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TECHNOLOGY ITEMS FOR ADDENDUM NO. 2 
NOTICE TO PROPOSERS: 

A. This Addendum shall be considered part of the contract documents for the above-mentioned project as though it 

had been issued at the same time and incorporated integrally therewith. Where provisions of the following 
supplementary data differ from those of the original contract documents, this Addendum shall govern and take 

precedence. 
B. Proposers are hereby notified that they shall make any necessary adjustments in their estimate on account of this 

Addendum. It will be construed that each Proposer’s proposal is submitted with full knowledge of all modifications 

and supplemental data specified therein. Acknowledge receipt of this addendum in the space provided on the 
proposal form. Failure to do so may subject Proposer to disqualification. 

 
REFERENCE IS MADE TO THE DRAWINGS AND THE PROJECT MANUAL AS NOTED: 

 
 

DRAWINGS: 

 

AD No 2, TECH. Item 1: T0.00 GENERAL NOTES AND LEGENDS 

- Added POS symbol to Symbol Legend – Structured Cabling Systems 
 

AD No 2, TECH. Item 2: T1.1F FLOOR PLAN – LEVEL 01 – AREA F 

- Added POS Data Drop Locations to Kitchen Area 
- Added Dual Data Drop to Main Mech Room F121 for Irrigation Controller 

 
 

 
END OF TECHNOLOGY ADDENDUM 
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AV/TS ITEMS FOR ADDENDUM NO. 2 
NOTICE TO PROPOSERS: 

A. This Addendum shall be considered part of the contract documents for the above-mentioned project as though it 

had been issued at the same time and incorporated integrally therewith. Where provisions of the following 
supplementary data differ from those of the original contract documents, this Addendum shall govern and take 

precedence. 
B. Proposers are hereby notified that they shall make any necessary adjustments in their estimate on account of this 

Addendum. It will be construed that each Proposer’s proposal is submitted with full knowledge of all modifications 

and supplemental data specified therein. Acknowledge receipt of this addendum in the space provided on the 
proposal form. Failure to do so may subject Proposer to disqualification. 

 
REFERENCE IS MADE TO THE DRAWINGS AND THE PROJECT MANUAL AS NOTED: 

 
PROJECT MANUAL:  

AD No 2, AV/TS. Item 1: 11 6162 – THEATRICAL LIGHTING SYSTEMS 

- This specification section is new and is hereby incorporated into the Project Manual. 

AD No 2, AV/TS. Item 2: 27 4116 – INTEGRATED AUDIO-VIDEO SYSTEMS AND EQUIPMENT 

- Revised 1.07, F – AV Presentation System language.  
- Added 2.03, P, Q & R – Added missing microphones 

- Added 2.04, I – AES converter 

- Revised 2.19, B – Wall Mounted Equipment Rack  
 

DRAWINGS: 
AD No 2, AV/TS. Item 3: AV11.11 – CAFETORIUM FUNCTIONAL DIAGRAMS 

- Revised Detail 5 – AV FUNCTIONAL DIAGRAM 

AD No 2, AV/TS. Item 4: AV11.12 – CAFETORIUM DETAILS 

- Details 3 & 4 - Corrected encoder Type numbers 

- Removed redundant ALS Receivers from loose equipment schedule 

AD No 2, AV/TS. Item 5: AV11.13 – OFFICE AND MEETING ROOMS FUNCTIONAL DIAGRAMS AND DETAILS 

- Revised Details 1 & 3.  

AD No 2, AV/TS. Item 6: AV11.21 – MUSIC ROOM DETAILS 

- Added Detail 5 - Microphone Plate Detail 

AD No 2, AV/TS. Item 7: AV11.31 – GYMNASIUM DETAILS 
- Added Details 3 & 4 - Plate and Panel details 

 
 

 

END OF AV/TS ADDENDUM 
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SECTION 11 6162  

THEATRICAL LIGHTING SYSTEMS 

PART 1 - GENERAL 

1.01 SUMMARY 

A. Provision of the Theatrical Lighting Systems at the Tomball ISD Tomball Intermediate School 

1.02 RELATED DOCUMENTS 

A. Theatre Lighting Systems Drawings (“TL” Series) and general provisions of the contract 
including general and supplementary conditions and Division 1 Specification sections apply to 
this section. 

B. Section 11 6133: Theatrical Rigging Systems, drawings, and documentation. 

C. Section 27 4116: Audio Video Systems and Equipment, drawings, and documentation. 

D. Division 26: Electrical Work drawings and documentation.  

1.03 SECTION INCLUDES 

A. Project instructions for the Contractor and System description details. 

B. System product descriptions. 

C. Project completion instructions for the Contractor. 

1.04 RESPONSIBILITY AND RELATED WORK 

A. Coordination, supply, installation, shipping, storage, inspection, commissioning, testing, 
instruction and warranties of the Theatrical Lighting Systems. 

B. Plant, materials, equipment, transport and labor necessary to accomplish this and have a 
complete and fully functioning System. 

C. Also includes: 

1. Required licenses and permits including payment of charges and fees. 

2. Verification of dimensions and conditions at the job site. 

3. Provision of submissions. 

4. Installation in accordance with the Contract Documents, Manufacturer's recommendation, 
and in conformity with applicable codes and authority having jurisdiction. 

5. Extension of electrical service, including ground, to equipment locations. 

D. The drawings included with this specification convey general system concepts. Where the 
plans do not show complete and accurate building details, the Contractor is responsible for 
making field measurements necessary to establish exact locations, relationships, and load 
capacities necessary for the installation of these systems. 

E. Coordinate the work with the related documents and the scheduled work of other trades. 

F. Conduit infrastructure system, including wire for AC Power and grounding for the Theatrical 
Lighting Systems, are provided as part of the Contract. Coordination between different 
disciplines is required to achieve a proper conduit system installation and power provisions for 
Theatrical Lighting Systems. All electrical installation shall be in accordance with Division 26. 

G. Supply accessories and minor equipment items needed for a complete and fully operational 
system, even if not specifically mentioned in these Specifications or on the associated 
Drawings, without claim for additional payment. 
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H. Notify the Architect of any discrepancies in part numbers or quantities before bid. Failing to 
provide such notification requires the Contractor to supply items and quantities according to 
the intent of the Specifications and associated Drawings without claim for additional payment. 

I. Specifications and drawings are complementary. Work called for by one is binding as if called 
for by both. Any discrepancies between specifications and drawings shall be brought to the 
attention of the Architect for clarification during the bidding period. No allowance shall 
subsequently be made to the Contractor by reason of their failure to have brought said 
discrepancies to the attention of the Architect. 

J. Execute all work in accordance with the NEC and all applicable State and Local codes, 
ordinances, and regulations. 

K. If a conflict develops between the Contract Documents and the appropriate codes and is 
reported to the Architect prior to bid opening, the Architect will prepare the necessary 
clarification. Where a conflict is reported after contract award, propose a resolution of the 
conflict and, upon approval, perform work. 

1.05 REFERENCES 

A. Published specification standards, tests or recommended methods of trade, industry or 
governmental organizations apply to Work in this section where cited below: 

1. American National Standards Institute (ANSI) 

2. American Society of Testing and Materials (ASTM) 

3. Electronics Industries Association (EIA) 

4. Institute of Electrical and Electronic Engineers (IEEE) 

5. National Electrical Manufacturer’s Association (NEMA) 

6. National Electrical Code (NEC) 

7. National Fire Protection Association (NFPA) 

8. Underwriters Laboratories (UL) 

9. Occupational Safety and Health Administration (OSHA) 

10. Entertainment Services and Technology Association (ESTA) 

11. United States Institute of Theater Technology (USITT) 

12. Illuminating Engineering Society (IES) 

1.06 DEFINITIONS 

A. In addition to Division 1 definitions, the following list of terms as used in this Section shall be 
defined as: 

1. Owner – Tomball ISD 

2. Project – Intermediate School Replacement 

3. Consultant(s) – The Owner’s Technical Representative(s) for this Section  

4. Architect – Huckabee 

5. Contractor – The provider of all material, labor, and equipment necessary for the systems 
described in this Section 

6. Furnish/Supply – To purchase, procure, acquire, and deliver complete with all necessary 
accessories (CWANA) 

7. Install – To set in place, join, attach, link, set up or otherwise connect together and test 
until complete before turning over to the Owner, all parts, item, or equipment supplied by 
the contractor. 

8. Provide – To furnish and install 
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1.07 DESCRIPTIONS AND REQUIREMENTS 

A. Lighting and Control System – Platform 

1. The new Platform lighting system shall be comprised of a DMX/eDMX control system 
communicating with the distributed power system and DMX/eDMX devices to control all 
lighting elements within the performance space.  

2. The lighting control console shall be located at the back-of-house or at the platform. 
Console shall operate directly over the lighting control network. 

3. The relay panel and the control distribution panel (CDP) shall be in a nearby electrical 
room. The control distribution panel will contain all network and DMX interface control 
components. 

4. Switched power shall be distributed throughout the Platform and Dining Area in recessed 
wall mounted, pipe mounted, batten mounted, and structure mounted devices. 

5. Network and DMX control shall be distributed throughout the Platform and Dining Area 
through a series of plug in ports. 

6. Architectural Lighting system shall be capable of supporting the same DMX values as the 
control console so that looks may be snapshotted then recalled through architectural 
station presets. This will include control of switched theatrical lighting circuits and DMX-
controlled performance fixtures. 

7. Architectural lighting control touch panel shall be located on stage left. 

8. Provide theatrical lighting fixtures and required accessories. Installation is required under 
this base specification and shall include: 

9. Hang and rough focus to the Owner’s selected hanging plot. 

10. Set-up, addressing and patch. 

11. Verification of proper operation and associated training. 

B. Focus 

1. Contractor will hang, focus, and program lights to a Consultant-directed plot 

2. The Owner may elect to generate their own plot. If not, the Consultant will provide this 
documentation.  

3. If the Contractor finds any needed updates or changes before hang begins the 
Consultant or Owner will update the documents as needed. 

4. The Contractor is responsible for tracking and updating all changes to the plot after it has 
been turned over for installation. These updates and changes may be provided to the 
Consultant as necessary. However, the Contractor is responsible for these updates and 
may be provided the plot in an editable format to make the updates. 

5. The Consultant produced plot will provide the following information if applicable for each 
fixture: 

a. Location 

b. Unit number for that location 

c. Type 

d. Area/purpose 

e. Mode 

f. Fixture universe/address 

6. As part of turnover documents, the Contractor will be required to ensure the following are 
provided: 
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a. An electronic version of the plot. Provided on a flash drive and preserved by the 
Contractor for at least the length of the warranty. 

b. A B-sized version of the plot mounted to foamcore-like material. 

c. All of the information listed above in number 5 and additionally all circuiting of 
fixtures.  

7. As part of the final observation and testing (3.5) Consultant will verify the focus. The 
Contractor may elect to complete the focus before the final observation and make any 
changes noted by the Consultant at this time. If the Contractor elects to have the 
Consultant direct focus as part of final observation the following shall be provided: 

a. At least (10) days notice 

b. A board operator 

c. At least (2) people to perform the focus 

d. All required lifts and safety equipment 

e. A focus target. Person or figure 

f. Person or system to document any changes that arise as part of the focus 

C. Console Programming 

1. The Contractor shall create a starting show file for the project. The file will be loaded onto 
the console, provided to the Owner on a flash drive, and preserved by the Contractor for 
at least the length of the warranty. The Contractor will provide the starting show file to the 
Owner, if requested, following the requirements laid out in the warranty portion (1.14) of 
this specification and shall be considered a service call.  

2. Owner may select to add, update, or change any of the information below. These 
changes may be directed before, during, or after initial training. The Contractor will make 
any requested changes provided any amount of training time is left in the project as 
outlined in the instruction of Owner personnel of this specification (3.6). 

3. At the Owner’s request program any fixture, color, or controllable attribute to provided 
faders.  

4. Ensure all areas outlined in the console programming portion of this specification are 
covered as part of the instruction of Owner personnel of this specification (3.6). 

5. Using the provided plot, the Contractor shall create the following console programming at 
a minimum, if applicable: 

a. Patching  

b. Patch all fixtures to channel numbers outlined in the plot. 

6. Groups 

a. (1) group for every area of the plot.  

b. (1) group for every “row” of front lights 

c. (1) group for every “row” of front lights from the left 

d. (1) group for every “row” of front lights from the right 

e. (1) group for every “row” of top lights 

f. (1) group for every “row” of backlights 

7. Palettes 

a. Intensity 

1) Provide a 70% intensity for use in creating cues 

b. Color 
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1) Provide warm (R02) and cool (R3202 or R60) for ease of selection. 

2) Provide a red (R27), green (R90), and blue (R80) for use on cyclorama fixtures 

3) A warm white. Roughly 3200K 

8. Interactive Control Display (Magic Sheet) 

a. Provide an interactive control display to aid in programming and console use 

b. The interactive display shall utilize a combination of standard and user-defined 
symbols to generate a fixture layout which copies the light plot as closely as 
reasonably possible. 

c. Selectable fixtures will, at a minimum, indicate the following parameters or palettes 
and their current states: 

1) Fixture type 

2) Channel 

3) Intensity 

4) Color 

5) Focus 

d. Provide controls for all groups as described above 

1.08 QUALITY ASSURANCE 

A. Contractor’s Qualifications: Firm experienced in the provision of systems similar in complexity 
to those required for this project; and meet the following: 

1. No less than five (5) years of experience with equipment and systems of the specified 
types. 

2. Experience with at least five (5) comparable scale projects within the last two (2) years. 

3. Engage the services of a Manufacturer certified technician. 

4. Be a franchised dealer and service facility for the manufacturer’s products furnished. 

5. Maintain a fully staffed and equipped service facility. 

6. At the request of the Architect, demonstrate that: 

a. Adequate plant and equipment are available to complete the work. 

b. Adequate staff with commensurate technical experience is available. 

B. Manufacturer's Qualifications: 

1. No less than five (5) years continuous experience in the production of specified type of 
product. 

2. Production shall meet applicable NEMA standards. 

1.09 SUBMITTALS: 

A. Provide submittals in accordance with Conditions of the Contract and Division 1 Submittal 
Procedures section unless otherwise indicated. 

B. The submittal information required by the specification is to be presented complete and as 
submissions noted below. Submittals are a crucial and integral part of the construction 
process; as such the Owner's consultant will not recommend payment to the Contractor above 
25% of the scheduled value of this work until all submittal information has been approved.  

C. Submittals must be original work produced by the firm responsible for performing the work 
defined in this specification. Scanning, photographic copying, materially copying, or any other 
reproducing the contents of the drawings or specifications contained within the Contract 
Documents will be marked as unacceptable and not reviewed for any content. No claim shall 
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be made for delay, undue burden, or additional costs for the effort to produce shop drawings, 
schedules, and equipment lists addressing this specification or the overall project manual. 

D. Project Submittal Part 1: 

1. Provide for approval not later than thirty (30) days after issuance of Notice to Proceed 
and prior to commencement of Work: 

a. Section 1: A complete schedule of submittals. 

b. Section 2: A chronological schedule of Work in bar chart form. Revise and resubmit 
schedule as required to reflect construction progress. 

E. Project Submittal Part 2: 

1. Provide for approval no later than sixty (60) days after issuance of Notice to Proceed and 
in accordance with previously submitted submittal schedule. 

2. Products: 

a. Section 1: Complete list of products to be incorporated within the Work (Bill of 
Materials). 

b. Section 2: Manufacturer’s data sheets for each product. 

1) Provide original manufacturer’s data sheets in order as they appear in the 
specification. 

2) Data sheets are required for each product in sufficient detail to evaluate product 
suitability for incorporation within the Work. 

3) Product literature shall include documentation of UL Listing or approved 
recognition by a Nationally Recognized Testing Laboratory (NRTL). 

c. Section 3: Provide Architect and/or Architect’s Consultant with samples of wall plate 
materials and colors as specified in this section. 

d. Section 4: Submit Safety Data Sheets (SDS) for each potentially hazardous material 
prior to use.  Include information pertaining to the hazardous material with the SDS. 

3. Drawings: 

a. Provide computer software generated drawings using standard industry graphic 
standards. Hand or poorly drawn documents will not be accepted.  All drawings shall 
be created on a computer aided drafting (CAD) system. Electronic files of theatrical 
lighting contract documents shall not be distributed for use in generating submittal 
documents with the exception of Architectural backgrounds. 

b. Schematic Drawings. 

1) Provide drawings detailing cabling-riser intent.  

2) Give each component a unique designator and use this designator consistently 
throughout the project.  

3) Include inter- and intra-component connections and cabling diagram depicting 
cable types, designators, and color codes.  

c. Installation Drawings. 

1) Provide drawings showing the coordinated locations of all installed equipment. 
Drawings shall include floorplans and other views as necessary to fully describe 
the intended finished conditions. 

2) Provide Conduit and Electrical Drawings indicating: 

a) Conduit sizing/routing for each system component,  

b) Locations where power is required along with the location of all junction 
boxes. 
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3) Detail Drawings: Provide drawings showing special details depicting methods 
and means specific to each product, assembly and each product 
Manufacturer’s recommended installation methods and means. 

d. Equipment Drawings: 

1) Rack and Panel Elevations: Provide a front elevation of all racks and/or panels. 

2) Rack and Panel Assembly Details: Provide drawings showing location of 
equipment in racks with dimensions; wire routing and cabling within housings; 
AC power outlet and terminal strip locations. 

3) Custom Enclosures and Millwork Drawings: Provide full fabrication detail 
drawings indicating size, material, finish, and openings for equipment. 

4) Fabricated Plates and Panels Drawings: Provide complete drawings of custom 
fabricated plates or panels. Drawings to include dimensioned locations of 
components, component types, engraving information, plate material and color, 
and bill of material. 

e. Schedule Drawings: Provide load schedules noting source and destination of wiring 
and associated connected load. 

f. Labeling Drawing: Provide representative equipment and cabling labeling scheme. 
Include font sizes and styles, explanation of scheme, and descriptor and designator 
schedule. 

g. General Detail Drawings: Provide detail drawings depicting any unique installation 
methods specific to each product. 

h. Control Screen Templates: Provide layout drawings and/or screenshots for master 
house lighting stations and similar electronic control surfaces. 

4. Any other pertinent data generated which is necessary to provide the Work. 

F. Submittal Format: 

1. Electronic (PDF) submittal documents are required for review. 

2. Provide each submittal with a unique number and each shall be numbered in consecutive 
order. 

3. Submittals shall not be issued with other disciplines. 

4. Provide each submittal with a complete table of contents with the following information: 

a. Project Name  

b. Submittal number. In the case of a resubmittal, use the original submittal number 
immediately followed by the suffix “R” immediately followed by a unique number and 
shall be numbered in consecutive order. 

c. Date of submission. 

d. Referenced specification Section, Part, Article, Paragraph, and page number or 
drawing reference as applicable. 

5. Follow list by Manufacturer’s data sheets, arranged as in Part 2 of this specification. If a 
data sheet shows more than one product, indicate the model being proposed with an 
arrow or other appropriate symbol. 

6. Drawings executed at an appropriate scale, but not smaller than 1/8" = 1'-0”. 

G. Resubmission Requirements: 

1. Make any requested corrections or change in submittals required. Resubmit for review as 
directed. 

2. Indicate any changes that have been made other than those requested. 
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3. Approval of Submittals:  Each submittal package will be returned with one of the following 
stamps: 

a. “No Exceptions Taken” proceed with construction; all job site coordination will be at 
the direction of the General Contractor. 

b.  “Make Corrections Noted: No Resubmission Required” submittals have been 
returned with conditional approval. Corrections, as indicated on the returned 
drawings and/or specifications, must be made before construction can begin. 

c. “Make Corrections Noted: Submit Only Corrected Pages/Items” submittals have 
been returned with conditional approval. Corrections, as indicated on the returned 
drawings and/or specifications, must be made in writing and returned to the 
consultant before construction can begin. 

d. “REJECTED, Submit Specified Item” a specified item in the submittal has been 
rejected for the reasons noted. Re-submit in compliance with the specifications. 

e. “REJECTED, Revise and Re-submit” submittal has been rejected for the reasons 
noted. Re-submit in compliance with the specifications. 

f. “No Review Action Required” all information provided was for information or 
coordination purposes only. Review is not required. 

4. Any of the above stamps may also carry a “PARTIAL” stamp. This indicates that required 
information noted in the section above was not provided. Omitted items may be noted as 
part of the reviewed submittal, but it is the Contractor’s responsibility to verify all required 
submittal documentation. 

1.10 PROJECT RECORD MANUAL 

A. Provide electronic copies of the project record documents or as required per the General 
Conditions of the Project. 

B. The Project Record Manual shall be segregated into three separate bindings as follows: 

1. As-Built Record Documents: 

a. Product Data: 

1) List of all products incorporated in the Project inclusive of all substitutions, field 
changes, or revisions The list shall include Manufacturer’s serial numbers. 

2) Manufacturer's data for each type of product conforming to the scheme above. 

3) Organize and bind the above in specification order. 

b. Record drawings: Final rendition of project drawings enumerated in the Submittal 
section above.  Provide editable computer software generated drawings using 
standard industry graphic standards. Hand or poorly drawn documents will not be 
accepted.  All drawings shall be created on a computer aided drafting (CAD) system, 
in both a DWG and PDF file format. 

c. Test Reports: Record findings of systems testing described in Part 3 below. 

2. Operations Manual 

a. System Operation and Instructions: Prepare a complete and typical procedure for 
the operation of the equipment as a system, organized by subsystem or activity. 

1) This procedure should describe the operation of all system capabilities. 

2) Assume the intended reader of the manual to be technically experienced but 
unfamiliar with the components and the facility. 

3. Service & Maintenance Manual: 
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a. Provide an original copy of the service manual on every piece of equipment for 
which the Manufacturer offers a service manual. Arrange manuals in the same order 
as the operations manual. 

b. Manufacturer’s maintenance and care instructions. 

c. Maintenance Instructions: include maintenance phone number(s) and hours, 
maintenance schedule, description of products recommended or provided for 
maintenance purposes, and instructions for the proper use of these products. 

4. Warranty Manual: 

a. Manufacturer's warranty statements on each product. 

b. Date of substantial completion and ending dates for warranties for each group of 
products. 

c. Software registration and licenses. 

5. Include any other pertinent data generated during the Project or required for future 
service. 

6. Appropriately duplicate data within the separate bindings when it will reasonably clarify 
procedures, e.g., operational data in maintenance binding. 

1.11 DELIVERY, STORAGE, AND HANDLING 

A. Products shall ship and be stored in their original container to prevent damaging or entrance 
of foreign matter. 

B. Provide protective covering during construction to prevent damaging or entrance of foreign 
matter. 

C. Replace, at no expense to Owner, product damaged during storage, handling, or the course of 
construction. 

1.12 PROJECT CONDITIONS 

A. Verify conditions on the job site applicable to this work. Notify Architect in writing of 
discrepancies, conflicts, or omissions promptly upon discovery. 

