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1.0 System Design

1.1 Overview

The telecommunications cabling system has been designed to meet the requirements of STUDENT FINANCIAL ASSISTANCE, as defined in contract CFTH6RG, and is based on preliminary meetings with the IBM representatives. This design meets EIA/TIA 568A and 569 industry standards, except where necessary to meet specific customer requirements or conditions. It also follows the design procedures specified in the Building Industry Consultant Services International (BICSI) Telecommunications Distribution Methods Manual, the National Electrical Code, and the National Fire Protection Association.
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1.2 Design Highlights

This section contains a high-level description of the design.

·
The cabling system is designed to support 10/ 100 Mbps Ethernet, voice and video over category SE unshielded twisted pair (UTP) cable. It provides the capability to run all of the above listed services over the same cable simultaneously. The system has also been designed to allow POTS (plain old tele​phone) lines to be connected to any jack on the floor and bypass the switch and powered telephone system. This type of connection is for analog telephones, modems, or FAX machines, and will operate even in the event of a power failure for the analog telephone connections.

·
The design package provides the layout and design of the MDF (main distribution frame) on the 2nd basement level, the layout and design of the lst floor IDF (intermediate distribution frame), the layout and design for the IDFs on floors 2 through 8 and floors 10 and 11, as well as the layout of the IDF portion of the computer room on the 9th floor.

·
This design allows for two (2) voice/data/video jacks at each user location in the modular furniture and one (I) to three (3) faceplates of two (2) jacks each in the offices. Selected locations on each floor will also receive wall mounted telephone faceplates with one (1) RJ-45 jack installed at 55" above the fin​ished floor or 48" above finished floor depending on the location and application.

· All jacks shall be terminated with the T568B pattern for punch down.

· All cables shall be home runs to their respective floors IDF.

·     Each IDF and the MDF shall be connected to the computer room by 24 strands per floor of 50/ 125 um,               multimode, extended frequency, fiber optic cable. All fiber terminations are to be made using "SC" con​nectors.

·
Each IDF and the Computer Room shall be connected to the MDF with one (1) 25-pair voice back​bone cable per floor for "POTs" lines connectivity. Each 25-pair cable shall be terminated on a 100-pair, 110 block in each IDF and all shall terminated on a 300-pair, 110 block in the MDF.

·
Horizontal station cables shall be terminated on 96-port patch panels in the IDF, enter cable tray placed in the ceiling area of each floor, and exit the cable tray through 1" conduits, to wall boxes or modular furniture telecomm boxes.

·
Some modular furniture clusters will not be against a hard wall or a column. These locations shall have their data cable path through a poke-thru from the floor below. The data cables shall feed from the IDF for that floor, down through the sleeves to the IDF below, follow the cable tray to the poke-thru, and up to the modular furniture. This path shall not be followed if it will exceed allowable cable drop length of 100 meters. In that case, the drops shall be fed from the closet below the modular furniture, the cables shall be terminated in the last positions of the patch panels, and shall be labeled with the proper drop numbers for the floor above.

The following are the drop types being used in this design:

   · Standard data/voice drops are generally flush mounted, 18 inches above the finished floor, and contain two (2)     data drops (RJ-45), terminated using T568B punch down pattern.

·
Modular furniture voice/data drops shall be installed within the furniture wall, above the desk surface, in a box that is attached to the channel with screws or permanent double stick tape. The cable installation company will be required to supply the boxes for these drops as well as bushings if the holes in the aluminum channel are sharp and may damage the cables. When a drop location is between two (2) adjacent workstations that share the same modular furniture partition, then both workstation jacks for each location shall use the same telecomm box and faceplate, with one stations RJ-45 jacks in the top
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positions and labeled above the jacks, and the other workstations RJ-45 jacks shall be in the bottom two positions and shall be labeled below the jacks.

·
Wall telephone positions shall be installed at 55" above the finished floor unless Americans with Disabili​ties Act applies, in which case the wall telephone jacks shall be installed at 48" above the finished floor.

·
Some conference rooms shall receive a voice/data connections as well as electrical connections below the conference room table. These drop locations shall be reached through poke-thru fixtures using the same rules as the modular furniture poke-thru fixtures will use.
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1.3 IBM and Industry Reference Documentation
The following IBM documents and industry standards were used as references and planning guides for this design:

1.3.1 Industry Standards

· TIA/EIA-568-A Commercial Building Telecommunications Wiring Standard

· TIA/EIA-568-A-5 Commercial Building Telecommunications Wiring Standard, 1999

 · TIA/EIA-569-A Commercial Building Standard for Telecommunications Pathways and Spaces, 1998

and Addendums 1 through 4, 2000

· TIA/EIA-606 Administration Standard for the Telecommunications Infrastructure of Commercial Buildings

· TIA/EIA-607 Commercial Building Grounding and Bonding Requirements for Telecommunications · TIA/EIA TSB-67 Transmission Performance Specifications for Field Testing of Unshielded Twisted-Pair Cabling Systems, 1995

· TIA/EIA TSB-72 Centralized Optical Fiber Cabling Guidelines, 1995

· TIA/EIA TSB-75 Additional Horizontal Cabling Practices for Open Offices, 1996

· TIA/EIA TSB-95 Additional Transmission Performance Guidelines for 4-pair 100-Ohm Category 5 Cabling, 1999

1.3.2 IBM Publications

· IBM Cabling System Planning and Installation Guide

· IBM Cabling System Optical Fiber Planning and Installation Guide
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1.4 Support of Design

Support for this cable design is available for one ( 1 ) year from the date the design is delivered.

This support is provided to answer questions concerning the cable design and deliverables, as per the IBM Global Services contract CFTH6RG.

Contact your local IBM representative for installation questions and follow-on support of this cable design.

