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1.

INTRODUCTION
A. The information presented herein is for the Communications Division of the University Standards
and represents the standard practices and level of quality required for all University projects.
Deviations from these standards required written approval from the University’s Campus Planning
Department/Office of Information Technology.
B. In some cases in these standards, items of equipment or design practices are not specified in detail,
only guidance is being given. In other cases where specific brands and models are given, these are
University standard equipment and deviation from these standards requires approval in writing from
the University’s Campus Planning Department/Office of Information Technology.

2.

COMMUNICATIONS SYSTEM OVERVIEW
A. Preface
a. Communication technologies are a critical element in virtually all new-construction buildings and
renovations. It is important that teams of professionals experienced in the design and construction
of communications systems be involved throughout such projects.
b. Well-designed communications infrastructures, including a structured cabling plant are key in
enabling a quality information system for WMU. In order to maximize network functionality and
minimize labor and materials cost over the life of the system, a common set of network standards
must be adhered to. Such standards must be based on a combination of current technological
developments and established procedures and equipment already in use at WMU. This document
collects the standards and specifications which the WMU Office of Information Technology (OIT)
feels are necessary to assure that WMU buildings are equipped with a high-quality, safe, long-life,
full-function communications system compatible with other University facilities practices, and
needs.
c. Construction of communications systems is complicated by the fact that in most cases the
pathways (conduit, cable tray, etc.) are installed by the electrical contractor and the
communications cable, jacks, racks, etc., are installed by a structured-wiring/communications
contractor. Provisions need to be made assure the entire system is cleanly integrated and meets
all applicable specifications.
B. Communications Philosophy at WMU
a. Single system
i) All new inter-building and most intra-building communications systems for the University are
the responsibility of the Office of Information Technology (OIT). One of OIT’s missions is to
provide communications facilities for all aspects of university operations. The ultimate goal in
doing this is to provide these services with a single standards-based infrastructure able to
support all needs.
ii) Ultimately, the University expects the universal communications structure to consist of a
TCP/IP over Ethernet based primary system with compatible subsystems or attachments if
required. To that end, the University is migrating to Voice over IP (VOIP) telephone service and
using the University-wide Ethernet backbone, known as WMUnet, to support building
management, security, and other functions wherever possible. Other systems do not yet fit into
the desired model. Where special system communications needs are not yet compatible with
Ethernet, the OIT cabling system is used for connectivity whenever possible.
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iii) Since communications technology has existed for some time in many forms and is still evolving
towards the integrated ideal, it is not possible to immediately mandate that all campus systems
fit into the universal mold. Most older buildings use the more traditional arrangement of different
technologies, with varying amounts of separate cabling systems for telephone, data network,
and the EDUcable campus-wide CATV system. Several other systems use non-OIT cabling to
carry special signals.
b. New Project Design Goals
i) In order to support the philosophy described above, including support for legacy systems, OIT
currently uses the following top-level principles for new projects:
(1) New buildings or significant renovations will use VOIP phone service.
(2) In-building communications will use a single integrated structured wiring system as
espoused in current EIA/TIA, BICSI, and other standards.
(3) Inter-building connections will use single-mode fiber optics with a minimum of 48 strands
being installed.
(4) Wireless Ethernet access will be provided for the entire building/project area and outside
areas around it. The wireless system is intended to support user mobility and portable
equipment only. Wireless connectivity is and is expected to remain relatively insecure and
much slower than wired connectivity and is not intended to replace it.
(5) Legacy systems will be supported when required with minimal deviation from the ideal
system.
ii) For practical purposes, practical high-level guidelines are defined in more detail in other WMU
DG-27 documents.
(1) Inter-building connections.
(a) In addition to the primary single mode fiber connections, a minimal number of copper
twisted pair telephone-style circuits will be provided from the current phone cable plant to
support current loop systems as required. Pair count will be appropriate to the magnitude
of the project (minimum 25).
(2) Building structure
(a) The building must be equipped with a centralized system of communications rooms
servicing horizontal user connections and interconnected by a riser system to provide a
structured cabling environment.
(b) The riser system will use primarily fiber optic cables (minimum 24 strands), but will also
have a limited number of copper Category 5e pairs (minimum 25).
(3) UTP Cable system
(a) All locations where the need for voice or data communications could be reasonably
expected should be provided with UTP outlets to minimize the need of adding outlets after
completion of the project.
(b) All UTP user cables and connections will exceed Category 6 specifications and will be
identical except for jack colors (as specified elsewhere) with no discrimination by use
(voice, data).
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(c) All Wireless Access Point back-haul cables and connections shall meet or exceed
Category 6A specifications.
(d) All new WMU buildings use a completely jacked UTP copper system. In addition to user
jacks, all UTP copper cables are terminated on jack panels in racks and the outside entry
cable is cross connected to similar panels. No traditional punch blocks or cross-connecting
facilities are used.
(e) A trunk cable pathway for horizontal user cables should be incorporated into the building
to provide a neat-well organized system and relatively easy maintenance over the life of
the facility. All user cabling will use organized pathways/supports over the full length.
(f) The user connection environment should be designed to eliminate or minimize the use of
floor-based access or outlets due to the high probability of damage
(g) Consideration must be paid to outlet locations such that they remain clearly accessible
and are not behind immovable items such as fixed or modular furniture, cubicle walls, etc.
(4) Fiber Cable System
(a) All new intra and inter-building cables will be single mode.
(b) Risers within buildings will be single mode with a minimum of 24 strands to each
Telecommunications Closet (TC).
(c) All backbone fibers (outside and riser) are terminated as specified elsewhere in this
document.
(5) CATV system
(a) Broadband video (EDUcable) will continue to be distributed to users as required over a
CATV structure separate from the Ethernet system.
(b) Inter-building connections will use single mode optical fiber in the main communications
cable unless the use of conventional coax is much less costly.
(c) CATV signals will be distributed throughout the building as needed using a combination of
optical fiber and coaxial cable suitable for the size of the area being served.
(6) Wireless system
(a) A system of wireless access points will be deployed throughout the area to allow
acceptable access from all areas used by students or staff. Currently available technology
will be used – at the writing, 802.11a/g/n/ac are supported for all new projects.
(b) Outside APs should be provided to service nearby areas, which may have a need for
access.
(c) OIT should be consulted for possible uses of wireless backup links to other campus
buildings.
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C. System Summary
a. This is a very short overview summary of the salient points of the building communications
system. It is not to be interpreted as simplifying any other included specifications.
i) All closets will be equipped with floor mounted telecommunications-style two-post open style
19" racks with appropriate cable management to hold cable terminations and distribution
electronics.
ii) The exterior copper building telephone entrance will be terminated at a wall-mounted protection
block. There will be a cross-connect system between punch blocks near the protected entrance
and RJ-45 jacks in racks to allow jumper connections to the RJ-based riser system.
iii) The riser cable system will consist of Category 5e UTP cables, single mode fiber optic cables,
and video cables installed between the BEF and TCs.
(1) Copper UTP riser cables will be terminated on RJ-45 jacks in panels mounted in
communications racks.
(2) Fiber optic riser cables will be terminated with specified connectors in rack-mounted cabinets.
iv) Horizontal user outlet distribution UTP cabling will be a Category 6 level system.
(1) All horizontal UTP drops will use 4-pair Category 6 Superior Essex cable with color-coded
Panduit Category 6 Mini-Com jacks at each end. There is no physical differentiation between
voice and data jacks.
(2) Components specified above both exceed Category 6 specifications. Panduit and Superior
Essex have a component compatibility agreement. As a result it is expected that the
horizontal system will have a demonstrable margin of headroom over Category 6
specifications.
(3) Horizontal UTP cables will be terminated in TCs with panel-mounted jacks in floor mounted
19" racks.
v) Horizontal wireless AP UTP cabling will be a Category 6A level system.
(1) All horizontal UTP data drops for Wireless Access Points will use two 4-pair Category 6A
Superior Essex 10Gain cables with appropriately color-coded Panduit Category 6A MiniCom jacks at each end as described elsewhere in this document.
(2) Components specified above both exceed Category 6A specifications. Panduit and Superior
Essex have a component compatibility agreement. As a result it is expected that the
horizontal system will have a demonstrable margin of headroom over Category 6A
specifications.
(3) Horizontal UTP cables will be terminated in TCs with panel-mounted jacks in floor mounted
19" racks.
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vi) A limited number of horizontal fiber connections may be required, depending on the project.
The specific requirements for these should be coordinated with OIT.
vii) Terminations and equipment will be arranged in racks to minimize required jumper lengths:
generally with alternating horizontal cable panels and electronic distribution equipment
(switches, etc.) or with terminations and electronics in a side-by-side arrangement. Rack layout
will be determined in consultation with OIT.
viii) The default video system will use single mode fiber to bring the University EDUcable system
to the building and distribute it with a combination of single mode fiber and coax cables and
active/passives as deemed necessary by the scope of the distribution system.
(1) Horizontal coaxial video connections will be installed from taps in the source TC to outlets
installed in Panduit face-plates as specified.
(2) All cable runs will be contiguous from TC to terminations.
D. Point-to-point Connections
a. It is becoming increasingly common for technology to require point-to-point Category 6 wiring
within a facility, especially for Audio-Visual equipment or other non WMUNet data use.
b. This wiring does not terminate in any Telecommunications closet or facilities. It is entirely internal
to the building, often limited to a room. As this type of connection also requires RJ-45 jack
terminations similar to WMUNet data jacks, a clear distinction needs to be made between the two
wiring systems in order to avoid confusion.
c. Any such wiring when installed shall be designed and installed in a manner so as to avoid any
confusion with the data wiring infrastructure. It shall have distinctly different terminations,
including at the very least, but not limited to, different faceplate types and colors, different jack
types and colors (eg. Keyed, sheilded or XLR), different wire colors, etc. from those specified for
WMUNet infrastructure use within DG-27 so at to enable clear distinction from WMUNet
structured cabling system.
E. OIT Involvement
a. OIT must be involved in consultations with the proposed building occupants in defining
communications outlet requirements. Placement of such outlets significantly affects building
usability. Knowledge of total outlet and jack count is necessary to prepare system designs and
cost estimates for University-supplied equipment.
b. OIT must be involved in preparation and review of the communications system construction final
design to oversee detailed design of communication rooms, communications support equipment,
and the labeling, etc. of components in accordance with these specifications.
c. OIT should be involved to assist in addressing questions during the actual communications
construction phase.
d. Final installation and activation of communications equipment must be under the direct
supervision of OIT in order to ensure an orderly integration into the existing systems.
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3.