B. The Drawings diagrammatically show cabling and arrangements of equipment fitting the space 
available without interference. If conditions exist which make it impossible to install work as 
shown, recommend solutions and/or submit drawings to the Architect for approval, showing 
how the work may be installed. 

1.13 FINAL TESTING AND OBSERVATION 

A. Upon completion of installation and initial tests and adjustments specified in Part 3, 
acceptance testing shall be performed by the Consultant. 

B. The process of acceptance testing the System may necessitate moving and adjusting certain 
component parts; perform such adjustments without claim for additional payment. 

1.14 WARRANTY 

A. Warrant labor and product for two (2) years following the date of substantial completion to be 
free of defects and deficiencies and to conform to the drawings and specifications as to kind, 
quality, function, and characteristics. Repair or replace defects occurring in labor or product 
within the Warranty period without charge. Any cost associated with this warranty repair is the 
responsibility of the Contractor. 

B. This warranty is in addition to any specific warranties issued by Manufacturers for greater 
periods of time. 

C. Within the warranty period, answer service calls within twenty-four (24) hours during normal 
working hours and correct the deficiency within forty-eight (48) hours. 
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D. During the warranty period, the Manufacturer shall provide a toll-free 24-hour-per-day number 
for telephone technical support and service request.  If callback is required, calls shall be 
answered within thirty (30) minutes. 

PART 2 - PRODUCTS 

2.01 ACCEPTABLE MANUFACTURERS 

A. Model numbers and manufacturers included in this specification are listed to establish a 
standard of product function, performance, and quality. Products or manufacturers listed 
herein are listed in no particular order or preference.  

B. Refer to General and Supplementary Conditions and Division 1 Specification Sections for 
equipment substitution procedure. Substitution of any equipment within this specification shall 
require review and approval by WJHW. 

C. Substitution of specified products with other qualified manufacturers and products will be 
considered providing:  

1. A request for substitution of each specific product must be made in writing by a bidding 
Contractor not less than ten (10) business days prior to bid for written approval of the 
Architect. 

2. Sufficient data of the products is presented for prior approval including technical data, 
manufacturer’s specifications, samples, and, if requested, results of independent testing 
laboratory tests. 

3. Written permission is obtained for the substitution from the Owner or Owner’s 
Representative.  

D. Providing product not specifically specified without prior written approval by the Owner, 
Architect, and/or Architect’s Consultant shall not be accepted. 

2.02 GENERAL 

A. Products shall be new, free from defects and listed by an NRTL when an applicable NRTL 
Standard exists. Provide product of a given type from one manufacturer. 

B. Provide product of a given type from one manufacturer. 

C. Regardless of the length or completeness of the descriptive paragraph herein, provide product 
complying with the specified manufacturers’ published specifications. 

2.03 CABLING AND ACCESSORIES 

A. All cable shall be compliant with NEC and NRTL listed.  Any NRTL listing must be available at 
the time of bid. 

B. All electrical conductors installed under this contract, except where otherwise specified, shall 
be soft drawn annealed stranded copper having a conductivity of not less than 98% of pure 
copper, and meet appropriate ratings (e.g., CMR, CMP, etc.) 

C. Cable shall carry appropriate fire rating (e.g., CMR, CMP, OFNR, OFNP, etc.) on jacket of 
cable. 

D. Where cables are routed through cable tray, provide tray rated cable of equal specification. 

E. Where cables are run exposed through a return air plenum, provide plenum rated cable of 
equal specification. 

F. Shielded cables located in raceways shall have aluminum foil shield with drain wire. 

G. The Belden cables listed below are approved for use on this project and are listed to set the 
acceptable standard of performance.  If field conditions or actual cable pathway requires tray 
or plenum cable, provide version of cable that meets required rating.  Cables from Carol, 
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Liberty, and West Penn are also acceptable provided they meet the performance 
specifications of the approved listed cables. 

H. DMX512 (E-DMX) distribution cable: 

1. Provide 24 AWG four twisted pair data cable. 

2. Pair Color Code Chart: 

a. 1 – White/Blue Stripe and Blue 

b. 2 – White/Orange Stripe and Orange 

c. 3 – White/Green Stripe and Green 

d. 4 – White/Brown Stripe and Brown 

3. Insulation: Polyolefin 

4. Inner/Outer Jacket Material: PVC – Polyvinyl Chloride 

5. Nominal Impedance: 100 ohms. 

6. Nominal Velocity of Prop.: 72% 

7. Capacitance between conductors: 15.0 pF/ft. 

8. Acceptable product: 

a. Belden 1583A (Category 5E). 

I. DMX512 (E-DMX) distribution cable – Stage Electric Drops: 

1. Provide extra rugged, flexible control cable (Ethernet) for connection of NET outlets on 
grid to electric batten distribution. 

2. Cable to be four-pair, double shielded, low-capacitance. 

3. Conductors: 26 AWG tinned, annealed copper stranded 7 x 0.16. 

4. Connector: Provide with EtherCon connector by Neutrik®. 

5. Assembly: pairs cabled with Kevlar strength member. 

6. Shield: (inner) aluminum/Mylar, 100% coverage (outer) tinned copper braid, 80% 
coverage. 

7. Conductivity: 15ohms per 100 meters @ 20C. 

8. Impedance: 100 ± 15 ohms 1-100MHz. 

9. Acceptable product: 

a. TMB & Associates ProPlex or equivalent. 

J. DMX512 Backup Control Signal Distribution Cable: 

1. Provide 24 AWG two twisted pair cable. 

2. Insulation: Foam polyethylene. 

3. Shield: aluminum foil/polyester tape. 

4. Capacitance between conductors: 12.5 pF/ft. 

5. Acceptable product: 

a. Belden 9729 

K. Architectural Lighting DMX Cable: 

1. Provide 24 AWG two twisted pair cable. 

2. Insulation: Foam polyethylene. 

3. Shield: aluminum foil/polyester tape. 

4. Capacitance between conductors: 12.5 pF/ft. 
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5. Acceptable product: 

a. Belden 9842 

L. Preset Station Signal Distribution Cable: 

1. Provide 16 AWG single twisted pair cable. 

2. Insulation: PVC-polyvinyl chloride. 

3. Shield: unshielded. 

4. Capacitance between conductors: 33 pF/ft. 

5. Acceptable product: 

a. Belden 8471 

M. Multi-Conductor SO Type Cable: 

1. Provide multi-conductor cable with black neoprene jacket. 

2. Conductivity: not less than 98%. 

3. Conductor: soft drawn annealed stranded copper. 

4. Minimum Conductor Temperature: 90° C. 

5. Size: No. 12 AWG minimum. 

6. No. of Conductors: As required by circuits shown. 

7. Acceptable product: 

a. Cole Wire & Cable 

b. Carol 

c. Rome 

2.04 POWER DISTRIBUTION 

A. Mini Relay Panel (RP) 

1. Provide a small-format DMX controlled relay panel for load circuit distribution as 
described on the drawings. 

2. Mechanical  

a. Panel shall be constructed of 16AWG steel and finished in a black fine-texture 
powder paint. 

b. Panel shall support wall and ceiling mounting, including installation in plenum air 
return spaces. 

c. A removable dead front cover shall be mechanically fastened using four screws.  

d. An internal safety cover made of 16AWG steel shall prevent access to all line 
voltage (Class 1) wiring and components without limiting access to low voltage 
terminations, changing settings during commissioning, or manual control of relays.  

3. Functionality 

a. Panel shall be available in both (4) and (8) zone configurations with a 20A, fully–
rated, relay output and 0-10V dimming output per zone. 

b. Panel shall be UL924 LISTED for emergency lighting circuits and shall activate only 
the selected outputs. Excluded loads shall be shed and not output during emergency 
conditions 

c. Panel shall support onboard configuration without the use of software. 

d. Panel shall support a contact input for use in UL 924 Emergency Systems 

e. A dry contact input shall provide triggering of an emergency condition 
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f. A three-position switch shall set the input as Normally Open (NO) Normally Closed 
(NC), or Off. 

g. Panels shall be configurable via ANSI E1.20 Remote Device Management (RDM). 
RDM parameters shall include: Panels that are not configurable over RDM shall not 
be acceptable. 

4. Electrical 

a. Power Input shall support 120-277 Volts AC 47-63Hz for control electronics and for 
each independent zone.  

b. Panel shall provide a 20A, fully rated, normally open relay for each output rated for 
lighting and plug load use. 

c. A 0-10V dimming output per zone shall support 0-10V sink control rated for 100mA 
per output. 

d. 0-10V wiring shall be fully isolated from ground within the Panel. 

e. Panel shall support Class 2, ANSI E1.11-2008, USITT DMX512A control 
communications 

f.  Panel shall provide a DMX512A wiring connection using terminal blocks for #24 
AWG wire 

g. Panel shall be designed and tested to withstand discharges up to 15,000 volts (IEC 
801-2) without impairment of performance. 

h. Panel shall provide a three-position terminal for power input to the control 
electronics. The control power input shall accept 6-14AWG wire and be clearly 
marked Line, Neutral and Earth Ground  

i. Each relay shall provide three screw terminals for line voltage power connection. 
Each terminal shall accept 6-14awg wire and be clearly labeled Input, Output and 
Thru.  

j. Panel shall support 0-10V dimming control via two 16-26AWG terminals for 0-10V+ 
and 0-10V common wiring connections.  

5. Quantity: As shown in drawings. 

6. Acceptable product: 

a. ETC Foundry Mini Panel: UFMP4 

B. Distribution Wiring Devices 

1. General 

a. All power distribution devices overall assembly shall be listed by a nationally 
recognized test lab. 

b. All dimmed circuit connectors shall be 20A grounded stage pin type.  All switched 
circuits connectors shall be 20A NEMA L5-20 twist-lock type. All connector types 
provided shall be of a single manufacture. 

c. All pigtails shall be three-wire type “SOW” rubber jackets cable. All pigtails to be 
provided with proper strain relief. 

d. All power distribution devices shall be fabricated from minimum 18-gauge 
galvanized steel and finished in black fine-textured powder coat paint unless noted 
otherwise. Boxes shall be free from burrs, sharp corner, and overhanging edges. 

e. Circuits for Raceways and Plugging Boxes shall be labelled with 2” yellow on black 
Brady numbers. Numbers shall be located so that they are not obscured by cabling. 
Circuits shall be assigned and labelled per schedules on drawings 
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f. Circuits for Wall Boxes and Floor Pockets shall be labelled with 1” yellow on black 
Brady numbers. Numbers shall be located so that they are not obscured by cabling. 
Circuits shall be assigned and labelled per schedules on drawings. As a rule, circuits 
shall number Stage Left to Stage Right, Down stage to Upstage. 

g. All power distribution devices shall be provided with appropriate mounting hardware. 

h. All multi-conductor cable is to be provided with Kellems-type strain relief grips at 
each end of the cables with intermediate strain relief as required.   

i. Provide connector strips, gridiron junction boxes (GIJB), and associated hardware 
for over the stage lighting. Coordinate connector strip lengths for electrics with the 
theatrical rigging equipment. Provide all multi-conductor cables allowing the devices 
to fly to a low trim as indicated on the TR sheets. The cable is to be provided with 
necessary cable strain relief grips as part of the cable management system. Provide 
rugged network control cables to parallel the multi-conductor cable runs. Verify all 
electrical circuits and label all circuit numbers as specified. 

2. Pipe Mounted Boxes (PB) 

a. Provide a plug box designed for pipe mounting. 

b. Construction: code gauge steel. 

c. Provide in white finish if located downstage of main drape. 

d. Provide in black finish if located upstage of the main drape. 

e. Connectors: female 20A NEMA L5-20 twist-lock connectors on the end of each of 
the pigtails and flush mounted 20A NEMA 5-15 Parallel Blade Edison receptacles for 
convenience circuits. 

f. Circuits: number of circuits as specified on drawings. 

g. Labeling: circuits are labeled with yellow letters on black background. 

h. Overall assembly UL listed. 

i. Quantity: As shown in drawings. 

j. Acceptable product: 

1) Altman 450 series 

2) ETC 9300 series 

3) SSRC PM series 

2.05 CONTROL EQUIPMENT 

A. Control Distribution Panel (CDP) 

1. Provide wall-mounted unit to house components within as described on the drawings 

2. Provide a low profile, wall mounted NEMA 1 enclosure constructed of 16 gauge steel. 

3. Enclosure shall have a hinged, locking door of same construction. 

4. Enclosure shall be properly vented to maintain acceptable equipment operating 
temperature. 

5. Enclosure shall be sized to house all necessary components for the lighting control 
network. 

6. Provide an integrated rack rail system to accommodate adjustable and easy mounting of 
network components. 

7. Rails shall be constructed of 11 gauge steel with tapped 10-32 mounting holes in 
universal EIA spacing. 

8. Enclosure shall have cable management features including pass-through on back pan, 
sufficient cable tie points and knockouts on top, bottom and sides. 
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9. Enclosure shall have a powder coat finish. Color per Manufacturer’s standard. 

10. Enclosure shall be UL listed. 

11. Quantity and details: As shown on drawings 

12. Acceptable product: 

a. ETC DIN14 or DIN28 Enclosure 

B. UPS Backup Power / Surge Protection 

1. Provide a DIN rail mountable UPS backup to support equipment located in the control 
distribution panel (provide with one (1) spare battery). 

2. Output Power Capacity: 500VA/120V  

3. Input  120V/ Output  120V 

4. Interface Port:  DB-9 RS-232 

5. Extended runtime model 

6. Rack Height: 2 Units 

7. Filtering: Full time multi-pole noise - filtering: 0.3% IEEE surge let-through: zero clamping 
response time: meets UL 1449 

8. The UPS shall be provided by the lighting control system manufacturer. 

9. Quantity: As shown in drawings. 

10. Acceptable product: 

a. APC 

b. Tripp Lite 

c. Middle Atlantic 

d. Eaton 

C. Control Components 

1. Ethernet Switches (ESW) 

a. Provide business grade Gigabit PoE+, Layer 2 managed Ethernet switches in the 
CDR as shown in the TL series documents.   

b. Switch shall include 24 POE+ ports meeting IEEE802.3at standard 

c. Switch shall include port routing via separate VLAN subnets 

d. Switch shall be equipped with LED indicators for power status, port status, 
bandwidth utilization, collision detection and speed indication. 

e. Switch shall have a built-in web-based management interface to provide easy to use 
management through a standard browser. Provide with all required software 
management tools. 

f. Provide DIN rail mount kit and required hardware and cables for stacking. 

g. Each network location shall have a dedicated input point on the network switch. 
Dedicated input points shall be clearly labeled to identify connected network device 
at the patch panel. Patching shall not be required. 

h. Ethernet switch shall be tested and approved by Lighting Control System 
Manufacturer for compatibility with all connected devices. 

i. Quantity: As required by design 

2. Network Node/Gateway (GTWY) 

a. Provide DIN rail-mounted DMX Ethernet node/Gateway to generate DMX to devices 
located at theatrical and house architectural lighting positions  
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b. Nodes shall have (4) screw terminal or 5-pin DMX connectors for a total of 4 DMX 
universes for distribution over the Ethernet system. 

c. DMX Node shall have LEDs for indication of power, network activity, and DMX port 
configuration. 

d. Each input shall route directly to the Ethernet Switch located in the sound room CDP 
without the need for patching. 

e. Quantity: As required by design. 

f. Acceptable product: 

1) Pathway rack or DIN rail mounted gateway 

2) ETC rack or DIN rail mounted gateway 

D. Plates and Devices 

1. Network Receptacle Station/Gateway (NET) 

a. Provide a remote plug-in station for connection of control console and portable DMX 
Gateways at the platform and other locations as noted in the drawings.   

b. Station shall be provided with a Neutrik RJ45 jack.  Each jack shall be rated for use 
in harsh commercial conditions.  

c. Station will contain the following components: 

1) RJ 45 jack with punch down block, provide Neutrik EtherCon type receptacle as 
indicated on drawings. 

2) Station faceplates shall be .80” aluminum, finished in fine texture, scratch-
resistant black powder coat. 

3) Station back box will be a minimum of 2.5 inches. 

4) Station shall have silk screened graphics white in color. 

5) Provide a Lamacoid label that de-notes, using an alpha-numeric labeling 
convention, the switch location and network port number.  

d. These network connections shall also be configured with a back box and mounting 
hardware for mounting on the FOH lighting galleries or backstage. 

e. Each Network jack will route directly to the Ethernet Switch located in the assigned 
Dimmer Rooms without the need for patching. 

f. No daisy chaining between jacks or splicing of Category 5e and above cable is 
allowed. 

g. Quantity: As shown in drawings. 

h. Acceptable product: 

1) Pathway Network station 

2) SSRC station 

3) ETC Network station  

2. DMX512 Distribution (DMX): 

a. Provide DMX512 distribution for connection to wiring devices in the platform. 

b. Modules shall provide one optically isolated DMX512 signal output capable of 
driving thirty-two (32) receiving devices on a single DMX line.   

c. Provide a wall plugging box designed for surface mounting. 

d. Provide in white finish if located downstage of main drape. 

e. Provide in black finish if located upstage of the main drape. 
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f. Construction: code gauge steel. 

g. Connectors: Neutrik 5 conductor XLR, flush mounted. 

h. Circuits: located as shown on the drawings. 

i. Labeling: labeled with yellow letters on black background. 

j. Quantity: As shown in drawings. 

k. Acceptable product: 

1) Pathway Connectivity station 

2) SSRC station 

3) ETC station 

2.06 CONTROL CONSOLE AND ACCESSORIES 

A. Overview 

1. Provide a control console for direct operation of theatrical fixtures and development of 
user-presets to be stored for recall via the Architectural Control Sub-system specified in 
this section. 

2. Provide initial setup as directed as part of the system commissioning process. 

B. Control Console 

1. The lighting control console shall be a microprocessor-based system specifically 
designed to provide complete control of stage, studio, and entertainment lighting 
systems.  

2. The system shall also be able to control third party ACN devices directly.  The system 
shall provide control of 2,560 networked addresses or 1,024 local DMX addresses on a 
maximum of 80 control channels. 

3. Two independent channels shall be provided with on/off functionality. Independents shall 
be patched in a location separate from patch. 

4. A maximum of 999 cues may be contained in non-volatile electronic memory and stored 
to an onboard hard disk or to any USB storage device.     

5. Twenty or forty faders shall provide access to individual intensity channels, intensity for 
devices as well as playbacks.  

6. Four (4) configurable faders shall provide functionality for controlling audio volume, 
output of bump buttons, output from the cue list, output from playbacks, or crossfade 
control. 

7. The console shall have one (1) built-in 7” color multi-touch touchscreen. The touchscreen 
shall provide the primary interface for system configuration, programming show data and 
multi-parameter control.  

8. Six (6) softkey buttons shall be provided, five (5) of which may be configured by the user. 

9. The console shall not require the use of an external monitor for normal use. Optional 
displays shall be accessible via connection to an external HDMI compatible monitor. 

10. Console software upgrades shall be made by the user via a USB port; changing internal 
components shall not be required.  

11. The console shall provide a USB port allowing show data to be saved for archival or 
transfer to other consoles or a personal computer.  

12. The console shall be supplied with an onboard 25GB SSD. 

13. It shall be possible to import sound clips and files to be stored on the console’s internal 
drive. Sound files shall be played back from cues, playback faders as well as selecting 
the file and playing from the audio tab.  
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14. The console shall have the ability to analyze sound wave and trigger playbacks 1 through 
5 based on base through treble.   Playback 6 shall act as a background state.  

15. It shall be possible to import image files to be stored on the console’s internal drive. 
Image files shall be played back from cues, playback faders as well as selecting the file 
and playing from the image tab.  

16. Console shall have a series of predefined video effects that shall be triggered or 
manipulated through x/y positioning of the user’s fingers on the on-board multi-touch 
screen. The video toy engine shall have the ability to be set to automatically trigger the 
effects based on a set of predefined parameters  

17. Console shall provide a locally hosted web-based control interface accessible by a web 
browser from a device connected to the same network as the console.   

18. Web based interface shall allow for color control, playback control, recording of playbacks 
and cues. 

19. Console power shall be 12V AC or DC via an external power unit. The power unit shall 
operate with 90-265VAC line voltage, 50 or 60Hz. Console shall be provided with a 
universal power supply. 

20. Accessories: 

21. Provide with dust cover  

22. Provide (1) USB jump drive, minimum 8gb 

23. Quantity: (1)  

24. Acceptable product:  

a. Electronic Theater Controls ColorSource AV 20  

2.07 ARCHITECTURAL CONTROL SYSTEM – PLATFORM  

A. Processing – Provide either a rack mounted control processor located in the control 
distribution rack or provide distributed processing at each control station. 

1. The processing rack shall receive output data from a lighting control console and/or 
architectural control stations, process the information it receives and distribute the 
information to DMX-controlled panels and devices. 

2. Processing Racks shall be designed to support the following wire terminations: 

a. AC (single phase) 

b. Echelon link power  

c. 24Vdc 

d. DMX512 In 

e. DMX512 Out 

f. RS232 Serial In/Out 

g. Net3 Unshielded Twisted Pair (UTP) or ST fiber optic 

3. Coordinate integration of audio-visual system with contractor and program system as 
directed by the End User. 

B. Configuration – Configure architectural control system screens in conjunction with User prior 
to commissioning.  Base configuration shall accommodate the following basic layouts: 

1. Main Navigation 

2. User configurable named presets (2 pages to be programmed at training) 

3. House light individual control 

4. House light presets 
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5. Work light individual control 

6. Work light presets 

C. Stations - General 

1. Master stations shall be located in backstage as noted on the contract documents.   

2. Provide preset stations as described below and shown in drawings. 

3. All audience exposed switches shall be provided with locking covers and shall be painted 
a custom color as determined by the architect. 

D. Acceptable product:  

1. Electronic Theatre Controls Echo with DMX Scene Controller 

E. DMX Control Interface 

1. Provide a DIN-rail mounted DMX interface to allow snapshot capture of lighting presets 
via the DMX input stream. 

2. The control interface shall support: 

a. Recall of prerecorded scenes for playback using DMX. 

b. Preset playback as activated by any connected control station. 

c. DMX pass-through for real-time output of incoming DMX levels. 

d. Live control and recording for multiple DMX fixture profiles. 