Assistance provided outside the Terms and Conditions of the IBM Global Services Contract will be at the applicable IBM hourly rates and minimums. IBM maintenance service is provided under applicable IBM Maintenance Agreements. IBM on-site assistance is available at IBM's hourly service rates and minimums.
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2.0 MATERIALS LIST

2.1 Electronics

NOT IN THIS CONTRACT.
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2.2 Cabling Components and Installation Material

Quantity          Description                                                           Mfg./Source               Part Number

2,000 ft.           MIC,24-strand, Fiber Optic riser cable                Siecor                      024C81-33131-24

2,000 ft.           25-pair, voice riser cable                                      Berk-Tek                 230274

300                  Blue patch cables, cat Se,1 meter                         Ortronics                 OR-836GTP8OO3DE-06

300                  White patch cables, cat Se,1 meter                       Ortronics                 OR-836GTP8OO3DE

400                  Blue patch cables, cat Se,2 meter                         Ortronics                 OR-836GTP8OO7DE-06

400                  White patch cables, cat Se,2 meter                       Ortronics                 OR-836GTP8OO7DE

100                  Blue patch cables, cat Se,3 meter                         Ortronics                 OR-836GTP8Ol ODE-06

100                  White patch cables, cat Se,3 meter                       Ortronics                 OR-836GTP8Ol ODE

810                 Gray patch cables, cat Se,2 meter                          Ortronics                 OR-836GTP8OO7DE-08

810                 Gray patch cables, cat Se,3 meter                          Ortronics                 OR-836GTP8Ol ODE-08

25                    Gray patch cables, cat Se,25 Feet                         Ortronics                 OR-836GTP802SDE-08

10                    Fiber Optic Duplex patch cables, SC to SC,        Ortronics                 OR-61150D50002M99C


2 meter

70                    Fiber Optic Duplex patch cables, SC to                Ortronics                OR-61150D50002M29C


MT-RJ,2 meter

"*"                  Cat Se, plenum, extended freq.(Blue)                   Commscope            5504M-BLUE

"*"                  Cat 5, plenum, extended freq.(White)                   Commscope            5504M-WHITE

1300               Data Jack, RJ-45 BLUE                                         Ortronics                 OR-63750001-26

1260               Data Jack, RJ-45 WHITE                                       Ortronics                OR-63750001-88

"*"                  Faceplate,4-port fog white (Offices)                      Ortronics                OR-40300546

"*"                  Faceplate,6-port fog white (some mod fur-           Ortronics                 OR-40300545


niture)

42                   Faceplate, stainless steel, telephone                      Ortronics                  OR-854045212

"*"                  Blanks for faceplates                                             Ortronics                  OR-42100001

36                   Equipment Racks,19",7' Tall                                Chatsworth                48353-503


                                                                   Produces Inc.

32                   Rack Installation kit, Concrete floor                    Chatsworth Pro-         40604-001


                                                                   ducts Inc.

4                     Rack Installation kit, Raised floor                        Chatsworth Pro-         10632-119


                                                                   ducts Inc.

46                   Vertical Rack Management,7' tall                         Chatsworth Pro-         11730-503


                                                                   ducts Inc.

50                   Large horizontal cable management                     Ortronics                    OR-808004818

26                    Small horizontal cable management                     Ortronics                   OR-808004759

11                   24-Port Fiber Optic panel                                      Ortronics                   OR-63SMMC-16/24PB

44                   Mini-Mod fiber Modules,2X wide                        Ortronics                   OR-62700027-00

2                     Rack mount Fiber optic housing (144 fiber)         Ortronics                   OR-61500014-00

24                   Adapter Panels (6 duplex SC-MM, ceramic)        Ortronics                   OR-615SCDSM6C

576                 Fiber optic "SC" connectors                                  "*"                              "*"

44                   96-port, cat5e patch panels                                    Ortronics                   OR-851004983

2                     48-port, cat5e patch panels                                    Ortronics                   OR-851004912

11                   100-pair,110 blocks w/legs                                    Ortronics                   OR-30200006

1                     300-pa,ir,110 blocks w/legs                                   Ortronics                   OR-30200007

I10                  110C5 connecting blocks 5-pair                            Ortronics                   OR-30200110

18                   110 block designation kits                                     Ortronics                   OR-70400272

2                     jumper trough                                                        Ortronics                   OR-30200111

"*"                 2"x6" ladder rack                                                   G.S.Metals                 FT2X6X10

"*"                 2'x12" ladder rack                                                  G.S.Metals                 FT2X12X10

"*"                 2"x18' ladder rack                                                  G.S.Metals                 FT2X18X10

"*"                 assorted hanpers,clamps,8z brackets                     G.S.Metals                  "*"
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This symbol (*) indicates that it is the cable installation company's responsibility to determine the proper quantity, or the vendor that they desire, or the proper part number for the item. This does not excuse the cabler from maintaining the proper quality of materials, it only allows leeway on the selection of the supplier. Any sub-standard materials will have to be replaced without charge to the customer.

Cable lengths and materials quantities must be verified by the cable installer due to the possibility of modifi​cations to the installation plan changing quantities or lengths after this document was completed.

2.3 Miscellaneous Required Parts

Miscellaneous components, (ie..mounting screws, cross-connect wire, "D" rings, etc...) are the installing con​tractors responsibility.
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3.0 Project Administration Specifications

This section adheres to the identifier formats defined by the EIA/TIA-606 Administration Standard.

3.1 Telecommunications Facilities Administration

3.1.1 Equipment Rooms

The MAIN DISTRIBUTION FRAME (MDF) on the 2nd level of the basement shall be designated MDF-B2.

3.1.2 Telecommunication Closets

Telecommunication Closets (IDFs) shall be identified by the letters IDF followed by the floor number. The closets are numbered as follows:

IDF-1- 1st floor IDF room

IDF-2 - 2nd floor IDF room

IDF-3 - 3rd floor IDF room

IDF-4 - 4th floor IDF room

IDF-5 - 5th floor IDF room

IDF-6 - 6th floor IDF room

IDF-7 - 7th floor IDF room

IDF-8 - 8th floor IDF room

C/R - 9th floor IDF room

IDF-10 - 10th floor IDF room

IDF-11-llth floor IDF room

3.2 Equipment Identification and Installation

All network devices such as hubs, concentrators, and multiplexers shall be installed according to manufac​turers' specifications separate from this contract.

                                                                                                                     Project Administration Specifications 11           

3.3 Cable Identification

3.3.1 Backbone Cables
Backbone cables are identified by one LETTER and two DIGITS. Fiber Optic Backbone cables "home run" from a telecommunications closet (IDF) to the computer room. They start with the letter "F" followed by two digits indicating the floor number of the IDF that is serviced by the cable. 25-Pair Voice Backbone cables "home run" from a telecommunications closet (IDF) to the MDF They start with the letter "V" fol​lowed by two digits indicating the floor number of the IDF that is serviced by the cable.

Example: F-03 - This cable is located between the IDF on the third floor and the computer room fiber optic housing.

