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DENVER PUBLIC SCHOOLS 
DESIGN AND CONSTRUCTION STANDARDS 
SECTION 17650 – SECURITY SYSTEMS 
This Standard is for guidance only. 
 
PART 0  DESIGN STANDARDS 
0.01 GENERAL DESIGN GUIDELINES 


A. Inspections and observations by the Owner do not relieve the A/E of contract responsibilities. 
B. Chain of command 


1. The DPS Project Manager is the Owner’s representative for security systems.  Neither the A/E 
nor the Contractor shall take direction directly from the DPS Office of Safety & Security (Security 
Project Manager) without approval of the Project Manager. 


2. Work under this standard is also governed by other Division 17 standards which are generally 
managed by the DPS Department of Technology Services (DoTS).  Neither the A/E nor the 
Contractor shall take direction directly from the DPS DoTS Project Manager without approval of 
the Project Manager. 


C. This standard includes guidelines for three types of security systems 
1. Surveillance systems:  Generally camera systems 
2. Intrusion systems:  Generally motion detectors, door contacts, and other forms of intrusion 


detection. 
a) Subcategory:  Industrial supervision 


i) Moisture detection 
ii) Flood controller monitoring (backflow preventers) 
iii) Carbon dioxide detection 
iv) Elevator emergencies (notification only; response is handled through 911) 


3. Access control systems:  Generally electronic door controls, card readers, and intercom 
D. Security system wiring, structured cabling, equipment, devices, main panels, conduit, raceways, and 


other system components are normally provided under the general construction contract.   
1. Exception:  The Owner will perform final terminations and programming at the security control 


panel.   
E. Also refer to standard security system drawings. 
F. Extensive cross-coordination by the A/E is required between security systems and other building 


systems, including but not limited to   
1. Structured wiring for security systems:  Other Division 17 standards  
2. Electrical service 110 volts and above (line voltage):  Division 16 standards 
3. Door hardware:  Section 08700 
4. Library book theft detection 
5. Industrial supervision:  Various standards 
6. Flood control for backflow preventers:  Division 15 standards 


G. Security equipment, device, and panel locations shall be coordinated with the DPS Project Manager.   
1. General location guidelines for motion detectors  


a) Locate motion detectors on ceilings or other horizontal surfaces.   
b) Locate motion detectors to provide maximum coverage. 
c) Locate motion detectors to avoid false alarms due to moving fans, heaters, blowers, direct 


sunlight and other such sources of interference. 
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d) Avoid motion detector locations that face toward overhead doors or glass facing the exterior 
of the building. 


2. General location guidelines for door contacts 
a) Boiler room exterior door 
b) Chiller room exterior door 
c) Penthouses 
d) Roof access points 


H. Power operated and power assisted door operators are prohibited.  Refer to door hardware 
standards. 


I. Provide the following at each controlled access building entrance  
1. Electronic latch device for release of panic hardware latches upon operator signal (refer to door 


hardware standards) 
2. Video camera 
3. Intercom with doorbell between the entrance and the operation location (normally the building 


secretary) 
a) Permanent sign indicating purpose and use of intercom (refer to sign standards) 


J. For modular classroom buildings, provide controlled access components noted above, plus additional 
cameras that may be necessary to view the entire path between each modular building and the 
nearest building entrance. 


K. Card reader access systems 
1. Confirm card reader locations with the Owner.   


a) New buildings shall have card readers at exterior entry doors, at the elevator, and at the Main 
Distribution Frame (MDF) and Intermediate Distribution Frame (IDF) telecom room doors.  
Coordinate specific locations with the DPS Project Manager.  Exterior door locations often 
include the main building entry, Grand Master entry, ECE and Kindergarten exterior doors, 
and main entry from parking lot. 


2. The Owner will provide listing of approved card reader equipment and software manufacturers. 
3. Provide proximity readers, not swipe readers. 
4. Provide key backup. 
5. Consider providing rough-in for future card readers. 


L. Coordinate building interior lighting and site lighting, relative to security sytems, with Division 16 
lighting standards. 


M. Provide a 12" x 12" x 6” deep junction box with screwed cover above the main security panel for field 
device terminations. 


N. The main security system panel and auxiliary devices shall be powered by a dedicated circuit from 
the emergency panel.   


O. Provide circuit breaker lockout device on each power circuit. 
P. Provide uninterruptible power supply (UPS) backup, power surge protection, and automatic reboot 


after power outage for the following 
1. Surveillance equipment including camera power supplies 
2. Card reader equipment 


Q. CCTV monitor and flat screen TV mounting:  Refer to audio visual equipment standards. 
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R. Key boxes 
1. Refer to other standards for Fire Department Knox Box guidelines. 
2. The Owner will provide two key boxes close to the main security entrance (also called the Grand 


Master or Custodial entrance) 
a) One key box for exclusive use of the Office of Safety & Security 
b) One key box for use of building staff and off-hours facility monitors 


3. The Owner will provide one key box close to the kitchen entrance for use of DPS Food & 
Nutrition Services staff. 


S. Door bells  
1. Generally used only for kitchen food service delivery entries 
2. Shall be designed and specified under other Division 16 sections.   
3. Coordinate with security system requirements. 
4. Electronic door controls (including intercom, electronic door latches, and cameras) are preferred 


over door bells. 
T. Cable guidelines (also refer to standard drawings) 


1. Where 20 feet of coiled cable is required, support coiled cable above the ceiling (at ceiling level if 
no finished ceiling) before making final cable termination. 


2. Video drops 
a) One Category 6-4 pair and one 18 gauge - 4 conductor, shielded, stranded, plenum rated 


cable 
b) Terminate drop at nearest telecom closet in the Panduit patch panel with other Category 6 


terminations. 
c) Terminate device end of Category 6 cable with Panduit RJ45 minicom jack and 20 feet of 


coiled cable. 
d) Provide 20 foot coil at each end of 18 gauge cable. 


3. Intrusion drops 
a) 22 gauge - 6 conductor, stranded, plenum rated cable 
b) Originate from either a Module or the Main Control. 
c) Provide 20 foot coil at each end of each cable. 
d) Indicate each panel and module on the drawings with letter designations such as A = Main 


Control; B = Module B; C = Module C, etc. 
4. Door lock drops and intercom drops 


a) Obtain current standards from the DPS Project Manager. 
5. Keypad drops 


a) 22 gauge – 6 conductor, stranded, plenum rated cable 
b) Originate from main control panel. 
c) Provide 20 foot coil at each end of each cable. 


6. Module drops 
a) 18 gauge – 6 conductor, stranded, plenum rated cable 
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b) Module B must originate from main control panel.  If installing more than one module, 
additional modules (labeled C, D, etc.) may be daisy chained from Module B or a subsequent 
module which originated from Module B, or may connect to the main control panel 


c) Provide 20 foot coil at each end of each cable. 


PART 1  GENERAL 
1.01 INSTALLER QUALIFICATIONS 


A. Cable may be provided by the same Contractor or Subcontractor performing structured cable 
installation.  Refer to Division 17 standards for structured cable requirements. 


B. Line voltage electrical wiring systems shall be installed by licensed electricians. 
C. When applicable, card reader installation shall be by an installer licensed by the City and County of 


Denver.  Coordinate with current Authorities Having Jurisdiction (AHJs). 
D. Installer certifications:  Manufacturer certifications may be required for installation and programming 


of certain types of equipment.  


1.02 WARRANTY 
A. Standard DPS 18 month construction warranty applies. 


PART 2  PRODUCTS 
2.01 MATERIALS 


A. Obtain current equipment specifications from the DPS Project Manager.  The Project Manager will 
obtain the current specs from DPS Security Project Manager. 


B. Refer to standard security system diagrams for cable and wire materials, cable color coding, and 
additional materials information. 


C. Cable requirements not indicated on security system diagrams: 
1. Cable from main security panel to backflow preventer flood controller alarm panel:  18 gauge, 4 


conductor, plenum shielded 
2. Cable from main security panel to main office key pad:  22 gauge, 6 conductor, plenum shielded 


2.02 IDENTIFICATION AND TAGGING 
A. Color coding cable and wire  


1. See standard security drawings 
2. Intrusion devices 


a) Blue + brown:  DC power 
b) Black + red:  Alarm circuits 
c) Green + white:  Terminated 


3. Modules 
a) Red + green:  Polling loops 
b) Black + white:  Device power 
c) Blue + tan or orange:  Siren power 


B. Wire and cable identification   
1. Identify wire and cable per Telecom Standards. 
2. Label both ends of each wire and cable to identify the device it feeds. 