GENERAL REQUIREMENTS
A. Design
a. The designers for the project communications systems should be qualified in that field. They
should have RCDD certification and be very familiar with communications standards and
guidelines from EIA/TIA, BICSI, and similar organizations in addition to the NEC, local codes, and
other governing regulations. Within the total project design, personnel qualified in
telecommunications/IT systems should provide appropriate input to those preparing overall
design and especially the electrical, climate control, and other aspects that directly impact the
communications/IT system.
b. The entire system will be designed and installed with the intent of being adequate to support highspeed digital and analog signals meeting current and future standards. Systems used may
include, but are not limited to:
i) 10/100/1000/10G-base-FX Ethernet.
ii) Gigabit and multi-gigabit Ethernet, both SX and TX.
iii) 10 Base-T, 100 Base-T, 1000 Base-T and M-Base-T on copper Ethernet.
iv) Video signals of various types including broadband CATV.
v) Conventional single line telephones, 2-wire or 4-wire, analog and digital.
vi) T1, DS1, PRI circuits.
vii) ISDN
viii)

ATM

ix) FDDI
x) SONET
B. QUALITY OF WORKMANSHIP & MATERIALS
a. General
i) The expected life of the communications system infrastructure covered by these guidelines is
15-25 years. All specifications and requirements should be defined with the objective of
obtaining a high quality system capable of a long useful service life.
ii) The selection, design, and specification of the materials and workmanship to be incorporated
into the communications systems of the project should respond to the demanding environment
of a major educational institution providing reliable, durable, low-maintenance, long-life usage,
while recognizing the budget constraints for the project.
iii) All material will be new, current production and will be undamaged when installed.
iv) All materials will be handled, stored, and installed in accordance with manufacturers
specifications or recommendations.
v) In the Professional’s specifications the contractor(s) shall be required to obtain and pay for all
permits identified and required by the State of Michigan.
b. Codes & Standards
7
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i) Codes shall be used as minimum requirements, and where these guidelines call for an
installation that exceeds and does not violate the code requirements, these guidelines shall be
followed.
ii) All designs and work shall conform to the PSC identified edition of the National Electrical Code,
Life Safety Code, IBC and State of Michigan requirements. In addition the design and
installation shall comply with all the requirements of MIOSHA and OSHA.
iii) All materials used shall conform to the standards of the Underwriter’s laboratories in every case
where such standards have been established for the particular type of material and/or
application in question. All materials shall be labeled as UL listed.
(1) Many standards or regulations of the organizations below apply specifically to the
communications systems for the project. These will be adhered to and called out specifically
as appropriate.
(a) BICSI
(b) Electronics Industries Association (EIA)
(c) Telecommunications Industries Association (TIA)
(d) Institute of Electrical and Electronics Engineers (IEEE)
(e) Federal Communications Commission (FCC)
iv) Where conflicts occur between codes and standards or between codes and standards and
Specifications and Plans, the one establishing the more stringent requirements shall be used.
c. Warranties
i) The system is expected to have a life of 15-25 years or more. WMU will assume maintenance
duties of the system soon after hand-over. Expecting a contractor to warrant the full system for
long periods while the owner works on it is unreasonable.
ii) Contractor will provide Panduit Certification Plus 15-year system warranty on Category 6/6A
system and components.
iii) Contractor will supply Corning Extended Warranty Protection (EWP) 25-year system warranty
for the premises fiber cabling solution comprised of covered Corning products including fiber
optic cables, hardware, connectivity, and pre-terminated systems.
iv) All manufacturer warranties for components provided by contractor will be passed to owner.
Contractor will take first responsibility to see that manufacturer warranty is honored during its
life in case of failures of components.
v) On remaining system components, for a period of three years from the date of executed
contract, contractor will provide the following services, available between 8 a.m. and 5 p.m.
weekdays except holidays:
(1) Telephone based engineering support to assist owner personnel with configuration and
design matters.
(2) On-site maintenance to repair any malfunctioning supplied component. Owner must approve
any component replacement.
(3) All manufacturer technical journal and release note distribution/subscriptions for contractorsupplied equipment.
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d. Installer’s Qualifications for work
i) Firm shall have at least seven (7) years of successful installation experience with projects
utilizing telecommunications/special media systems and equipment similar to that required for
this project.
ii) The company shall have a fully staffed office with technical installation support personnel within
75 miles of the project.
iii) Installer will be certified under the Graybar VIP-2000 Program (or equivalent) for the Panduit
hardware & Superior Essex cable UTP combination.
iv) Installer shall use personnel currently certified by Panduit for Category 6/6A-level UTP
installations
v) Installer will be Corning Network of Preferred Installers (NPI) Member and must provide written
warranty certification and evidence of current NPI program membership.
vi) All requested certifications will be current and will be made available for owner review on
request throughout the work period.
e. Workmanship
i) All work will be directly supervised by one or more RCDDs and BICSI registered Installers
employed by the contractor.
ii) Fully qualified communications crafts persons working under fully qualified and experienced
supervisors will do all work.
(1) All communications work will be carried out under the direct supervision of one or more
qualified RCDDs or designers with equivalent knowledge and experience acceptable to
owner.
(2) At least 10% of the personnel involved on the project will be BICSI registered cable installers.
(3) At least 25% of the supervisors on the project will be BICSI registered technicians.
f. Inspections
i) The University’s representatives will conduct periodic inspections in which the contractors must
comply. During project closeout, the University’s representatives will perform an inspection for
final acceptance.
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4.