Example: V-07 - This cable is located between the IDF on the seventh floor and the MDF on the 2nd basement level.

3.3.2 Horizontal Cables

Horizontal cables are identified by their floor number followed by their data drop number. The first two numbers shall be the floor number (B1 through 11) The next digits will indicate the drop number. Tele​phone wall outlets shall be considered the same as a standard data drop for numbering.

Examples:

B2-001 - telephone drop number 001 in the MDF.

02-310 - Data drop in conference room 2314 on the 2nd floor.

05-911 - Data drop in a modular furniture cubicle on floor 5.

10-1908 - Data drop in an office wall on floor 10.

3.4 Telecommunications Outlet Identification

Workstation locations (lobes/drops) are identified exactly the same as horizontal cables.

Examples:

04-713 - Data drop in modular furniture cubicle.

11-2141- Data drop in modular furniture cubicle.

11-2142 - Data drop in modular furniture cubicle, this drop is

in the lower positions of the same box as drop 11-2141.

Each floor has been assigned a drop number range to provide for initial drop installation as well as addi​tional drop requirements in the future.

The assigned drop number ranges are as follows:

Basement levels - 001-- 099

1st floor - 100 – 299

2nd floor - 300 – 499

3rd floor - 500 – 699

4th floor - 700 – 899

5th floor - 900 – 1099

6th floor - I100 – 1299

7th floor - 1300 – 1499

8th floor - 1500 – 1699

9th floor -1700 – 1899

10th floor - 1900 – 2099

11th floor- 2100 – 2299

All drop numbering to be sequential within the range for each floor.
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3.5 Rack, Panel, and Jack Identification
There are three (3) equipment racks in each IDF except the MDF and the computer room. Racks shall be numbered from left to right (facing the front of the racks) with the floor number followed by a digit indicate the number of the rack starting with number one ( 1 ) on each floor.

Example: B2-2 - Rack number 2 in the MDF

Example: 04-3 - Rack number 3 in the 4th floor IDF

Example: 11-1 - Rack number 2 in the 1lth floor IDF

Patch Panels in the equipment racks shall be designated "BLUE" and "WHITE" depending on the color data jacks that they feed. The "Blue" panel will always be the top panel and the "White" panel will be the lower one. Each numbered data drop location shall have two (2) data jacks. The left hand data jack shall be blue in color and be connected by blue data cable to the IDF and terminated on the "BLUE' patch panel and numbered with the assigned data drop number. The right hand data jack shall be white in color and be connected by a white data cable to the IDF and terminated on the "VVHITE" patch panel using the same assigned data drop number as the blue panel uses. All data jacks shall be terminated on the patch panels in sequential numerical order. When only one data cable is required (wall telephone) for a location then the cable and data jack color shall be BLUE.

3.6 Cable Pathway and Spaces

Refer to Section 4.1 for telecommunications closet and equipment room identifiers. Conduit and cable trays should use the identifiers as specified by EIA/TIA 606.

Refer to the General Installation Specification section for bend radius and pull-strength specifications for the cables.

3.7 Additional Project Specifications

The drop locations on the drawings are approximate. The installation contractor is responsible for routing all cables properly in the ceiling, walls, and floor and ensuring that all state and local codes are followed. Note that pathways, wiring, and grounding shall be identified and labeled as recommended in EIAJTIA 606.

Routing of Horizontal Cable

OFFICE DROPS:

Wall-mounted data drops are routed from the wiring closet patch panels, through cable trough sus​pended in the ceiling, to 1" conduits that will stub into wall boxes for the data jacks and faceplate. Each wall data/voice location shall receive two (2) data cables that are a Category SE or better, plenum, 4-pair, UTP cables. One cable shall be blue in color and the other shall be cream or white in color. The blue cable shall terminate in the IDF on a "Blue' patch panel and at the workstation end on a blue colored, category Se, RJ-45 data jack. The blue data jack shall be placed in the upper left hand position of the faceplate and punched down using the T568B pattern for terminations. The white cable shall terminate in the IDF on a "White" patch panel and at the workstation end on a white colored, category Se, RJ-45 data jack. The white data jack shall be placed in the upper right hand position of the faceplate and use the T568B termination method also. There are no separate voice cables used in this system. Both of the installed cables carry voice, data, and video, over the same cable at the same time.
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I recommend the use of 4-position faceplates with blanks in the bottom two positions to allow for future additions to the cable infrastructure without replacing the faceplate or installing additional boxes. Both jacks in the faceplate shall use the same data drop number and shall be differentiated by color. The data cables shall use the same drop number but shall be terminated on different patch panels in the IDF, "Blue" and "White".

MODULAR FURNITURE DROPS:

The cable route from the IDF to the Modular furniture may follow one of three different routes.

· Some modular furniture shall be fed from boxes in the wall similar to a standard office wall drop. The main differences are that there will generally be more cables and they will come out of the box through a metal faceplate that has liquidtite flex conduit attached to protect the cables between the wall and where they enter the modular furniture. Once they enter the leg of the modular furniture, the cables will be routed up to a cable pathway at the top of the furniture partitions and then pass down through oval punchouts in the frame to reach the datacomm box and terminate the same as office drops in the faceplate. The cable installer must determine if the edges of the oval holes are too sharp and may damage the cables. The holes may be filed smooth or I recommend the installation of a protector such as "Arlington Industries, Inc." adjustable throat liners, part number 4004, 1-1/4" trade size. This liner is long enough to protect the cable, is very quick and easy to install, and is very inexpensive.

·
The second method of modular furniture access may be similar to the first method but the boxes shall be surface mounted to the concrete columns. The cables shall still follow the cable trough in the ceiling, exit the trough into 1" conduits to surface mounted boxes, and leave the box in liquidtite flex to enter the modular furniture leg.

·
The third method of access to the modular furniture is through poke-thru fixtures from the floor below. If poke-thru fixtures are used then the method of access shall be as follows: The cables shall leave the patch panel and follow the ladder rack in the IDF to the backbone sleeves and be routed down to the IDF room below. The cables shall enter the cable trough for that floor and be routed as close to the poke-thru as possible. The cables shall leave the cable trough in conduit attached to the poke-thru and go up to the modular furniture on the floor above. Liquidtite flex conduit shall be attached to the poke-thru to protect the cables from the poke-thru until they enter the leg of the modular furniture. This provides for the drops to be fed and labeled from the correct floor's IDF and panels to maintain correct numbering and labeling of drops and cables.