3. Provide control network interface, power supply, and cabling as required. 

4. Station shall be compatible with associated time clock and master station controls. 

5. Quantity: As required for design. 

6. Acceptable Product: 

a. ETC Echo DMX Scene Controller 

F. Control Stations 

1. Wall Mount Console - HLM 

a. The Touchscreen protocols station shall provide control of up to 512 local or 
networked DMX addresses. Addresses may be distributed using DMX512-A, via 
sACN, or Art-Net.  

b. Touchscreen stations shall consist of a seven-inch, backlit LCD with capacitive 
multi-touch interface 

c. Flush-mount to industry standard 3-gang back box  

d. The Touchscreen shall have an RJ45 Ethernet port for connection to a lighting 
system and for Power over Ethernet (PoE) 

e. The Touchscreen shall provide a USB port allowing show data to be saved for 
archival or transfer to other consoles or a personal computer 

f. The Touchscreen shall support patching, address setting, and mode changes using 
Remote Device Management (RDM) on the local DMX/RDM port 

g. Touchscreen playback control shall be capable of: 

1) Seven user customizable interactive pages 

2) Interactive color picker 

3) Virtual level wheel 

4) Rearranging and re-programming preset tiles 

h. Screen backlight shall dim or turnoff when not in use 
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i. Quantity: (1) Within SMP. 

j. Acceptable product: 

1) ETC EchoTouch 

2. SMP Rack Panel (SMP)  

a. Provide standard 19” panel to be mounted in SMP rack provided under 27 41 16 

b. Panel shall contain the following: 

1) House Light Master touchscreen station (HLM) 

2) (1) Neutrik RJ-45 network receptacle (NET) 

3) Network labels as required 

c. Coordinate panel size and material type to match AV components in the SMP rack. 

2.08 PORTABLE LIGHTING FIXTURES AND ACCESSORIES 

A. Provide and integrate the following equipment into the project.  

1. Theatrical Lighting Fixtures 

a. The portable lighting fixtures shall connect and be controlled by the new theatrical 
lighting control system.  

b. All fixtures shall be listed by UL or an OSHA approved NRTL. 

c. Fixtures shall be constructed of rugged die cast aluminum with high impact knobs 
and handles unless otherwise noted. 

d. Fixtures shall be provided with a black finish unless otherwise noted.  

e. Fixtures shall have a rugged steel yoke with a positive locking clutch which will allow 
for a 300º body rotation.  

f. All fixtures shall be provided with color frame, power lead with mating grounded 
connector, safety cable, and C-clamp equipped with a lockable pan-bolt.  

g. Fixtures shall be: 

1) Labeled with the Owner’s mark and select numbering/labelling inventory 
scheme. 

2) Bench-focused, if necessary. 

3) Hung in the Owner’s selected stock plot. 

4) Patched at the console. 

B. LED-type fixtures 

1. All LED-type fixtures shall support ANSI E1.11 DMX512-A and ANSI E1.20 RDM 
standards. 

2. All LEDs used in the product shall be high brightness and proven quality from established 
and reputable LED manufacturers. 

3. Manufacturer of LED emitters shall utilize an advanced production LED binning process 
to maintain color consistency.  

C. Fixtures – Type and Quantity 

1. Color-changing LED Profile  

a. Provide an RGBL color mixing high-intensity LED illuminator with DMX controlled 
intensity and color;  

b. Provide unit and any/all accessories including cables in white finish 

c. Unit shall have a shutter assembly with (4) blades mounted in two or more planes. 
Shutter blades shall be warp and burnout resistant;  
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d. Unit shall have two accessory slots, a top-mounted quick release gel frame retainer, 
and a slot with sliding cover for motorized pattern devices or optional iris. 

e. Unit shall have projector-like quality pattern imaging, sharp shutter cuts without 
halation, and allow for both hard and soft beam edges;  

f. Unit shall operate at 100V to 240V 50/60 Hz and utilize an internal power supply;  

g. Provide power lead with NEMA L5-20 connector; 

h. Unit shall support power and DMX in and thru connections.  

i. Provide the following quantity of high definition lens tubes:  

1) (4) 26° in White Finish 

2) (4) 36º in Black Finish 

j. Acceptable Quantity and Product: 

1) (4) ETC ColorSource Spot V in White Finish  

2) (4) ETC ColorSource Spot V in Black Finish  

2. Color-changing LED Wash 

a. Provide an RGBL color mixing high-intensity LED illuminator with DMX controlled 
intensity and color;  

b. Provide unit and any/all accessories, including cables in black finish 

c. Unit shall have an accessory slot with a top-mounted quick release gel frame 
retainer. 

d. Unit shall operate at 100V to 240V 50/60 Hz and utilize an internal power supply.    

e. Provide power lead with NEMA L5-20 connector;  

f. Unit shall support power and DMX in and thru connections. 

g. The unit shall have a motorized zoom  

h. Provide each with a barn door assembly  

i. Quantity (10) 

j. Acceptable product:  

1) ETC ColorSource Fresnel V in Black Finish  

3. LED Follow Spots – Medium Long Throw 

a. Provide a 5800K cool white high-intensity LED illuminator with DMX-controlled 
intensity. 

b. Construction: sheet metal or aluminum housing with black finish; corrosion-resistant 
materials. 

c. 440 watt long-life LED source 

d. High-performance optical system designed for medium throw applications with a 
zoom minimum of 5.5° or less 

e. 100% closing manually operated iris  

f. Built-in flicker-free power supply suitable for broadcast and live performance. 

g. Gobo slot capable of accepting standard “A” size gobos. 

h. External color changer with (6) total color slots 

1) Provide color media as selected by Owner; gels to be provided separately 
unless otherwise noted. 

i. Compact adjustable yoke suitable for stand or pipe mounting. 
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j. Portable floor stand or yoke-mount compatibility. 

k. Integrated handles and balance adjustments for smooth manual operation. 

l. Set of tools and initial spare parts. 

m. Quantity: (1) 

n. Acceptable Products: 

1) Ushio SAI 500  

2) Or approved equal 

D. Cables and Accessories 

1. 2-in-1 DMX/TRUE1 Power & Data Pass-Through Cable 

a. Provide a hybrid cable assembly.  

b. Each cable shall incorporate DMX512 signal and Neutrik TRUE1 power conductors 
within a single jacket and provide pass-through capability for both power and DMX 
signal.  

c. Quantity: 

1) (3) @ 15 ft. White Jacket/ Finish 

2) (12) @ 10 ft, Black Jacket/ Finish 

d. Acceptable Products: 

1) TMB & Associates ProPower  

2) Lex Products PowerFLEX 

3) Or approved equal 

2. Extension Cables: 

a. Provide extension cables for extending pigtail or wall box circuits to lighting 
instrument. 

b. Provide cable and connectors which meet or exceed the quality of cables and 
connectors set forth in this specification.  

c. Provide each cable with Velcro cable tie. 

d. Provide extension cable assemblies consisting of 12-gauge, 3 conductor flexible 
cable and 20A rated male and female grounded NEMA L5-20 connectors. 

e. Quantity:  

1) (4) @ 5 ft. 

2) (2) @ 10 ft. 

f. Acceptable Products: 

1) TMB & Associates ProPower  

2) Lex Products PowerFLEX 

3) Or approved equal 

3. Adapter Cables 

a. Provide adapter cables for extending pigtail or wall box circuits to lighting instrument. 

b. Provide cable and connectors which meet or exceed the quality of cables and 
connectors set forth in this specification.  

c. Provide each cable with Velcro cable tie. 
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d. Provide extension cable assemblies consisting of 12-gauge, 3 conductor flexible 
cable and 20A rated male NEMA 5-15 Parallel Blade connectors and female 
grounded NEMA L5-20 twist-lock connectors. 

e. Quantity:  

1) (1) @ 1ft. with Male NEMA 5-15 and female NEMA L5-20 connectors 

2) (1) @ 1ft. with Male NEMA L5-20 and female NEMA 5-15 connectors 

f. Acceptable Products: 

1) TMB & Associates ProPower  

2) Lex Products PowerFLEX 

3) Or approved equal 

4. DMX-512 cable 

a. Provide DMX-512 cables for connecting lighting consoles, moving lights, or other 
DMX controlled accessories to the Network Nodes. 

b. Connectors shall be Neutrik 5-pin. 

c. Provide 24AWG two twisted pair data cable. 

d. Insulation: polyethylene. 

e. Nominal Impedance: 100 ohms. 

f. Nominal Velocity of Prop.: 78%. 

g. Capacitance between conductors: 12.5 pF/ft. 

h. Quantity: 

1) (4) 5’ DMX Cable 

2) (2) 10’ DMX Cable 

i. Acceptable Products: 

1) TMB & Associates ProPlex  

2) Lex Products PowerFLEX 

3) Or approved equal  

5. Flexible Category 5e Cable/NET Cable: 

a. Provide extra rugged, flexible control cable (Ethernet) for connection of NET stations 
to portable Network Nodes. 

b. Cable to be 4-pair, double shielded, low-capacitance. 

c. Conductors: 24 AWG tinned, annealed copper stranded 7 x 0.16. 

d. Connector: Provide with EtherCon connector by Neutrik 

e. Assembly: pairs cabled with Kevlar strength member. 

f. Shield: (inner) aluminum/Mylar, 100% coverage (outer) tinned copper braid, 80% 
coverage. 

g. Conductivity: 15ohms per 100 meters @ 20C. 

h. Impedance: 100 ±15 ohms 1-100 MHz 

i. Quantity: 

1) (1) 50’ Ethernet Cable 

2) (1) 25’ Ethernet Cable 

j. Acceptable Products: 
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1) TMB & Associates ProPlex  

2) Lex Products PowerFLEX 

3) Or approved equal 

6. XLR DMX Terminator 

a. Provide XLR DMX male terminator 

b. Connector shall be Neutrik 5-pin. 

c. Termination resistance: 120 ohms +/- 10% between pins 2 and 3 

d. Termination power capacity: 2 watts 

e.  Quantity: (3) 

f. Acceptable Product 

1) ETC SGE 1507 

2) Lex Products DMX5P-TERM 

7. Hook-and-Loop Cable Ties 

a. Product shall be reusable hook-and-loop cable ties suitable for dressing and 
bundling entertainment lighting, control, and power cabling. 

b. Product shall be provided in colors matching the associated cable jacket and 
supporting pipe, batten, or structure as required. 

c. Product shall be constructed of woven nylon hook-and-loop material. 

d. Product shall provide a secure, non-abrasive method of cable management and 
shall be reusable without degradation under normal use. 

e. Product shall be nominally 3/4-inch wide by 4-inch, 6-inch, or 8-inch lengths, as 
required for cable looms and for securing cables to battens, hanging positions, and 
supporting structures. 

f. Product shall include a slot or attachment feature allowing the tie to remain captive 
to the cable bundle when released. 

g. Furnish any unused cable ties to Owner at project closeout. 

h. Quantity: (100) ties 

i. Acceptable products: 

1) VELCRO Brand ONE-WRAP Reusable Ties 

2) Monoprice Hook-and-Loop Cable Ties 

3) Cable Matters Reusable Hook-and-Loop Cable Ties 

4) Or approved equal 

2.09 GENERAL 

A. Coordinate incorporation of the Work specified herein with other project work so as to facilitate 
a cohesive final product. 

B. The installation recommendations contained within the Telecommunications Distribution 
Methods Manual are mandatory minimum standards and requirements. 

C. Mount equipment and enclosures plumb and level. 

D. Permanently installed equipment to be firmly and safely held in place. 

E. Verify all locations of equipment in all rooms with Owner’s Representative, Owner, and 
Consultant. 

2.10 INSTALLATION OF CABLE AND WIRING 
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A. Verify installation of electrical work for this scope and all associated equipment with the overall 
Electrical installation. Provide all necessary equipment, including mounting hardware, for 
complete connection of power system wiring. 

B. Verify installation of power and ground wiring to equipment. Power and ground wiring will 
terminate inside of equipment and/or junction boxes and be hardwired to ground buss and 
circuit breaker to ensure uninterrupted operation. 

C. All control wiring will be executed in adherence to ANSI standards including the following: 

1. Isolate cables carrying signals at different levels and separate to restrict interaction. 

2. Keep wiring separated into three groups of conduit provided for control circuits, power 
circuits (up to 50 Amps), and feeder circuits (above 50 Amps). 

3. Isolate all wiring, except for safety ground wiring, from conduit ground. 

4. Take such precautions as are necessary to prevent and guard against electromagnetic 
and electrostatic interference in other technical systems (such as sound and 
communications systems) in the facility. Where possible all devices and wiring will be 
enclosed in a shielded environment. Take care not to use shields (conduits) and grounds 
as current carrying return paths for lamp and relay coil commons. All ground references 
are to be made to the building electrical system ground. 

5. Label unused wiring provided for spares or future systems and terminate at screw 
terminal strips. 

6. All joints and connections will be made with resin-core solder or with ratchet jaw crimp 
type mechanical connectors. Connect all circuits electrically in phase using same wire 
color code for similar circuits throughout the project. 

7. Install cable in a manner to adhere to manufacturer’s specifications for maximum cable 
pulling tension, minimum bend radius, and restrictions. 

8. Provide appropriate support at all horizontal-to-vertical transitions in order to keep the 
weight of the cable from degrading at the point of transition. 

9. If a J-hook or trapeze system is used to support cable bundles, all horizontal cables shall 
be supported at a maximum of 48-inch (1.2 meter) intervals.  At no point shall the cables 
rest on light fixtures, acoustic ceiling grids, panels, conduits, sprinkler pipe, water pipe 
and/or HVAC system ducting. 

10. Cable shall be installed above fire-sprinkler systems and shall not be attached to the 
system or any ancillary equipment or hardware. The cable system and support hardware 
shall be installed so that it does not obscure any valves, fire alarm conduit, boxes, or 
other control devices 

11. Cables shall not be attached to ceiling grid or lighting fixture wires. Where support for 
horizontal cable is required, install appropriate carriers to support the cabling. 

12. Cables shall be identified by a self-adhesive machine label in accordance with the 
System Documentation Section of this specification and ANSI/TIA/EIA-606-A. The cable 
label shall be applied to the cable behind the faceplate on a section of cable that can be 
accessed by removing the cover plate. 

13. Unshielded twisted pair cable shall be installed so that there are no bends smaller than 
four times the cable outside diameter at any point in the run and at the termination field. 

14. Provide splice free wiring and cabling from origination to destination.  Cables shall be 
installed in continuous lengths from origin to destination (no splices).  Properly designed 
transition points, or consolidation points are not considered ‘splice’ points. 

15. Cover edges of cable and wire pass-through holes in chassis, housings, boxes, etc., with 
rubber grommets or Brady GRNY nylon grommetting. 
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16. Any cable damaged or exceeding recommended installation parameters during 
installation shall be replaced prior to final acceptance at no cost to the Owner. 

2.11 INSTALLATION OF EQUIPMENT 

A. Take appropriate precautions against electrostatic discharge (ESD) when installing electronic 
equipment. 

B. Equipment to be installed in new condition, free of damages, scratches, dents, etc. 

C. Provide adequate ventilation in cabinet mounted equipment to maintain operating 
temperatures within range recommended by Manufacturer. 

D. All equipment will be installed in compliance with applicable Local and National Codes and 
Regulations. 

E. Equipment shall be installed in accordance with Manufacturer’s requirements. 

F. Install lighting fixtures using standard industry practices. All lamps, lenses, and reflectors will 
be installed free of dirt, dust, and finger smudges. Do not use bare hands when handling 
conventional tungsten lamps.  Ensure that a safety cable is properly applied with each fixture. 

G. Install lighting instruments to the standard house hang or repertory plot as directed by 
Consultant. Contractor shall document location of each type of distribution device and 
circuiting as part of as-built documents on plot.  Provide pdf copy of plot to Consultant and 
Owner. Provide (2) full size printed copies of plot to Owner. 

2.12 CONTRACTOR COMMISSIONING 

A. Prior to energizing or testing the System ensure the following: 

1. Physical installation is complete. 

2. Products are installed in proper and safe manner according to Manufacturer’s 
requirements. 

3. Dust, debris, solder splatter, etc. is removed. 

4. Cable is dressed, routed, and labeled; connections are consistent with regard to polarity. 

5. Temporary facilities and utilities have been properly disconnected and removed. 

6. Broken work, including glass, raised flooring and supports, ceiling tiles and supports, 
walls, doors, etc. have been replaced or properly repaired, and debris cleaned up and 
discarded. The jobsite shall be broom clean. 

B. Contractor shall: 

1. Retain the services of a Manufacturer certified technician to check the installation and 
ensure its proper operation. No part of the Theatrical Lighting System may be energized 
before this technician has checked and approved the System installation. 

2. Test all lighting load circuits for the following: 

a. Continuity 

b. Nominal voltage 

c. Polarity 

d. Accuracy to the Distribution Schedule as enumerated in the drawings. 

3. Test controls wiring for the following: 

a. Appropriate wire types and quantities 

b. Control wire distance from source 

c. Terminations meet Manufacturer requirements 
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C. The following identifies some, but not all, of the commissioning tasks of the commissioning 
team. This list is not intended to be comprehensive and should be considered a general 
guideline for the Contractor without a defined commissioning process statement: 

1. Program all power distribution panels 

2. Setup and program all network control devices 

3. Setup and initial programming of control console 

4. Setup and initial programming for all architectural control devices 

5. Program all emergency lighting control devices 

2.13 FINAL OBSERVATION & TESTING 

A. Upon completion of installation, initial adjustments, tests and measurements specified in Part 
3, and submission and review of the results, a final inspection and test will be observed by the 
Consultant. 

B. Testing will include operation of each major system and any other components deemed 
necessary. Contractor will assist in this testing and provide all test equipment noted 
below. Contractor shall provide at least two (2) technicians available for the entire testing 
period (day and night), to assist in tests, adjustments, and final modifications. Testing process 
is estimated to take a minimum of one (1) day. 

C. Provide the following test gear: 

1. Circuit Tester with adapters for all connectors present in the system. 

2. Multimeter capable of measurements up to 600V AC/DC, 10A DC, and 2MOhms 

3. DMX Tester  

4. Industrial Ethernet Tool capable of testing signal continuity and distance from source 

D. The following procedures will be performed on each System: 

1. Observation of the physical installation including labeling, mounting, and finish of all 
equipment and components which are a part of the System. 

2. Functional testing of all control devices and devices under control within the System. 

3. Review of programming and standard settings for all control interface devices. 

4. Load circuit verification. 

5. Control circuit verification. 

6. Other tests on equipment or systems deemed appropriate. 

E. The Consultant will provide the Owner with a listing describing any incomplete or otherwise 
deficient items determined as part of the testing process. Where further adjustment or work 
becomes evident during testing, the Contractor is to continue work until the System is 
complete. 

2.14 INSTRUCTION OF OWNER PERSONNEL 

A. Provide operations and service training on all equipment incorporated in the System. 

B. Training shall not be conducted until final observation and testing is completed by the 
Consultant, unless otherwise directed by the Owner. 

C. Provide (4) hours of training. Training time shall be conducted in multiple sessions, with each 
session not to exceed four hours. Training shall be conducted in accordance with Owner’s 
schedule. 

1. Six months after completion of initial training, schedule an additional (4) hours with 
Owner for review of systems and equipment operation. 

D. The major equipment components and subject matter are as follows (advisory percentage of 
overall time allocated): 
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1. Power Distribution System (20%) 

a. Basic testing and control 

b. Normal and emergency operations 

c. Programming memory 

d. Software configurations and upgrades 

e. Troubleshooting. 

2. Control Console (40%) 

a. Operational training, including offline or remote-access software 

b. Patching and programming 

c. Fixture integration 

d. Peripheral hardware  

e. Applications interface for retrieving information from the control console 

f. Troubleshooting 

g. Upgrades 

3. Architectural Controls (20%) 

a. Part of training will be to establish programmed looks for the performance areas with 
the end-user. The Contractor shall provide all equipment to establish DMX values for 
preset looks. 

b. Snapshotting preset onto DMX controller 

c. Preset recall operation 

d. Normal operations (e.g., console arbitration, time-clock controlled events, etc.) 

e. Troubleshooting. 

4. Theatrical Lighting Fixtures and Accessories (20%) 

a. Hang and focus 

b. Cabling and circuiting 

c. Setup and DMX addressing 

d. Troubleshooting 

E. Training Schedules 

1. Training should be assumed to take place on the project site. 

2. Training should be scheduled to be non-overlapping. 

3. Actual training schedule shall be by agreement with Owner. 

4. In the event that a portion of the training time is occupied in troubleshooting the 
equipment installation, then the training time shall be extended an equal amount of time. 

F. Submit an outline of the course with sample instructional aides for approval thirty (30) days 
prior to scheduled instruction sessions to architect and architect’s consultant. 

G. Following discussions with Owner, provide a Training submittal 2-4 weeks prior to first training. 
Submittal shall: 

1. Include a separate page/entry for every training session. 

2. Indicate date, time, and approximate length of training session. 

3. Indicate person(s) conducting training. 

4. Indicate whether training will be video recorded. 
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5. Intended curriculum and most appropriate attendees (e.g., technician, operations, IT, 
etc.) 

6. Include signature and title lines for: 

a. Owner acknowledging and accepting training schedule. Include both an Accepted 
and Rejected box. An alternate schedule time should be suggested by the Owner in 
the event the schedule is rejected. 

b. Countersigning by trainer indicating that training actually occurred. 

c. All persons attending training. Where attendees do not stay for the entire session, 
this should be noted on the form and initialed by Owner’s representative attending 
training. 

d. Owner’s representative attending training at the end of the session shall initial that: 

1) Training Occurred. 

2) Training Materials were provided and left with Owner 

3) Training was not interrupted or shortened by equipment or system 
troubleshooting. If it is, then there should be a line where Owner and Contractor 
can indicate when make-up training will be provided and how long it should be. 

4) Training was generally sufficient for the proposed curriculum. 

7. Include Notes section for Owner and Contractor to note any issues during training (areas 
requiring further development, etc.) 

H. Following training occurrence, submit completed training records no later than 5 days 
following end of training. When training is conducted over a period of weeks, completed 
training submittals shall be consolidated into a single submittal and submitted every 2 weeks. 

END OF SECTION 11 6162 



Tomball ISD – Intermediate School Replacement (0802-04-01) 

Tomball, Texas  

 

 
WJHW, Inc.  27 4116 - 1 

© 2026 WJHW, Inc.  INTEGRATED AUDIO/VIDEO SYSTEMS AND EQUIPMENT 

SECTION 27 4116 

INTEGRATED AUDIO/VIDEO SYSTEMS AND EQUIPMENT 

PART 1 - GENERAL 

1.01 SUMMARY 

A. Integrated Audio-Video Systems and Equipment as part of the Work. 

1.02 RELATED DOCUMENTS 

A. General provisions of the Contract, including General and Supplementary Conditions and 
Division 1 Specification Sections apply to this section. 

B. Reference the Project Manual for related specification sections. 

C. Reference the Project Drawings for additional information. 

1.03 SECTION INCLUDES 

A. Project instructions for the Contractor and System description details 

B. System product description 

C. Project completion instructions for the Contractor 

1.04 RESPONSIBILITY  

A. Responsibilities include, but are not limited to, the following items: 

1. Provide materials, equipment, transportation, and labor necessary for a fully working, 
tested, and calibrated system. Supply accessories and minor equipment items (such as, 
but not limited to, power strips, adapters, connectors, mounting hardware, etc.) needed 
for a complete system, even if not specifically mentioned in these Specifications. Notify 
the Architect of any discrepancies in part numbers or quantities before bid. Failing to 
provide such notification, supply items and quantities according to the intent of the 
Specification and Drawings, without claim for additional payment. 