BASIC DESIGN, MATERIALS & METHODS
A. Design
a. This standard group (27) covers the project information communications system used primarily to
connect building occupants and systems to outside communications resources. It includes but is
not limited to telecommunications (“phones”), data communications (“network”) and broadband
video (“CATV”) systems. It currently does not directly cover, but may optionally be applied to,
similar communications facilities for security, building management, or other systems.
b. Communications designs in building projects shall include, but not be limited to, outside cable
systems, riser cable systems, horizontal distribution systems, and wireless systems.
B. Arrangement
a. All communications equipment shall be located in communications rooms separated from the rest
of the uses of the buildings. The door of communications rooms shall open off of a public space in
the building.
b. Communications spaces may not contain non-communications equipment or facilities not
required for operation of the rooms. Communications rooms shall be separate rooms from the
electrical spaces. With approval of the University’s Campus Planning Department/Office of
Information Technology, security equipment or appropriate instructional technology equipment
may share a communications room, provided adequate space is available.
C. Identification
a. All components, equipment, wire, wire ways, boxes, and panels shall have identification
permanently attached to it in accordance with the specific requirements in DG-26 sections and/or
the sections to follow.
b. Specifications shall require the contractor to provide communications system diagrams (as built
version) mounted with protective, transparent covers on walls of appropriate communications
rooms in each building.
D. Drawing Standards
a. Communications systems are considered electrical in nature and shown on Electrical sheets.
Communications outlets, wireless access points, etc., will be shown on separate drawings
including only other relevant items/systems. Most equipment using communications outlets
require power and power outlets are considered relevant and should be included on floor plans
with communications outlets.
b. Where appropriate, communication system design information will be the subject of completely
separate drawings. For example, the communications riser cable system should be detailed in a
separate drawing.
c. Where it may be necessary to show communications outlets or facilities that are only indicated on
drawings other than Electrical series communication system drawings, references to these
drawings will be clearly made on an appropriate communications drawing.
d. All communications component symbols that appear in the drawings will have full definitions,
including specific jack requirements, etc., included in the drawing set or clearly called out.
e. Additional drawing provisions from DG-26 apply.

DIV 27 APPENDIX
rev. November 2020

DG27-0 GENERAL COMMUNICATIONS SYSTEM GUIDELINES

10

WMU Design Guidelines
E. Connections to Existing Systems and Equipment
a. Communications systems for the project will be required to interconnect and inter-operate, or
support equipment that will inter-operate with existing University communications systems.
b. Standards that the new system will be required to inter-operate or interconnect with may include,
but are not limited to:
i) Physical
(1) Corning single mode optical fibers
(2) Corning multimode 62.5/125 optical fibers
(3) Current-loop and digital telephone systems
ii) Functional
(1) High-speed Ethernet over fiber optics (100Mbps, Gigabit/sec, 10 Gigabit/sec.)
(2) IEEE 802.11ag and other power over Ethernet equipment.
(3) IEEE 802.11a/b/g/n/ac wireless Ethernet equipment.
(4) Cisco and other Voice over IP systems.
(5) Special purpose low voltage/current signaling systems (fire alarm circuits, etc.).
c. For situations that require contractors to actually connect to, modify, or otherwise access existing
communications systems, those must be carried out in coordination with and under supervision of
the WMU Office of Information Technology or other owner/operator of the existing system.
F. Shop Drawing Standards
a. Provide permanent operational data for each item of equipment; indicating manufacturer, product
name, model number, serial number capacity, operating and power characteristics, labels of
tested compliances, and similar essential data.
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5.

SUBMITTALS REQUIRED
A. Design Descriptions
a. During the Schematic Design Phase prior to the drafting of the specifications, the designer shall
provide a design description of the communications systems in the project. The design
description shall give a description of each system, its location, components, applicable to each
system, system purpose, how it functions.
B. Communications Requirement Calculations
a. The designer shall furnish estimated communications equipment requirements prior to the
completion of bidding of the project. Electronic versions of these shall be furnished in “as built”
versions at the close of the project.
b. Communications demand requirements will include the projections for the following for each
communications room:
i) Number of individual jacks.
ii) Number of communications racks.
iii) Power requirements.
iv) Heat loads.
v) Number of wireless network access points will be based upon the final wireless layout
generated by OIT
(1) Expected occupancy numbers are a key parameter required to design the wireless system
and are expected to be provided by the project designer or owner.
vi) Vertical (riser) and horizontal cable requirements.
C. As Built Drawings
a. The designer shall provide one complete set of “as built” cad files of the construction and design
drawings in AutoCAD format. This shall include a complete set of the communications
specifications in Microsoft Word format.
b. The drawings should include the following information:
i) The location of all outlets, fixtures, pulls boxes, etc., as installed.
ii) Complete riser diagrams for the communications systems.
iii) Fixture schedules with catalog numbers and manufacturers, as installed.
iv) Each floor should have separate drawings for communications and related components.
D. Operating and Maintenance Manuals
a. When the construction is substantially completed, before the University is expected to operate
and maintain it, the Consultant shall provide a complete set of Operation and Maintenance
Manuals (O&M’s) and System Operation Descriptions for any communications items where this
may be relevant.
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E. Spare Parts and Equipment
a. Spare parts or components may be required in related DGs.
F. WARRANTIES
a. Assemble the warranties specified in Division (27), into a separated set of vinyl covered, three
ringed binders, tabulated and indexed for easy reference. Provide complete warranty information
for each item, product or equipment. Warranty information shall include date of beginning of
warranty or bond; duration of warranty or bond; and names, addresses, and telephone numbers
and procedures for filing a claim and obtaining warranty services.
6.