·
The cable installation company shall be required to provide and install datacomm boxes for the modular furniture. The boxes will have to fit inside the extruded aluminum channel that the furni​ture frame is constructed from. The datacomm boxes must be 2-7/8 inches in width or less to fit in the channel. The actual channel opening is 2-15/16' plus or minus 1/32". The box shall be attached to the channel with screws or double stick tape. If double stick tape is used, the channel will need to be cleaned with alcohol or other solvent to ensure proper adhesion and strength of bond to prevent the box from becoming loose at a later date.

WALL TELEPHONES-

Wall telephones shall be installed the same as office drops with the following exceptions:

Wall telephones shall be installed at 55" above the finished floor except in locations governed by the Americans with Disabilities Act, in which case the wall telephones shall be installed at 48" above the finished floor.

Wall telephones shall only have one (1) data cable to them. This shall be a "blue" cable, and shall be labeled as indicated on the cable design drawings. The wall telephone locations shall be terminated using the same method as all other "blue' data jacks and patch panels.

CONFERENCE ROOM TABLES-

​Some conference room tables may receive a poke-thru fixture that supports voice/data and electricity in the same fixture. These are generally almost flush with the carpet and have the data jacks installed in them.
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The drop locations shall be fed in the same manner as is used for modular furniture poke-thrus. The blue and white cables shall feed from their IDF down to the IDF of the floor below, use the cable trough to get to the poke-thru and enter conduit attached to the poke-thru. The cables shall be terminated using T568B in the poke-thru and care must be exercised to maintain the metallic separation between the electrical cables and the data cables to prevent interference.

BACKBONE CABLE ROUTING-

​FIBER OPTIC BACKBONE CABLES:

Each IDF shall receive a fiber optic backbone cable comprised of 24-strands of 50/125 um, extended frequency, multimode cable, from the computer room to the fiber housing placed in the top of the first equipment rack on the left in each IDF. All strands of fiber shall be terminated on both ends in "SC" connectors and shall be labeled by floor and strand number at each end.

Each fiber backbone cable shall have a 20 to 30 foot service loop secured in the IDF that is being fed by, that cable. This service loop is outside of and in addition to the fiber housing slack management loops.

COPPER VOICE BACKBONE CABLES:

Copper voice backbone cables shall be 25-pair, category 3, riser rated cables between the MDF on the 2nd level basement and each IDF on floors one through eleven.

The 25-pa.ir riser cables shall terminated on a 300-pair, 110 block in the MDF as detailed in the drawings and have 110C5 clips installed on the 300 pair block. The cables shall be terminated in their respective IDFs on 100-pair, 110 blocks and shall have I l OCS clips installed. The 25-pair backbone cable shall be terminated on the top 25-pair position on the 100-pair block. The remainder of the 110-pair block shall be left blank for future use if needed.
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4.0 Cable Test Forms
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5.0 General Installation Requirements

5.1 General Requirements

The installation requirements provided in this guide are minimum requirements. The Project Installation Specification, which is part of the installation statement of work, reflects a customer's specific requirements. Customer-specific requirements that are not in violation of national, state, or local codes take precedence over requirements in this guide if there is a conflict.

·
The cabling system shall be installed in a professional manner by persons skilled in the trades represented by the work, and in accordance with local building codes and applicable provisions of the National Elec​trical Code (NEC), except where specifications in the System Design and Specification exceed NEC requirements.

·
All electrical materials and equipment installed shall be of new manufacture, and approved by Under​writers Laboratories, Inc. (UL) and shall bear the UL label.

·
The location of outlet boxes and equipment on all drawings is approximate, unless dimensions are shown. Drawings shall not be scaled to determine position and routing of pathways, drops, and outlet boxes. The location of outlet boxes and equipment shall conform to architectural features of the building and other work already in place, and must be ascertained by the contractor in the field prior to the start of work.

·      The systems and site plan drawings are provided as part of the systems design package. Drawings gener​ally        indicate work to be done, but do not show all bends, transitions, or special fittings required to clear beams, girders, or other existing work. Installation obstacles, such as existing power wiring, water pipes, and heating ducts will not always be identified on these drawings. Contractors shall carefully investigate conditions where pathways are to be installed, and furnish and install required fittings.

·
A site survey of the proposed installation area is usually required. This survey should alleviate questions that are unanswered by the drawings and should allow the installer to locate obstacles that might affect the installation and performance of the copper and/or the fiber optic cables to be installed.

·        The Contractor shall return all drawings and specifications to the customer at the completion of the work. The drawings shall be marked by the contractor to show all additions, deletions, or changes. It is intended that these marked-up drawings constitute the "As Built" configuration of the work. Where no changes have occurred, the contractor shall mark such drawings "No Change."

5.1.1 Codes and Standards

The installation shall satisfy all applicable codes and standards, including but not limited to the:

· TIA/EIA-568-A Commercial Building Telecommunications Wiring Standard

· TIA/EIA-568-A-5 Commercial Building Telecommunications Wiring Standard, 1999

· TIA/EIA-569-A Commercial Building Standard for Telecommunications Pathways and Spaces, 1998

and Addendums 1 through 4, 2000

· TIA/EIA-606 Administration Standard for the Telecommunications Infrastructure of Commercial Buildings

· TIA/EIA-607 Commercial Building Grounding and Bonding Requirements for Telecommunications

· TIA/EIA TSB-67 Transmission Performance Specifications for Field Testing of Unshielded Twisted-Pair

Cabling Systems,1995

· TIA/EIA TSB-72 Centralized Optical Fiber Cabling Guidelines, 1995
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· TIA/EIA TSB-75 Additional Horizontal Cabling Practices for Open Offices, 1996

· TIA/EIA TSB-95 Additional Transmission Performance Guidelines for 4-pair 100-Ohm Category 5 Cabling, 1999

· American National Standards Institute (ANSI) C2 National Electrical Safety Code

· National Fire Protection Association (NFPA) 70 National Electrical Code

· NFPA 75 Protection of Electronic Computer/Data Processing Equipment

· Uniform Building Code

· 47 Code of Federal Regulations (CFR) part 68

· 29 CFR 1926j1910 OSHA Safety and Health Standards

· Electronic Industries Association (EIA) Published Standards

· All standards organizations and IBM and OEM publications specifying device and protocol recommen​dations.