C. Labeling   
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1. Label the emergency panel circuit serving the security equipment. 
2. Permanently label each power supply, device, equipment item, UPS, junction box, and module. 


PART 3  EXECUTION 
3.01 FIELD QUALITY CONTROL 


A. Before security system work commences, a pre-installation conference shall be held with the DPS 
Project Manager, the Contractor, the A/E, the security contractor’s on-site representative, the 
structured cabling contractor’s on-site representative, the DPS Security Project Manager, and the 
DPS DoTS Project Manager. 


B. Notifications by Contractor 
1. Notify the A/E and the DPS Project Manager of the following with 72 hours minimum notice. 


a) Commencement of wire and cable installation 
b) Commencement of device and equipment installation 


3.02 INSTALLATION 
A. Wire and cable installation shall be according to the DPS Telecom Standards  
B. Prior to installation, coordinate specific locations of equipment and devices on site with DPS 


representatives. 
C. Suspension and anchorage 


1. Use of percussion actuated fasteners is prohibited. 
2. Attach cameras to vertical walls and other suitable vertical surfaces.  Do not attach cameras to 


horizontal surfaces.   
3. Steel roof and floor decking, suspended ceilings, and hollow assemblies shall not be used for the 


attachment of anchorages or supports for suspended equipment, devices, or other security 
system components. 
a) Exception:  Attachment, anchorages, or supports specifically approved by a Structural 


Engineer. 
b) Exception:  Where attaching to a suspended ceiling, attach the back box or device with a box 


support bar.   
4. Drilling, cutting or burning of, or welding to, structural members for attachment of hangers and 


supports is subject to prior approval by the A/E. 


3.03 SYSTEM COMPLETION 
A. DPS will perform final wiring terminations and system programming. 
B. Contractor shall provide assistance to DPS during final wiring and system programming in the event 


changes need to be made to the system. 


END OF SECTION 
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PART 0  DESIGN STANDARDS 
0.01 GENERAL DESIGN GUIDELINES 


A. The intent of this standard is to describe the requirements of the telecommunications system 
infrastructure.  Part of this system is the responsibility of Denver Public Schools (DPS) and the remaining 
is to be designed by the Architect/Engineer (A/E) and installed by the contractor.  In order to understand 
the whole system, the responsibilities of DPS, the A/E, and the contractor are listed below.   


B. The basic infrastructure of the system is covered in other Sections, such as conduit, outlet boxes, 
receptacles, grounding, etc.  This section describes how they are to be put together as a 
telecommunications system, as well as the equipment necessary for a functioning system.   


C. Obtain additional detailed requirements and equipment specifications from the DPS Project Manager for 
each project.  The DPS Project Manager will coordinate with the Department of Technology Services 
(DoTS) Project Manager to determine scope of work, equipment lists, and other details specific to the 
project. 


D. Furniture which will require power and/or data and telephone wiring must be reviewed and approved to 
ensure compatibility. 


E. Audio enhancement systems are considered part of the telecommunications systems. 
1. Each classroom shall be designed to include an audio enhancement system.  The classroom 


Enhanced Audio System provides the teacher with the ability to broadcast their voice at an even level 
throughout the classroom.  The major components of the system are the Enhanced Audio 
receiver/amplifier unit, a wireless handheld or headset microphone, a wireless infrared receiver or RF 
amplifier and a minimum of four to six broadcast speakers.  Amplifiers, receivers and microphones will 
be Furniture, Fixtures & Equipment (FF&E) items. 


2. The size of each classroom will determine whether an infrared or RF system is necessary for the 
audio enhancement system.   


F. This specification states that DoTS will install all telephone sets.  However, review this prior to bid in the 
event DoTS wants the contractor to take on this task. 


G. Lockable blue cabinets shall be used in lieu of open racks where an MDF (Main Distribution Frame)  or 
IDF (Intermediate Distribution Frame) location is in an unsecure location.  Review this requirement prior to 
bid. 


H. The term Telecommunications Closet (TC) is used to identify either an MDF or IDF room. 
I. Standalone paging systems in auditoriums, gymnasiums, and cafeterias are not covered in this section.  


This section only covers the connection between them and the school paging system.  A/E is responsible 
for specifying standalone paging systems in auditoriums, gymnasiums, and cafeterias. 


J. The A/E is responsible for determining whether one or more amplifiers are required for the quantity of 
speakers necessary for the project. 


K. A/E shall create a responsibility matrix to clearly identify work (furnish and/or install) by electrical 
contractor, general contractor, telecommunications contractor, DoTS/DPS, and other subcontractors that 
interface with the telecommunications systems. 


0.02 WORK BY DPS 
A. DPS DoTS will provide (furnish and install) the following: 


1. Telephone system switch 
2. Data equipment that is rack mounted (racks provided by Contractor) 
3. Connect amplifiers for paging system (equipment furnished by Contractor) 
4. Make final terminations to telephone switch and any rack mounted equipment as well as patch panel 


to patch panel connections.  (Contractor shall provide patch cables.) 
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5. DoTS will assist the contractor in determining how many patch cables are required and the length of 
the patch cables. 


6. Wide area network components that connect the facility to DPSNET 
7. Local area network switches for data connectivity 
8. Telephone System and Telephone Sets 


0.03 CODES, STANDARDS, SPECIFICATIONS AND RECOMMENDATIONS 
A. DoTS reserves the right to modify these specifications as needed or required by DoTS or by the Panduit 


Certification PlusSM System Warranty Program.  This statement does not apply to codes or regulations 
required by law.  A/E shall list these in the project specification. 
1. NFPA 70 National Electric Code (NEC) 
2. IEEE C 2 National Electric Safety Code (NESC) 


3. ANSI/IEEE 802.3  Information Technology−Local and metropolitan area Networks −Part 3: Carrier 
Sense multiple access with Collision detection (CSMA/CD) access method and Physical layer 
specifications 


4. TIA/EIA−568−B Commercial Building Telecommunications Cabling Standard (Parts 1, 2, and 3) 


5. TIA/EIA−569−A Commercial Building Standard for Telecommunications Pathways and Spaces 


6. TIA/EIA−606 Administration Standard for the Telecommunications Infrastructure of Commercial 
Buildings 


7. TIA/EIA−607 Commercial Building Grounding and Bonding  
8. TIA/EIA-758 Customer-Owned Outside Plant Telecommunications Cabling Standard   
9. BICSI Telecommunications Distribution Methods Manual (TDMM), 9th Ed. Network Design Reference 


Manual, 4th Ed. and Customer-Owned Outside Plant Design Manual, 2nd Ed. 
10. OSHA Standard 29 CFR 1910.268 


0.04 WORK BY ELECTRICAL/TELECOM CONTRACTOR 
A. Contractor shall provide conduits, sleeves, outlet boxes, and other raceways necessary to connect the 


telecommunications system. 
B. Contractor shall provide all wire and cable necessary to connect the telecommunications system.  This 


work must be performed by a Panduit Enhanced Certified Installer. 
C. Contractor shall provide station, fiber, and coax terminations, wire management, frames/racks, surface 


mounted raceway, clocks, speakers , clock/speaker housing and paging system speakers.   
D. Contractor supplies patch cords, but DoTS installs the patch cords. 
E. The contractor will be responsible for fire caulking the interior and exterior of conduit sleeves. 
F. Contractor shall install the audio enhancement system speakers and wiring. 
G. Contractor shall provide and install the paging system amplifier.   