EARLY OR TEMPORARY COMMUNICATIONS SERVICE
A. Project needs for University communications systems before substantial completion of project.
Projected needs should be determined and incorporated into project schedule or otherwise defined
for WMU OIT. Functional connections for new or existing systems or equipment shall be requested
in advance and shall be made at the convenience of the University.
a. Such needs may include elevator emergency phones, building management, alarm, or security
systems.

7.

CLEANING/TURNOVER
A. The designer shall require in their communications specifications a requirement that
communications rooms and spaces and equipment will be cleaned prior to turnover.
Communications rooms must be cleaned, including removal of all dust and dust-producing materials.
B. Cables and other facilities required for activation of early or temporary communications connections
will be essentially complete before the University will install communications equipment to support
such connections. Any communications rooms, which must be used, will be painted, secure,
completely dust-free, and clean before equipment will be installed.

END OF SECTION DG27-0
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1.

GENERAL
A. Most new buildings involve installation of outside communications cables to connect the new
building to the existing communications system. Building renovations or other large projects should
consider inclusion of updating the outside communications system. Some projects involve only
outside communications components, in which case only some of the provisions here apply.
B. There must be an exterior communications cable pathway system connecting any building to the
campus communications infrastructure. For new campus buildings, this is normally a new
underground duct bank between an existing WMU manhole and the new building BEF. In some
situations, access between the existing cable plant and the new building may be less standard and
require special design. Installation of additional manholes or re-routing of existing facilities may be
required. For off-campus buildings, the exterior access depends on the specifics of the project and
is often a function of local regulations and existing carrier facilities
C. There must be at least two different exterior communications pathways provided for connection to
the campus communications infrastructure.
D. Outside communications conduits should enter the building from multiple directions to provide
diverse redundant paths for the primary University communications system.
E. All new campus buildings will have a single Building Entrance Facility (BEF) communications closet.
a. The specifics of what cables are used and where they will connect into the existing system will be
defined based on the details of the building location and the outside cable pathways connecting to
the campus infrastructure. OIT must be involved in the external cable pathway design of the
project at an early stage.
b. All new buildings will use single-mode as the primary fiber optic building feeds. Multimode fibers
may also sometimes be required, depending on circumstances.
i) All building feeds should have a minimum of 48 single mode fibers. Larger counts may be
specified if felt necessary due to the projected building use.
ii) In a few special cases there may be a reason to include some sort of multimode fiber external
access.
c. All new off-campus buildings will have some form of voice and data network connection to the
main campus. There may also be a video connection to the main campus.
i) OIT must be consulted early in the design cycle to help define communications connections
appropriate for the project.
ii) Although various means may be used to bring external voice connectivity to the building
(copper pairs, fiber and multiplexer, etc.) it is assumed that the final demarcation between
external system and building system will be a set of copper pairs.
(1) If the demarcation takes the form of RJ jacks rather than a punch field, the cross-connect
system between the demarcation and equipment racks will need to be redefined or
eliminated.
iii) In many cases data communications connectivity will use the same copper connections as
those used by voice communications.
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d. Large buildings will have an internal backbone riser structured cable system of copper and optical
fiber cables serving all secondary or distribution communications closets (TCs) in the building
from the main communications closet (BEF) installed in the interior cable pathway system. In
many cases, there will also be a conventional CATV-style internal coax riser system to support
video.
e. If the building is to be served by a special purpose video system, specifications will need to be
adjusted to reflect that as early in the design cycle as possible. OIT should participate in the
design of the overall system to be sure there are no technical conflicts with OIT standards and
capabilities.
f. For off-campus buildings and special cases, a special arrangement will need to be developed
based on the individual circumstances. Specifications by the service provider may apply.
g. Specifications need to assure outside copper cable, fiber and coax are connected into existing
systems and tested as necessary depending on the specifics of the design. Copper pairs must be
tested between new entry and MDF serving the cable if applicable.
F. General buildings as used by WMU do not contain a main distribution frame. The “service entrance”
as defined in some design guidelines is in the main telecommunications closet or Building Entry
Facility (BEF) and requires no separate treatment. BEF requirements are defined below.
2.