5.1.2 IBM Installation Standards

The installation should satisfy the requirements included in the following IBM manuals where applicable:

· IBM Cabling System Planning and Installation Guide (GA27-3361)

· A Building Planning Guide for Communication Wiring (G320-8059)

· Fiber Optic Cable Planning and Installation Guide (GC22-7073)

· IBM Maintenance Information for Enterprise System Connection Links (5Y27-2597). Guide (GA27-4006-00)

5.1.3 Labeling and Marking

The contractor shall mark all distribution panels, cables, and outlet plates with appropriate labels. These labels shall be MACHINE PRINTED on proper label material with indelible ink and they shall have "permanent" adhesive. Label material for patch panels shall be 'light blue" in color with black lettering, and "white" in color with black lettering. This will indicate which color cables are terminated on which panel. Blue will always be the TOP panel.

· THE CONTRACTOR SHALL INSTALL LABELS AS FOLLOWS:

         1.  One label at each end of each cable prior to pulling. These labels do not survive the stripping back of the      cable sheath.

2.
One label on each cable inside the outlet box, plus one or two labels on the outside of each faceplate, as required, in the space provided.

3.
One label at the end of each cable, on the jacket, where it enters the back of the distribution panel, plus one label on the front of the distribution panel, centered below each associated cable jack, plus one label within two inches of the end of each cluster of associated telephone wires.

4. One label on each set of associated telephone pairs on the UTP termination block. 5. All markings should be carefully done to present a neat, professional appearance. Machine produced labels are always preferred.
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5.1.4 Final Testing

·
The contractor shall make a final test of all cable runs between wall faceplates, and distribution panel(s) as well as telephone pair runs from the MDF to the IDF punch-down block. All drop and backbone cables shall be tested. Tests will be done as specified by EIA/TIA 568A-5 and TSB-67 or later standards.

·
All copper cable testing should be done with test equipment that meets the accuracy and performance of the above standards.

·
All test information shall be recorded on the Cable Test Form(s) furnished with this document or printed reports generated by the cable test equipment. At the completion of the project, these forms and any TDR or OTDR printouts shall be given to the customer.

· Optical fiber testing shall always be performed twice for every fiber strand by reversing the end that the light injector or the OTDR is attached to on the second test. Bi-directional testing of Optical fiber is mandatory.

5.1.5 Completion Criteria

The contractor's work shall be considered complete after the following has been accomplished:

1. All system testing has been completed, the contractor certifies that the entire system is in working order,

and Cable Test Forms have been submitted to the customer.

2. All ceiling panels previously removed have been put back in place.

3. All system labels have been put in place.

4. All construction debris and scrap materials have been removed from the customer's premises.

5. All marked-up, as-built, drawings have been returned to the customer.

6. All unused customer material has been returned to the customer.

7. The Customer Project Manager and the Customer Project Coordinator have inspected and accepted the       Installation.

8. Any and all damages caused by the contractor have been resolved to customer's satisfaction. (eg. Ceiling tiles, carpet damage, etc.)

5.2 Installation of Building Infrastructure

5.2.1 Equipment Racks

· Rack Placement

Racks should be located with a minimum of 36" clear working space available in front and 30" behind each rack.

All floor-mount racks are to be mounted to the concrete floor using masonry fasteners. · Rack Cable Tray

Racks should be secured with FLEXTRAY Cable Management at the top. FLEXTRAY should be installed horizontally from the wall to the top of each rack and beyond where called for in the design drawings.

At the equipment rack, the FLEXTRAY should be installed with appropriate mounting hardware.

· Rack Cable Brackets
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Each rack shall be equipped with appropriate routing and management brackets, both horizontal and vertical. Any equipment cabinets shall be similarly equipped.

· Grounding

All racks should be grounded in accordance with the IBM Cabling System Planning and Installation

Guide, Chapter 6, and TIA/EIA-607 the Bonding and Grounding Standard. Any cabinets shall also be grounded.

The ground path must be continuous, and resistance to the ground path must not exceed 1 Ohm from the distribution panel to the grounding electrode.

Each rack must be individually connected to the TGB grounding bar and not serially connected with

other racks.

· Cable Termination

All cables from overhead pathways should be neatly layered into a rack ladder tray. All cables from overhead pathways should be neatly dressed behind distribution panels to provide ade​quate working space in the back of the panels.

5.2.2 Wall-Mounted Equipment

· All wall-mounted equipment should be fastened to 3/4" fire-resistant plywood.

· Punch-down blocks (type 110 and 66) should be installed in rows and columns according to the project drawing.

5.2.3 Open Ceiling

The type of ceiling, such as suspended and spline, and the type of ceiling cavity, such as plenum or non-​plenum, dictate the method of installation. General installation practices for ceiling installation must be fol​lowed.

·
All cables installed in the open ceiling area should be properly supported. Open top cable supports (J-hooks, etc.) are to be located on 48 to 60 inch centers.

·
All cable runs exiting the telecommunications closet should follow main building corridors to the drop area.

·
UNDER NO CONDITION, are cables to be tied to ceiling support wire or laid directly on ceiling tiles or rails.

In addition to these practices, the following guidelines are recommended for fiber optic cable installation.

· Ceiling space is generally used for cables serving the same floor.

· All code requirements must be met.

· The equipment racks should be installed before cables are pulled.

·
Cable rollers should be used when pulling cable. Cable pulleys must be used when pulling cable around bends and corners of wireways. Pulleys should have a minimum diameter larger then the minimum bend radius of the cable being installed, so as not to exceed the allowable bend radius. A good rule of thumb is that the diameter of rollers and pulleys should be at a minimum of 10 times larger than the diameter of the largest cable being installed but never smaller then 6" in diameter.

· Contractors shall use basket grips (Kellum®) wherever possible, exercising care while pulling the cable

so as not to exceed the maximum allowable pulling strength of the fiber optic cable. Refer to manufac​turers' specifications.
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5.2.4 Conduits

·
Conduit shall be of a type permitted under the appropriate electrical codes, including EMT, IMC, RMC, and rigid PVC.

· ALL CONDUITS SHALL BE REAMED TO ELIMINATE SHARP EDGES AND SHALL HAVE AN INSULATED BUSHING INSTALLED PRIOR TO CABLES BEING PULLED THROUGH THEM.