2. Specifications and drawings are complementary. Work called for by one is binding as if 
called for by both. Any discrepancies between specifications and drawings shall be 
brought to the attention of the Architect for clarification during the bidding period. No 
allowance shall subsequently be made to the Contractor by reason of their failure to have 
brought said discrepancies to the attention of the Architect. 

3. Execute work in accordance with the National Electrical Code (NEC), the National 
Electrical Safety Code, the Occupational Safety and Health Act (OSHA), applicable State 
and Local codes, ordinances, regulations, authority having jurisdiction (AHJ), and 
manufacturer’s recommendations. If a conflict develops between the contract documents 
and the appropriate codes and is reported to the Architect prior to bid opening, the 
Architect will prepare the necessary clarification. Where a conflict is reported after 
contract award, propose a resolution of the conflict and, upon approval, perform Work. 

4. Required licenses, insurance and permits including payment of charges and fees  

5. Verification of dimensions and conditions at the job site. 

6. Coordinate location and installation of equipment with other building elements. 

7. Preparation of submittal information 

8. Pick-up of Owner Furnished Equipment (OFE) and incorporation into project if applicable. 

9. Development and implementation of control system software code and control panel 
layouts, which will become the property of the Owner 

10. Final tests and adjustments, written report, and documentation 
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11. Instruction of operating personnel 

12. Provision of manuals 

13. Maintenance services and warranty. 

1.05 REFERENCES 

A. Published specification standards, tests or recommended methods of trade, industry or 
governmental organizations apply to Work in this section where cited below: 

1. American National Safety Institute (ANSI) 

2. American Society of Testing and Materials (ASTM) 

3. Electronics Industries Association (EIA) 

4. Federal Communications Commission (FCC) 

5. National Electrical Manufacturer’s Association (NEMA) 

6. National Electrical Code (NEC) 

7. Underwriters Laboratories (UL) 

8. Occupational Safety and Health Administration (OSHA) 

9. Society of Motion Picture and Television Engineers (SMPTE) 

10. Building Industry Consulting Service International (BICSI) 

11. Davis and Davis, Sound System Engineering (3rd Edition) (SSE), Howard W. Sams, 
2006 

12. Giddings, Audio System Design and Installation (ASDI), Howard W. Sams, 2013 

13. AV Installation Handbook Second Edition: The Best Practices for Quality Audiovisual 
Systems, Infocomm (AVIH), 2009 

1.06 DEFINITIONS 

A. In addition to those Definitions of Division1, the following list of terms as used in this 
specification shall be defined as follows: 

1. Furnish - To purchase, procure, acquire, and deliver complete with related accessories. 

2. Install – To set in place, join, attach, link, set up or otherwise connect together and test 
until complete before turning over to the Owner, all parts, items, or equipment supplied by 
Contractor. 

3. Provide – To furnish and install. 

1.07 DESCRIPTIONS & REQUIREMENTS 

A. The following is intended to further describe the Work and clarify design intent and is not an 
exhaustive description of the systems. 

B. Cafetorium 

1. AV Presentation System 

a. A single projection screen presentation system shall be provided. The system will 
utilize a projection screen mounted to the proscenium wall. The screen will be 
motorized so that it can be raised out of sight when not in use. The screen should be 
a 16:9 aspect ratio for high-definition programming. 

b. The main projector shall be approximately 13,000 ANSI lumens, bright enough to 
illuminate the screen without dimming house lighting completely. The main projector 
shall have a minimum native resolution of 1920 x 1080. 

c. An AV-over-IP network shall distribute the video sources to the projector. Sources 
listed below shall be encoded to the network and decoded at the projector. 

2. Audio Sources 
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a. Provide an assortment of dynamic and condenser microphones. 

b. Provide wired microphone inputs around. 

c. Provide ceiling mounted microphones over the stage for choral performances. 

d. Provide a wireless microphone system with remote mounted antennas including 
handheld and body-worn transmitters. 

e. Provide a rack mounted multi-media player for music playback at the main portable 
and stage control positions. 

f. Provide a rack mounted multi-media recorder for music recording at the main 
portable and stage control positions. 

g. Provide wired and wireless media connectivity. 

h. Provide cabling and equipment accessories. 

3. Video Sources 

a. Provide a wireless presentation system, connected to school WiFi network 

b. Provide an HDMI input at Stage Management Rack 

c. Provide an HDMI input in the Stage Right Technical Facility Panel 

4. Mixing System 

a. Provide a rack mounted digital mixing system in the main portable rack. 

b. Provide a rack mounted mixer at the stage control position for simple operation. 

5. Processing and Amplification 

a. Provide a dedicated audio DSP for signal routing and processing. 

b. Provide DSP amplification for loudspeakers. 

c. Provide audio system control via networked control system. 

6. Loudspeakers 

a. Provide ceiling mounted loudspeakers distributed throughout the cafeteria space. 

b. Provide loose loudspeakers for on-stage monitoring. 

7. Equipment Housing 

a. Provide a portable equipment rack for the main control position.  

b. Provide permanent wall-mounted rack in a dedicated room to house amplifiers and 
processing equipment. 

c. Provide permanent wall-mounted racks on stage for the stage manager’s control 
position. 

8. Hearing Assist 

a. Provide a wireless, single channel radio frequency hearing assist system. 

b. Provide a remote mounted antenna to provide coverage of the audience area. 

c. System must operate on approved FCC frequencies. 

d. Provide enough portable receivers to meet current ADA standards including: 

1) C 

2) Headsets 

3) Inductive coil loops 

9. Life Safety 

a. Provide a contact closure from the life safety system. 
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b. System to mute upon contact closure and remain muted during the alarm. 

c. System to continue previous operation when alarm has ended. 

C. Band/Orchestra 

1. Audio Sources 

a. Provide microphones for recording. 

b. Provide a rack mounted multi-media player for music playback. 

c. Provide a rack mounted multi-media recorder for music recording. 

d. Provide wired and wireless media connectivity. 

e. Provide a line input connection at the front of the room for Owner provided 
metronome. 

f. Provide cabling and equipment accessories. 

2. Mixing System 

a. Provide a rack mounted mixer for control and routing of audio sources. 

3. Processing and Amplification 

a. Provide DSP amplification for room loudspeakers. 

4. Loudspeakers 

a. Provide wall mounted speakers at the front of the room for music playback. 

b. Provide wall mounted speakers at the back of the room for metronome playback for 
percussion instruments. 

5. Equipment Housing 

a. Provide a permanent wall mounted equipment rack for housing of rack mounted 
equipment. 

b. Equipment rack to be located near the director for quick access to operable 
equipment. 

6. Life Safety 

a. Provide a contact closure from the life safety system. 

b. System to mute upon contact closure and remain muted during the alarm. 

c. System to continue previous operation when alarm has ended. 

D. Choir 

1. Audio Sources 

a. Provide microphones for recording. 

b. Provide a rack mounted multi-media player for music playback. 

c. Provide a rack mounted multi-media recorder for music recording. 

d. Provide wired and wireless media connectivity. 

e. Provide cabling and equipment accessories. 

2. Mixing System 

a. Provide a rack mounted mixer for control and routing of audio sources. 

3. Processing and Amplification 

a. Provide DSP amplification for room loudspeakers. 

4. Loudspeakers 

a. Provide wall mounted speakers at the front of the room for music playback. 
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5. Equipment Housing 

a. Provide a permanent wall mounted equipment rack for housing of rack mounted 
equipment. 

b. Equipment rack to be located near the director for quick access to operable 
equipment. 

6. Life Safety 

a. Provide a contact closure from the life safety system. 

b. System to mute upon contact closure and remain muted during the alarm. 

c. System to continue previous operation when alarm has ended. 

E. Gymnasium 

1. Audio Sources 

a. Provide wired microphone connections at either end of the court. 

b. Provide wireless microphone system. 

c. Provide dynamic microphones. 

d. Provide wired and wireless media connectivity. 

e. Provide cabling and equipment accessories. 

2. Processing and Amplification 

a. Provide a dedicated DSP to the space. 

b. Provide DSP amplification for room loudspeakers. 

3. Loudspeakers 

a. Provide surface mounted loudspeakers distributed over the court for audio coverage 
of the court. 

4. Equipment Housing 

a. Provide a permanent wall mounted equipment rack for housing of rack mounted 
equipment. 

b. Equipment rack to be located in adjacent storage room. 

5. Control 

a. Provide a touch panel control system for system operation. 

b. Touch panel to be located behind a protective hinged door. 

6. Hearing Assist 

a. Provide a wireless, single channel radio frequency hearing assist system. System 
must operate on approved FCC frequencies. 

b. Provide a remote mounted antenna to provide coverage of the audience area. 

c. System must operate on approved FCC frequencies. 

d. Provide enough portable receivers to meet current ADA standards including: 

1) Ear speakers 

2) Headsets 

3) Inductive coil loops 

7. Life Safety 

a. Provide a contact closure from the life safety system. 

b. System to mute upon contact closure and remain muted during the alarm. 
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c. System to continue previous operation when alarm has ended. 

F. Meeting Rooms 

1. AV Presentation System 

a. Provide a wall mounted display 

b. Provide an floorbox HDMI connection to the owner-provided owner installed 
display 

c. Operation of the display will be by handheld remote control. 

1.08 SUBMITTALS 

A. Provide submittals in accordance with Conditions of the Contract and Division 1, Submittal 
Procedures section unless otherwise indicated. 

B. Submittals shall contain sufficient information to describe the Work to be performed. Reviewed 
shop drawings are to be used for final coordination and construction. 

C. Shop drawings must be original work produced by the Contractor responsible for performing 
the work defined in this specification. Scanning, photographic copying, materially copying, or 
any other reproducing the contents of the drawings or specifications contained within the 
Contract Documents will be marked as unacceptable and not reviewed for any content. No 
claim shall be made for delay, undue burden, or additional costs for the effort to produce shop 
drawings, schedules, and equipment lists addressing this specification or the overall project 
manual. 

D. Supplementary submittal requirements: 

1. Provide each of the following in one electronic submission for review within thirty days of 
issuance of Notice to Proceed (NTP) and prior to commencement of Work: 

a. Complete schedule of submittals. 

b. Chronological schedule of Work in bar chart form. 

c. Product Data Sheets: 

1) Provide a complete table of contents with the following information: 

2) Project title. 

3) Submittal number. In the case of a resubmittal, use the original submittal 
number immediately followed by the suffix “R” immediately followed by a unique 
number and be numbered in consecutive order. 

4) Date of submission. 

5) Provide a list of and Manufacturer's data sheets on products to be incorporated 
with the Work. Arrange data sheets in the same order they appear in this 
specification. Where a data sheet shows more than one product, indicate the 
model being proposed with an arrow or other appropriate symbol. 

6) For each product submitted, indicate which item in the specification it is 
submitted for. 

7) Submit manufacturer’s product literature for each type of firestop material to be 
used. Literature shall include documentation of UL classifications or approved 
third party testing. Manufacturer’s name and number for each part shall be 
included. Submit drawings of through penetrations, which include the system to 
be utilized for the firestopping application. Drawing shall indicate construction of 
wall or floor assembly; size, number and material of penetrating items; firestop 
system designation; required F-rating, T-rating and remarks. 

8) Upon Owners and/or Consultant’s request provide (3) three copies of the 
submittals. Bind submittal in titled three ring D style binders sized for 150 per 
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cent of the material.  Maximum size: three-inch spine. Use multiple volumes as 
required. Separate major grouping with labeled binder tabs. 

9) Submissions that do not follow the format and configuration described above 
will be returned without review. 

d. Shop Drawings: 

1) Functional Diagrams/Schematics:  

a) Detailed wiring diagrams showing interconnection of components and 
products, wiring and cabling diagrams depicting cable types and 
designators, and device designators for each system. Provide connector 
designations and terminal strip identification, along with color codes for 
cables connecting to these devices. Give each component a unique 
designator and use this designator consistently throughout the project.  

2) Coordination Drawings:  

a) Prepare and submit a set of coordination drawings showing major 
elements, components, and devices of the audio and video system in 
relationship with other building components. Prepare drawings to an 
accurate scale of 1/8”=1’-0” or larger on suitable sized media.  

b) Prepare floor plans, reflected ceiling plans, elevations, sections, and 
details to conclusively coordinate and integrate all equipment. Indicate 
locations where space is limited, and where sequencing and coordination 
of installations is of importance to the efficient flow of the Work including 
but not necessarily limited to the following: 

(1) Equipment housings 

(2) Ceiling and wall mounted devices 

(3) Raceways 

(4) Cabling 

3) Equipment: Location of equipment within racks, consoles, or on tables, with 
dimensions; wire routing and cabling within housings; AC power outlet and 
terminal strip locations. 

4) Patch panel(s): Layouts and designation (labeling) strips, including color 
schemes. 

5) Full fabrication details of any custom enclosures and millwork indicating size, 
material, finish and openings for equipment. 

6) Structural rigging and mounting details: 

a) Loudspeaker rigging, suspension, and mounting detail drawings shall be 
signed and sealed by a professional engineer licensed to practice in the 
state in which the project is located. The signed and sealed drawings 
noted above to include the following:  

(1) Analysis of all components in the load path and attachment method to 
building structure for suspended loudspeakers. 

(2) Attachment method for mounting brackets at ceilings, walls, or other 
building features. 

(3) Detail the product manufacturer, part numbers, and load capacity of 
the hardware fittings and materials selected for suspended or 
mounted loudspeakers. 

(4) A copy of the design calculations. 

(5) Secondary steel required for attachment to the building structure. 
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(6) Custom brackets, mounts, suspension grids or trusses, loudspeaker 
cabinet frames, or loudspeaker brackets.  

(7) Loudspeaker brackets or mounts provided by the specific 
loudspeaker manufacturer being installed that do not include 
traceability data. 

7) Traceability data and/or ANSI standard compliance data for loudspeaker 
mounting brackets or rigging provided by the loudspeaker manufacturer. 

8) Risk analysis data as referenced in Part 3.2, F 

9) Stamping Engineer post-installation sign-off as described in Part 3.2, F 

10) Proof of ETCP certification for on-site rigging crew. 

11) Projector, loudspeaker, camera mounting details, include hardware types and 
load capacity. 

12) Fabricated Plates and Panels 

a) Provide complete drawings on custom fabricated plates or panels. 
Drawings shall include dimensioned locations of components, component 
types, engraving information, plate material and color, and bill of material. 

13) Labeling 

a) Equipment and cabling labeling scheme. Include font sizes and styles, 
explanation of scheme, and designator schedule. 

14) Schedules 

a) Wiring schedule showing source and destination of wiring and indicating 
which wiring is in conduit. Junction box schedule showing type of box, 
size, mounting and location. Include this information with remainder of 
wiring diagrams. 

15) Control System Software 

a) Provide electronic copies of proposed control system user interfaces within 
sixty (60) days of issuance of Notice to Proceed (NTP). 

16) IP Addresses 

a) Coordinated with the venue IT Administrator, provide a list of IP 
addresses, by device, used in the project. 

e. Consultant’s project documents in electronic format will not be supplied to the 
Contractor for their use as part of submittals. 

f. Detail drawings executed at an appropriate scale, but not smaller than 1/8 inch = 1’–
0”.   

g. Submissions that do not follow the format and configuration described above will be 
returned without review. 

h. Any other pertinent data which is necessary to provide the Work. 

2. Control System Software: 

a. Provide electronic copies of proposed control system user interfaces within sixty (60) 
days of issuance of Notice to Proceed (NTP). 

E. Resubmission requirements: 

1. Make all requested corrections or change in submittals required. Resubmit for review 
until no exceptions are taken.  

2. Indicate all changes that have been made other than those requested. 

1.09 CONTRACT CLOSE-OUT DOCUMENTS: 
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A. Provide submittals in accordance with Conditions of the Contract and Division 1, Submittal 
Procedures section unless otherwise indicated, after substantial completion but prior to final 
observation: 

B. Supplementary submittal requirements: 

1. Provide the following in one electronic submission for review. 

a. Equipment Manuals: 

1) Manufacturer's owner/instruction manual for each type of Product by 
manufacturer and model or part number unless specified otherwise herein 

2) Supply manufacturer’s serial numbers for each Product 

3) For custom circuits or modifications, a description of the purpose, capabilities, 
and operation of each item 

4) Separately bind list by manufacturer and model or part number of Products 
incorporated within the Work, arranged in alpha numeric order. When 
applicable, bind Manufacturer's warranty statements separately. 

b. Test Reports: Recorded findings of Commissioning. 

c. Signed copy of turn over equipment to Owner including quantity, make and model. 

d. Copy of any program or hardware setup files. 

e. System Operation and Instructions: Prepare a complete and typical procedure for 
the operation of the equipment as a system, organized by subsystem or activity. 

1) This procedure should describe the operation of system capabilities. 

2) Assume the intended reader of the manual to be technically inexperienced but 
unfamiliar with the components and the facility. 

f. Provide Consultant with copy of Owner training video. 

g. Service Information, including service phone number(s) and hours; service 
schedule; description of products recommended or provided for maintenance 
purposes, and instructions for the proper use of these products. 

h. Any other pertinent data generated during the Project or required for future service. 

i. Within three (3) weeks of final observation, submit the following in one electronic 
submission for review. Upon Owners and/or Consultant’s request provide (3) three 
copies of the following: 

1) Record drawings: Final rendition of Shop Drawings depicting what is actually 
incorporated within the Work. 

2) Hardcopy full size set of Record drawings. 

3) Three (3) compact disc or DVD’s containing Record drawings in AutoCAD 
editable DWG format and Adobe PDF format. Resolution to be sufficient to 
permit Owner’s technicians to be able to clearly read all notes and text on 
screen. 

4) One set of signed proof-of-training documents. 

2. Submittal Format: 

a. Record Drawings: Drawings executed at an appropriate scale, but not smaller than 
1/8 inch = 1’–0”.  

b. Segregate documents into separate binders containing data relevant to operational, 
maintenance, and warranty issues. Appropriately duplicate data within the separate 
bindings when it will reasonably clarify procedures, e.g., operational data in 
maintenance binding. 
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c. Bind Project Record Manual in titled three ring D style binders sized for 150 per cent 
of the material. Maximum size: three inch spine.  Use multiple volumes as required. 
Separate major grouping with labeled binder tabs.  

C. Resubmission requirements: 

1. Make all requested corrections or change in submittals required. Resubmit for review 
until no exceptions are taken.  

2. Indicate all changes that have been made other than those requested. 

1.10 CUSTOM SOFTWARE 

A. Introduction: 

1. Proprietary software provided for the Technical Systems shall be subject to this software 
license between the Contractor and the Owner as an essential element of the system as 
defined in the system specification and associated documents, drawings and agreement.  

2. Contractor shall agree that 3rd party proprietary software provided with the system shall 
be subject to this agreement. 

3. Contractor and Owner agree that this software license is deemed to be part of, and 
subject to, the terms of the Agreement applicable to both parties; and shall supersede 
any standard manufacturer or Contractor’s standard license agreement.  

4. Proprietary software shall be defined to include, but not be limited to, device and system 
specific software and firmware designed to run on conventional computer based 
operating platforms as well as all micro-processor based hardware used to program, 
setup, or operate the system or its components.  

5. For sake of this agreement, MS Windows® shall not be considered “proprietary” 
software, unless a non-public version of Windows® or any of its components are critical 
to the operation of the system in which case it shall be deemed proprietary. 

B. License Grant and Ownership: 

1. Contractor hereby grants to Owner a perpetual, non-exclusive, site license to all software 
for Customer’s use in connection with the establishment, use, maintenance and 
modification of the system implemented by Contractor. Software shall mean executable 
object code of software programs and the patches, scripts, modifications, enhancements, 
designs, concepts or other materials that constitute the software programs necessary for 
the proper function and operation of the system as delivered by the Contractor and 
accepted by the Owner. 

2. Except as expressly set forth in this agreement, Contractor shall at all times own all 
intellectual property rights in the software. Any and all licenses, product warranties or 
service contracts provided by third parties in connection with any software, hardware or 
other software or services provided in the system shall be delivered to Owner for the sole 
benefit of Owner. 

3. Owner may supply to Contractor or allow the Contractor to use certain proprietary 
information, including service marks, logos, graphics, software, documents and business 
information and plans that have been authored or pre-owned by Contractor. All such 
intellectual property shall remain the exclusive property of Owner and shall not be used 
by Contractor for any purposes other than those associated with delivery of the system. 

C. Copies, Modifications, and Use: 

1. Source code shall be available to Owner for a period of not less than 10 years.  

2. Owner may make copies of the software for archival purposes and as required for 
modifications to the system. All copies and distribution of the software shall remain within 
the direct control of Owner and its representatives. 
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3. Owner may make modifications to the source code version of the software, if and only if 
the results of all such modifications are applied solely to the system. In no way does this 
Software License confer any right for Owner to license, sublicense, sell, or otherwise 
authorize the use of the software, whether in executable form, source code or otherwise, 
by any third parties. 

4. All express or implied warranties relating to the software shall be deemed null and void in 
case of any modification to the software made by any party other than Contractor. 

D. Warranties and Representations: 

1. Contractor represents and warrants to Owner that: 

a. It has all necessary rights and authority to execute and deliver this Software License 
and perform its obligations hereunder and to grant the rights granted under this 
Software License to Owner;  

b. The goods and services provided by contractor under this Software License, 
including the software and all intellectual property provided hereunder, are original to 
Contractor or its subcontractors or partners; and 

c. The software, as delivered as part of the system, will not infringe or otherwise violate 
the rights of any third party, or violate any applicable law, rule or regulation. 

2. Contractor further represents and warrants that, throughout the System Warranty Period, 
the executable object code of software and the system will perform substantially in 
accordance with the System Specifications and Agreement. If the software fails to 
perform as specified and accepted all remedies are pursuant to the policies set forth in 
the Specification and in the Agreement. No warranty of any type or nature is provided for 
the source code version of the software which is delivered as is. 

3. Except as expressly stated in this Agreement, there are no warranties, express or 
implied, including, but not limited to, the implied warranties of fitness for a particular 
purpose, of merchantability, or warranty of no infringement of third party intellectual 
property rights. 

1.11 QUALITY ASSURANCE 

A. Qualifications: Contractor to be experienced in the provision of systems similar in complexity 
to those required for this project, and meet the requirements listed below. Provide 
documentation at the time of bid to support these qualifications: 

1. Form of corporation. 

2. No less than three years’ experience with equipment and systems of the specified types. 

3. Experience with at least three comparable scale projects within the last three years. 

4. Be a franchised dealer and service facility for the manufacturer’s products furnished. 

5. Maintain a fully staffed and equipped service facility with full-time field technicians. 

6. Have at least one supervisory on-site employee who has completed and has been 
certified CTS-I by Infocomm. 

7. Supervision of all rigging by an ETCP certified rigger for all work associated with 
suspension or mounting of overhead equipment. 