0.05 DESIGN REQUIREMENTS 
A. A/E shall refer to drawings that accompany this section.  Not all drawings are specifically referenced in this 


section, but are to be considered part of the design requirements. 
1. 17700-1 Communications Outlet Drops and Jacks 
2. 17700-2 Typical Classroom 
3. 17700-3 Typical Computer Lab 
4. 17700-4 Typical Office 
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5. 17700-5 Typical Large Main Telecom MDF Room 
6. 17700-6 Typical 0x32 or PBX MDF Wallfield 
7. 17700-7 Typical Small Remote Telecom IDF Room 
8. 17700-8 Typical IDF Wallfield 
9. 17700-9 Typical Fourplex Receptacle Types 
10. 17700-9B Typical 220V Dedicated Receptacle 
11. 17700-10A Typical Enhanced Audio Connections with IR Receiver 
12. 17700-10B Typical Enhanced Audio Connections with RF Receiver 
13. 17700-11A Enhanced Audio IR Receiver One-Line Connections 
14. 17700-11B Enhanced Audio RF Receiver One-Line Connections 
15. 17700-11C Enhanced Audio Custom Adapter Assembly 
16. 17700-12 Telecommunication Grounding  
17. 17700-13 PBX  (HD) Typical MDF Rack Layout 
18. 17700-14 0x32 (HD) Typical MDF Rack Layout 
19. 17700-15 Typical IDF Rack Layout (HD) 
20. 17700-16 Typical Blue B-Line Cabinet Layout (HD) 
21. 17700-17 PBX Patch Panel Miscellaneous Circuits 
22. 17700-18 KSU Patch Panel Miscellaneous Circuits 
23. 17700-19 MDF/IDF Paging Speaker Connections 
24. 17700-20 Typical MDF NIU,  KSU, and PBX Wallfield Tie to Patch Panel 
25. 17700-21 Communication Outlet Labeling 


B. Data/Telephone Outlets: 
1. DoTS requires one 1” conduit for every 10’ section of surface mounted raceway containing 


terminations placed or any portion thereof.  Reference drawing 17700-1. 
2. Due to bend radius requirements, special sloped faceplates are required in surface mounted raceway. 


 These faceplates will not fit above a duplex electrical outlet.  Data outlets will have to be placed in a 
separate sloped faceplate positioned adjacent to the electrical outlet.  Reference drawing 17700-1. 


3. TV outlets in classrooms, office and conference room areas where a video cabinet is not provided can 
be combined with the communications outlet in that room at 18” A.F.F.  See drawings 17700-1 
through 17700-4. 


4. Typical DPS classroom standard requires three outlet locations supplied with three RJ45 jacks per 
outlet for a total of nine jacks per classroom.  If a fixed video location is not provided, two video outlets 
containing a coax are to be supplied making two locations on opposite ends of the room for teacher 
stations.  If a fixed video location is provided, the fixed video location shall contain minimum one data 
and one coax outlet.  See drawings 17700-2 and 17700-3. 


C. Power Requirements: 
1. In all classrooms where a video cabinet is supplied, increase the electrical receptacle behind the 


cabinet to a fourplex to support a TV, VCR and Enhanced Audio System.   
2. One dedicated fourplex receptacle is required next to each data outlet. 
3. MDF and IDF locations require dedicated circuits with lockouts on circuit breakers. 
4. Reference drawings 17700-5, 17700-7 17700-9A and 17700-9B. 
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D. Conduits Required: 
1. Provide a 1” conduit from the security alarm panel to the nearest TC. 
2. Provide a 1” conduit from the gas meter to the nearest TC. 
3. Provide a 1” conduit from the HVAC remote access panel to the nearest TC. 
4. Provide a 1” conduit from the elevator control room to the nearest TC. 
5. Provide a 1” conduit from the auditorium/stage/gymnasium/cafeteria sound system to the nearest TC. 
6. Provide a 1” conduit from the master clock, typically located in the main office, to the nearest TC. 
7. Provide a 1” conduit from the MDF to the roof for TV satellite dish feed.  Dish must have unobstructed 


view to North-west horizon.  Stub conduit minimum 6 feet from building edge.  Provide weatherhead 
on conduit on roof.  Sprint/WANT TV provides the dish.  DoTS requests the dish, but Sprint installs 
the dish. 


8. Provide two 4” conduits equipped with ¼” pull rope and a measured pull string to Qwest pedestal from 
MDF.  Pedestal location to be coordinated with Qwest. 


9. Provide one 4” conduit equipped with ¼” pull rope and a measure string to ComCast pedestal from 
MDF.  Pedestal location to be coordinated with ComCast. 


10. The Qwest and ComCast pedestals should be in the utility easement and separated by a minimum of 
two feet.  Qwest charges additional monies for feed cable lengths in excess of 150’, therefore locate 
MDF accordingly.   


11. Provide sleeves of adequate size to route communications wiring through any floor and any wall that 
is floor to deck.  The actual construction will dictate final size and locations of these sleeves.   A 
typical sleeve will be 4”.   The Contractor will be responsible for fire caulking the interior and exterior 
of the sleeves. 


12. Provide two 4” conduits between the MDF and each IDF room.  These conduits must all be home run 
and not looped from room to room. 


13. Paging speaker conduits may be ½”. 
14. Outlet boxes and associated conduits are not to be looped.   
15. All conduits from outlets boxes to above accessible ceiling shall be 1”. 
16. All conduits shall be routed above grade except conduits from pedestals and main conduits between 


(MDF or IDF) TCs. 
17. Reference drawings 17700-5 and 17700-7. 


E. MDF and IDF  Room Requirements: 
1. This room is for the exclusive use of DoTS and shall not have other equipment located in this room. 
2. This room shall not be a pass through for any other room. 
3. This room shall not be used for pipe chase, clean outs,  or any other object which reduces the 


useable interior dimension of the room. 
4. This room shall not be used for roof or crawlspace access hatches. 
5. If this room is equipped with a gyp board ceiling, a 24”x24” access hatch shall be provided and be 


located near the doorway to provide unobstructed access to the space above ceiling. 
6. Provide ground buss bar on the plywood per drawing 17700-12 and connected to building ground with 


#6 stranded copper in conduit.  Ground bar shall be ¼”x2”x6” copper with ¼” -20 (4 holes for ground 
wire attachment) with 3/8”x16x1.5” long standoff insulator studs. 


7. Provide cooling for MDF and IDF rooms.  Coordinate heat loads with mechanical A/E.  MDF and IDF 
rooms shall be cooled to minimum 72 degrees.  MDF and IDF rooms must be on separate zones or 
drops with thermostast control and not included with heating/cooling of adjacent rooms. 
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8. Provide dedicated circuits for TCs per drawings 17700-5,-7,-9A, and -9B.  
9. Provide task level lighting for MDF and IDF rooms. Lighting fixtures shall be a minimum of 8’6” above 


finished floor to the bottom of the lighting fixture.  If lighting fixtures are fluorescent type, they shall be 
mounted at right angles to cable ladder racks.  Coordinate rack locations with DoTS. 


10. No ceiling mounted fixture or equipment may extend below 9’0” A.F.F. 
11. All conduits shall enter the MDF or IDF room above or below the plywood back boards as practicable. 


 All conduits shall be located as tight to the walls as possible. 
12. The door to the room shall swing out so as not to restrict useable space within the room.  The door on 


this room shall be keyed to DPS/DoTS key #XGM-1. 
F. MDF Room Requirements: 


1. Reference drawing 17700-5 & 6. 
2. Room interior dimensions shall be 12’x 6’ minimum. 
3. Three sheets of ¾”x 4’x8’ fire rated plywood mounted to the MDF walls per drawing 17700-6. 


G. IDF Room Requirements: 
1. Reference drawing 17700-7 & 8. 
2. Room interior dimensions shall be 8’x 6’ minimum. 
3. One sheet of ¾”x 4’x8’ fire rated plywood mounted to the IDF wall per drawing 17700-8. 


PART 1  GENERAL 
1.01 SUBMITTALS 


A. Product Data:  
1. Component and accessories list. 


B. Schedules and Certificates: 
1. Schedule of when contractor needs DoTS supplied equipment or materials. 
2. Schedule of when contractor needs FF&E items on site for installation by contractor. 
3. Fluke calibration certificate. 
4. Panduit installer certification per paragraph 1.05.B this section. 


C. Project Record Documents: 
1. Shop drawings:  Wiring and termination drawings. 
2. As-built drawings shall be provided by the contractor at the completion of project indicating changes to 


the contract drawings, including jack numbers.  All components installed by the contractor will be 
noted on these drawings. This requirement pertains to telecommunications and is generally confined 
to the electrical drawings. 


3. Record drawings shall be corrected and resubmitted to include any changes or corrections made to 
the system after system cutover. 


1.02 CONTRACTOR QUALIFICATIONS 
A. Denver Public Schools requires that the contractor have a BiCSI Certified Registered Communications 


Distribution Designer (RCDD) on staff for the duration of the project. Information regarding BiCSI and its 
services including RCDD Certification can be obtained by contacting BiCSI at 1-800-242-7405 or 1-813-
979-1991 or fax 1-813-971-4311 or e-mail bicsi@bicsi.org or web site www.bicsi.org. 