·
A separate conduit should be dedicated for fiber cable use only. If a fiber cable must be installed in an occupied existing conduit, it is recommended an innerduct be placed first and the fiber pulled into it. The innerduct would provide a measure of mechanical protection.

·
If future cable pulls in the same conduit are a possibility, the use of innerduct to sectionalize the avail​able conduit space is recommended. Without this sectionalization, additional cables pulls can entangle an operating cable and possibly cause an interruption in service. Care must be taken to ensure the innerduct is installed as straight as possible without twists.

·
When installing a fiber optic cable by itself, or in a conduit with other cables, particular care must be taken to minimum pulling tension during installation and avoid bending the cable beyond the limits.

·
When two or more cables are installed at the same time, the total maximum pulling tension for the task is reduced by 20 percent from the maximum pulling tension of the lowest rated cable being installed.

· The installer must adhere to the following general guidelines:

- Innerducts and conduits must be clean and unobstructed before pulling the cable.

- Where possible, pull multiple cables through the conduit together.

-
When installing a new cable in an occupied conduit and the measured tension begins to approach the maximum pulling tension, pull back the pulling line and the new cable. Reinsert the pulling line in the conduit and try again. Before removing existing cable or installing new cable in occupied conduits, the owner of the existing cable shall provide authorization for the installation.

- Feed the cable into the conduit entry to reduce the amount of pulling tension.

- Use a Tensiometer on any pull that may exceed 100 pounds.

- Use Kevlar pulling tape when a power winch is used to absorb the shock of startup.

-
To reduce the amount of friction encountered in difficult pulls, lubricate the cables as well as the innerduct or conduit with a cable lubricant that is recommended by the cable manufacturer.

-
Never use petroleum grease or any product that is not recommended as a lubricant by the cable manufacturer.

- Pull the cable at a steady rate.

- Never pull a wire cable into the duct or conduit at the same time as fiber cable.

- Never install cables that are connectorized on both ends in a conduit.

- Never allow the peak pulling tension to exceed the recommended pulling tension.

-
Never install cable in a 3/4" I.D. conduit that has a bend radius of less than 4-1/2"; never install cable in 1" I.D. conduit that has a bend radius of less than 5.75".
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- Never install more than the maximum recommended percentage full of cables in a conduit.

- Be sure the cable enters the end of the duct or conduit nearest the curved sections.

- Never string cable or innerduct through ring supports or allow it to sag between horizontal supports.

- Limit the number of 90o bends. Do not pull the cables through more than four 90o bends.

-
Avoid tight pulls or tugs against sharp corners so you can minimize pulling tension during installation and reduce the possibility of broken fibers.

- Never make bends less than six times the diameter of the conduit.

5.2.4.1 Determining Conduit Capacity

Compare the cross-sectional area of the cables in a conduit to the area of the conduit. The National Electric Code (NEC) specifies a mathematical, rather than geometrical, method of determining conduit capacity. The allowable capacity is specified as a percentage fill of the area of the conduit:

· 53 percent - one cable · 31 percent - two cables

· 40 percent - three or more cables.

5.2.5 Raceways

5.2.5.1 Determining Raceway Capacity

The design capacities of raceways are based on a 28 percent fill factor. This is an NEC requirement (NEC Article 345 and 348) for power applications that many local inspectors insist on using with communications cabling. The figure is obtained by decreasing the area 15 percent for each of the two 90o bends. There are two bends in most installations.

The resulting 70 percent is multiplied by the NEC standard of 40 percent for more than two cables. The product of 70 percent and 40 percent is 28 percent (0.70 x 0.40 = 0.28). This percentage fill is used to establish the total cross-sectional area of the cables in relation to the cross-sectional area of the conduit.

5.2.5.2 Innerduct

Innerduct is flexible plastic tubing used within conduit or cable raceways to provide protection to the fiber, limited cable management, and ease of installation.

When the fiber optic cable is installed in raceways with other cables, consideration should be given to future plans for movement of the existing cables. While fiber optic cable can be moved while in service without affecting fiber performance, it may warrant protection with innerduct or conduit in places exposed to pos​sible physical damage. Innerduct is generally made of polyvinyl chloride (PVC) and is not permitted by the NEC in risers or plenum rated areas.

5.2.6 Open Cable Trays

·
Open cable trays (ladder racks) shall be used inside wiring closets. Where new pathways are used, the contractor should insta.ll new ladder racks from the point of entry of the pathways into the closet to the area above the distribution panel(s).

· Requirements for grounding, bonding, structural supports, relieving of sharp edges, pulling in of cables ,

etc. shall be installed as outlined in the IBM Cabling System Planning and Installation Guide (GA27-3361).
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5.2.7 Sleeves and Slots

·
A minimum of three 4" sleeves or conduits should be installed between all vertically stacked telecommu​nications closets. Sleeves should extend a minimum of 1" above the finished floor to a maximum of 3".

·
Sleeves or slots through the closet floor should be adjacent to the wall. Sleeves and slots will only be left open during installation.

5.2.8 Firestopping

·
All floor penetrations (core bores, conduits, sleeves, slots) and firewall penetrations must be sealed with a UL-approved firestop material.

· All empty conduit stubs and sleeves are to be firestopped.

5.2.9 Hollow Walls

Cables dropped through hollow walls must utilize a "box eliminator" or "caddy fastener" device for faceplate attachment. Face plates should never be mounted directly to the gypsum wall.

5.2.10 Telecommunication Outlets and Cross-Connects

·
All individual cable drops shall be terminated on faceplates with data and telephone connectors or through faceplates with knockouts and grommets, unless otherwise stated in the Project Installation Specifications.

·
Contractor shall terminate the data pairs of each cable on the distribution panels with design-specified connectors, or punched-down on insulation displacement blocks as specified.

5.2.11 Wall Pass-Through

Whenever possible wall pass-throughs should be avoided. When it is unavoidable, certain steps must be taken to assure a safe transition.

·
All national, state and local building codes must be followed. In some areas, "pass-throughs" not in conduit violate local fire codes.

·
A service fitting (such as conduit) must be installed according to fire codes. Fire stops must be applied to seal the pass-through.

·
Care should be taken when pulling cable through the pass-throughs. All edges of the pass-through should be free of rough or sharp edges.

5.3 Building Interconnect

Campus cables may be run between buildings in underground conduit, a trench (buried), or from a pole (aerially). Conduit is the preferred method because it provides the greatest protection to the cable from moisture, rodents, and other digging operations. Direct buried installation is generally not recommended. Aerial installation is the least desirable method because it exposes the cable to weather damage. The systems design specifies the type of interbuilding installation.
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5.3.1.1 Underground Installation

· Buried conduit systems are buried 24" or deeper below finished grade.