EXTERIOR COMMUNICATIONS PATHWAYS
A. Design Guidelines
a. It is understood that the exterior portion of every project is different and must be designed to
integrate the project requirements and the existing infrastructure that will support the project.
WMU OIT should be consulted very early in the project design to help in determining the best
means of access to existing facilities.
b. Whenever possible, the exterior communications pathway will enter directly into the main
communications room (BEF) of a building through an outside wall. If this is not possible, the entry
path will be as short and direct a path as possible.
i) It is normally necessary that the distance between entry and the BEF be less than 50 ft due to
code requirements associated with copper cable protection and outside fiber cable fire rating.
ii) Routing of communications ducts under the building footing or bottom floor and entry into the
BEF through a bend to vertical is strongly discouraged. Direct entry through sidewall with
extensions to BEF if required is strongly preferred.
c. Within the University campus, outside cables will always use protective ducts or other suitable
enclosure. Access to off-campus buildings will use protected underground ducts whenever
possible. No permanent direct buried cable will be used. Aerial access will be used only when
absolutely necessary.
i) Campus buildings will be served by a minimum of four 4 inch communication ducts. Additional
ducts will be provided for large buildings and/or where a large communications cable demand
may be expected.
ii) Any communications vaults will be dedicated to communications use and will not share walls
with electrical manholes.
iii) In some cases, all or part of the pathway may be within a utility tunnel system or other special
structure. Tunnels will be used only under the following conditions:
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(1) A clean, clear path is available to allow a communications cable support system with clear
access to allow for installation and servicing of large outside-style splice cases as specified
below, and accommodation for large cable bend radii.
(2) Adequate provisions exist to assure the interior ambient environment will remain within
telecommunications cable ratings at all times.
(3) There are adequate provisions to protect against steam, water, mechanical, or other forms of
damage.
(4) Provisions are made to assure a safe work environment when personnel must be present for
installation of maintenance work.
d. Outside ducts or other pathway for external backbone connections should already exist before
beginning exterior communications cabling work. This is normally accomplished under division 16.
B. Products
a. Conduit system
i) Underground conduits will be polyvinyl chloride (PVC) of the single bore type. Conduits must
meet the requirements of NEMA TC-6 and TC-8.
ii) Inner-duct will be 1 1/4-inch ID thick-wall, outside use.
b. Vaults
i) Unless otherwise specified or required, Type J from Advanced Concrete or Hartford. Size will
depend on requirements. Minimum size will be 5’ x 6’ floor area by 7’ high. Duct openings will
be custom cut as required.
ii) Vaults must be equipped with:
(1) Standard round access hole from ground level with lid marked Communications.
(2) Sump.
(3) Corrosion-resistant pulling irons.
(4) At least two corrosion-resistant cable racks on all walls.
(5) Ladder.
c. Tracer or Locater Wire
i) At least one duct in each duct bank will have a locater/tracer wire installed to the following
specifications
(1) Tracer wire must be No. 12 minimum solid copper conductor or copper clad steel (CCS) with
Type TW, THW, RHW, or USE insulation.
(2) Wire with THHN or THWN insulation is not acceptable.
(3) Wire color is to be Orange (preferred), with green being an acceptable secondary color.
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C. Execution
a. General
i) All outside cables up to ¾ inch in diameter will be enclosed in inner-duct for protection over the
length of the outside path. This is intended to include (but is not limited to) fiber optic cables
and video coax cables.
(1) Each individual exterior fiber cable will be enclosed in a separate inner-duct for distances
over 100 ft.
(a) Where installation of a cable dictates installation of inner-duct in a 4-inch outside duct,
three inner-ducts will be installed in order to fully utilize the duct. (Additional inner-ducts
may be used for other appropriate cables as required.)
b. Buried Duct System
i) Ducts or conduits will be encased in concrete to protect against damage from the loads
involved. All ducts will have a non-degradable warning ribbon buried approx. 12-18 inches
above the duct bank. Minimum depth to top of bank will be 24 inches.
ii) Direct buried ducts are generally discouraged. Where this is absolutely necessary, ducts must
be buried in sand or dirt. Direct burial of ducts is forbidden under locations of live loads (roads,
etc.).
iii) Before burial or encasing, ducts will be neatly arranged and secured together at intervals that
will assure location integrity by spacers or braces designed for that purpose.
iv) Duct system will have minimal bends only as required and will use sweeping bends of greater
than 4-foot radius in all cases.
v) All individual ducts will have sections joined in a way that will assure physical integrity and full
water tightness.
vi) No run of conduit will exceed 500 ft. between vaults or vault and building entrance.
vii) Duct entries to vaults, buildings, tunnels, etc., will be pre-cast or machine cut to an appropriate
size and sealed in a manner to assure physical integrity and water-tightness from the outside
prior to back-filling.
viii)

On completion, install and tie off pull strings with minimum 200 lb. capacity in all ducts.

ix) A tracer wire must be installed into at least one duct in the duct bank.
(1) The tracer wire must be mechanically and electrically continuous throughout the length of the
duct.
(2) A minimum of 3 ft of slack must be extended into each communication pull box, hand hole or
vault from each direction.
(3) Where PVC communication conduit joins metal conduit, the tracer wire must be bonded to
the metal conduit with a brass grounding clamp.
(4) If necessary, tracer wire may be spliced at intervals of not less than 500 feet.
(5) Any splices made must be located in pull boxes or hand holes.
(6) Upon completion, install removable watertight plugs in all conduit ends.
5
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c. Vaults (Maintenance Holes / Manholes)
i) Vaults will be installed in a manner which will prevent settling or movement following installation.
ii) Finished surface ground area in the vicinity of vaults will be graded to prevent drainage of
water towards their openings.
iii) Conduit banks should enter walls of vaults approximately halfway between floor and roof.
Conduits entering or exiting vaults will be reinforced with poured concrete and steel bars drilled
into the side of the vault or other means approved by owner to assure conduits and vaults
cannot be displaced relative to each other due to ground shifting, etc. Ducts will end projecting
approximately 4 inches from wall and will have smooth burr-free edges.
iv) If not supplied as part of vault, all vaults will be finished with:
(1) Standard round access hole from ground level with lid marked Communications.
(2) Sump.
(3) Corrosion-resistant pulling irons.
(4) Corrosion-resistant cable racks on all walls, grounded per code or best practice.
(5) Ladder, grounded per code and best practice.
v) Inner-duct
(1) Inner-ducts in larger ducts will be continuous with no junctions of any kind inside the duct.
(2) Un-enclosed inner-duct will be installed neatly in straight lines. At bends, maintain minimum
cable bend radius restrictions and dress inner-duct for minimal interference with other
services.
(3) Inner-duct junctions will be accomplished neatly with no or minimal exposure of fiber cable(s).
vi) Junction / pull boxes will be used as appropriate. Junctions will be watertight if possible.
vii) Pull boxes will be installed in un-enclosed inner-duct as appropriate and in any event for every
180 degrees of bend of copper or fiber cable.
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d. Communications pathways in Tunnels or Service Spaces (Crawl-spaces, etc.)
i) Cable capacity over the entire route will equal or exceed that of other portions of cable paths
that depend on or join with the path in question.
ii) Pathway will be continuous and maintain as uniform an elevation as possible. Any required
elevation transitions will be gradual and provide support over the entire length.
iii) Pathway will be in safe areas that will not subject communications cable to extreme
environment or significant hazards from any source.
iv) Any bends required will have a minimum of a 4-foot radius.
v) If installation of large cable(s) is expected (for large projects), pulling hardware of appropriate
capacity will be installed at appropriate locations (consult BICSI and other recommendations).
vi) There will be adequate access space available for personnel to install and maintain large
cables and large outside-quality splice cases as required.
vii) Communications path may be a combination of ladder rack and rigid conduit.
(1) Ladder rack will be continuous and open to ready access over the entire route.
(2) Conduit will have pull box or access for every 180 degrees of bend.
(3) Any pull boxes will be NEMA and UL approved and adequately sized for size of conduit and
expected cable. If use of large cables may be expected, pulling holds of adequate strength
will be positioned appropriately to assist in cable pulls.
(4) All conduit openings will be burr-free and have collets installed.
3.