8. Adequate plant capacity and equipment to complete the Work. 

9. Adequate staff with commensurate technical experience. 

10. Suitable financial status (i.e., bonding and materials purchase capacity) to meet the 
obligations of the Work. 

11. Adequate regional service organization to meet warranty response requirements of the 
Project. 
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12. Provide listing with appropriate explanation regarding the status of Contractor’s resolved 
or unresolved legal disputes within the last six calendar years. 

13. Provide listing with appropriate explanation regarding any projects within the last 3 years 
where the Contractor has failed to meet construction schedules due to Contractor’s 
cause. 

14. Completed current version of the AIA Contractor’s Qualification Form. 

B. Subcontractors: at the time of bid, the Contractor shall provide a list of structural, electrical, 
sound, or any other subcontractors intended to do the Work, or are being retained as local 
service providers throughout the warranty period. Subcontractors shall be appropriately state 
licensed in their specialty and must provide the same qualification documents as the 
Contractor. 

C. Work: Perform Work in compliance with the applicable standards listed herein and governing 
codes and regulations of the authorities having jurisdiction and the Contract Documents. 

1. Drawings and specification requirements govern where they exceed Code and 
Regulation requirements. 

2. Where requirements between governing Codes and Regulations vary, the more 
restrictive provision applies. 

3. Nothing in the Contract Documents grants authority or permission to disregard or violate 
any legal requirements. 

D. Coordinate exact location and installation of equipment, power, grounding, and raceway 
requirements with the Architect. 

1.12 DELIVERY, STORAGE & HANDLING 

A. Ship Products in its original container, to prevent damaging or entrance of foreign matter. 

B. Handling and shipping in accordance with Manufacturer’s recommendation. 

C. Provide protective covering during construction of all installed devices, to prevent damaging or 
entrance of foreign matter. 

D. Replace at no expense to Owner, Products damaged during storage, handling or the course of 
construction. 

1.13 PROJECT CONDITIONS 

A. Verify conditions on the job site applicable to this work. Notify Architect in writing of 
discrepancies, conflicts, or omissions promptly upon discovery. 

B. The Drawings diagrammatically show cabling and arrangements of equipment fitting the space 
available without interference. If conditions exist which make it impossible to install work as 
shown, recommend solutions and/or submit drawings to Architect for approval, showing how 
the work may be installed. 

1.14 WARRANTY 

A. Warrant labor and equipment for one year following the date of substantial completion to be 
free of defects and deficiencies, and to conform to the drawings and specifications as to kind, 
quality, function, and characteristics. Repair or replace defects occurring in labor or equipment 
within the Warranty period without charge. 

B. This warranty is in addition to any specific warranties issued by manufacturers for greater 
periods of time. 

C. Within the warranty period, answer service calls within twenty four (24) hours during normal 
working hours and correct the deficiency within forty eight (48) hours. 

D. Provide Owner with the name and telephone number of the person to call for service. This 
information to be part of Project Closeout Documents. 
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E. Thirty days prior to the end of the warranty period provide a complete checkout of all system 
components. Repair or replace any defective equipment discovered during the testing. Correct 
any defects in wiring or other functional problems reported by Owner. Warranty replacement 
and service of equipment shall not apply to Owner furnished equipment (OFE). Coordinate 
observation visit with the Owner. 

PART 2 - PRODUCTS 

2.01 GENERAL 

A. Products quantity is as required. If a quantity is given, provide at least the given amount. 
Some product listed may not be required to fulfill the obligations of the Work. 

B. Equipment and materials shall be new and conform to applicable UL or ANSI provisions.  

C. Regardless of the length or completeness of the descriptive paragraph herein, provide 
Products complying with the specified manufacturer's published specifications. 

D. Remove or blank out all manufacturers’ names, logos, or other symbols from loudspeakers or 
other objects placed in view of the public. If logos are removable, remove and repaint to the 
color of the adjacent surface and reattach. 

E. Take care during installation to prevent scratches, dents, chips, etc. 

2.02 ACCEPTABLE MANUFACTURERS 

A. Model numbers and manufacturers included in this specification are listed as a standard of 
function, performance, and quality. 

B. Refer to General and Supplementary Conditions and Division 1 Specification Sections for 
equipment substitution procedure.  

C. If a specified product has been discontinued by a manufacturer, provide the replacement 
model (as certified by the manufacturer) at no additional cost. 

D. Where required provide manufacturer’s rack mount adapter or one manufactured by Middle 
Atlantic or Winstead unless specified elsewhere. 

2.03 MICROPHONES AND ACCESSORIES 

A. Single Wireless Microphone System (WRLS, Type 1): 

a. Not Specified. 

B. Dual Wireless Microphone System (WRLS, Type 2): 

1. Receiver Type: Digital Wireless System with automatic switching diversity reception with 
XLR type audio output connectors. 

2. Indicators: LED signal strength meters for battery, RF and audio levels. 

3. Frequency: Coordinate with FCC and local requirements. 

4. Antennas: Rear mount passive antennas for the frequency spectrum chosen. 

5. 1-RU Rack mountable. 

6. Acceptable Product: 

a. Shure SLXD4D Diversity Receiver 

C. Triple Wireless Microphone System (WRLS, Type 3) 

1. Not specified 

D. Quad Wireless Microphone System (WRLS, Type 4): 

1. Receiver Type: Digital Wireless System with automatic switching diversity reception with 
XLR type audio output connectors. 

2. Indicators: LED signal strength meters for battery, RF and audio levels. 



Tomball ISD – Intermediate School Replacement (0802-04-01) 

Tomball, Texas  

 

 
WJHW, Inc.  27 4116 - 14 

© 2026 WJHW, Inc.  INTEGRATED AUDIO/VIDEO SYSTEMS AND EQUIPMENT 

3. Frequency: Coordinate with FCC and local requirements. 

4. Antennas: Rear mount passive antennas for the frequency spectrum chosen. 

5. 1-RU Rack mountable. 

6. Acceptable Product: 

a. Shure ULXD4Q Diversity Receiver  

E. Bodypack Wireless Microphone (Type 1) 

1. Theatrical/presentation headset/lapel mic 

2. Acceptable Product: 

a. Shure SLXD1 Bodypack Transmitter 

1) Shure SB903 Lithium Ion Battery 

2) Shure UL4#-MTQG Headset Microphone (coordinate color with Owner) 

3) Shure MX153#/O-TQG (coordinate color with Owner) 

F. Bodypack Wireless Microphone (Type 2) 

1. Athletic headset/lapel mic 

2. Acceptable Product: 

a. Shure SLXD1 Bodypack Transmitter 

1) Shure SB903 Lithium Ion Battery 

2) Shure UL4#-MTQG Headset Microphone (coordinate color with Owner) 

3) Shure SM31FH 

G. Handheld Wireless Microphone (Type 1) 

1. Beta 87A capsule 

2. Acceptable Product: 

a. Shure SLXD2/B87A Handheld Transmitter 

1) Shure SB903 Lithium Ion Battery 

H. Wireless Microphone Charge Base (Type 1) 

1. 2 Port Wireless Microphone Charging Dock 

2. Acceptable Product 

a. Shure SBC10-903-US Battery Charger Base 

I. Wireless Microphone Charge Base (Type 2) 

1. 8 Port Wireless Microphone Charging Dock 

2. Acceptable Product: 

a. Shure SBC80-903-US Battery Charger Base 

J. Vocal Microphone: (Type 1) 

1. Handheld dynamic cardioid pattern 

2. Acceptable Product: 

a. Audix OM6 

b. Shure Beta58a 

c. Approved Equivalent 

K. Instrument Microphone: (Type 1) 

1. Dynamic cardioid pattern 
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2. Acceptable Product: 

a. Audix D4 

b. Shure Beta57a 

c. Approved Equivalent 

L. Instrument Microphone: (Type 2) 

1. Condenser cardioid pickup pattern 

2. Acceptable Product:  

a. Audix f9 

b. Shure SM81 

c. Approved Equivalent 

M. Instrument Microphone: (Type 3) 

1. Boundary style condenser 

2. Acceptable Product: 

a. Audix ADX60 

b. Shure Beta91a 

c. Approved Equivalent 

N. Choir Microphone: (Type 1) 

1. Hanging condenser 

2. HyperCardioid pattern 

3. Acceptable Product: 

a. Audix ADX40HC 

b. Shure MX202B/S 

O. Podium Microphone (Type 1) 

1. Goose neck condenser microphone 

2. Cardioid pattern 

3. Acceptable Product: 

a. Shure MX412/C 

P. Drum Microphone Package: (Type 1) 

1. 7-piece kit to include: 

2. Large diaphragm kick drum mic 

3. Snare drum mic 

4. Rack & Floor tom mics 

5. Overhead mics 

6. Mounts for all mics 

7. Acceptable Product: 

a. Audix DP7 

b. Shure DMK57-52 

c. Shure KSM 137 Stereo Pair 

d. Approved Equivalent 

Q. Piano Microphone Package: (Type 1) 
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1. Dual element condenser microphone 

2. Stereo pair 

3. Acceptable Product: 

a. Audix SCX25APS 

b. Shure Beta 181/C (Quantity: 2) 

c. Approved Equivalent 

R. Switched Vocal Microphone: (Type 1) 

1. Handheld dynamic cardioid pattern 

2. ON/Off Switch integrated 

3. Acceptable Product: 

4. Shure SM58S 

a. Approved Equivalent 

S. General Purpose Microphone: (Type 1) 

1. Handheld dynamic cardioid pattern 

2. Acceptable Product: 

a. Shure SM58 

b. Approved Equivalent  

T. Suspended Microphone: (Type 1) 

1. Phantom powered 

2. Acceptable Product: 

a. Audix ADX40 with CPSADXC cardioid capsule 

b. Shure MX202B/C 

c. Approved Equivalent  

U. Microphone Stands and Mounting Hardware:  

1. Acceptable Product:  

a. TYPE 1: Round-base floor stands, Black 

1) Atlas MS-10CE w / PB11XEB 

2) Approved Equivalent 

b. TYPE 2: Heavy Duty floor stand, Black 

1) Atlas SB11WE 

2) Approved Equivalent 

c. TYPE 3: Boom Arm Short, Black 

1) Atlas PB11XEB 

2) Approved Equivalent 

d. TYPE 4: Boom Arm Long, Black 

1) AtlasPB21XEB 

2) Approved Equivalent 

e. TYPE 5: Tabletop stand, Black 

1) Atlas SMS2B 

2) Approved Equivalent 
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2.04 INPUT SOURCES 

A. Media Player (MDP, Type 1): 

1. Analog and outputs: RCA unbalanced.  

2. 1-U Rack Mountable. 

3. Bluetooth Receiver 

4. USB & Aux input 

5. Wireless Remote Control. 

6. Acceptable Product: 

a. Tascam CD-400U 

B. Media Recorder (MDR, Type 1): 

1. Analog inputs and outputs: RCA unbalanced.  

2. Digital input and output: S/PDIF, AES/EBU 

3. 1-U Rack Mountable. 

4. Bluetooth Receiver 

5. USB & Aux input 

6. RS-232 Control 

7. Wired remote control 

8. Acceptable Product: 

a. Tascam SS-R250N 

C. Mono DI Box (Type 1): 

1. Inputs for unbalanced line sources 

2. Inputs shall be via ¼” receptacles 

3. Line and mic level outputs 

4. Ground lift switch 

5. Acceptable Product: 

a. Whirlwind DIRECTOR 

b. Radial ProDI 

c. Approved Equivalent 

D. Stereo DI Box (Type 1): 

1. Inputs for stereo/dual mono unbalanced line sources 

2. Inputs shall be via ¼”, RCA, 3.5mm receptacles 

3. Line and mic level outputs 

4. Ground lift switch 

5. Acceptable Product: 

a. Whirlwind DIRECT2 

b. Radial ProAV2 

c. Approved Equivalent 

E. Stereo Computer DI Box (Type 1): 

1. Inputs for stereo/dual mono unbalanced line sources 

2. Inputs shall be via ¼”, RCA, 3.5mm receptacles 
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3. Line and mic level outputs 

4. Ground lift switch 

5. Acceptable Product: 

a. Whirlwind PC-DI 

1) ProCo BPMBMB-3 3.5mm TRS Cable 

b. Radial JPC 

1) ProCo BPMBMB-3 3.5mm TRS Cable 

c. Approved Equivalent 

F. Stereo Computer USB DI Box (Type 1) 

1. Inputs shall be via USB receptacle 

2. Mic level outputs 

3. Acceptable Product: 

a. Whirlwind PC-USB 

b. Radial USB-Pro 

c. Approved Equivalent 

G. Line Input (LI, Type 1) 

1. Decora mounted 

2. Stereo RCA jacks 

3. Stereo 3.5mm jack 

4. Balanced stereo outputs 

5. Coordinate finish with Architect 

6. Acceptable Product: 

a. RDL D#-CIJ3D 

H. Bluetooth Receiver (BTRX, BTIO, Type 1) 

1. Input: Bluetooth 

2. Output: balanced analog audio. 

3. Provides long distance distribution of Bluetooth audio using Cat6 cable. 

4. Powered from receiver in rack. 

5. Does not support automatically pairing. 

6. Customizable Bluetooth name. 

7. Coordinate finish with Architect 

8. Acceptable Product to Include: 

a. RDL BT1A (BTRX) 

b. RDL TX-TPR2A (BTIO) 

I. Analog Stereo to AES Converter (AES, Type 1) 

1. Inputs: 2x balanced analog, 2x unbalanced analog 

2. Outputs: 1x AE3 

3. Acceptable Product: 

a. RDL HR-ADC1 

b. Approved Equivalent 
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2.05 MIXERS 

A. I/O Expander (MIX IO, Type 1) 

a. Portable digital audio expander. 

b. 16 balanced inputs 

c. 8 balanced outputs 

d. Acceptable Product: 

1) Allen & Heath AB168 

B. Mixer (MIXER, Type 1): 

1. 6 input rack mount mixer 

2. 6 mono mic/line inputs 

3. 3 stereo line inputs 

4. Stereo line output 

5. 2 mono line outputs 

6. Acceptable Product: 

a. TOA M-633D 

C. Mixer (MIXER, Type 2): 

1. 16 input digital rackmount mixer 

2. 8 outputs 

3. 48 channels 

4. 36 mix busses 

5. USB audio input/output. 

6. Rack Mountable. 

7. Acceptable Product: 

a. Allen & Heath SQ-5 

1) SKB 1SKB-RE-SQ5 

D. Mixer (MIXER, Type 3) 

1. 2 mic/5 stereo line inputs. 

2. 3 stereo zone outputs 

3. Rack Mountable. 

4. Acceptable product: 

a. Tascam MZ-223 

2.06 DIGITAL SIGNAL PROCESSORS 

A. Digital Signal Processing System (DSP) 

1. Provide independent DSP processing for each system as detailed on the AV drawings. 

2. The DSP system and control software shall be operational 30 days prior to the first use of 
the installed system.  

3. Function: Provide all signal processing and control required for the system(s). Devices 
required include, but are not limited to; mixer, matrix router, crossover, high and low pass 
filters, delay, compression, 6-band parametric equalizer, limiter, ducker, signal delay, and 
external control.  
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4. Unit to be configured with a minimum quantity of inputs and outputs as shown within the 
AV drawings, including control port requirements. 

5. Signal flow and routing to be fully user configurable. 

6. Unit to permit hardwire connection of external switches for recalling presets. 

7. Unit to permit remote networked control via dedicated devices. 

8. Access to external user-adjustable controls shall be restricted. 

9. Manufacturer Software: 

a. Provide 12 months of on-site software upgrades from date of final acceptance.  

10. DSP Software Setup: 

a. Provide site specific configuration and programming for the DSP software. 

b. Coordinate user interface, software functionality, and menu screens with Architect’s 
Consultant. Reference submittal requirements. 

c. Provide ongoing software upgrades and maintenance for 12 months from date of 
final acceptance.  

d. Reference Part 3.4 System Programing in this specification for additional 
programming details. 

11. Where DSP and Amplifiers are used in the same system, use processing and 
amplification products of the same platform. 

B. Digital Signal Processor (DSP, Type 1) 

1. Acceptable Product: 

a. QSC Q-Sys Core 24f 

C. Digital Signal Processor Input/Output Expander (DSP IO, Type 1) 

1. Acceptable Product: 

a. QSC QIO-ML4i 

b. QSC QIO ML2x2 

c. QSC QIO L4o 

2.07 POWER AMPLIFIERS 

A. General: 

1. Two, Four, or Eight channel power amplifier with the EIA standard RS-490 power rating 
at 1% THD into 70-volt constant voltage load or 8-ohm load as applicable.  

2. Provide protection of circuit components in the event of input over-drive, output overload, 
or short circuits. 

3. Frequency response: ±1 dB, 20 Hz to 20 kHz with less than 1 per cent THD at rated 
output. 

4. Input impedance: 10k ohm balanced. 

5. Output regulation: 2 dB from no load to full load conditions. 

6. Noise generation: at least 85 dB below rated output with input shorted. 

B. Acceptable products: 

1. Type 1: 

a. QSC CX-Q 2K4 

b. LEA CONNECT 35xD 

2. Type 2 
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a. LEA CONNECT 35x 

2.08 LOUDSPEAKERS 

A. General 

1. Coordinate loudspeaker/grille and hardware colors with Architect 

2. Provide all necessary mounting hardware, brackets, supports and any secondary steel 
required to attach loudspeaker to building structure. 

B. Speaker (Type 1 – 9) 

1. Not Specified 

C. Speaker (Type 10) 

1. Type: Compact surface mount two-way, full-range loudspeaker 

2. Configuration: 12-inch woofer, 90° x 50° horn 

3. Frequency Response: 62Hz – 19kHz 

4. Power: 600W program @ 8Ω 

5. Sensitivity: 95dB (1W/1m) 

6. Acceptable Product: 

a. JBL PRX412M 

1) JBL PRX412M-CVR 

D. Speaker (Type 11) 

1. Type: Pendant loudspeaker 

2. Configuration: 6.5-inch driver and a 1-inch dome tweeter 

3. Frequency Response: 68 Hz – 17 kHz 

4. Power: 150W @ 8 ohms 

5. Taps: 60W / 30W / 15W / 7.5W @ 70V 

6. Coverage: 120-degree conical 

7. Acceptable Product: 

a. JBL Control 67P/T 

b. QSC AD-P6T 

E. Speaker (Type 12 – 20) 

1. Not Specified 

F. Speaker (Type 21) 

1. Type: Surface mounted loudspeaker 

2. Configuration: 12-inch coaxial two-way loudspeaker 

3. Frequency Range: 55 Hz – 20 kHz 

4. Power: 600W @ 8 ohms 

5. Coverage: 90-degree conical 

6. Acceptable Product: 

a. Tannoy VX12 

1) Tannoy VMB 

2) Tannoy VXY12 

b. Renkus-Heinz CX121M 
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1) Renkus-Heinz UBKT/CT121M 

G. Speaker (Type 22 – 30) 

1. Not Specified 

H. Speaker (Type 31) 

1. Type: Surface mounted loudspeaker 

2. Configuration: 8-inch two-way loudspeaker 

3. Frequency Range: 37 Hz – 18 kHz 

4. Taps:  110W / 55W / 28W / 14W @ 70V 

5. Coverage: 110 x 85 degree 

6. Acceptable Product: 

a. JBL Control 29AV-1 

1) JBL MTC-29UB 

2.09 LOUDSPEAKER HARDWARE AND SUPPORT STRUCTURE 

A. All rigging truss modules, slings and hardware to meet a minimum of one of the following 
standards. 

1. ASME B30.26 

2. ASME B30.9 

3. OSHA 1910.184 

4. OSHA 1926.251 

5. UL 1480 31.3 

B. Shoulder Type Machinery Eye Bolts: 

1. Forged Steel - Quenched and Tempered. 

2. Fatigue rated at 1-1/2 times the Working Load Limit at 20,000 cycles. 

3. Product to meet or exceed all the requirements of ASME B30.26 including identification, 
ductility, design factor, proof load and temperature requirements. 

4. Select size of product based working load limits required. 

5. Acceptable Product: 

a. Crosby Group S-279 / M-279 Series 

C. Forged Eye Nuts: 

1. Forged Steel - Quenched and Tempered. 

2. Tapped with standard UNC class 2 threads after galvanizing. 

3. Product to meet or exceed all the requirements of ASME B30.26 including identification, 
ductility, design factor, proof load and temperature requirements. 

4. Select size of product based working load limits required. 

5. Acceptable Product: 

a. Crosby Group G-400 Series 

D. Anchor Shackles: 

1. Forged - Quenched and Tempered, with alloy pin. 

2. Working Load Limit permanently shown on every shackle. 

3. Hot Dip galvanized or Self-Colored. 
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4. Product to meet the performance requirements of Federal Specification RR-C-271D Type 
IVA, Grade A, Class1. 

5. Select size of product based working load limits required. 

6. Provide all screw pin type shackles with mouse wire. 

7. Acceptable Product: 

a. Crosby Group G-213 / S-213 Series Round Pin 

b. Crosby Group G-209 / S-209 Series Screw Pin 

E. Turnbuckles: 

1. Acceptable turnbuckle assembly combinations include: Eye and Eye, Jaw and Jaw, Jaw 
and Eye.  

2. End fittings are Quenched and Tempered, bodies heat treated by normalizing. 

3. Hot Dip galvanized. 

4. Product to meet or exceed all the requirements of ASME B30.26 including identification, 
ductility, design factor, proof load and temperature requirements. 

5. Product to meet the performance requirements of Federal Specifications FF-T-791b, 
Type 1 Form 1 - CLASS 4, and ASTM F-1145. 