· Direct-buried cable should be buried at a depth of 30 to 36" marked with a dig-up warning tape buried at a depth of 18 to 24" directly above the buried cable.

· Fiber cable installed in an underground conduit system should be placed in innerduct to provide physical protection against other work activities in the manholes or conduit.

· The following safety precautions must be observed when pulling cable from manhole to manhole or manhole to building.

- Set up safety cones or other barriers around the work areas.

-
When working in a manhole, remember there is a possibility of natural gas being present. No smoking is permitted in or near the manhole. Test for the presence of gas before beginning work and periodically during the work operation. Ventilate the manhole when working inside.

-
Take precautions to limit possible exposure to lead. Lead dust is released into the air anytime the sheath of older lead-sheath cable is disturbed. Do not transfer lead dust from hands or gloves to nose or mouth. Do not breathe in lead dust. Inhaling or ingesting lead dust can have a hazardous effect on your health.

-
If a manhole contains pulling irons (eyes built into the manhole for attaching pulling rigging), inspect them for rust or corrosion that might result in their giving way during cable installation.

-
Workers should not remain in manholes during cable-pulling operations. If progress checking is required, the pull should be stopped while the inspection is made.

If the cable is to be pulled through multiple manholes, provide enough slack so that the cable in each manhole can be secured with cable ties or other devices.

-
The final destination of the cable is normally a building. In some cases, because of the topography, of the land, it may be inconvenient to pull from the manhole to the building. If this is the case, it may be possible to set up the reel inside the building, pulling the cable from inside the building out to the manhole.

-
When installing fiber optic cable, only pull enough cable to reach the destination. Do not allow large amounts of slack to develop at intermediate manholes. Slack left at the feed manhole should be coiled around the fiber optic cable reel.

5.3.1.2 Aerial Installation

Installing aerial fiber cable in a campus environment requires planning and protection for the fiber while on the reel and during installation. At present, fiber optic cable, unlike copper wire cable, is not self-supporting. Fiber optic cable is lashed to a supporting messenger (a galvanized steel strand) installed between buildings and poles.

Care must be taken to protect the work location and the fiber optic cable. At minimum, place warning signs, flags, cones, or other devices to alert drivers and pedestrians to the presence of work personnel and equipment in the area. Observe the same safety precautions as with copper wire cabling, and adhere to the following:

· Avoid bending the cable sharply. The minimum bending radius for fiber optic cable is 10 times the diameter of the cable when the cable is not under load and 20 times the diameter when the cable is under load.

· Do not permit vehicular traffic to pass over the cable.

· Do not install fiber optic cable below 18 feet which is the minimum aerial cable height over street level.

· After the strand is in place and tensioned, the cable can be secured to the strand by means of a wire lashing machine pulled manually along the strand.
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·
Because fiber optic cable has a minimum sag, the new strands for its installation require that it occupy the uppermost communication space on the pole line. Construction of aerial fiber optic cable routes on joint-use pole lines is not recommended unless sufficient space is available to provide the required ver​tical clearances. Do not increase the sag by stringing the strand at a lower-than-recommended tension; this will cause increased fiber stress during storms.

·
Fiber optic cable may be installed on the same strand with conventional, copper cabling. It is also per​missible to install fiber optic cable on a strand that already has fiber optic as long as the strand is at least one size larger than that required for a single fiber optic cable.

·
An electrical shock can occur when plastic sheath cable is cut. Friction can produce an electrical charge on the metallic shield of the cable. An AC voltage may also be induced from parallel energized power wires. An electrical shock can occur if body contact is made between the metallic cable shield and the strand or other ground. Maintain a ground during the cutting operation.

Ground the cutting tools with lashing wire or test clips to a grounded strand or other suitable ground before cutting. Insulating gloves must be worn when cutting the cable.

·
Aerial installed fiber optic cable enters the building at pre-assigned openings. The installer must secure the cable to the building wall near the opening. In some cases, the cable may need to be run on the outside of the building. If the cable must go around an inside or outside corner, let it bow out, or in, as it is installed. There is also a variety of specialized hardware available for turning corners with cable. As with running cable on interior walls, it is best to run the cable in straight lines, and to make only wide ​angle turns.
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5.4 Cable Installation Specifications

IBM Cable Type
Spec. No.
Max. Pull
Bend Radius

Type lA Non-plenum (150 Ohm)
33G2772
55 lbs.
3 in.

Type 1 Non-plenum (150 Ohm)
4716748
55 lbs.
3 in.

Type lA Plenum (150 Ohm)
33G8220
55 lbs.
6 in.

Type 1 Plenum (150 Ohm)
4716749
55 lbs.
6 in.

Type lA Riser (150 Ohm)
33G2774
55 lbs.
3 in.

Type 1 Riser (150 Ohzn)
6339585
55 lbs.
3 in.

Type 1 Outdoor (150 Ohm)
4716734
100 lbs.
12 in.

Type 2A Non-plenum (150 Ohm)
33G2773
65 lbs.
3 in.

Type 2 Non-plenum (150 Ohm)
4716739
65 lbs.
3 in.

Type 2A Plenum (150 Ohm)
33G8221
100 lbs.
6 in.

Type 2 Plenum (150 Ohm)
4716738
100 lbs.
6 in.

Type 3
*
*
*

Type 5
4716744
100 lbs.
3 in.

Type SR
**
**
**

Type SOD
**
**
**

Type 6A Non-plenum (150 Ohm)
33G2775
28 lbs.
3 in.

Type 6 Non-plenum (150 Ohm)
4716743
28 lbs.
3 in.

Type 8 Undercarpet (150 Ohm)
4716750
15 lbs.
6 in.

Type 9A Plenum (150 Ohm)
33G8223
32 lbs.
3 in.

Type 9 Plenum (150 Ohm)
6339583
32 lbs.
3 in.

Type 9A Non-plenum (150 Ohm)
33G8224
32 lbs.
3 in.

Type 9A Riser (150 Ohm)
33G2776
32 lbs.
3 in.

Note: * Depends on gauge and number of pairs.  Refer to manufacturers' specifications.

· * Depends on fiber count. Refer to manufacturers' specifications.