B. Contractor must submit certification from Panduit authorizing contractor to provide Panduit Enhanced 
Certifications PlusSM System Warranty.  
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C. Contractor shall supply a detailed list of recently installed sites.  Contractor must have successfully 
completed at least one site similar in drop count and configuration (including backbone) within the past 
year.  Please submit the site name, contact, contact telephone number, date installed, and number of 
drops installed. 


D. Contractor shall attend a mandatory pre-bid meeting at a location determined by DoTS and walkthrough at 
the school site. 


1.03 WARRANTY 
A. The telecom installer must provide the Panduit Certification PlusSM System Warranty.  This program offers 


a 25-year standards based performance warranty that applies to all registered links in an installation.  This 
program guarantees that these links will meet minimum performance requirements as specified in the 
Commercial Building Telecommunications Cabling Standards.  The warranty covers the repair or 
replacement of defective components and/or cable and the labor associated with this repair or 
replacement per the terms of the warranty. 


B. Telecom installer must complete specific documentation to be eligible for warranty coverage.  Telecom 
installer must coordinate and comply with the documentation required.  The complete Panduit Warranty 
guide can be obtained from Panduit. 


1.04 COMMISSIONING 
A. Commissioning of the telecommunications systems is the responsibility of DoTS.  Testing of the wiring 


infrastructure and any components installed by Contractor is the responsibility of the Contractor. 
Contractor is repsonsible for repairs and changes to correct deficiencies and nonfunctioning components 
or systems.  DoTS will witness testing. 


PART 2  PRODUCTS  
2.01 MATERIALS 


A. Conduit as specified in Section 16110, except:   
1. Runs shall not contain more than 225° of bends.   
2. Runs shall not exceed 100' in length between junction boxes.  
3. All conduits for the communication outlets are 1” in diameter with no “looping” between outlets. 
4. The conduits for clock/speakers are ½” and may be looped between as many as three clock/speakers.  
5. All station cables shall be installed in conduit and junction boxes and shall be provided by the 


electrical contractor; or installed as plenum rated cables supported by appropriate hangers in the 
plenum.  


6. A bushing is required to be placed at each end of any conduit that is used for placing communications 
wiring.  The contractor will be required to insure these bushings are in place prior to pulling wire and 
not place them after the fact.  If upon inspection by the DoTS Project Manager it is noted that the 
bushings are not in place or it appears that the bushings were placed after the cable was pulled (split 
bushing) the contractor will be directed to remove the wiring that was placed, destroy that wiring, and 
re-pull the wiring with the appropriate bushings in place.  The electrical contractor will place bushings 
for the larger conduits.  As a part of this labor component, the contractor shall fire seal both interior 
ends of conduits or sleeves that lead into the TCs and any conduit or sleeve that penetrates any wall. 
 The Denver Building Department has recently started requiring fire seal in the ceiling end of conduits 
which stub up into the plenum ceiling area and as a result contractors must include this activity as part 
of their bid.   The contractor is required to fire seal the interior and exterior of any conduits placed by 
the electrical subcontractor.   


7. All cabling shall be placed and routed in Panduit or other surface raceways, false ceilings, conduit, 
trays, behind walls or any other suitable means approved by the Dots Project Manager, in order to 
conceal all cabling at all locations while maintaining the architectural integrity of the building and 
according to the approved drawings. Cabling placed in false ceilings, MDF, IDF’s shall be routed, self 
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supported and dressed neatly and in a quality workmanship like manner meeting all applicable State 
and Local Building Codes, ordinances, OSHA requirements and DPS specifications. 


8. Some locations may utilize Wiremold raceway.  The Wiremold type shall be 4000, gray in color.  A 1” 
conduit will be supplied for each 10’ of wiremold placed.  The correct Wiremold faceplate to be used 
will be G4048R. The Panduit faceplate used in conjunction with the Wiremold is CFPHS2IG which is a 
2 port sloped faceplate in gray.  The Contractor will equip these faceplates with matching gray inserts. 


B. Contractor to provide sleeves of adequate size to route communications wiring through any floor and any 
wall that is floor to deck.  The actual construction will dictate final size and locations of these sleeves.   A 
typical sleeve will be 4”.   The Contractor will be responsible for fire caulking the interior and exterior of the 
sleeves.  


C. Outlet boxes as specified in Section 16130, except boxes shall be minimum 2-1/2” deep. 
D. Provide single gang plaster ring for outlet boxes.  Exception for audio infrared systems. 
E. Electrical Identification as specified in Section 16195. 
F. Grounding as specified in Section 16450. 
G. Receptacles as specified in Section 16141.  
H. Pull boxes need to be trough style, minimum 6” wide and 2’ long. 
I. Wire and cable as specified in Section 16120.  Exceptions: 


1. Data cable shall be category 6. Category 6 cables will be plenum rated (blue in color). 
2. DoTS does not want “service loops” left on the cabling.  When terminating the device end of the 


cabling, pull 12” of wire out of the outlet box, trim and terminate the cabling.  After termination, push 
the cabling back up the conduit, leaving approximately 7” of wire in the box.  Allow the remainder to 
remain slack as it exits the upper end of the conduit and caulk the conduit with fire caulking. 


3. All Category 6 cables will be tested to Panduit and EIA/TIA 568B Category 6 specifications by the 
Contractor and documentation of these tests supplied as outlined in this document. 


4. The Contractor shall test all coax cables and documentation of these tests supplied as outlined in this 
document. 


5. Speaker wire shall be #18, 2 pair shielded, grounded at head end equipment only. 
6. Cable layouts should be designed to avoid close proximity to flourescent lights, power sources, 


electrical motors, and motor controllers. 


2.02 HORIZONTAL STATION CABLING 
A. Contractor shall be responsible for all labor and material to complete the installation of all drops.  The 


majority of the horizontal runs or drops are office, teacher and student workstations consisting of three (4 
pair) Category 6 cables from the respective serving TC to the four port outlet sloped faceplate.  All 
Category 6 cables shall be terminated with Panduit Category 6 hardware.  Each drop shall be terminated 
compliant with Category 6 practices as defined by EIA/TIA 568B cable installation specifications and in 
accordance with the Panduit Enhanced Certifications Plus System Warranty procedures.  Additional 
outlets for video service consisting of 1 coax and 1 Cat. 6 drop and other configurations may be placed.  
There will be additional cables placed for wireless data access points, paging speakers in clock housings 
and corridor paging speakers which are either wall hung or ceiling units.   


B. Horizontal communication outlets and drops can be terminated in a variety of 1, 2, 4, 6, or 10 port sloped 
faceplates with a variety of sloped faceplate inserts supporting copper or coax wiring in several different 
configurations depending on their location and usage within the school. 


C. All Category 6 cables will be terminated on Panduit high density (HD) patch panels.   
D. All coax cables shall be terminated on Panduit patch panels attached to a Panduit swing out gate mounted 


to the backboard at a 6’6” height.  All coax drops will enter the hinged side of the rack so as to allow the 
rack to be fully opened for maintenance.  A front only wire management panel shall be provided for each 
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48-port patch panel placed.  The contractor will supply 8-way  splitters in sufficient quantity to connect all 
coax.  The contractor shall place a 75-Ohm terminator cap on any unused output of the splitters.  
contractor will be responsible for fabricating and placement of coax “patch cables” to connect the splitters 
to the terminated coax drops routed through the hinged side of the front only management panel.  The 
device end of the coax cable will be terminated in self-terminating inserts placed in a variety of sloped 
faceplates depending on the application.  Most conduits supplied by the electrical sub-contractor for video 
locations are 1” in size.  DoTS personnel will make the head end connection to the ComCast entrance 
termination. 


E. All speaker cables shall be terminated on 66 type blocks located on the backboard in the serving TC.  The 
speaker connection shall be at the 70-volt level, 2 watt for classrooms and 4 watt for corridors and large 
spaces (i.e. gymnasiums and lunchrooms).  The contractor will be responsible for placing the speaker and 
speaker wiring. Gymnasium speakers require the grills specified in the attached materials list.  All ceiling 
mounted speakers are to be installed by the contractor including tile or gypsum board cuts as required.  All 
ceiling mounted speakers will use tile bridge supports and fire rated speaker and enclosure assemblies as 
specified in the materials list.  Paging amplifier connections will be discussed later in this section. 