6. Select size of product based working load limits required. 

7. All end fittings to be moused to the body with mousing cable. 

8. Acceptable Product: 

a. Crosby Group HG-226 Series, Eye and Eye 

b. Crosby Group HG-227 Series, Jaw and Eye 

c. Crosby Group HG-228 Series, Jaw and Jaw 

F. Wire Rope: 

1. Strands: 7 x 19 Utility Cable. 

2. Type: Galvanized. 

3. Select size of product based working load limits required. 

4. Acceptable Manufacturer: 

a. Wire Rope Corporation of America (WRCA) 

G. Wire Rope Thimble: 

1. Product to meet the performance requirements of Federal Specification FF-T-276b Type 
II. 

2. Hot Dip galvanized. 

3. Select size of product based wire rope size required for suspended load. 

4. Acceptable Product: 

a. Crosby Group G-411 Series 

H. Wire Rope Sleeves: 

1. Type: Copper Duplex. 

2. Select size of product based wire rope size required for suspended load. 

3. Acceptable Product: 

a. Wire Rope Corporation of America (WRCA) SW-740 Series 

2.10 ASSISTIVE LISTENING 
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A. ALS Transmitter (ALT, Type 1): 

1. Configuration: Single-channel. 

2. Frequency: 216 MHz. 

3. Audio Input: Balanced, mic or line level, 3-pin XLR. 

4. Provide power supply. 

5. Provide 1-RU rack mount bracket. 

6. Remote mounted antenna (ANT-HA) 

7. Acceptable Product: 

a. Listen Technologies LS-71-216 

1) Listen Technologies LA-124 for device/panel mounted antennas 

b. William Sound FM-558 Pro 

1) William Sound ANT 034 for device/panel mounted antennas 

B. ALS Receiver (Type 1): 

1. Configuration: Single channel. 

2. Frequency: 216 MHz. 

3. Frequency agile to adjust various systems. 

4. Receivers to be frequency adjustable for use in all venues. 

5. Include an individual price for owner to purchase additional receivers. 

6. Acceptable Product: 

a. Listen LR-5200-216 Receiver 

1) Listen LA-401 Ear Speaker 

2) Listen LA-402 Headset 

3) Listen LA-430 Neck Loop 

b. William Sound FM-R38 

1) William Sound EAR 022 

2) William Sound HED 024 

3) William Sound NKL 001 

2.11 PROJECTION SCREENS 

A. Electric Projection Screen (PS, Type 1) 

1. General: Provide manufacturer's standard units consisting of screen and other 
components as required for a complete installation. 

2. Provide rigging and mounting hardware as required.  

3. Comply with the following requirements for the viewing surface: 

a. Tab tensioned screen 

b. Low Voltage Controller 

c. Slot Closure 

d. 16:9 aspect ratio 

e. HD Progressive 1.1 Contrast screen material 

4. Provide custom black drop as required to locate bottom of image as shown in elevation 
details 

5. Screen Size: Reference projection screen schedule 
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6. Acceptable Product: 

a. Da-Lite Tensioned Advantage Custom 

2.12 VIDEO PROJECTORS 

A. Video Projector (PROJ, Type 1) 

1. Laser WUXGA 3LCD Projector 

2. Native Resolution WUXGA (1920 x 1200) with 4K Enhancement Technology 

3. Brightness 13,000 lumens 

4. Control Communication RS-232C 

5. Field verify throw distance to determine appropriate lens 

6. Provide required lens 

7. Acceptable Product: 

a. Epson EB-PU2213B 

2.13 AV SOURCES 

A. Wi-Fi Presentation Gateway (WPS Type 1): 

1. Allows simultaneous display of up to four presentation sources 

2. Remote View: Up to 40 remote users can connect via a Web browser 

3. Output Signal Types: HDMI, RGB 

4. Output Resolution: 1920x1080@60Hz 

5. Acceptable Product: 

a. Crestron Air Media AM-3200-WF 

b. Pre-approved equal 

2.14 ENCODERS/DECODERS 

A. AV over IP Encoder (ENC, Type 1) 

1. 4K60 4:4:4 Video Support 

2. One Gigabit LAN Port for 4K60 4:4:4  Video, Dante®/AES67, and Control 

3. HDMI 2.0 and HDCP 2.2, 2.3 Compliant 

4. Fits 2-gang back box 

5. Coordinate color with Architect 

6. POE 

7. Acceptable Product: 

a. Visionary DuetE5-WP-H 

B. AV Over IP Encoder (ENC, Type 2) 

1. 4K60 4:4:4 Video Support 

2. One Gigabit LAN Port for 4K60 4:4:4  Video, Dante®/AES67, and Control 

3. HDMI 2.0 and HDCP 2.2, 2.3 Compliant 

4. Surface Mount Encoder 

5. POE+ 

6. Acceptable Product: 

a. Visionary DuetE-5 Encoder 

C. AV Over IP Decoder (DEC, Type 1) 
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1. 4K60 4:4:4 Video Support 

2. One Gigabit LAN Port for 4K60 4:4:4  Video, Dante®/AES67, and Control 

3. HDMI 2.0 and HDCP 2.2, 2.3 Compliant 

4. Surface Mount Encoder 

5. POE 

6. Acceptable Product: 

a. Visionary D5100 Decoder 

2.15 AV NETWORK HARDWARE 

A. AV Network Switch (AV SWITCH, Type 1) 

1. 1RU Rackmount 

2. 10/100/1000 BASE-T RJ45 ports 

3. 10000BASE-X SFP ports  

4. Switching Fabric: 240 Gbps 

5. Acceptable Product: 

a. Netgear M4250 Series  

2.16 CONTROL SYSTEMS 

A. Room Control Relay Unit (RMC, Type 1) 

1. Native network low-voltage relay connectivity solution for Q-SYS 

2. Four (4) dry contact closure relay circuits with Normally Open (NO), Common (C), and 
Normally Closed (NC) connections 

3. Power-over-Ethernet (PoE) capable 

4. Surface- or rack-mountable (1RU, quarter-width) 

5. Includes surface mounting hardware 

6. Acceptable product to include 

a. Q-SYS QIO-LVR4 

b. Q-SYS QIO-RMK rack mounting kit 

2.17 USER INTERFACES 

A. Touch Panel (TP, Type 1) 

1. Projective capacitive (PCAP) multi-touch, Power over Ethernet, 24-bit color display. 

2. Viewable Screen Dimensions (diagonal) 10 inch  

3. Resolution 1920 x 1200 

4. POE+ Class 5 

5. Acceptable Product: 

a. QSC TSC-101-G3 

2.18 POWER SYSTEMS 

A. Power Sequencing 

1. Power Sequencing system to be operated via low voltage button contact closures from 
either push buttons located on panels local to the event space or via a contact closure 
from a relative control system (DSP, Control Processor, etc.) 

2. Devices to be sequenced “ON” in order of audio signal flow. Devices and equipment to 
be shut down in reverse order from “ON” sequence. Example “ON” order starting with: 
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a. Source devices. (Media Players, Pre-amplifiers, etc.) 

b. Processing devices (DSP, Mixers, Video Switchers, etc.) 

c. Output devices (Amplifiers, Powered Speakers, etc.) 

3. Devices not to be sequenced and to remain on for status and monitoring purposes to 
include but not limited to: 

a. Network switches and components. 

b. Equipment housing ventilation systems. 

c. Control system equipment responsible for providing control of Remote Power 
Sequencing system. 

4. Coordinate wiring of high voltage components. 

B. Power Sequencer (SEQ, Type 1) 

1. 6 step sequencing 

2. Low voltage contact closure 

3. Configurable step delay 

4. Acceptable Product: 

a. Middle Atlantic USC-6R 

C. Power Sequencer (SEQ, Type 2) 

1. Network controlled power sequencer 

2. Rack mounted 

3. 8 controlled outlets 

4. 1 unswitched outlet 

5. 20A capacity 

6. Acceptable Product: 

a. Middle Atlantic RLNK-P920R 

D. Rack Power Distribution (RPD, Type 1) 

1. Modular raceway power system. 

2. Rack mountable vertical distribution. 

3. Low voltage contact closures. 

4. Coordinate wiring of high voltage components with electrical contractor. 

5. Provide additional raceways if circuit count exceeds maximum raceway length 

6. Acceptable Product to Include: 

a. Middle Atlantic MPR-xA 

b. Middle Atlantic RLM-20A (Switched Module, as needed) 

c. Middle Atlantic RLM-30A (Switched Module, as needed) 

d. Middle Atlantic M-20A (Un-switched Module, as needed) 

E. Rack Power Distribution (RPD, Type 2) 

1. Rack mountable vertical distribution. 

2. Used for additional outlets where needed. 

3. Size strip to number of required outlets. 

4. Acceptable Product: 

a. Middle Atlantic PDT Series 
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b. Middle Atlantic PD Slim Series 

F. Switched Power Distribution (SW POWER, Type 1) 

1. Low voltage-controlled power distribution 

2. Rack mounted 

3. 3 controlled duplexes 

4. 1 unswitched duplex 

5. Acceptable Product: 

a. Middle Atlantic PDC-915R-6 

G. Power Protection with Lights (POWER/LIGHT): 

1. 20 Amp power system. 

2. Eight switched AC outlets. 

3. Remote power turn on. 

4. Acceptable product: 

a. Furman Sound PL-PRO C 

b. Approved Equivalent 

H. Power Protection with Lights (POWER/LIGHT): 

1. For small or portable rack applications 

2. 15 Amp power system. 

3. Eight switched AC outlets. 

4. Acceptable product: 

a. Furman Sound PL-8C 

b. Approved Equivalent 

I. Rackmount Uninterruptible Power Supply (UPS) 

1. Provide UPS systems to maintain power to all networking and processing equipment, 
including digital audio mixer systems and recording equipment 

2. UPS’s shall be on-line style with sufficient battery reserve to operate for 15 minutes. Size 
each UPS unit for 25% additional capacity. 

3. Rack mountable. 

4. Acceptable product: 

a. Middle Atlantic Select Series UPS 

b. APC Easy UPS Series 

2.19 EQUIPMENT HOUSING AND ACCESSORIES 

A. General 

1. Refer to drawings for equipment rack sizes and additional notes. 

B. Wall Mounted Equipment Rack (Type 1) 

1. Finish: Textured black powder coat 

2. Tapped 10-32 rack rails 

3. Acceptable Product: 

a. Middle Atlantic DWR series 

1) Middle Atlantic FAN2-DC-FC 

2) Middle Atlantic DWRSR-138FT-K-EU 
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3) Middle Atlantic LVFD series 

C. Floor-Supported Wall Rack (Type 1) 

1. Finish: Black powder coat 

2. Tapped 10-32 rack rails 

3. Acceptable Product: 

a. Middle Atlantic SR series 

1) Middle Atlantic LVFD series 

2) Middle Atlantic DWRSR-6-FK series 

D. Portable Equipment Rack (Type 1) 

1. Size: 8RU front with 12RU Top 

2. Tapped 10-32 rack rails 

3. Acceptable Product: 

a. SKB 1SKB19-R1208 

E. Rack Blanks (BLANK) 

1. Flanged, aluminum panel. 

2. Anodized finish. 

3. Acceptable product: 

a. Middle Atlantic BL series 

F. Rack Vents (VENT) 

1. Flanged, aluminum panel. 

2. Anodized finish. 

3. Acceptable product: 

a. Middle Atlantic VTP series 

G. Cable Management 

1. Brush grommet panel 

2. Acceptable Product: 

a. Middle Atlantic BR series 

H. Rack Drawers (DRAWER) 

1. Blank anodized finish 

2. Acceptable product: 

a. Middle Atlantic D series 

I. Rack Mounted Sliding Shelf (SLIDE OUT SHELF) 

1. Finish: Black 

2. 1-RU rack mountable sizes. 

3. Acceptable product to include: 

a. Middle Atlantic SS 

J. Equipment Rack Screws: 

1. Install rack mounted equipment with black 10-32 star post security screws with flat nylon 
washers. 

2. Quantity as required. 
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3. Provide one spare bit located in a clear plastic bag attached to the inside of each 
equipment rack in plain view. 

4. Acceptable Product: 

a. Middle Atlantic HTX 

2.20 PLATES AND PANELS 

A. General 

1. Provide plates and panels and as described in Drawings. Engrave as shown on 
Drawings. Other Plates and Panels may be required to satisfy the requirements of the 
Work. 

2. Custom panels shall be 1/8-inch thick aluminum, standard EIA sizes, brushed, anodized 
finish unless otherwise noted.  Brush in direction of aluminum grain only. 

3. Plate finish shall be coordinated with the Architect.  Plastic plates are not acceptable. 

4. Panel, plate and label engraving shall be 1/8-inch block sans serif characters unless 
noted otherwise. On dark panels or pushbuttons, letters shall be white; on stainless steel 
or brushed natural aluminum pushbuttons, letters shall be black. 

B. Custom and/or Engraved Panels: 

1. Acceptable Manufacturers: 

a. EMG 

b. RCI Custom 

c. ProCo 

d. Radial Engineering 

2.21 CONNECTORS 

A. XLR Panel Mount Connectors 

1. Provide panel mount XLR connectors with unified metal shell. 

2. RF-Protector connectors. 

3. Shell Color: Black. 

4. Contacts: Silver. 

5. Terminations: Solder. 

6. Acceptable Product: 

a. Male Connectors: Neutrik NC*MD-L-1-BAG Series 

b. Female Connectors: Neutrik NC*FD-L-1-BAG Series 

B. XLR Cable Connectors 

1. Provide XLR cable connectors with die cast shell. 

2. No-screw type assembly. 

3. Chuck-type strain relief. 

4. Shell Color: Black. 

5. Contacts: Silver. 

6. Terminations: Solder. 

7. Acceptable Product: 

a. Male Connectors: Neutrik NC*MX-BAG Series 

b. Female Connectors: Neutrik NC*FX-BAG Series 

C. 3.5mm Stereo Panel Mount Connectors 
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1. Provide panel mount 3.5mm connectors with unified metal shell. 

2. RF-Protector connectors. 

3. Shell Color: Black. 

4. Terminations: Solder. 

5. Acceptable Product: 

a. Switchcraft EH35MMMSCB 

D. Speaker Connectors 

1. Provide 4 or 8 conductor connector 

2. Shell Color: Black 

3. Terminations: Solder or tab 

4. Acceptable Product: 

a. Neutrik NL4MPXX 

b. Neutrik NL8MPRXX 

E. HDMI Connectors 

1. Provide panel mount HDMI feedthrough connectors 

2. HDMI 2.0 compliant 

3. Acceptable Product: 

a. Neutrik NAHDMI-W 

F. Ethercon Panel Connectors 

1. Provide panel mount Ethercon CAT6 connectors 

2. Metal housing 

3. Shielded 

4. Acceptable Product: 

a. Neutrik NE8FDP-B 

2.22 LOOSE CABLES 

A. Microphone/Instrument Cables: 

1. Cable properties:  

a. Quad 24 gauge stranded with braided shield, flexible hard service jacket. 

b. Color: Black 

c. Each cable to be provided with a Velcro style tie wrap. 

1) Minimum 5/8” width 

2) Length appropriate to wrap minimum 1.5 times around a cable loop of 14-inch 
diameter. 

3) Standard of performance: 

a) Rip-Tie CABLEWRAP 

2. Microphone Cable: 

a. Type 06 – 6 foot, with Gray collar on connector 

b. Type 25 – 25 foot, with Blue collar on connector 

c. Type 50 – 50 foot, with Green collar on connector 

d. Type 100 – 100 foot, with Red collar on connector 
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3. Instrument Cable 

a. Type 06 - 6 foot, 1/4-1/4 

b. Type 10 – 10 foot, 1/4-1/4  

4. Acceptable cable: 

a. Whirlwind MKQ series 

b. Canare StarQuad 

c. ProCo AmeriQuad 

B. Speaker Cables: 

1. Cable properties:  

a. Color: Black,  

b. Connector: NL4 to NL4 or NL8 to NL8 

c. Wire: 12 gauge stranded, SJ jacket. 

d. Each cable to be provided with a Velcro style tie wrap. 

1) Minimum 1” width 

2) Length appropriate to wrap minimum 1.5 times around a cable loop of 14-18 
inch diameter. 

3) Standard of performance: 

a) Rip-Tie CABLEWRAP 

2. Speaker Cable: 

a. Type 06 – 6 foot, with Gray collar on connector 

b. Type 25 – 25 foot, with Blue collar on connector 

c. Type 50 – 50 foot, with Green collar on connector 

d. Type 100 – 100 foot, with Red collar on connector 

3. Acceptable cable: 

a. Whirlwind NL series 

b. Approved Equivalent 

C. Ethernet Audio Cables: 

1. Cable properties:  

a. Color: Black 

b. Neutrik Ethercon Connector 

c. Rugged Tactical Jacket 

d. Each cable to be provided with a Velcro style tie wrap. 

1) Minimum 5/8” width 

2) Length appropriate to wrap minimum 1.5 times around a cable loop of 14-inch 
diameter. 

3) Standard of performance: 

a) Rip-Tie CABLEWRAP 

2. Ethernet Audio Cable: 

a. Type 06 – 6 foot, with Gray collar on connector 

b. Type 25 – 25 foot, with Blue collar on connector 

c. Type 50 – 55 foot, with Green collar on connector 



Tomball ISD – Intermediate School Replacement (0802-04-01) 

Tomball, Texas  

 

 
WJHW, Inc.  27 4116 - 33 

© 2026 WJHW, Inc.  INTEGRATED AUDIO/VIDEO SYSTEMS AND EQUIPMENT 

d. Type 100 – 100 foot, with Red collar on connector 

3. Acceptable cable: 

a. ProCo DuraCat 

b. Approved Equivalent 

D. Power Extension Cables: 

1. Cable properties:  

a. Color: Black 

b. 12-gauge, 3 conductor, stranded, flexible hard service jacket. 

c. Each cable to be provided with a Velcro style tie wrap. 

1) Minimum 1” width 

2) Length appropriate to wrap minimum 1.5 times around a cable loop of 14-18 
inch diameter. 

3) Standard of performance: 

a) Rip-Tie CABLEWRAP 

2. Power Extension Cable: 

a. Type 12 – 12 foot,  

b. Type 25 – 25 foot,  

c. Type 50 – 50 foot,  

d. Type 100 – 100 foot 

3. Acceptable cable: 

a. ProCo E-Cords series 

b. Approved Equivalent 

2.23 INSTALLED CABLES & WIRING 

A. General 

1. All electrical conductors installed under this contract, except where otherwise specified, 
shall be soft drawn annealed stranded copper having a conductivity of not less than 98% 
of pure copper, and meet appropriate ratings (e.g. CMR, CMP, etc.) 

2. Cable shall carry appropriate fire rating (e.g. CMR, CMP, OFNR, OFNP, etc.) on jacket of 
cable. 

3. Where cables are routed through cable tray, provide tray rated cable of equal 
specification. 

4. Where speaker cables are run exposed through a return air plenum, provide plenum 
rated cable of equal specification. 

5. Shielded cables located in raceways shall have aluminum foil shield with drain wire. 

6. The Belden cables listed below are approved for use on this project and are listed to set 
the acceptable standard of performance.  If field conditions or actual cable pathway 
requires tray or plenum cable, provide version of cable that meets required rating.  
Cables from West Penn, Windy City Wire, Liberty, Commscope and Gepco are also 
acceptable provided they meet the performance specifications of the approved listed 
cables. 

B. Microphone/Line Level Wire 

1. Provide shielded 22 AWG cable. 

2. Cable to be PVC jacketed. 
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3. Jacket color: black. 

4. Acceptable Product: 

a. Belden 9451 

C. Speaker Level Wire 

1. For applications less than 300W and/or 300 feet 

2. Provide 16 AWG cable. 

3. Cable to be CL3R or CL2P rated. 

4. Jacket color: gray. 

5. Acceptable Product: 

a. Belden 5200UE 

D. Speaker Level Wire 

1. For applications less than 600W and/or 600 feet 

2. Provide 14 AWG cable. 

3. Cable to be CL3R or CL2P rated. 

4. Jacket color: gray. 

5. Acceptable Product: 

a. Belden 5100UE 

E. Speaker Level Wire 

1. For applications less than 2400W and/or 1000 feet 

2. Provide 12 AWG cable. 

3. Cable to be CL3R or CL2P rated. 

4. Jacket color: gray. 

5. Acceptable Product: 

a. Belden 5000UE 

F. Category Cable 

1. 23-gauge solid cable 

2. Category 6+ Enhanced 

3. 4 pair, UTP 

4. Acceptable Product 

a. Belden 2412F 

G. Wireless /Assisted Listening Antenna Cable 

1. For applications less than 100 feet 

2. 16-gauge, stranded center conductor 

3. RG8/X 

4. 95% braided shield 

5. Acceptable Product: 

a. Belden 9258  

H. Wireless /Assisted Listening Antenna Cable 

1. For applications between 100 and 400 feet 

2. 10-gauge, stranded center conductor 
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3. RG8/U 

4. 90% braided shield 

5. Acceptable Product: 

a. Belden 9913 

I. HDMI Cable Shorter Than 50’ 

1. Provide pre-molded cables in lengths as required 

2. Acceptable Product: 

a. Crestron® Certified HDMI® Interface Cable 

b. Extron Ultra Series HDMI Cable 

c. Comprehensive Microflex Pro AV/IT 18Gbps 

J. HDMI Hybrid Fiber Optic Cable 

1. Provide pre-molded cables in lengths as required 

2. Acceptable Product: 

a. Extron HD Pro P/50 (26-726-50) 

b. Extron HD Pro P/75 (26-726-75) 

c. Extron HD Pro P/100 (26-726-100) 

d. Extron HD Pro P/125 (26-726-125) 

e. Extron HD Pro P/150 (26-726-150) 

2.24 MISCELLANEOUS 

A. Headphones (Type 1): 

1. Acceptable Product: 

a. Sony MDR-7506 

b. Shure SRH440 

c. Approved Equivalent 

B. Mobile Cabinet: (Type 1) – Microphones / Accessories 

1. Lockable 

2. Steel construction 

3. 4 Drawers 

4. Large 6” casters 

5. Acceptable Product: 

a. Westward 3401NVS-5PU-95W 

b. Approved Equivalent 

C. Mobile Cabinet: (Type 2) - Speakers / Cables 

1. Lockable 

2. Steel mesh construction 

3. Large 6” casters 

4. Double doors 

5. Acceptable Product: 

a. Grainger 9WMJ8 

b. Approved Equivalent 
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PART 3 - EXECUTION 

3.01 GENERAL 

A. Coordinate incorporation of the Work specified herein with other project work so as to facilitate 
a cohesive final Products. 

B. The installation recommendations contained within ASDI and Telecommunications Distribution 
Methods Manual are mandatory minimum standards and requirements. 

C. Mount equipment and enclosures plumb and level. 

D. Permanently installed equipment to be firmly and safely held in place. Design equipment 
supports to support loads imposed with a safety factor of at least five. Seismic bracing shall be 
installed on appropriate equipment where local codes require such installation. 

