. Compaction: After grading, compact subgrade surfaces to the depth and indicated percentage of maximum or relative density for each area classification.

	A. General: Sub-base course consists of placing sub-base material, in layers of specified thickness, over subgrade surface to support a pavement base course or slab. 
	1. Refer to other Division 03 sections for paving specifications.

	B. Grade Control: During construction, maintain lines and grades including crown and crossslope of sub-base course.
	C. Shoulders: Place shoulders along edges of sub-base course to prevent lateral movement. Construct shoulders of acceptable soil materials, placed in such quantity to compact to thickness of each sub-base course layer. Compact and roll at least a 12inch width of shoulder simultaneous with the compaction and rolling of each layer of sub-base course.
	D. Placing: Place sub-base course material on prepared subgrade in layers of uniform thickness, conforming to indicated crosssection and thickness. Maintain optimum moisture content for compacting sub-base material during placement operations.
	1. When a compacted sub-base course is indicated to be 6 inches thick or less, place material in a single layer. When indicated to be more than 6 inches thick, place material in equal layers, except no single layer more than 6 inches or less than 3 inches in thickness when compacted.

	A. Quality Control Testing During Construction: Allow Owner’s testing service to inspect and approve each subgrade and fill layer before further backfill or construction work is performed.
	1. Perform field density tests in accordance with ASTM D 1556 (sand cone method) or ASTM D 2167 (rubber balloon method), as applicable.

	B. Footing Subgrade: For each strata of soil on which footings will be placed, perform at least one test to verify required design bearing capacities. Subsequent verification and approval of each footing subgrade may be based on a visual comparison of each subgrade with related tested strata when acceptable to Engineer.
	C. Paved Areas Subgrade: Perform at least one field density test of subgrade for every 1,000 sq. ft. of paved area. In each compacted fill layer, perform one field density test for every 1,000 sq. ft. of overlaying building slab or paved area, but in no case fewer than three tests.
	D. If in opinion of Architect, based on testing service reports and inspection, subgrade or fills that have been placed are below specified density, perform additional compaction and testing until specified density is obtained.
	A. Provide erosion control methods in accordance with requirements of authorities having jurisdiction.
	A. Protection of Graded Areas: Protect newly graded areas from traffic and erosion. Keep free of trash and debris.
	B. Repair and re-establish grades in settled, eroded, and rutted areas to specified tolerances.
	C. Reconditioning Compacted Areas: Where completed compacted areas are disturbed by subsequent construction operations or adverse weather, scarify surface, reshape, and compact to required density prior to further construction.
	D. Settling: Where settling is measurable or observable at excavated areas during general project warranty period, remove surface (pavement, lawn, or other finish), add backfill material, compact, and replace surface treatment. Restore appearance, quality, and condition of surface or finish to match adjacent work, and eliminate evidence of restoration to greatest extent possible.
	A. Removal from Transfiguration of the Lord Property: Remove excess excavated material, trash, debris, and waste materials and dispose of it off property at a legal landfill.
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	B. Join concrete pipe and fittings with rubber gaskets in accordance with ASTM C 443, and install piping in accordance with applicable provisions of ACPA "Concrete Pipe Installation Manual."
	C. Join different types of pipe with standard manufactured couplings or fabricated fittings intended for that purpose.
	A. Construct inlets to sizes and shapes indicated.
	B. Set frames and grates to elevations indicated.
	A. General: Install manholes complete with accessories as indicated. Form continuous concrete or split pipe section channel and benches between inlets and outlet. Set tops of frames and covers flush with finish surface where manholes occur in pavements. Elsewhere, set  tops 3  inches above finish surface, unless otherwise indicated.
	B. Construct brick manholes as indicated.
	C. Construct castinplace manholes as indicated.
	D. Provide rubber joint gasket complying with ASTM C 443 at joints of sections.
	E. Apply bituminous mastic coating at joints of sections.
	A. Install cleanouts and extension from sewer pipe to cleanout at grade as indicated. Set cleanout frame and cover in concrete block 18 by 18 by 12 inches deep, except where location is in concrete paving. Set top of cleanout 1 inch above surrounding earth grade or flush with 
	grade when installed in paving.
	A. Construct catch basins to sizes and shapes indicated.
	B. Set frames and grates to elevations indicated.
	A. Make connections to existing piping and underground structures so that finished work will  conform as nearly as practicable to the requirements specified for new work.
	B. Use commercially manufactured wye fittings for piping branch connections. Remove section of  existing pipe, install wye fitting into existing piping, and encase entire wye fitting plus 6inch  overlap, with not less than 6 inches of 4000psi 28day compressivestrength concrete.
	C. Make branch connections from side into existing 4 to 21inch piping by removing section of  existing  pipe and installing wye fitting into existing piping. Encase entire wye with not less  than 6 inches of 4000psi 28day compressivestrength concrete.
	D. Make branch connections from side into existing 24inch or larger piping or to underground structures by  cutting opening into existing unit sufficiently large to allow 3 inches of concrete to be packed around entering connection. Cut end of connection pipe passing through pipe or structure wall to conform to shape of and be flush with inside wall, unless otherwise indicated. On outside of pipe or structure wall, encase entering connection in 6 inches of  concrete for minimum length of 12 inches to provide additional support of collar from connection to undisturbed ground.
	E. Protect existing piping and structures to prevent concrete or debris from entering while making  tap connections. Remove debris, concrete, or other extraneous material that may   accumulate.
	A. Abandoned Piping: Close open ends of abandoned underground piping that is indicated to  remain in place.  Provide sufficiently strong closures to withstand hydrostatic or earth  pressure that may result after  ends of abandoned utilities have been closed.
	B. Abandoned Structures: Remove structure and close open ends of the remaining piping or  remove top of structure down to not less than 3 feet below final grade; fill structure with  approved compacted backfill,  to within 1 foot of top of structure remaining, and fill with  concrete.
	A. Install continuous plastic underground warning tape during backfilling of trench for underground water service piping. Locate 6 to 8 inches below finished grade, directly over piping.
	A. Testing: Perform testing of completed piping in accordance with local authorities having  jurisdiction.
	B. Cleaning: Clear interior of piping and structures of dirt and other superfluous material as work  progresses. Maintain swab or drag in piping and pull past each joint as it is completed.
	C. Interior Inspection: Inspect piping to determine whether line displacement or other damage has  occurred.