F. The drops for Wireless Data Access Points (WAP’s) shall be terminated at the serving TC end in the 
Panduit patch panels with the other Category 6 terminations and labeled in the same fashion as all other 
cables.  The device end of the cable will be terminated with a Panduit RJ45 Category 6 minicom jack and 
20’ of cable coiled and left supported above the ceiling at a location determined by DoTS.  Provide green 
nameplate on ceiling grid to indicate where device is installed for WAPs.   


2.03 BUILDING BACKBONE AND RISER CABLES 
A. Between the MDF and each IDF the Contractor will place one 100 pair 24 Ga. PVC or plenum tie cable, 


one 12 strand multi-mode PVC or plenum fiber optic armored cable, one RG11 PVC or plenum video coax 
tie, two #18, 2 pair shielded PVC or plenum paging speaker ties, two #18, 4 pair Category 6 PVC or 
plenum data backup ties and a new ¼” pull rope. All riser components will originate in the MDF and 
terminate in their respective IDF locations. The contractor will be responsible for all placements, testing, 
terminating, and labeling of all riser and horizontal cabling and providing the DoTS Project Manager with 
all electronic and written test results. 


2.04 TELECOMMUNICATIONS CLOSET SETUP 
A. All of the TCs will have hard deck ceilings.  The general contractor will place all ¾” fire retardant plywood 


backboards installed vertically with fire brand showing.  The contractor shall be responsible for placing and 
mounting of all equipment racks, wire management, terminating hardware (copper, coax and fiber), ladder 
rack (including waterfalls), grounding of the ladder racks and frames, and all labeling.  This includes all 
MDFs and IDFs in the building. 


2.05 MDF SETUP 
A. Reference drawings 17700-13, -14, -17, -18, -19, and -20. 
B. The MDF supports the feeds from various service contractors’ into the building, it contains the telephone 


system, the master data networking equipment, the paging and video amplifiers, serves certain areas  and 
systems of the building. 


C. The feed from Qwest is terminated in this room by Qwest. 
D. The feed from ComCast (AT&T Broadband) is terminated in this room by Comcast.   The output of the 


reverse fed splitter will connect to the input of the Coax Amplifier.  The contractor will connect the output of 
the Coax Amplifier to the input of an 8-way splitter.  The contractor will connect seven of the outputs of this 
splitter to feed the first seven coax video drops terminated in the wall hung, Panduit hinged wall bracket, 
containing the video patch panel.  The contractor will connect the eighth output of this splitter to feed the 
next 8-way video splitter.  This process will continue until all coax drops have connection with one terminal 
on the 8-way splitter left vacant for growth.  The contractor will connect the output of the Coax Amplifier to 
a splitter of sufficient size to feed all IDF TCs.  The contractor will connect the feeds to all IDF TCs to this 
splitter.  The contractor will provide all components, cables and connectors to accomplish this task. 
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E. The feed from Sprint TV (rooftop receiver) is terminated in this room by Sprint. 
F. The contractor will place 9 – PVC or plenum 25 pair single ended female amphenal cables to support the 


telephone system.  The raw ended majority of these cables will be terminated on patch panels in the 
Panduit Frame the remainder will terminate on the 66M150 block designated for trunks (see Attachment # 
1) and located on the backboard.  The amphenaled ends of the cable will be secured to the backboard in 
a position designated by DoTS for installation into the telephone system installed by DoTS.   


G. The contractor will place and connect Bogen Paging Amplifier(s) (100 amp.) on the backboard and 
connect to the speaker multiple 66M125 block. The contractor will cross-connect from the speaker multiple 
block to the 66M150 speaker termination block.  The contractor will connect speaker tie cables to the 
IDF’s.    The contractor will connect paging speaker wiring to the 66M150 speaker wire termination block.  
All pairs of the speaker wire will be terminated and additional 66M150 blocks may be required based on 
number of speakers.  The contractor placed speaker cross-connect will be terminated on the green/red 
pair. 


H. The contractor shall arrange all components on the backboards so that cross-connects are run across the 
tops of the connected components as shown.  With the exception of the cables for the telephone system, 
all cables shall be routed in “D” rings around the extreme edges of the backboards and brought up into the 
components from below.  The cables from the telephone system will be routed down from the cable tray to 
the left side of the telephone system. 


I. The contractor shall place a 25 pair tie cable between the Panduit Frame and the 66M150 block on the 
backboard.  24 pair of this cable will be connected at the patch panel as shown on the drawings. 


J. The contractor shall place and connect KSU Category 6 ties between the frame patch panel #3 and the 
backboard.  At the backboard these cables will terminate in a 10 port faceplate connected to a double 
gang Panduit surface mount box. 


K. The contractor shall place and connect NIU Category 6 ties between the frame patch panel #3 and the 
backboard.  At the backboard these cables will terminate in a 2 port faceplate connected to a single gang 
Panduit surface mount box.   


L. The contractor shall assemble all Panduit frames and permanently mount these frames using the specified 
concrete anchoring kit.  The contractor will attach to the tops of each frame, using a Panduit cable tray 
bracket and specified wall angle supports, a section of cable tray (ladder rack) spanning wall to wall at 
right angles to the frame.  This cable tray will be equipped with runway cross member radius drops, 1 from 
each direction, above the top entrance to the frame.  In an effort to reduce labor costs these cable trays 
will be fitted by the contractor with 6”w x 4” h wiring duct to conceal wiring from the point of entry into the 
MDF to the point the wiring drops down into the frame.  This does not mean that DoTS does not want a 
quality wiring job, rather, it is not as critical to provide the level of quality DoTS expects from the entrance 
into the frame down to the terminations in the patch panels.  In this area of the process DoTS expects the 
very highest quality work, precision and attention to detail.  The contractor shall permanently attach the 
wiring duct to the cable tray with the heads of the screws inside the duct and the threaded end of the 
screw not extending below the cable tray so as to prevent a hazard.   


M. The contractor shall ground the frames and cable trays with a #6 green insulated ground wire routed to the 
grounding buss bar supplied by the electrical sub-contractor on the backboard.  See drawing 17700-12. 


N. The contractor shall equip and connect frames. 
O. The contractor will place and terminate all copper and fiber optic tie cables. 
P. The contractor shall install all labels for all terminating hardware with the exception of the patch panels 


designated for PBX Telephone System Termination.  DoTS will label these patch panels. 


2.06 IDF SETUP 
A. Reference drawings 17700-15, -16, and -19. 
B. The IDF supports the feeds from the MDF, the remote data networking equipment, and serves certain 


areas of the building. 
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C. A minimum 100 pair 24 ga. copper feed from the MDF terminated on patch panel, one 12-strand armored 
fiber cable, two-4 pair cat 6 cables terminated in patch panel, and two 2-pair shielded #18 speaker tie wire 
terminated on 66M150 wallfield  


D. An RG-11 video feed from the MDF.  
E. The contractor will connect the video feed to the input of an 8-way splitter.  The contractor will connect 


seven of the outputs of this splitter to feed the first seven coax video drops terminated in the wall hung, 
Panduit hinged wall bracket, containing the video patch panel.  The contractor will connect the eighth 
output of this splitter to feed the next 8-way video splitter.  This process will continue until all coax drops 
have connection with one 8-way splitter left vacant for growth.  The contractor will provide all components, 
cables and connectors to accomplish this task.   


F. Connect the speaker ties from the MDF to ‘page in’ on the speaker multiple 66M125 block. The Contractor 
will cross-connect from the speaker multiple block to the 66M150 speaker termination block. All pairs of 
the speaker wire will be terminated and additional 66M150 blocks may be required based on number of 
speakers.  The Contractor placed speaker cross-connect will be terminated on the green/red pair. 


G. The contractor shall arrange all components on the backboards, so that cross-connects are run across the 
tops of the connected components as shown.  All cables shall be routed in “D” rings around the extreme 
edges of the backboards and brought up into the components from below. 


H. The contractor shall assemble the Panduit frame(s) and permanently mount this frame using the specified 
concrete anchoring kit.  The contractor will attach to the top of the frame, using a Panduit cable tray 
bracket and specified wall angle supports, a section of cable tray (ladder rack) spanning wall to wall at 
right angles to the frame.  This cable tray will be equipped with runway cross member radius drops, 1 from 
each direction, above the top entrance to the frame.  In an effort to reduce labor costs these cable trays 
will be fitted by the contractor with 6”w x 4” h wiring duct to conceal wiring from the point of entry into the 
IDF to the point the wiring drops down into the frame.  This does not mean that DoTS does not want a 
quality wiring job, rather, it is not as critical to provide the level of quality DoTS expects from the entrance 
into the frame down to the terminations in the patch panels.  In this area of the process DoTS expects the 
very highest quality work, precision and attention to detail.  The contractor shall permanently attach the 
wiring duct to the cable tray with the heads of the screws inside the duct and the threaded end of the 
screw not extending below the cable tray so as to prevent a hazard.    