E. Verify all locations of equipment in all rooms with Owner’s Representative, Owner, and 
Consultant. 

3.02 INSTALLATION 

A. Installation of cable and wiring 

1. Cabling and Wiring: 

a. Install cable in a manner to adhere to manufacturer’s specifications for maximum 
cable pulling tension, minimum bend radius, and restrictions. 

b. Provide appropriate support at all horizontal-to-vertical transitions in order to keep 
the weight of the cable from degrading at the point of transition.   

c. If a J-hook or trapeze system is used to support cable bundles, all horizontal cables 
shall be supported at a maximum of 48-inch (1.2 meter) intervals.  At no point shall 
the cables rest on light fixtures, acoustic ceiling grids, panels, conduits, sprinkler 
pipe, water pipe and/or HVAC system ducting. 

d. Horizontal distribution cables shall be bundled in groups of no more than 50 cables 
when being supported by J-Hook or trapeze systems. Cable bundle quantities in 
excess of 50 cables may cause deformation of the bottom cables within the bundle 
and degrade cable performance. An exception to this rule is when cable is installed 
in cable tray systems. 

e. Cable shall be installed above fire-sprinkler systems and shall not be attached to the 
system or any ancillary equipment or hardware. The cable system and support 
hardware shall be installed so that it does not obscure any valves, fire alarm conduit, 
boxes, or other control devices 

f. Cables shall not be attached to ceiling grid or lighting fixture wires. Where support 
for horizontal cable is required, install appropriate carriers to support the cabling.  

g. Any cable damaged or exceeding recommended installation parameters during 
installation shall be replaced prior to final acceptance at no cost to the Owner. 

h. Cables shall be identified by a self-adhesive machine label in accordance with the 
System Documentation Section of this specification and ANSI/TIA/EIA-606-A. The 
cable label shall be applied to the cable behind the faceplate on a section of cable 
that can be accessed by removing the cover plate. 

i. Unshielded twisted pair cable shall be installed so that there are no bends smaller 
than four times the cable outside diameter at any point in the run and at the 
termination field. 

j. Provide splice free wiring and cabling from origination to destination.  Cables shall 
be installed in continuous lengths from origin to destination (no splices).  Properly 
designed transition points, or consolidation points are not considered ‘splice’ points. 
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k. Make joints and connections with rosin-core 60/40 solder or with mechanical 
connectors specifically intended for the type and class of cable being used.  Where 
spade lugs are used, crimp properly with ratchet type tool. 

l. Take precaution to prevent and guard against electromagnetic and electrostatic 
hum. For line-level audio signal, float cable shield at one end. Shield not connected 
to be folded back over cable jacket and covered with heat-shrink tubing. Do not cut 
off unused shield. 

m. Isolate cables and wires of different signals or different levels; and separate, 
organize, and route to restrict channel crosstalk or feedback oscillation in any 
amplifier section. Keep wiring separated into groups for microphone level circuits, 
line level circuits, loudspeaker circuits, and power circuits. 

n. Connect cable to active components through XLR connections whenever multiple 
formats are available. Make connections to speaker transformers with properly sized 
closed end connectors crimped with factory approved ratchet type tool. Wire nut or 
"Scotchlock" connectors are not acceptable. Do not wrap audio cable splices or 
connections with adhesive backed tape. 

o. Cover edges of cable and wire pass-through holes in chassis, housings, boxes, etc., 
with rubber grommets or Brady GRNY nylon grommetting. 

p. Execute wiring in strict adherence to: 

1) Phillip Giddings. Audio System Design and Installation. Indianapolis: Howard 
W. Sams & Co., 1990.  

2) Don Davis and Carolyn Davis. Appendix II, Recommended Wiring Practices. 
Sound System Engineering, 2nd Edition. Indianapolis: Howard W. Sams & Co., 
1989. 

3) AV Installation Handbook Second Edition: The Best Practices for Quality 
Audiovisual Systems, Infocomm, 2009 

2. Equipment Housing Cabling and Wiring: 

a. Lace, tie, or harness wire or cable as required herein, and in accordance with 
accepted professional practice.  Dress, lace or harness all wire or cable to prevent 
mechanical stress on electrical connections; no wire or cable shall be supported by 
a connection point.  Install cable and wire neatly tied in manageable bundles with 
cable lengths cut to minimize excess cable slack but still allow for service and 
testing. Provide horizontal support bars if cable bundles sag. Reference photos 
below for standard of quality. 
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b. Provide adequate service loops so that equipment mounted on rack slides may be 
pulled fully out, to their locked position without straining cable. 

c. Neatly bundle excess AC power cable from housing mounted equipment with plastic 
cable ties. 

d. Provide plastic cable ties or Velcro straps to bundle cabling and wiring. Electrical 
tape and adhesive backed cable tie anchors are not acceptable. 

e. Install with connections completely visible and labeled. 

f. Provide termination resistors, if required, of 5 per cent tolerance; fully visible and not 
concealed. 

B. Installation of connectors, plates & panels: 

1. Install panel mounted connectors rigidly attached to panels, plumb and level. 

2. Custom rack panels shall be 1/8 inch thick aluminum, standard EIA sizes, brushed black 
anodized finish (brushed in direction of aluminum grain only), unless otherwise noted. 

3. Custom connector plates (speaker, microphone, etc.) are typically stainless steel, unless 
otherwise noted or specified. However, verify plate finish with Architect. 

4. Install XLR type connectors in accordance with IEC-268 standard, with a wiring scheme 
of pin 2 hot (high), pin 3 (low), and pin 1 screen (shield).  

5. Other Plates and Panels may be required to satisfy the requirements of the Work. 

C. Installation power and grounding: 

1. Coordinate final connection of power and ground wiring to housings. 

2. Hardwire power wiring directly to internal AC receptacles to ensure uninterrupted 
operation. 

3. Provide 3-conductor, isolated ground, 120 VAC outlets as required within each housing.  
Provide a minimum of two spare outlets in each rack. 

4. Provide a copper ground buss top to bottom in each housing, insulated from the housing. 
Ground equipment chassis not having a three wire power cord to these busses using 
6/32 nuts, bolts and lock-washers with No. 12 wire. Connect green ground wire from each 
AC outlet in housing to this buss bar. 

5. Replace manufacturers supplied 18 gauge IEC power cords with UL listed 18 gauge pre-
molded 6”, 12”, 18”, or 24”. Use minimum length required. No looped or cable tied IEC 
power cords will be permitted within the equipment rack.  
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6. Replace manufacturers supplied 14 gauge IEC power cords with UL listed 14 gauge pre-
molded 18” or 36” for all equipment IEC capable. Use minimum length required and 
minimize looped or cable tied IEC power cords present in the equipment rack.  

D. Installation of electronic equipment: 

1. Take appropriate precautions against electrostatic discharge (ESD). Establish a personal 
ground before handling electronic equipment through the use of a grounded wrist wrap 
and/or an anti-static floor pad. 

2. Take appropriate precautions to protect the equipment from damage during installation. 
Equipment to be installed free of damages, scratches, dents, etc. 

3. Mount trim potentiometers, custom circuit cards, relays, and transformers (except large 
70V units) in shielded enclosures, and mark their function and connections with engraved 
lamicoid labels. 

4. Mount equipment plumb and level, firmly and safely held in place. 

E. Installation of equipment housing: 

1. Mount equipment in racks and consoles and fully wire and test before delivery to job site. 
If field conditions prevent prior assembly of racks, notify Owner in writing that racks will 
be fabricated on site and the reasons for the change.  

2. Secure rack mounted devices utilizing all available fastener mounting positions on 
device. 

3. Provide rear support for housing mounted equipment greater than 15 inches deep. 

4. Provide blank panels to fill unused panel space within the equipment housing. 

5. If Key door locks are required, key each housing type alike. 

6. Looking at the rack from the rear, locate AC power and speaker wiring on the left; line 
level audio, video, and RF wiring on the right. 

7. Provide shaft locks or security covers on non-user operated equipment having front panel 
controls. These panels are to be installed at the conclusion of testing. 

8. If forced air active thermal management is used, provide ventilation blocking material on 
the front, sides, and rear of the equipment rack as needed. Reference Middle Atlantic 
Products “Controlling the Temperature Inside Equipment Racks”. 

9. Panels or equipment mounted on the rear rack rails shall not block access to any front 
mounted components. 

10. If equipment rack is not equipped with casters, provide two inch high wood base to 
isolate equipment rack from floor. Wood base should be capable of supporting the load. 

F. Installation of loudspeakers: 

1. The Contractor is responsible for final design and engineering of loudspeaker rigging, 
attachments, brackets, and hoisting. 

2. Loudspeakers shall be mounted at the operating position in a safe, secure, and 
permanent manner. 

3. Provide custom rigging as needed. In addition to the ANSI standards below, custom 
rigging shall be built to include compliance with the following American Welding Society 
standards: 

a. AWS-D1.1/D1.1M:2020 

b. AWS-D1.2/D1.2M:2014 

4. Loudspeaker manufacturer supplied mounting brackets or rigging shall be built to the 
applicable ANSI standards listed below, with testing and/or traceability data provided as 
part of shop drawings submittal.  
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5. Suspension and Mounting: 

a. Static and dynamic equipment loads shall be suspended or mounted in compliance 
with the following ANSI/ESTA standards, using the latest available versions of the 
standards: 

1) ANSI E1.4-2-2021 Statically Suspended Rigging Systems 

2) ANSI E1.56-2018 Rigging Support Points 

3) ANSI E1.6-1-2021 Powered Hoist Systems 

4) ANSI E1.8-2012 Loudspeaker Enclosures Intended for Overhead Suspension 

b. Rigging, mounting, and support systems for overhead suspended loudspeakers 
shall be reviewed and certified by a registered Professional Engineer (PE), in the 
employ of the Contractor, licensed to practice in the State in which the project is 
located. Documentation shall be included as a submittal item. Once the systems are 
installed, the PE shall physically inspect, at the Contractor’s cost, the methods and 
means used to verify compliance with the original design. 

6. General Guidelines: 

a. Reference Project structural documents. 

b. Site and/or special inspections may be required if requested by the Owner. 

c. Paint loudspeakers, supports, and related hardware color as directed by the Owner. 

d. The aiming direction of all loudspeakers shall be adjustable by no less than ±5 
degrees horizontally and vertically. 

e. Loudspeakers are to be oriented parallel to their mounting surface unless otherwise 
noted. 

f. Provide a safety cable connected to a secondary location for each loudspeaker. 

g. All loudspeakers located in ceiling tiles shall be located in the center of the tile 
unless noted otherwise. 

h. Paint loudspeakers to match surroundings. Confirm color selection with the Architect 
during the submittal phase. 

i. Exterior loudspeaker cabinets shall be constructed of materials designed for 
permanent outdoor exposure conditions with a minimum IP 54 rating, and a 
minimum expected 10-year life span. Exterior and interior surfaces of the cabinets 
shall be protected from the effects of water, moisture, and humidity. The exterior 
surface shall also be protected from the effects of ultraviolet radiation to prevent 
fading and color change. The cabinets shall be shaped and oriented in a manner 
that minimizes the possibility of water pooling on any cabinet surface. Associated 
hardware shall be inherently non-corrosive, performing to the standards of 304 
Stainless Steel or higher.  

G. Installation of projectors: 

1. Confirm distance of specified projection lens before mounting projector. 

2. Projectors shall be mounted plumb and level at the operating position in a safe, secure 
and permanent manner. 

3. All hardware required to locate the mount and projector at the required location shall be 
provided. 

4. Projectors shall be mounted using tamper proof secure hardware. 

5. Contractor may be required to adjust projection screen and lift upper and lower limit 
switches for projection screens and lifts specified elsewhere and not installed as part of 
this Contract. 
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H. Installation of flat panel monitors: 

1. Confirm location before mounting. 

2. Monitors shall be mounted plumb and level at the operating position in a safe, secure and 
permanent manner. 

3. All hardware required to locate the mount and monitor at the required position shall be 
provided. 

4. Locate monitor on the center line of the room unless noted otherwise. 

I. Loose Equipment 

1. Provide loose equipment as indicated on drawings. 

2. Unpackage and assemble items. 

3. Place items in designated storage or refer to Owner for direction on final location and 
storage of loose equipment. 

3.03 FIRESTOP 

A. A fire-stop system is comprised of the item or items penetrating the fire rated structure, the 
opening in the structure and the materials and assembly of the materials used to seal the 
penetrated structure. Fire-stop systems comprise an effective block for fire, smoke, heat, 
vapor and pressurized water stream. 

B. All penetrations through fire-rated building structures (walls and floors) shall be sealed with an 
appropriate fire-stop system. This requirement applies to through penetrations (complete 
penetration) and membrane penetrations (through one side of a hollow fire rated structure). 
Any penetrating item i.e., riser slots and sleeves, cables, conduit, cable tray, and raceways, 
etc. shall be properly fire-stopped.  

C. Fire-stop systems shall be reviewed by a Professional Engineer (PE) licensed to practice in 
the State in which the project is located. Stamped drawings showing the fire stop systems 
shall be included as a submittal item. Once the systems are installed, the engineer of record 
for the firestop system shall physically inspect the methods and means used to verify 
compliance with the original design. 

D. A drawing showing the proposed fire-stop system, stamped/embossed by the PE shall be 
provided to the Owner’s Technical Representative prior to installing the fire-stop system(s). 

E. All fire-stop systems shall be installed in accordance with the manufacturer’s 
recommendations and shall be completely installed and available for observation by the local 
authorities prior to cable system acceptance. 

3.04 CONTROL SYSTEM PROGRAMMING 

A. General 

1. Audio level controls 

a. Audio level controls to use UP/DOWN buttons to change audio levels in 2 dB 
increments (or closest translation by control system). 

b. Microphone and line level controls to have a fixed range between 0 and -24 dB. 

c. Audio outputs/zone output level controls to have a fixed range between 0 and -6 dB. 

d. Provide visual feedback of current level setting. 

e. Provide additional level control upstream of user-level control to set the overall level 
for each zone. 

2. Audio System with power sequencing definitions: 

a. STANDBY: System is powered on with all outputs muted in processing. 
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b. MODE: See individual systems for exact routing in each mode. System is on and 
outputs are unmuted in processing. 

c. OFF: System is powered down with all outputs muted in processing. 

B. Cafetorium 

1. DSP functions triggered by AV Control System touch panel. 

a. System modes/presets: 

1) STANDBY: Audio DSP preset to mute all output capability of the system. AV 
Control System to un-route all video signals, power off all displays and 
projector(s), and retract projection screen(s.) 

2) EVENT: This preset to change Audio DSP Source Matrix to route the outputs of 
the portable digital mixing system to the main loudspeakers. All outputs of the 
DSP to be unmuted.  

3) PRESENTATION: This preset to change Source Matrix to route the outputs of 
the presentation system to the main loudspeakers as shown in functional 
diagrams.  

a) Volume controls: Provide volume controls for sources shown in DSP 
diagram. 

b) Mute controls: Provide mute buttons for sources shown in DSP diagram. 

2. Low voltage controls for DSP 

a. PAGE/FIREALARM: Triggered by the paging and/or fire alarm system, this trigger to 
display a lockout notification due to fire alarm/paging event. This notification should 
temporarily halt all controls from the touch panel until the trigger is released. 

3. The Stage Managers Touch Panel and Control Position touch panel video controls shall 
mirror one another. Any button presses on either panel shall show on both panels 

C. Gymnasium 

1. DSP functions triggered by AV Control System touch panel. 

a. Volume controls: Provide volume controls for sources shown in DSP diagram. 

b. Mute controls: Provide mute buttons for sources shown in DSP diagram. 

2. Low voltage controls for DSP 

a. PAGE/FIREALARM: Triggered by the paging and/or fire alarm system, this trigger to 
display a lockout notification due to fire alarm/paging event. This notification should 
temporarily halt all controls from the touch panel until the trigger is released. 

D. Transport Control 

1. Provide standard Stop, Play, Pause, Fast Forward and Rewind for each playback device 
and menu control for DVD players. Buttons should be arranged in a conventional fashion 
that will be familiar to the normal user. 

2. The selected control function should be displayed by showing the appropriate button 
“pressed”. It should remain this way until another function is selected. 

3. For devices that will go into a standby mode after a period of time, the control system 
shall sense this mode and restore normal operating mode once a transport function has 
been selected. This may require the use of current sensors to determine the state of the 
unit. No direct user action should be required at the playback device to restore the normal 
operating mode. 

E. Screen/Shade Control 
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1. In addition to up-down functions, provide a Stop function to allow the movement to be 
halted. Once movement has been stopped, the up or down buttons should resume travel 
in the selected direction. 

2. Control system shall not prevent screen/shade wall controls from being used as well. 

3. Touch panel controls should be readily accessible to the user to permit direct control of 
shades or screen with having to navigate through multiple control pages. 

F. Room Combining 

1. Combining of adjacent areas shall be done through a graphical representation of the 
physical areas to be combined. Use of a floor plan metaphor is recommended with the 
graphic oriented correctly with respect to control panel location. 

2. Use buttons or other appropriate objects placed along the common wall to enable the 
combining function. 

3. When spaces are combined, the graphic appearance of those areas shall change to 
reflect this configuration. Once an area is separated from a combination, the color of its 
area should revert to the normal room color. 

4. Common control functions between combined rooms shall be linked, allowing control of 
the combined area from any one of the touch panels. Examples of common functions 
include: 

a. Background music selection, 

b. Background music volume 

c. Background music muting 

d. Lighting preset recall 

e. Master volume (not individual channel volume) 

5. When combining adjacent rooms, the control system shall force the common functions to 
a predetermined default configuration so all rooms have the same configuration. 

6. To avoid unintentional changes, a control panel will not be able to operate a function in a 
remote location without also operating that same function in the room where the panel is 
located.  

G. Level Control 

1. Objects requiring level adjustment such as volume or tone controls shall be through 
Up/Down buttons with a graphical representation of the actual level. 

2. Increment of level change to be adjusted for reasonable range without the need to push 
the Up or Down buttons needlessly. 

H. Volume Mute 

1. Where the ability to mute the sound is needed, the button shall use the label “Vol On” and 
“VOL OFF” instead of Mute and Unmute. When in a “VOL OFF” mode, pushing the “VOL 
UP” button shall restore the sound and bring the system out of the muted mode. 

2. VOL ON/OFF buttons shall change color to indicate the status of the button. 

I. Standard Colors 

1. Control functions shall be color coded to add clarity and show relationships between 
different groups of controls. 

2. The color Red shall be reserved to indicate a fault or abnormal condition.  

3. Green may be used to indicate normal operation, but may be used for standard control 
colors as well. 

4. Similar controls should maintain the same color scheme across all control pages. 
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5. When a function is selected, the graphical depiction of that button should appear to be 
pressed and its color change to a darker shade of the regular button color. 

6. Color schemes used for background and foreground objects should be selected to be 
complimentary and provide a consistent theme throughout the control pages. 

J. Minimum Button Size and Placement 

1. Minimum visual size of a button is 3/8” wide by 1/4” high.  

2. Spacing between buttons should be no less than 1/16”. 

3. Where buttons are immediately adjacent, the active selection area of the button should 
be reduced to 80% of the visual area of the button. 

K. Button Actions 

1. When a function on a control page is selected, that button or visual object associated with 
that function should change to reflect what has been chosen. 

2. For functions that are momentary selections (i.e., VOL UP), the change of state is visible 
for as long as the button is being pressed. 

3. For function that are maintained selections (i.e., PLAY), the change of state remains 
visible until another function is selected and resets the previous function. 

4. The state change of a button or visible object should depict real-world objects as much as 
possible including the appearance of the button be pressed inward, change in shade of 
the original color, but not a change in hue. 

L. Labels 

1. Use of simple words or titles are preferred to indicate functionality, navigation and system 
status.  

2. Use of stylish symbols should be avoided unless their identity is commonly recognized by 
the general public. Standard symbols for transport functions are acceptable. 

3. Labels should be presented in a clear, sans serif type face that will remain legible on 
lower resolution touch panels. 

4. Where physical buttons are present along the side of a touch panel, these buttons should 
be engraved and filled with a contrasting color. 

M. Power On/Off 

1. For panels requiring an ON/OFF control, these functions should be linked through current 
sensors or other methods for the control system to detect the power on condition of the 
component being controlled. 

2. Powering off a system should not interfere with the ability of a projector to complete its 
cool down cycle.  

N. Look & Feel 

1. Control pages should utilize a clean, elegant but stylish appearance. 

2. Use a common graphical template across all control pages for a consistent look. 

3. The touch screen layout should utilize graphical elements such as drop shadows, 
gradient fills and transparency to provide a pleasing overall appearance. 

4. Utilize graphical representations of floor plans to convey location information. 

5. Include company logos, icons or watermarks to portray the corporate identity. 

6. Provide clear navigation tools for moving between control pages. 

7. Each sub-page should have a “BACK” button to return to the previous page. This button 
should appear in the same location on each page. 
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1. Provide a “HELP” button or icon on each user page to provide clear, non-technical 
instructions on how to use the functions available to regular users. 

O. Security 

1. Provide password access to control pages not intended to be accessed by the general 
public. 

2. Unless otherwise noted, provide a minimum of three levels of access 

a. General User 

b. Non-Technical Employee 

c. AV Technician 

3. Segregate the control functions to only allow authorized individuals access to more 
sophisticated control pages. 

4. Provide a timeout feature to automatically return the control panel back to the default 
opening screen after 30 seconds of inactivity. After this reset, passwords must be 
reentered to return to a previous control page. 

P. Presets 

1. For systems that have different operating modes or configurations, provide the ability to 
store and recall preset combinations of system settings.  

2. Provide a “Preset” page that permits a minimum of five presets to be recalled. Each 
button to include a label describing the function or configuration associated with that 
button. 

3. Provide the ability for new presets to be stored over previous settings. New preset to be 
able to change the label to reflect the new or revised configuration. 

4. When a preset has been recalled, the control page should indicate the active 
configuration. 

3.05 LABELING OF EQUIPMENT 

A. Provide each terminal strip with a unique descriptor and a numerical designator for each 
terminal. Show terminal strip descriptor and designator on system schematic drawing. 

B. Provide logical and legible cable and wiring label permanently affixed for easy identification. 

1. Labels on cables to be adhesive strip type covered with clear heat-shrink tubing. Factory 
stamped heat shrink tubing may be used in lieu of the adhesive strip style. 

2. Wiring designator to be an alpha-numeric code unique for each cable.  Actual cable 
designation assignments to be determined by Contractor. Add cable designation codes to 
system schematic drawings. 

3. Locate the cable designator at the origination and destination of each circuit within 3 
inches of the point of termination or connection. Provide cable designator on circuits with 
intermediate splice points with an additional suffix to indicate each segment. 

3.06 ENGRAVING 

A. Text font: 1/8 inch block sans serif characters unless noted otherwise. 

B. On dark materials, provide white characters; on stainless steel or brushed natural aluminum 
plates, or light-colored materials, provide black characters.  

C. Provide at least two lines of text with first line listing the general device name, e.g., amplifier. 
Second line to include schematic reference of the device, e.g., AMP-1. 

D. Equipment label: black with white characters except where indicated. 

3.07 COMMISSIONING 

A. Prior to energizing or testing the system, ensure the following: 
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1. All products are installed in proper and safe manner according to manufacturer’s 
instructions. 

2. Insulation and shrink tubing are present were required. 

3. Dust, debris, solder splatter, etc. is removed. 

4. Cable is dressed, routed, and labeled; connections are consistent with regard to polarity. 

5. Labeling has been provided. 

6. Temporary facilities and utilities have been properly disconnected, removed and 
disposed of off-site. 

7. Products are neat, clean and unmarred and parts securely attached. 

8. Broken work, including glass, raised flooring and supports, ceiling tiles and supports, 
walls, doors, etc. have been replaced or properly repaired, and debris cleaned up and 
discarded. 