SERVICE ENTRANCES (BEF)
A. General
a. Most projects will involve installation of new outside single mode fiber cable(s). Most buildings will
be served by an external copper multi-pair cable that requires over-voltage protection at the point
of entry. Off-campus buildings will normally have external support from the local exchange carrier
(LEC). The external twisted pair copper entry demarcation is cross-connected to the
BEF/communications room equipment racks through a 110-block to RJ panel system, which is
defined separately.
b. This section covers only building entrance and protection requirements. Cabling and terminations
and other requirements associated with the backbone systems are covered separately.
c. Most specifications included here apply primarily for campus buildings, which will be fed from the
existing campus copper cable infrastructure.
B. Products
a. Protection for outside analog cables should be Circa brand, type 1880ECA1 series building
entrance terminal with pairs protected using C3BIS series units or equivalent 5-pin solid state
protectors with heat coils that meet or exceed Bellcore TR-NWT-000974 service life
requirements.
b. Protection for outside data cables should be CAT6A-POE capable, such as DITEK DTK110C6APOE, DTK-110RJC6A or equivalent.
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C. Execution
a. Any coax cables entering the building must have the outer shield grounded at entry.
b. Fiber cables are to be all dielectric and need no grounding.
c. Protection Blocks
i) Protection terminal(s) can be mounted on wall backboard about 4 ft high and at a location
convenient to cable entry and access to ladder tray connecting to BEF racks.
ii) Install individual 100-pair protection terminal cabinets neatly in a vertical columns or rows.
iii) Protection terminals will be clearly and permanently labeled with pair assignments as defined
by owner.
iv) Grounding modules need not be installed on unused pairs since switch end is grounded.
4.

OUTSIDE CABLING SYSTEM
A. General
a. The outside cable system for projects may include fiber optic, twisted-pair copper, and coaxial
cables in various forms used for external backbone connections. Individual cables should connect
to the existing campus systems at points defined by OIT.
b. Every building should have at least one backbone link for each type of required cable. Whenever
possible, multiple diverse path fiber connections into the existing system should be installed in
order to provide redundancy for the primary University communications system.
c. The exterior / outside backbone fiber optic trunk feed to campus buildings should be a minimum
of 48 single mode fibers. As a guideline, this should support up to 500 full-time equivalent
occupants and student access stations. An additional 12 single-mode fibers may be added for
every additional 250 full-time equivalent occupants (or portion thereof) or planned student access
stations. If the new building is to be used as a distribution point, the size of the trunk may need to
be further increased. This will be a function of long-term OIT backbone planning.
i) All backbone fibers (outside and riser) are terminated with LC-UPC connectors (blue). If
required, some fibers may need to be terminated with LC-APC (green) connectors to allow
support for broadband analog (video RFoG) signals. Details on exact number of LC-APC
terminations should be coordinated with WMU OIT as it is specific to each project.
B. Products
a. Exterior / outside fiber cable will be Corning brand FREEDM or Altos type cable with specified
fiber counts.
i) Cable will be non-armored, all dielectric construction.
b. Outside Copper telephone cable will be filled core, made to REA PE-89 specifications and will
have 0.008” coated aluminum shield. Cable will be made in USA.
i) Acceptable manufacturers: Superior Essex, Lucent/AT&T, or General Cable.
c. Splice cases will be Preformed brand Armadillo series stainless steel of appropriate size for the
number of splices enclosed. No encapsulants will be used.
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d. Case-enclosed splice hardware will be 25-pair modules. 3M Splicing Modules or equivalent
approved by owner shall be used.
e. Rear cable support brackets will Middle Atlantic Products LBP-1R4 4 inch offset round rod or
equivalent approved by owner.
f. Inner-duct will be thick-wall, intended for outdoor use.
C. Execution
a. If cable passes through vaults or manholes, it will be routed around the outer wall by the shortest
route.
i) Cable will be supported by and secured to appropriate rack arms.
ii) Cable routing will not interfere with personnel access or access to duct or other openings.
iii) Fiber cables will have a minimum slack coil of 25 feet in every vault.
b. Cables passing through manholes or other accessible spaces will be labeled appropriately at
each entry point and once at least every 20 feet of exposed length.
c. Copper splice cases and associated cables will be neatly mounted and retained on appropriate
rack arms.
i) All components will be located so as to not interfere with personnel access or access to ducts
or other openings in the vault.
ii) Vault splice cases will be assembled and closed in a manner that assures they will be
watertight since vaults may flood or hold standing water. No encapsulants will be used.
iii) Splicing will be done in accordance with good BICSI practice using 25-pair splicing modules.
Spliced pairs will be worked so untwisting is minimized. Modules will be properly retained within
splice case before closure. Spliced pairs will be dressed neatly using routing with acceptable
bend radius. No pairs will be kinked.
d. Fiber cables will be continuous, without splices or junctions, between defined termination points.
e. Outside cables ¾ inch or less in diameter will be installed in inner-duct within 4 inch entry ducts.
f. Preparation, splicing, and termination of external cables will be done by qualified technicians
experienced with this work.
g. Fiber cables will be installed in full accordance with Corning, and applicable TIA and BICSI
specifications and good practices.
i) All fiber system work will be carried out by Corning certified installers.
h. Fiber cables will be enclosed in inner-duct over the entire path, except for excess coils. In
exposed areas, inner-duct should be orange.
i. Fiber cables will be terminated in rack-mounted fiber termination cabinets of appropriate size for
fiber counts.
i) All inter-building and intra-building backbone cables will be terminated with connectors rated for
the type of fiber terminated.
(1) All fibers in each cable will be terminated with LC-style connectors.
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(2) All terminations are to fusion-spliced. Mechanical terminations (Unicam, etc) are to be used
only for temporary repairs until a permanent fusion splice can be made.
(3) Hardware selected, fiber dressing, etc., will be appropriate to the termination type.
j. All cables will be dressed and retained neatly between space entry and termination cabinet.
i) Excess will be neatly coiled and retained at an out-of-the-way location that will not interfere with
access to equipment or working of other cables in the space.
ii) Wall mounted Fiber Optic Storage Rings of nominal 24” diameter are preferred for this, eg.
Black Box products FOSR24 or similar.
k. Cabinets and panels where cables are terminated will be clearly labeled with destination/source
and fiber or pair number.
5.

ENTRY COPPER CROSS CONNECT SYSTEM
A. There will be a copper cross-connect system to allow interconnection between the exterior access
and the RJ-jack based interior riser system described below.
a. The cross-connect system will be arranged to allow up to 100% of external pairs to be used for
single-pair connections and for approximately 25% to be used for 2-pair connections.
B. Products
a. 110 blocks will be Panduit Pan-Punch Category 5e series, with legs for backboard mounting
(parts P110KB or P100BW with P110CB).
b. Panduit panels and modular jacks as required for all WMU UTP connections.
i) Category 5e jacks are acceptable for outside cable terminations.
C. Execution
a. Entry cross-connect system will be terminated on one RJ panel or set of panels, as required.
Panels will not be shared with riser of horizontal connections.
b. Install Category 5e 25-pair power sum cables totaling the count defined below between 110
blocks mounted on wall backboard near entry cable protection equipment and appropriate
quantity of RJ jacks and in rack-mounted panels in the BEF equipment rack.
i) Total pair count for cross-connect cables will be 125% of the pair count of the entry cable
(rounded up to nearest 25-pair increment).
ii) For the first 75% of the entry count of the cross-connect pairs, each pair will be terminated to a
rack-mounted gray RJ jack as pair 1.
iii) For the remaining count (equaling approximately 50% of the entry count), two pairs will be
terminated to a rack-mounted black RJ jack as pairs 1 and 2.
(1) One pair may remain unused in each jacket.
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iv) Cross Connect Panels will be labeled prominently and similar to horizontal panels with a T
followed by a sequence number in pair sequence: T1, T2, etc. See DG-27-10 for additional
labeling requirements.
v) Jacks will be permanently labeled with pair numbers that will match permanent labeling on 110block end of cross-connect cables.