I. The contractor shall ground the frame and cable tray with a #6 green insulated ground wire routed to the 
grounding buss bar supplied by the electrical sub-contractor on the backboard.  See drawing 17700-12. 


J. The contractor shall equip and connect frames with components. 
K. The contractor will place and terminate all copper and fiber optic tie cables.  
L. The contractor shall install all labels for all terminating hardware. 


2.07 OTHER SERVICES/FEEDS TO MDF/IDF ROOMS 
A. The Category 6 PVC or plenum link (Ethernet) from the HVAC Access panel will be terminated in the 


nearest TC by the Contractor on the Panduit patch panel along with the rest of the Category 6 drops.  The 
HVAC Access panel location shall have a 1” conduit homerun to the nearest MDF or IDF. 


B. The Category 6 PVC or plenum elevator telephone line routed in 1” conduit will be terminated to the 
nearest TC by the Contractor on the patch panel.   


C. The Category 6 PVC or plenum security panel telephone line routed in 1” conduit will be terminated to the 
nearest TC by the Contractor on the patch panel.   


D. The Category 6 PVC or plenum master clock link routed in 1” conduit will be terminated to the nearest TC 
by the Contractor on the patch panel.   


E. The Category 6 PVC or plenum Excel Energy gas meter routed in 1” conduit will be terminated to the 
nearest  TC by the contractor on the patch panel.  The contractor needs to coordinate location of gas 
meter and outlet location.   
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F. The Category 6 PVC or plenum power failure telephone drop will be terminated in the nearest TC by the 
Contractor on the Panduit patch panel along with the rest of the Category 6 drops.  Coordinate location 
with DoTS. 


2.08 CLASSROOM AUDIO ENHANCEMENT SYSTEM 
A. The Enhancement Audio Equipment Supplier will provide the following components as FF&E items: 


1. Enhanced Audio Unit ULT2000 Infrared (IR) Receiver/Amplifier or equivalent RF unit 
2. Power transformer for above unit 
3. Ceiling mounted 360 degree domed infrared sensor for IR systems 
4. Wireless Microphone or Headset 


B. The Contractor will provide labor and material for the following IR system components, if IR is used: 
1. Installation of the ceiling mounted 360 degree domed infrared sensor provided by the Enhancement 


Audio Equipment Supplier. 
2. Installation of the RG6 coax and snap and seal connectors to connect the ceiling sensor above. 
3. Installation of 4 ceiling mounted speakers and supporting hardware. 
4. Installation of 2 Category 6 drops to connect speakers (note pair assignments). 
5. Installation of 2 RJ45 Cat 6 inserts and 1 coax insert into the existing 6 port video outlet in the 


classroom. 
6. Installation of 2 white Category 5 patch cords and fabrication and installation of 1 coax “patch cord”. 
7. Connection of the two RJ45 patch cords above into a custom RJ45 to 2-1/4” phono plug adapter. 
8. The custom adapter above is supplied by the contractor and is part of the material list provided. 
9. Reference drawings 17700-10A, 17700-11A, and 17700-11C. 


C. The contractor will provide labor and material for the following RF system components, if RF is used: 
1. Installation of 6 ceiling or wall mounted speakers and supporting hardware. 
2. Installation of 3 Category 6 drops to connect speakers (note pair assignments). 
3. Installation of 3 RJ45 Cat 6 inserts into the existing 6 port video outlet in the classroom. 
4. Installation of 3 white Category 5 patch cords. 
5. Connection of the three RJ45 patch cords above into 3 custom RJ45 to 2-1/4” phono plug adapters. 
6. The custom adapter above is supplied by the contractor and is part of the material list provided. 
7. Reference drawings 17700-10B, 17700-11B, and 17700-11C. 


PART 3  EXECUTION 
3.01 INSTALLATION 


A. The contractor shall not install fire caulking until after all testing has been completed and final acceptance 
has been given for the telecommunications system. 


B. Labeling: 
1. All telecommunications equipment and terminations furnished and installed by the contractor shall  be 


equipped with a permanent numbering identification indicating its individual location within the school. 
Label numbers shall be comprised of the alpha terminal location followed by a three-digit number 
specific to the drop location within the school, i.e. A001.  Equipment to be identified shall include, but 
not limited to, all wiring, faceplates, jacks, patch panels, 66 blocks, paging amplifiers and coax 
amplifiers.   
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2. All faceplates will be identified with a alpha terminal location followed by a three-digit number specific 
to the drop location.   The first labeling will be handwritten using a permanent Permanent marker in 
the recess beneath the clear plastic label cover. The second label will be a Panduit machine printed 
label placed over the top and corresponding to the hand printed labeling.  The clear plastic label cover 
will then be installed. Hand lettering will not be permitted on the outside of the faceplates except under 
the machine printed Panduit label. 


3. All jacks at both the device and patch panel locations will be identified with a permanent Permanent 
marker, handwritten alpha terminal location followed by a three-digit number specific to the drop 
location on the side of the jack.  This labeling shall not be visible from the exterior face of the jack. 


4. All patch panels located in the MDF and IDF’s will be identified by either a two, three or six digit 
number specific to the drop location, tie cables and fiber termination, coax and paging equipment by 
using Panduit printed labels on the face of the patch panel. Hand lettering will not be acceptable on 
patch panels. 


5. All station wiring will be identified on both ends with a permanent Permanent marker, handwritten 
alpha terminal location followed by a three-digit number specific to the drop location on white tape 
approximately 3 inches below the cut end of the wire.  The label shall include  TC and Station Run 
Number (i.e., “A001”, A = TC, 001 = Run). 


6. Reference drawing 17700-21. 


3.02 FIELD QUALITY CONTROL 
A. Testing: 


1. All cables and terminations shall be 100% tested for defects in installation and to verify cable 
performance under installed conditions.  The contractor, prior to system acceptance, shall verify all 
conductors of each installed cable.  Any defect in the cabling system installation including but not 
limited to cable, connectors, feed-through couplers, patch panels, and connector blocks shall be 
repaired or replaced in order to ensure 100% usuable conductors in all cables installed prior to final 
acceptance of the telecommunications system.   


2. Testing results documentation (print copy and on CD-ROM) must be provided on all installed cabling. 
 Contractor shall use a Fluke Model DSP4300 in-house for testing both fiber optic and copper media  
Contractor to provide calibration certificate. 


3. Fiber testing shall be done using an approved tester as outlined above to achieve bi-directional testing 
for all links.  Test results documentation shall be furnished to DoTS upon completion of testing.  
Printed documentation is required and electronic documentation from the tester shall be included in 
the final submittal.  Tests will be performed to the TIA/EIA – 568B.3 Standards.  Terminated fibers 
shall not exceed 1.5-db loss from connector to connector. 


4. Copper cable testing will require Permanent Link testing using the Fluke DSP4300 and PM-06 
personality modules.   Printed documentation is required and electronic documentation from the tester 
shall be included in the final submittal. 


B. Inspection: 
1. DoTS Project Manager shall inspect wiring installation after wire is installed and before closing the 


ceiling. 
2. DoTS Project Manager shall inspect quality and workmanship of terminations on an on-going basis. 
3. The owner and the owner’s representatives shall at all times have access to the work and the 


contractor shall provide proper facilities for such access and for their inspection of the work.  If any 
work should be covered up without the approval or consent of the owner, it must, if required by the 
owner, be uncovered for examination, at the Contractor's expense.  


4. The owner shall have the authority to reject materials or to suspend the work, or both, for any violation by 
the contractor of any provisions of the contract documents. 
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PART 0  A/E INSTRUCTIONS 
0.01 DESIGN REQUIREMENTS 


A. Minimum lighting control (base scope of work) shall include all corridors.  The lighting in all the 
corridors shall be turned on (if not already on) if the security system triggers an alarm.  The lighting 
will need to be manually turned off once the security system has been cleared by DPS security 
personnel. 