B. Prior to energizing the System verify and perform the following tests and adjustments in 
compliance with applicable EIA standards. 

1. Electronic devices are properly grounded. 

2. Test each AC power receptacle with a circuit checker for proper hot, neutral and ground 
connections. 

3. Verify each individual component is operating properly. 

4. Verify each individual component’s performance meets the manufacturer’s published 
performance for this unit. 

5. Measure and record the DC resistance between the technical ground in any equipment 
rack or console and the main building ground. Resistance should be 0.15 ohms or less. 

C. Speaker Circuit Verification Test 

1. Measure the impedance of each speaker line leaving the equipment racks.  

2. For constant voltage systems measure the impedance at 100 (or 250) Hz, 1 KHz and 8 
(or 10) KHz of each line leaving the equipment rack with the line disconnected from the 
driving source.  For band limited devices, use a frequency appropriate for the operating 
range of the transducer. 

3. When documenting the results of these tests, include the calculated impedance based on 
number of units on a line and the size and distance of the run. Correct any field readings 
that differ more than 20% from the calculated impedance. 

4. Include the results of the tests in the Project Record Manual. 

D. Speaker Polarity Verification Test 

1. Use an electronic polarity checker, TEF-20, SYSID, SIM II, Smaart, or other similar 
device to test each loudspeaker. All speakers should have the same relative polarity. 

2. Follow manufacturer’s recommendations in conducting the tests. 

3. Include the results of the tests in the Project Record Manual. 

E. Audio Signal Paths 

1. Verify operation from each source device through all switching, amplification and 
distribution devices. 

F. System Gain Adjustment 

1. Adjust each active device to have proper gain structure from the mixer output to the input 
of the amplifier. 

2. With all amplifiers turned off, connect a sine wave or pink noise generator to the input of 
the mixer. Using an RMS AC voltmeter with a dB scale, adjust the mixer to an output 
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between -10 and 0 dBu. Once the level has been established, it should remain 
unchanged throughout the test. All equalizers should be set flat for this test. 

3. Follow the signal flow from the mixer to each subsequent component. Measure the input 
level and output level of each device at the point of connection to the device. The input 
level reading should differ no more than 0.25 dB from the level recorded for the preceding 
device. Diagnose and correct the wiring or equipment when any readings exceed this 
range. 

4. Adjust the output of each component to achieve the proper output level.  

5. Record the output levels of each device in the Project Record Manual. 

G. Signal Delay Adjustment 

1. Adjust the delay to each subsystem to ensure proper synchronization between the main 
speakers and delayed speakers. 

2. Using a TEF 20, SYSID, Smaart, SIM II, or other acceptable time based measurement 
system, measure the arrival time of the distant signal and then measure the arrival of the 
local signal. 

3. Based on the arrival times measured, adjust the delay applied to the local speakers to 
synchronize them with the distant speakers. Repeat the test to verify the delay has been 
set to within 1 ms of the arrival of the distant signal. Once the precise delay time has 
been determined, provide an additional 10 ms of Haas effect delay to maintain directional 
orientation toward the original sound source. 

4. Continue to test and adjust each separate subsystem with a dedicated delay channel. 

5. Provide hard-copy printout of each delay adjustment showing first the arrival times with 
no delay set and then the result after the delay has been adjusted. Record the settings of 
each delay in the Project Record Manual. 

H. Remote Input Verification Test 

1. Using a microphone or portable signal generator, connect to each microphone/line level 
receptacle throughout the facility. 

2. Verify that the receptacle under test appears at the correct input and is operating 
properly. 

3. In a similar manner, check all remote tielines and media related lines for correct wiring 
and labeling. 

I. System Equalization 

1. Using a RTA, TEF 20, SYSID, or SMAART, equalize all loudspeaker systems to provide 
a suitable frequency response as follows: 

a. Speech Reinforcement Systems: flat response from 125 Hz to 2.5 KHz, with 2 dB 
roll off above. 

b. Program Reproduction Systems: flat response from 65 Hz to 8 KHz, with 2 dB roll off 
above. 

2. Verify system gain and amplifier levels. 

3. Provide program levels of at least 85 dB and speech reinforcement levels of at least 70 
dB in the seating area without objectionable distortion, buzzes, or rattles.  

4. Provide hard copy printouts of the spectral response with the test data. 

J. RFI and Parasitic Oscillation 

1. With systems operating check to ensure that all systems are free from spurious 
oscillation and radio frequency interference in the absence of audio signal. 

K. Buzzes, Rattles and other Distortions 
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1. Adjust the system for normal operating level in the space.  Apply a slow sine wave sweep 
from 60 Hz to 3 KHz and listen carefully for buzzes, rattles and other objectionable 
distortions. 

2. Correct the cause of the defect.  If the cause is not from the system. Bring the cause to 
the attention of the GC, indicating cause and suggestive corrective actions. 

L. Video Systems Test 

1. Projected images and screen must be plumb with respect to ceiling line. 

M. Video System Tests. Verify performance of all video equipment, components and systems, as 
specified herein. 

1. Video (signal): 

a. S/N (peak to RMS), unweighted DC to 4.2 MHz: 55 dB minimum. 

b. Crosstalk, unweighted DC to 4.2 MHz: 45 dB minimum. 

c. Frequency Response: Within plus to minus 0.5 dB to 4.2 MHz. 

d. Line and Field Tilt: 2% maximum. 

e. Differential Gain: 2% maximum. 

f. Differential Phase: 2 degrees maximum. 

g. Frequency Response: DC to 4.2 MHz within plus or minus 0.5 dB. 

N. Video Signal Paths 

1. Verify operation from each source device through all switching, amplification and 
distribution devices. 

O. Video Test Report shall include the following: 

1. Test Failures and Notices 

a. Sink Device EDID Test – Open items or failures shall not be accepted. 

b. Cable Length Test – Open items or failures shall not be accepted. 

c. HDCP KSV Limitations – Limitations shall not be accepted. 

d. Cable Limitations - Limitations shall not be accepted. 

e. EDID Limitations - Limitations shall not be accepted. 

f. Cable Length Limits exceeded – Failing cables shall not be accepted. 

2. Device Model Number, Serial Number, and Firmware Version for main chassis and each 
input and output card.  

3. Device Model Number, Serial Number, and Firmware Version for connected transmitter 
and receiver devices. 

4. EDID – Input Resolution and 3D support status for each input. 

5. EDID – Supported Output Resolution and 3D support status for devices connected to 
each output. 

6. EDID – Supported Audio formats for each input. 

7. EDID – Supported Audio formats for devices connected to each output. 

P. Control Systems 

1. Verify operational functions of the control system and all interfaced devices. 

2. Verify operational functionality of any wireless user devices. 

3.08 CAT5E/CAT6 CABLE CERTIFICATION 

A. General Field Test Requirements  
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1. All CAT5E/CAT6 cabling links installed as part of this scope shall be tested for the 
following, in accordance with the field test specifications defines in ANSI/TIA-568-C.2 
“Commercial Balanced Twisted-Pair Telecommunications Cabling and Components 
Standard.”  This document will be referred to as the “Category 5e Standard”: 

a. Wire Map 

b. Length 

c. Insertion Loss 

d. NEXT loss 

e. PS NEXT Loss 

f. ACR-F Loss 

g. PS ACR-F Loss 

h. Return Loss 

i. Propagation Loss 

j. Delay Skew 

2. The installed twisted-pair horizontal links shall be tested from terminated end point to 
terminated end point for compliance with the “Permanent Link” performance specification 
as defined in the Category 5e Standard. 

3. One hundred percent of the installed cabling links must pass the requirements of the 
Category 5e standard mentioned above and as further detailed in Section B below. Any 
failing link must be diagnosed and corrected. The corrective action shall be followed with 
a new test to prove that the corrected link meets the performance requirements. The final 
and passing result of the tests for all links shall be provided in the test results 
documentation in accordance with Section C below. 

4. The test equipment (tester) shall comply with the accuracy requirements for level IIe field 
testers as defined in ANSI/TIA-1152. The tester including the appropriate interface 
adapter must meet the specified accuracy requirements. The accuracy requirements for 
the permanent link test configuration (baseline accuracy plus adapter contribution) are 
specified in Table 2 of ANSI/TIA-1152 (Table 2 in this TIA document also specifies the 
accuracy requirements for the channel configuration).  

5. The RJ45 test plug shall fall within the values specified in ANSI/TIA-568-C Annex C for 
NEXT, FEXT and Return Loss. 

6. The tester shall be within the calibration period recommended by the vendor in order to 
achieve the vendor-specified measurement accuracy. 

7. The tester interface adapters must be of high quality and the cable shall not show any 
twisting or kinking resulting from coiling and storing of the tester interface adapters. In 
order to deliver optimum accuracy, preference is given to a permanent link interface 
adapter for the tester that can be calibrated to extend the reference plane of the Return 
Loss measurement to the permanent link interface. To ensure that normal handling on 
the job does not cause measurable Return Loss change, the adapter cord cable shall not 
be of twisted-pair construction. 

8. The Pass or Fail condition of the link-under-test is determined by the results of the 
required individual tests (detailed in Section 4.2.2 of ANSI/TIA-1152). Any Fail result 
yields a Fail for the link-under-test. In order to achieve an overall Pass condition, the 
results for each individual test parameter must Pass. 

9. A Pass or Fail result for each parameter is determined by comparing the measured 
values with the specifies test limits for that parameter. 

B. Performance Test Parameters 
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1. The test parameters are defined by the Category 5e Standard. The test of each link shall 
contain all of the following parameters as detailed below. In order to pass the test, all 
measurements (at each frequency in the range from 1 MHz through 100 MHz) must meet 
or exceed the limit value determined in the above mentioned standard.  

2. Wire Map - Shall report Pass if the wiring of each wire-pair from end to end is determined 
to be correct.  

3. Length – The field tester shall be capable of measuring length of all pairs of a basic link 
or channel based on the propagation delay measurement and the average value for NVP.  
The physical length of the link shall be calculated using the pair with the shortest 
electrical delay. This length figure shall be reported and shall be used for making the 
Pass/Fail decision. The Pass/Fail criteria are based on the maximum length allowed for 
the Permanent Link configuration (90 meters – 295 feet) plus 10% to allow for the 
variation and uncertainty of NVP. 

4. Insertion Loss (Attenuation) – Insertion Loss is a measure of signal loss in the permanent 
link or channel. The term “Attenuation” has been used to designate “Insertion Loss.”  
Insertion Loss shall be tested from 1 MHz through 100 MHz in maximum step size of 1 
MHz. It is preferred to measure insertion loss at the same frequency intervals as NEXT 
loss in order to provide a more accurate calculation of the Attenuation-to-Crosstalk Ratio 
(ACR) parameter. Minimum test results documentation (summary results): Identify the 
worst wire pair (1 of 4 possible). The test results of the worst wire pair must show the 
highest attenuation value measured (worst case), the frequency at which the worst case 
value occurs, and the test limit value at this frequency. 

5. NEXT Loss – Pair-to-pair near end crosstalk loss (abbreviated as NEXT loss) shall be 
tested for each wire pair combination from each end of the link (a total of 12 pair 
combinations).This parameter is to be measured from 1 through 100 MHz. NEXT Loss 
measures the crosstalk disturbance on a wire pair at the end from which the disturbance 
signal is transmitted (near-end) on the disturbing pair. The maximum step size for NEXT 
loss measurements shall not exceed the maximum step size defined in the Category 5e 
Standard as shown in Table 1. Minimum test results documentation (summary results): 
Identify the wire pair combination that exhibits the worst value of NEXT (worst case). 
NEXT is to be measured from each end of the link-under-test. These wire pair 
combinations must be identified for the tests performed from each end. Each reported 
case should include the frequency at which it occurs as well as the test limit value at this 
frequency. 
 
Table 1 – Maximum frequency step size as defined in ANSI/TIA-1152 

Frequency Range (MHz) Maximum Step size (MHz) 

1 - 31.25 0.15 

31.26 - 100 0.25 

 

6. PS NEXT Loss – Power Sum NEXT Loss shall be evaluated and reported for each wire 
pair from both ends of the link under-test (a total of eight results). PS NEXT Loss 
captures the combined near-end crosstalk effect (statistical) on a wire pair when all other 
pairs actively transmit signals. Like NEXT this test parameter must be evaluated from 1 
through 100 MHz and the step size may not exceed the maximum step size defined in 
the Category 5e Standard as shown in Table 1. Maximum test results documentation 
(summary results): Identify the wire pair that exhibits the worst-case margin and the wire 
pair that exhibits the worst value for PS next. These wire pairs must be identified for the 
tests performed from each end. Each reported case should include the frequency at 
which it occurs as well as the test limit value at this frequency. 
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7. ACR-F Loss, pair to pair – Attenuation Crosstalk Ratio Far-end is calculated from the 
pair-to-pair FEXT Loss. It shall be measured for each wire-pair combination from both 
ends of the link under-test. FEXT Loss measures the crosstalk disturbance on a wire pair 
at the opposite end (far-end) from which the transmitter emits the disturbing signal on the 
disturbing pair. FEXT is measured to compute ACR-F Loss that must be evaluated and 
reported in the test results. ACR-F measures the relative strength of the far-end crosstalk 
disturbance relative to the attenuated signal that arrives at the end of the link.  This test 
yields 24 wire pair combinations. ACR-F is to be measured 1 through 100 MHz and the 
maximum step size for FEXT loss measurements shall not exceed the maximum step 
size defined as the standard as in Table 1. Minimum test results documentation 
(summary results): Identify the wire pair combination that exhibits the worst value for 
ACR-F. There wire pairs must be identified for the tests performed from each end. Each 
reported case should include the frequency at which it occurs as well as the test limit 
value at this frequency.  

8. PS ACR-F Loss – Power Sum Attenuation Crosstalk Ratio Far-end is a calculated 
parameter that combines the effect of the FEXT disturbance from three wire pairs of the 
fourth one. This test yields eight wire-pair combinations. Each wire-pair is evaluated from 
1 through 100 MHz in frequency increments that do not exceed the maximum step size 
defined in the standard as shown in Table 1. Minimum test results documentation 
(summary results): Identify the wire pair that exhibits the worst pair combinations must be 
identified for the tests performed from each end. Each reported case should include the 
frequency at which it occurs as well as the test limit value at this frequency.  

9. Return Loss – Return Loss (RL) measures the total energy reflected on each wire pair. 
Return Loss is to be measured from both ends of the link-under-test for each wire pair. 
This parameter is also to be measured from 1 through 100 MHz in frequency increments 
that do not exceed the maximum step size defined in the Category 5e Standard as shown 
in Table 1. Minimum test results documentation (summary results): Identify the wire pair 
that exhibits the worst value of Return Loss. These wire pairs must be identified for the 
tests performed from each end. Each reported case should include the frequency at 
which it occurs as well as the test limit value at this frequency. 

10. Propagation Delay – Propagation delay is the time required for the signal to travel from 
one of the links to the other. This measurement is to be performed for each of the four 
wire pairs. Minimum test results documentation (summary results): Identify the wire pair 
with the worst propagation delay. The report shall include the propagation delay value 
measured as well as the test limit value. 

11. Delay Skew – [as defined in the Category 5e Standard; Section 6.2.19] This parameter 
shows the difference in propagation delay between the four wire pairs. The pair with the 
shortest propagation delay between the four wire pairs. The pair with the shortest 
propagation delay is the reference pair with a delay skew value of zero. Minimum test 
results documentation (summary results): Identify the wire pair with the worst-case 
propagation delay (the longest propagation delay). The report shall include the delay 
skew value measured as well as the test limit value. 

C. Test Result Documentation 

1. The test results/measurements shall be transferred into a Windows based database utility 
that allows for the maintenance, inspection, and archiving of these test records. A 
guarantee must be made that the measurement results are transferred to the PC 
unaltered, i.e., “as saved in the tester” at the end of each test and that these results 
cannot be modified at a later time.  

2. The database for the completed job shall be stored and delivered on CD-ROM or DVD 
including the software tools required to view, inspect, and print any selection of test 
reports. 
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3. A paper copy of the test results shall be provided that lists all the links that have been 
tested with the following summary information: 

a. The identification of the link in accordance with the naming convention defined in the 
overall system documentation. 

b. The overall Pass/Fail evaluation of the link-under-test including the NEXT Headroom 
(overall worst case) number. 

c. The date and time the test results were saved in the memory of the tester. 

4. General information to be provided in the electronic data base with the test results 
information for each link: 

a. The identification of the customer site as specified by the end-user. 

b. The identification of the link in accordance with the naming convention defined in the 
overall system documentation. 

c. The overall Pass/Fail evaluation of the link-under-test 

d. The name of the test limit selected to execute the stored test results 

e. The cable type and value of NVP used for length calculations 

f. The date and time the test results were saved in the memory of the tester 

g. The brand name, model, and serial number of the tester. 

h. The identification of the tester interface 

i. The revision of the tester software and the revision of the test limits database in the 
tester 

j. The test results information must contain information on each of the required test 
parameters that are listed in Section B and as further detailed below under 
paragraph C5. 

5. For each of the frequency-dependent test parameters, the value measured at every 
frequency during the test is stored. The PC-resident database program must be able to 
process the stored results to display and print a color graph of the measured parameters. 
The PC-resident software must also provide a summary numeric format in which some 
critical information is provided numerically as defined by the summary results (minimum 
numeric test results documentation) as outlined above for each of the test parameters.  

6. The detailed test results data to be provided in the electronic database must contain the 
following information: 

a. Length: Identify the wire-pair with the shortest electrical length, the value of the 
length rounded to the nearest 0.1 m330 and test limit value. 

b. Propagation delay: Identify the pair with the shortest propagation delay, the value 
measured in nanoseconds (ns) and the test limit value. 

c. Delay Skew: Identify the pair with the largest value for delay skew, the value 
measured in nanoseconds (ns) and the test limit value. 

d. Insertion Loss (Attenuation): Minimum test results documentation as explained in 
Section B for the worst pair. 

e. Return Loss: Minimum test results documentation as explained in Section B for the 
worst pair as measured from each end of the link. 

f. NEXT, ACR-F: Minimum test results documentation as explained in Section B for 
the worst pair combination as measured from each end of the link. 

g. PS NEXT and PS ACR-F: Minimum test results documentation as explained in 
Section B for the worst pair combination as measured from each end of the link. 

3.09 FINAL OBSERVATION & TESTING 
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A. Upon completion of installation, initial adjustments, tests and measurements specified in Part 
3, and submission and review of the results, a final observation and test will be performed by 
the Owner or Owner’s representative no earlier than two weeks after receipt of the written 
results. 

B. Provide a minimum of one (1) person for observation and testing familiar with aspects of the 
System to assist the Owner. 

C. The process of testing the System may necessitate moving and adjusting certain components. 

D. Testing includes operation of each major system and any other components deemed 
necessary. Perform tests and provide required test equipment, tools and material required to 
make any necessary repairs, corrections, or adjustments. 

E. The following procedures will be performed on each System: 

1. Observation of the methods and means employed to incorporate the System within the 
facility. 

2. Verification of proper operation, from controlling devices to controlled devices. 

3. Verification of proper adjustment, balance, and alignment of equipment for optimum 
quality and to meet the manufacturer's published specifications. Establish and mark 
normal settings for each level control, and appropriately record these settings within the 
Record Documents. 

4. Other tests on equipment or systems deemed appropriate. 

F. In the event the need for further adjustment or work becomes evident during testing, the 
Contractor is to continue their work until the System is acceptable at no addition to the 
contract price. If approval is delayed because of defective equipment, or failure of equipment 
or installation to meet the requirements of these specifications and any extension of the 
observation and testing period is required, the Contractor shall pay for additional time and 
expenses of the Owner at the standard rate in effect at that time. 

3.10 TEST EQUIPMENT 

A. Thirty days prior to start of testing, provide a list to the Owner of test equipment make, model 
numbers and calibration dates that will be used. 

B. The following equipment shall be available on site for the entire test period through final 
system testing. 

1. Sound Level Meter : ANSI S1.4-1971 Type S1A with digital or analog display. Meter to 
provide ranges of 40 to 120 dBA. 

2. Pink Noise Source - Equal energy per octave bandwidth 20 Hz to 20,000 Hz, ±1 dB 
(long-term average) at 0 dBm output. Stability: ±2 dB per day. 

3. Dual-trace oscilloscope - 100 MHz bandwidth, 1 mV/cm sensitivity. 

4. Impedance Meter - Capable of testing audio lines at three frequencies, minimum, 
between 250 Hz and 5k Hz. Measurement Range: 1 ohm to 100 kohms. 

5. Audio Oscillator: bandwidth 20 Hz to 20k Hz ±.5 dB at 0 dBm output.  Output to be 
balanced.  Oscillator to include adjustable output level over the range from –30 dBu to 
+10 dBu. 

6. Multimeter - Measurement range, DC to 20k Hz, 100 mV to 300 V, 10 ma to 10 A, dB. 

7. NTSC Test generator 

8. Real time analyzer with LED or CRT display.  The unit shall meet the filter requirements 
of ANSI S1.11 Class III for one third octave filters. 

9. Video (analog) test generator capable of generating signal up to 1920 x 1200 with audio. 

10. Video (digital) test generator capable of generating signal up to 1920 x 1200 with audio. 
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11. Ladders and scaffolding necessary to inspect elevated equipment, junction boxes, etc. 

C. Provide three portable VHF or UHF business band radios for use during acceptance testing 
with transmission range sufficient to cover entire project. Include rechargeable batteries and 
recharger along with holster for wearing on belt.  Radios to be available for duration of testing 
process, including any follow-up visits required prior to final acceptance. 

3.11 INSTRUCTION OF OWNER PERSONNEL 

A. Provide instruction to Owner designated personnel focusing on the use, operation and 
maintenance of the systems, scheduled as a minimum of two separate sessions, by an 
instructor fully knowledgeable and qualified in system operation. The System Reference 
Manuals should be complete and on site at the time of this instruction. Coordinate schedule of 
demonstration with Owner’s Representative. 

1. Cafetorium 

a. 4 hours of instruction 

2. Music Rooms 

a. 2 hours of instruction 

3. Gymnasium 

a. 2 hours of instruction 

B. Video record all training sessions and compile a training video to be provided to the Owner on 
DVD.  

C. Provide sign in sheet to document the attendee’s presence. 

D. If Contractor is not properly equipped to conduct Owner training on particular equipment, 
arrange for factory representatives of the equipment to be present to provide training at no 
additional cost to the Owner. 

3.12 CLEANUP AND REPAIR 

A. Upon completion of the work, remove refuse and rubbish from and about the premises.  Leave 
areas and equipment clean and in an operational state.  Repair any damage caused to the 
premises by the installation of systems at no cost to the Owner. 

END OF SECTION 27 4116 