EIA/TIA Category UTP Cable
Max. Frequency
Max. Pull           Bend Radius

Category 2(100 Ohm)
1 MHz.

Category 3(100 Ohm)
16 MHz.
25 lbs.
3.5 in.

Category 4(100 Ohm)
20 MHz.
25 lbs.
2.0 in.

Category 5(100 Ohm)
100 MHz.
25 lbs.
2.25 in.

Category 5e(100 Ohm)
100 MHz.
25 lbs.
2.25 in.
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5.4.1 Pulling Copper Cable

·
The equipment racks shall be completely installed before any cables are pulled. It is recommended that cable be pulled in the sequence listed in the Cable Schedule.

·
Cable rollers used for pulling in cable shall be mounted close to pathway supports and shall be placed at the beginning of the run and spaced every 25 feet along the run.

·
Cable rollers shall be used when pulling cable. Cable pulleys must be used when pulling cable around bends and comers of pathways. Pulleys shall have a minimum diameter of six inches, so as not to exceed the allowable bend radius of cable or fiber type being pulled. See cable specification chart.

·
Contractor shall use basket grips wherever possible, and exercise care while pulling cable so as not to exceed the maximum allowable pull strength. See the Cable Installation Specification chart.

·
Contractor shall economize on the use of cable by limiting excess length on runs to one foot at the outlet and two feet at the distribution panel.

5.4.2 Pulling Optical Fiber Cable

Before the installation begins, the installer must be aware of the manufacturer's rated pulling tension for each type of fiber optic cable being installed. The manufacturer's rated pulling tension is critical if power pulling equipment is used. The maximum tensile rating should not be exceeded during installation. The maximum tensile rating is different for outside and inside plant cables. Inside building cables are affected by the number of changes in direction and the length of the pull. The tension rating of the cable varies depending on the number of cables being installed at the same time. Before installation, a reference should be made to the particular cable manufacturer for cable specifications.

The installer must also adhere to the following general guidelines for fiber installation to avoid damaging the cable during installation.

· Verify that the cable route chosen has an unobstructed path by way of innerduct or other acceptable conveyance.

· Any multiple cables in conduit or innerduct should be pulled simultaneously.

· New cable to be installed in existing innerduct or conduit should first be checked for problems in the

conveyance.

· A tensiometer should always be used when using a winch.

· When using a winch, Kevlar tape should be used to absorb start up shock and to reduce the potential of cable damage.

· Only the manufacturer-recommended cable lubricants should be used to reduce friction when pulling fiber cable in innerduct or conduit.

· Cable should be pulled at a steady rate (recommended at 75ft./min.).

· Never pull fish line in at the same time a fiber cable is being pulled in the conduit.

5.4.2.1 Bend Radius for Optical Fiber

The various cable manufacturers have different ratings for minimum bend radius while under pulling tension or while in storage. Before installation, the installer must refer to the cable manufacturer's specifications. This is not an option; the installer must know before installation starts the manufacturer's rating for minimum bend radius for each type of fiber optic cable to be installed.
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5.4.2.2 Protection of Optical Fiber Cabling

Protection of any type of cable during installation should be standard practice. Optical fiber cable requires even greater care because of its fragility. The maximum pulling tension and minimum bend radius must be checked and followed to prevent fiber loss or damage.

Care should also be taken when pulling fiber cable through innerduct or conduit. Paths and spaces should be checked before pulling. If the conduit has any sharp edges on entry or exit, care should be taken to protect the fiber optic cables sheath.

Depending on the area of installation (i.e., ceilings, floors, risers, conduit) standard cable installation practices should be applied.

5.4.2.3 Raised Floor Installations of Optical Fiber Cable

The following items must be verified before installation of fiber optic cable under a raised floor:

1. Determine cable path.

2. If possible, use some type of cable management system (i.e. cable trays, bundles, etc.).

3. Use a flexible rod or tape to pull in the cable.

4.  Case should be taken when entering and exiting the raised floor cavity. Normal installation practices recommend       using a grommet fitting or other suitable cable protection at the floor edge. These are recommended to provide cable protection and a smooth transition.

5. Tension and bend radius should be followed according to manufacturer's specifications.

5.4.2.4 Floor Duct

Floor duct systems are built into the building at the time of construction. Access and junction locations are predetermined by the type of floor system installed. The installer must verify the usability of all proposed cable routes before starting installation of fiber optic cable. Cable installations can begin only after a route has been selected.

1. Open junction boxes along the run.

2. Push a snake through the first junction box back to the point of origin 3. Tie and tape the cable to the end of the snake.

4. Pull the snake through to a junction box.

5. Disconnect the line.

6. Protect the fiber optic cable as it enters and leaves the duct system. 7. Adhere to manufacturer's tensile and bonding specifications.

5.4.3 Fiber Optic Cable - Color Codes

Unlike copper cable, ANSI has not adopted a standard color coding for the individual fibers. The individual fiber color has been left to the manufacturers of fiber optic cable. The installer is responsible, when part of the contract, to mark all drawings and documentation with the fiber color code if different from the design documentation.

The following are examples of manufacturers' color code systems. Note similarities and differences.
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Table 1. AT&T Lightpack® Fiber and Bundle Codes

Fiber Number
Fiber Color
Bundle Number
Bundle Color

1
Blue
1
Blue

2
Orange
2
Orange

3
Green
3
Green

4
Brown
4
Brown

5
Slate
5
Slate

6
White
6
White

7
Red
7
Red

8
Black
8
Black

9
Yellow
N/A
N/A

10
Violet
N/A
N/A

11
Dashed Blue
N/A
N/A

12
Dashed Orange
N/A
N /A

Table 2. Siecor Outdoor & Indoor Fiber Optic Cable

Outdoor Number
Outdoor Color
Indoor Number
Indoor Color

1
Blue
1
Blue

2
Orange
2
Orange

3
Green
3
Green

4
Brown
4
Brown

5
Slate
5
Slate

6
White
6
White

7
Red
7
Red

8
Black
8
Black

9
Yellow
9
Yellow

10
Violet
10
Violet

11
Blue Striped
11
Pink

12
Orange Striped
12
Aqua

Fiberlok® is a registered trademark of 3M Company of St. Paul, Minnesota.

Kellems® is a registered trademark of Harvey Hubbell, Inc., of Bridgeport, Connecticut.

Lightpack® is a registered trademark of AT&.T of New York, New York.
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