B. Lighting should be circuited such that full lighting control can be achieved by the lighting control 
panel. 


C. For new buildings, lighting design shall include lighting control panels, capable of interfacing with the 
Integrated Building Automation System (IBAS).   


D. For remodel projects, depending on extent of the remodel, engineer shall provide lighting control 
panels.  Consult DPS Project Manager. 


E. For building additions, engineer shall provide lighting control panels.  Lighting control panels shall be 
sized to accommodate as much of the existing building lighting as possible.  Lighting control panel 
shall be capable of interfacing with IBAS. 


F. Engineer may use as an alternate Smart Breaker Panels to control lighting and other loads for the 
IBAS.  Smart breakers can be used to control HVAC and other controllers without additional I/O 
hardware.  This solution can be used for new buildings, remodels, or additions. 


G. All lighting controls must use BACnet protocol or a BACnet gateway to integrate into DPS IBAS.  
Refer to Section 15975 – Integrated Building Automation System (IBAS) for interface requirements. 


PART 1  GENERAL 
1.01 SECTION INCLUDES 


A. The intent of this section is to furnish and install a Lighting Control System as part of the complete 
Integrated Building Automation System (IBAS). 


B. Any network connected computer shall be able to display information on all lighting control in the 
building through secured user access.  


C. The Lighting Control System, as part of the IBAS shall be fully integrated and installed as a complete 
package.  The System shall include all wiring, conduit, installation supervision, calibration, 
adjustments, and checkout necessary for a complete and fully operational system. 


1.02 COMMISSIONING 
A. Commission the Lighting Control System as part of the IBAS.  Refer to the commissioning sections 


for further detalis. 
PART 2  PRODUCTS 
2.01 ACCEPTABLE MANUFACTURERS 


A. TRIATEK Lighting, Inc. 
B. MicroLite Corp. 
C. Matrix Control Systems 
D. Hi Solutions Field Commander 


2.02 QUALITY ASSURANCE 
A. The IBAS Lighting Control System shall be furnished and installed by Integrated Control Systems, 


Inc. located in Golden, CO (303-277-0708). 
2.03 MATERIALS 


A. Lighting Control Panels (LCP): 
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1. Overview: 
a) Integration to IBAS:  The LCP’s will interface to the IBAS over a twisted pair of wires. Each 


lighting circuit from the LCP will be controlled by the IBAS over the twisted pair between the 
LCP's and the IBAS communication bus. All scheduling, monitoring and control of lighting 
circuits will be from the IBAS software. Each lighting circuit from the LCP must be a mapable 
point to the IBAS. All graphic lighting control floor plans will be on IBAS software.  


b) The LCP shall consist of a preassembled enclosure with separate high and low voltage 
sections, CPU, Interface Board, interconnect cables, power supply, high voltage cover and 
primary fusing.  


c) The LCP shall be mounted in electrical closets. The relays in the enclosure shall be wired to 
control the power to each load with all power wiring indexed with the relay controlling it at the 
load. 


d) Dry contact switches or digital series switches and occupancy sensors shall be mounted in 
the spaces as indicated.  The LCP must be capable of accepting these dry contact and digital 
switches directly.  Software in the LCP shall provide the capability to set the switch input as 
either momentary on, momentary off, momentary toggle, or maintained.  Momentary switches 
shall have the capability to be assigned timers to assure the lights are turned off after the 
timer has expired. The LCP shall provide the capability to set the polarity of each of its switch 
inputs to normally open or normally closed. The input shall be programmable in order to 
determine whether or not it will flash the zone it is assigned to. Wiring from the switches and 
sensors to the IBAS or “LCP” shall be CLASS 2 or CLASS 2P (plenum rated) as required by 
the National Electrical Code and local standards. Use only properly color-coded, stranded 
#20 AWG (or larger) wire as indicated on the drawings.  All relays and switches shall be 
tested after installation to confirm proper operation and the loads recorded on the Panel 
Wiring Schedule in each LCP. 


e) The LCPs shall be factory wired for a minimum of 8, 16, 32, 48 or 60-relay capacity.  The 
LCP shall be expandable only by adding additional relays.  Systems that require additional 
automation cards will be unacceptable. All panels shall be factory wired for their maximum 
capacity eliminating the need to purchase additional automation cards in the future. All relays 
shall have modular connectors so expansion or replacement will be simple. 


f) Each LCP shall provide manual override of any of its zones and the relays assigned to zones 
without the need for additional hardware or software. 


B. Hardware Features: 
1. Enclosure:  NEMA 1 enclosure. Maximum of 14” wide and 4’ deep, height shall vary depending 


on the relay capacity of the enclosure.  A barrier shall be provided to separate the low voltage 
compartment from the high voltage compartment.  A cover secured by screws shall be provided 
to enclose the high voltage compartment.  It shall be properly marked to warn of the danger of 
high voltage.  The unit shall be wired for its maximum capacity of relays.  The unit shall provide 
the capability to accept any number of relays up to its maximum capacity without requiring the 
addition of any automation cards or interface boards. Any number of relays, up to the maximum 
size, may be installed in any one of the sizes listed.  Where an enclosure does not have the 
maximum number of relays installed as furnished initially, additional relays may be added by 
placing the relay in the enclosure and plugging its connections onto the relay interface board 
which comes with the enclosure.  Door shall be hinged with key lock and painted to match 
enclosure 


2. CPU:  The unit shall provide intelligence required to control relay on/off staging and timing, zone 
timing, zone assignments, zone changes, override timing, flash timing, RS 485 serial 
communications port, local manual programming, and status displays/indications.  A minimum of 
twenty-four (24) switch inputs shall be provided with the capability to expand to one-hundred-
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twenty (120) for integration into the IBAS.  The unit shall be capable of a minimum of sixty (60) 
zones.  Each zone shall be fully programmable.  Each zone shall be controllable by any of the 
LCP's switch inputs.  Only the number of zones required by the installer need be implemented, 
but sixty minimum shall be furnished. Any relay must be assignable to any zone and the 
capability of assigning any relay to any zone without rewiring of any kind is required.  Zone 
assignment shall be field changeable without changing hardware of any kind including jumpers, 
memory chips (ROM), or other plugs.  Assignments shall be stored in nonvolatile memory  so that 
setup and assignments are not lost during power outages or brown outs. Battery backed memory 
will not be allowed. The CPU shall provide individual relay pulse control so that all circuits are not 
turned on or off simultaneously, but are staged on to prevent line surges. 


3. Relay Interface Module:  Each of the low voltage coils on the LCP relays shall plug into an 
interface for ease of installation and replacement. Systems that use screw terminals to connect 
the low voltage coil portion of the relay will not be acceptable.  Systems that do not use an 
interface module separate from the panel controller shall not be acceptable.  


4. Panel Setup & Local Programming:  All features shall be programmable by a Laptop or PC that 
has LPPK configuration software.  Software shall be compatible with operating systems using 
Windows 98 or later.  


5. Software/Pushbutton Addressing:  The unit address shall be software selectable between 1- 255 
and through the use of pushbuttons on the unit. 


6. Manual override for each individual zone shall be provided on the CPU as well as manual 
override lever on each relay. 


7. Emergency Override Module (EOM):  The LCP shall provide the capability, as an alternative 
option, to offer a redundant controller to turn all relays on in the LCP should its CPU fail.  The 
EOM shall mount in the LCP and provide a single override switch to activate all relays in the LCP.   


8. Light Level Sensor Input for Triatek Lighting PHOTO Series light level sensor. 
9. Status LED's:  The unit shall provide status indicated by bar-graph LED's for each of the 60 


lighting zones, 60 outputs. These shall indicate zone flash selection, programmable blink times, 
flash warning, programmable flash times, input status, on/off status, relays assignment to zones, 
normal operation indication, security mode, parameter review, and manual override mode.  These 
LED's shall provide status of unit, zone status, relay status, and indication of zones, which are in 
the manual override or flash mode.  


10. Relays:  Relays shall be momentary-pulsed mechanically latching relays using a dual coil 
technology rated at 20 amps, 120-277 VAC.  They shall attach to the barrier and plug into the 
Relay Interface Board.  Relays that use screw terminations for low voltage connections shall not 
be acceptable.  Relays shall have built in lever for manual override. Lever shall also indicate 
status of relay, and not require power to operate.  Relay shall be rated for a minimum of 150,000 
cycles at full load.  All relays shall be factory wired for low voltage control and shall not have to be 
rewired in the field regardless of panel zoning requirements.    