END OF SECTION DG27-1
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1.

GENERAL
A. The communications room system consists of a main communications room or Building Entry
Facility (BEF) and possibly several secondary or Communications Distribution Rooms (CDRs).
Under the TIA/BICSI-style structured cable architecture used by WMU, individual user connections
(voice, data, video) are supported by equipment in these rooms, which is in turn supported by direct
connections to the BEF, where connections to the campus system or other off-site source occur.
B. Communications rooms house one or more standard two-post 19-inch communications racks which
hold cable terminations and equipment (both active and passive) to support telephone, video, data
network connectivity, and possibly other communications systems. In most cases, at least part of
the equipment in each room is powered by a UPS to assure critical systems continue to function
during power outages.
C. The building entry facility (BEF) is a specialized communications room. It houses the entry facilities
that are the subject of a separate section, but often also contain the functions of a standard
communications distribution room. It normally holds special electronic equipment to act as the core
distribution center for all other building distribution equipment.

2.

COMMUNICATIONS SPACES AS A SYSTEM
A. General Design Considerations
a. There will be an interconnected system of adequately sized and equipped Communications
Distribution Rooms (CDRs) to support all forms of voice/telephone, data, audio/video and other
required low voltage communications systems for the building.
b. The entire communications system will be dedicated for the sole use of low voltage
communications systems.
c. The system will consist of a main communications room, or Building Entry Facility (BEF) in the
basement or lower level and at least one subordinate Communications Distribution Room (CDR)
for each additional floor. The use of a single BEF/room or room to support multiple floors will be
considered only for very small, lightly populated buildings where cable lengths of less than 285
feet can be assured.
d. The BEF is the focal point for all communications connections, outside and inside, for the building.
It should be located on the lowest level of the building at a location allowing ready access for all
outside communications connections to the University data backbone, other campus buildings,
and outside facilities.
e. While WMU desires a robust communications system, and redundancy is a major factor in
achieving this, we are not currently requesting any redundant duplication of CDRs or BEFs. This
could be reconsidered under unusual circumstances. (This provision should not be interpreted to
disallow creation of a second BEF-CDR system which could be desirable or required as an
inherent function in a building addition, since it would not be created in proximity of the original
BEF or solely for redundant purposes.)
f. Building additions or major renovations may result in a new CDR, which is the core point for
several other CDRs but which gets connectivity from a BEF (and thus does not need over-voltage
protection and other entry facilities and is not a true BEF). This space would be a special case
and should be treated like a BEF in some ways, but not others
g. In all cases the location of such central facilities will be such as to maintain less than 285 feet of
cable lengts to all locations expected to be serviced bt the closet. If this cannot be maintained
additional closets must be appropriately added to the facility such as to maintain cable lengths at
less than 285 feet.
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3.

MAIN COMMUNICATIONS ROOM / BUILDING ENTRY FACILITY (BEF).
A. General
a. The BEF is a specialized Communications Distribution Room. This room supports outside cable
path entries and acts as the core or root for all internal cable distribution paths.
b. Normally, the communications equipment will be no larger (and often smaller) than in a
subordinate Communications Distribution Room. The cable termination density may also be
rather small for a simple building, but may be quite large for a large building with many CDRs.
c. The BEF often is used as a CDR in addition to its BEF functions. The extent of the CDR functions
should be considered when defining the size and room facilities.
d. Whether or not the BEF room functions as a CDR, the minimal CDR facilities requirements listed
below apply, and in some cases (grounding, power) may differ from secondary CDRs.
B. General Design Considerations
a. There will be only one main communications room or building entry facility (BEF) for a building.
b. The BEF will be the point of entry for all outside communications duct accesses.
c. The main communications room (or Building Entry Facility – BEF) will be at an outside wall
whenever possible, fed directly from outside facilities through an adequate number of 4-inch ducts
or an equivalent pathway.
d. The BEF of large buildings (>10,000 sq. ft.) will be at least 12’ x 10’. Additional space may be
required for very large buildings. BEF of smaller buildings will be at least 8’x10’’.
e. The BEF, and specifically the over-voltage protection block, must be within 50 ft. of the point
where the facilities enter the building to meet safety requirements.
f. Facilities provisions (lighting, power, etc.) for individual communications rooms also apply to the
BEF.
g. The communications entry facilities installed in the BEF are treated in a separate DG.

4.