11. Power Supply:  The unit shall provide a single transformer with primary fusing. It shall be capable 
of 120V or 277V +10%, primary power.  Units with single primary transformers will be 
unacceptable.  A grounding stud shall be provided in the high voltage compartment to ground 
primary power. 


12. High Voltage Compartment Divider:  (HVCD) The LCP shall provide the capability to divide 120V 
from 277V within the high voltage compartment.  The HVCD shall mount in the high voltage 
compartment between the relays as a barrier between the two different voltages. The HVCD shall 
not require any tools for mounting and can be placed between any of the LCP relays. 
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13. Door:  The LCP shall provide a door with attractive textured paint finish with Polane T 
Polyurethane enamel paint or equal. A pocket shall be provided on the inside of the door to house 
the LCP manual and schedules. 


14. Digital Override Switches:  Digital switches that communicate over a Cat 6 digital device network 
shall be provided with the following minimum features: 
a) Each digital switch shall provide a push button switch with an embedded dual color LED to 


indicate the status of the lighting group controlled by the digital switch. 
b) All digital switches shall reside on a sub network from the lighting control network and provide 


a dipswitch to select the lighting group to be controlled. Digital switches that reside on the 
lighting control network and use a network address shall not be acceptable. 


c) Setting the lighting group to be controlled by the digital switch shall be done locally on the 
switch through a dipswitch. Systems that use only a remote addressing system shall not be 
accepted. 


d) The digital switches shall have removable terminal blocks for easy wiring. 
e) Each digital switch shall be mounted with a Decora style plate. 
f) Each digital switch shall provide LED’s to visually indicate data is being receiving, data is 


being transmitting, and the digital device network is busy. 
g) The digital switch pushbutton shall illuminate RED when the lights are on and GREEN when 


the lights are off. Systems that do not provide multi color LEDS embedded in the pushbutton 
switch are not acceptable. 


h) The digital switch shall have a mechanical life of a minimum of 1,000,000 operations. 
i) The digital switch shall provide audible click when pressed. 
j) The digital switch shall mount in a standard single gang junction box. 
k) The digital switch shall communicate over a digital device network with a minimum of sixty, 2-


button digital switches on one network. 
l) Each digital switch pushbutton shall provide a removable cap for insertion of a printed label to 


describe lights controlled. 
m) The digital switch network shall be 18 AWG, two twisted pair wire. 
n) Each digital switch shall be able to control any one of sixty lighting groups in the panel 


controller. 
C. Software Features: 


1. Switch Inputs:  A minimum of 24 switch inputs shall be provided with the capability to expand to 
120 for integration into the IBAS. Each input must be programmable for maintained, momentary 
on, momentary off or momentary toggle (on/off). Any of the momentary switch inputs must have 
the capability to be assigned to a programmable software timer to assure lights will be turned off 
after this time expires. Each input must have the capability to be assigned as either a normally 
closed or normally open contact.    


2. 60 Output Capability:  The unit shall provide switching for up to 60 loads. Outputs shall be 
sequenced to reduce the inrush effects on the power system. 


3. Commanded Load Feedback:  The unit shall provide feedback of the commanded state of each 
lighting zone. 


4. Selectable Output Energize Time:  The unit shall provide selectable energize durations from 
0.024 to 1.56 seconds. All circuits shall not be turned on or off simultaneously, but staged on and 
off to prevent line surges.  
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5. Zone and Relay Assignment Feature:  The LCP shall provide the software capability to group any 
or all of the unit's Relays to any zone without the use of any tools. Also, assignments shall be 
easily changed in the field without changing hardware, memory chips, or relay control wiring 
connections. 


6. LED Display Feature:  The LCP shall provide software to illuminate LED's to indicate status of 
zones and contactors. If a zone is in the flash mode the zone LED must flash rather than a steady 
on. 


7. Light Level Sensor Input for Triatek Lighting PHOTO Series light level sensor. 
8. Switch Input Timer Feature:  The LCP shall provide the software capability to assign a timer to 


any of the momentary switch inputs to assure the lights are turned off after the software timer has 
expired. Systems that rely only on sweeping the off will not be acceptable. The timer shall be 
programmable from 1 minute to 18 hours. 


9. Zone Priority Feature:  The LCP shall provide the software capability to setup priorities for each of 
the zones because multiple switch inputs can be assigned to the same zone so an order of 
priority may need to be established. 


10. Serial Priority Feature:  The LCP shall provide the capability to have serial commands override or 
not override switch inputs. This feature only applies to systems that utilize the RS-485 
communication capability. 


11. Flash Mode Feature:  The LCP shall provide the software capability to flash the lights 
(latch/unlatch) associated with any input.  This feature shall be programmable for any of the LCP 
switch inputs.   


12. On Time After Flash Warning Feature:  The LCP shall provide the software capability to set the 
length of time the lights will be on after the lights have been flashed.   


13. Flash Warning Time Feature:  The LCP shall provide the software capability to set the length of 
the flash off time during the Flash Warning.    


14. Maximum Relays in System Feature:  The LCP shall provide the software capability to set the 
maximum number of active relays.   


15. Maximum Switch Inputs in System Feature:  The LCP shall provide the software capability to 
select the maximum number of switch inputs the unit will monitor.  


16. Input Polarity Feature:  The LCP shall provide the software capability to set each switch input for 
either normally open or normally closed contacts.   


17. Checking Input Status Feature:  The LCP shall provide the software capability to display the 
status of each of the unit's switch inputs.   


18. Programmable Switch Input Feature:  The LCP shall provide the software capability  to select 
zones controlled by switch input, type of input (maintained, momentary on, momentary off, or 
momentary toggle contact. 


19. LED Time Out Feature:  The LCP shall provide the software capability to put the LED's to sleep 
much like a screen saver on a PC. This will prolong the LED life and reduce heat buildup in the 
unit. To wake the LED's up any one of the LCP pushbuttons shall be pressed. 


20. Manual Override Feature:  The LCP shall provide the software capability to manually override any 
of the unit's zones from the CPU.  Zones that are placed in manual override shall not execute 
serial commands or switch input requests.  In addition to the relay lever, the unit shall also 
provide a manual override button to manually override all of its relays. 


21. EPROM and EEPROM Diagnostic Feature:  The LCP shall provide the software capability to run 
a diagnostic check of the unit's EPROM (Electrically Programmable Read Only Memory) and 
EEPROM (Electrically Erasable Programmable Read Only Memory) at any time. If the LCP 
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detects any problem with its memory after power up it will indicate a problem exists by flashing a 
warning LED.  


22. All program information shall be stored in nonvolatile memory so that the program information is 
not lost in the event of a power outage.  Battery backed memory shall not be allowed eliminating 
the need to replace batteries.    


PART 3  EXECUTION 
3.01 INSTALLATION PRACTICES 


A. Installation of Lighting Control System (LCS): 
1. Contractor shall furnish and install a complete Lighting Control System as part of the (IBAS) for all 


the lighting control panels.  
2. Where work specified under other Sections of this Specification connects to equipment or 


systems that are listed and described in this Section, the Contractor shall provide proper 
connection(s) to such equipment, including trade coordination. 


B. Control System Wiring: 
1. All conduit, wiring, accessories and wiring connections required for the installation of the Lighting 


Control System as part of the IBAS, as herein specified, shall be provided by the Div. 16 
Contractor unless shown otherwise.  All wiring shall comply with the requirements of applicable 
portions of Division 16 and all local and national electric codes, unless specified otherwise in this 
section. 


3.02 TRAINING  
A. The controls contractor shall provide the following training services: 


1. One day of on-site orientation by a field engineer who is fully knowledgeable of the specific 
installation details of the project.  This orientation shall, at a minimum, consist of a review of the 
project as-built drawings, the control system software layout and naming conventions, and a walk 
through of the facility to identify panel and device locations. 


2. Operator Training: Operator training shall include the detailed review of the control installation 
drawings, points list, and equipment list.  The instructor shall then walk through the building 
identifying the location of the control devices installed.  For each type of system, the instructor 
shall demonstrate how the system accomplishes the sequence of operation.  


3. From a computer, the operator shall demonstrate the software features of the system.  As a 
minimum, the operator shall demonstrate and explain logging on, setting passwords, setting up a 
schedule, trend, point history, alarm, and archiving the database. 


 
END OF SECTION 17820 