ALL COMMUNICATIONS AREAS
A. General
a. Most equipment for the modern communications system will be mounted in communications
racks rather than on the wall. Rack-mounted communications equipment may extend to 2 ft. or
more behind the rack face. Communications rooms need space for personnel to maintain this
equipment and wall-mounted equipment. Cable passage to and rack needs to be present.
Modern communications equipment may require substantial amounts of power and generate
significant amounts of heat.
b. All CDRs must contain supporting facilities like lighting, power, grounding, etc., which are
discussed as separate systems below.
B. General Design Considerations
a. Each floor should have at least one Communications Distribution Room for every 10,000 sq. ft.
CDRs should be located near the center of the area they are intended to serve. Room locations
and building floor and cable path arrangements must be coordinated so that no planned or
possible individual horizontal communications connection will exceed the TIA-mandated 285 ft.
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distance limitation when routed neatly through the communications cable support structure. (This
should be applied in a manner mindful of future growth and include the possibility of additional
future outlets and NOT be limited to only the specific communications outlets called out on current
drawings.)
b. CDRs should be square or rectangular, avoiding irregular shapes
c. CDRs should be directly stacked whenever possible.
d. All CDRs must be connected to the BEF by direct and adequately sized cable paths. Individual
rooms on the same floor will have direct interconnecting cable paths.
e. Minimum room size should be 8’ x 10’. For large areas served, a size of 10’ x 12’ is preferred.
Additional space should be added if it is known that special systems such as security or complex
audio/visual centers will also be located the room. Non-rectangular rooms must have enough
usable wall and floor area to accommodate normal communications facilities as well as allow
adequate personnel access rather than providing only “equivalent floor area”.
f. Communications distributions rooms should be designed as systems. CDRs should be laid out to
allow full personnel access to both front and rear of all racks (mounted equipment may extend up
to two feet behind rack face).
g. A minimum of two 19” floor mounted racks to be installed in each BEF & CDR. If the facility
requires more than two racks then an additional rack shall be installed in addition to any racks
required to support the buildings connectivity requirements.
h. Racks should be mounted side-by-side approximately 6-9” away from the wall with power outlets
on the wall approximately 18” high and 6-18” behind the rack vertical rails.
i. Fiber-optic terminations for each rack are to be located at the top of each rack followed by 2U of
empty space in BEF racks and 1U of empty space in TC/CDR racks
j. Patch panels for analog lines and copper riser connections are to be installed next followed by a
minimum of 1U rack space.
k. If building core switches or non-edge distribution equipment is required, it shall be installed
underneath the copper riser panels maintaining at least 1U of rack space both above and below
any such equipment.
l. 48 port data patch panels shall be seperated by 1U of rack space beneath each patch panel for
switch installation.
m. No more than ten(10) 48-port horizontal termination panels may be installed per rack.
n. UPSs shall be installed at the lower end of the rack(s).
o. There may be cases where the electronics need to placed in one rack and terminations panels in
an adjacent rack. This is not the preferred configuration however in the rare case that such a
configuration is warranted, it is preffered that the electronics are in the left hand rack and all
terminations are in the right hand rack. In such a case it is also preferred that the rack housing the
electronics be placed adjacent to the wall where power outlets are located.
p. The racks should be smoothly integrated with the cable pathways. Walls may be used for routing
cables between access openings and the rack system as well as to support some specialized
systems.
q. Lightning should be positioned so it is neither blocked by nor blocks access to cable handling
facilities.
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r. The final configuration of equipment installation shall be coordinated by the installer with OIT at
the time of installation.
s. Specific relative locations of conduit entries, plywood wall panels, communications racks, number
and location of power outlets, etc. should be specified on drawings in as much detail as possible.
C. Specific requirements
a. All systems will be installed in accordance with current NEC and other applicable codes in a
manner satisfactory to authority having jurisdiction.
b. Access
i) CDRs will have a single entrance door opening directly into a primary building corridor. Rooms
may be within major mechanical or maintenance areas within a building when this is
appropriate, but must have direct access to the main service floor area with no intervening
spaces or barriers.
ii) CDRs will have fully opening doors that are at least 36” wide and 80” in height. In-swing doors,
if used, must be removable. Out-swing doors must not be removable for security reasons.
Doors must be lockable and will be keyed with Communications cores upon building
completion.
c. Surfaces
i) Floors will be designed to support minimum loads of 100 lb/sq. ft. (4.8kPA) minimum.
ii) Communication room walls will be covered with trade size ¾-inch fire-rated or treated plywood
between approx. 1ft and 9 ft. above the floor. Areas of the wall containing the door, which are
less than 4 ft wide, need not be covered.
(1) Exposed plywood faces will be coated with at least two coats of fire resistant white paint to
match room.
(2) Plywood will be mounted to support loads of at least 25 lbs per sq. ft.
iii) There will be no false ceilings of any sort. Open height must reach 8ft 6in. Minimum.
d. Environment and Limitation of Damaging Exposure
i) Communications area should be dust-free and not subject to abnormal environmental stresses
such as steam, water, or direct sunlight infiltration. Rooms will have tiled or otherwise finished
dust-free anti-static floors. Gypsum board, concrete, or brick walls will be painted white before
installation of required plywood to minimize dust.
ii) Rooms will be well lighted
iii) There will not be facilities for any building functions traversing BEF/CDR/Tcom spaces.
Specifically, there will not be any water pipes within the interior space, routed horizontally on
the floor directly above the room, or within the slab above or below the room.
iv) Other non-related systems (pipes, ducts, etc.) passing through these spaces will be minimized.
v) There should be adequate climate control to maintain ambient temperature and humidity within
a normal interior range: 64-74 degrees F. with 50% +/- 15% relative humidity.
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(1) Heat load for network equipment can be estimated at roughly 1100 BTU per hour per 25
jacks served by the room
(2) Each communications facility (BEF/CDR/TC) will have a cooling system independent of the
building HVAC system and be equipped with local temperature control.
vi) Each room will contain a smoke/fire sensor as part of the overall building fire system.
(1) There will be no sprinkler outlets in communications rooms unless required by code. If
sprinklers are required they will be of a dry type if possible, or of the most reliable or leakresistant type available. If present, sprinkler heads will be placed over clear floor areas rather
than over racks or other areas where leaks will drip directly onto electronic equipment. Any
other possible precautions to protect communications equipment from accidental water
damage will be used.
5.

COMMUNICATIONS GROUND SYSTEM
A. General Design Considerations
a. All CDRs must be equipped with good grounding access in the form of a solidly bonded copper
busbar. All subordinate CDR busbars must be bonded together with 2/0-AWG copper wire to a
central Telecommunications Main Grounding Busbar (TMGB) in the BEF. The TMGB must be
bonded to the main building electrical ground as per codes. Metal components of the
communications system should be bonded to room busbars as required by codes and good
practice.
B. Specific Requirements
a. Products
i) In the BEF, the TMGB will be solid copper, ¼” x 4” x 20” minimum, with insulated 3” to 4”
standoff wall mounts. BEFs in large buildings will be equipped with a larger plate as required to
provide adequate space for the number of room and other anticipated ground cables.
(1) Newton Instrument Co. part 003056 or similar ground bar as approved by owner.
ii) In CDRs, the TMGB will be solid copper, ¼” x 4” x 10” minimum, with insulated 3” to 4” standoff
wall mounts.
(1) Newton Instrument Co. Part 003058 or similar ground bar as approved by owner.
iii) Wire to building grounds and between busbars shall be 2/0-AWG green insulated stranded
copper cable.
(1) Lugs for building ground and inter-busbar grounds will be of two-hole crimp style.
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b. Execution
i) Bonding wire for components will be minimum of 6-AWG green-insulated stranded copper.
Bonding lugs will be crimped.
ii) TC grounding Busbars will be mounted to the wall approximately 1.5 ft above floor at a centrally
available location that will not impede personnel traffic or work.
iii) Inter-TC and other grounding wires will generally follow the same route as the communications
cabling wherever possible.
iv) Busbar connections will be grouped with busbar and building connections at one end and
equipment grounding connections at the other end.
v) All room ground busbars will be tested using a Two-Point Test Method between them and the
main building ground. The ohmic value shall be less than 0.1 ohm to be considered adequate.
6.

AC POWER OUTLETS
A. General Design Requirements
a. Communications distribution rooms need redundant emergency circuits to support
communications equipment. Total power capability as reflected in the quantity, voltage, and
current capacities of outlets will be a function of the planned quantity of user outlets.
b. For approximate power loads, one possible design guideline is to assume a power requirement of
15W per user jack. User support equipment is installed in 24- or 48- port increments. If practical,
each communications equipment outlet should be capable of carrying the full projected load. The
design can be refined with owner input as it progresses
c. Outlets shall be mounted on the wall approximately 18” to 24” above the floor at a location closest
in proximity to the communication racks. Mounting of outlets within the racks or at the top of the
rack/ladder trays is not acceptable.
B. Specific Requirements
a. Each communications closet will be equipped with a minimum of two individual-circuits from
emergency power for communications equipment
b. Both 208 VAC and 120VAC outlets will be provided as follows:
i) For 120 V circuits, standard quad outlet boxes will be used, 20A capacity.
ii) For 208 V. circuits, outlets will be L6-30 style, 30A capacity.
c. In addition to outlets intended for equipment in racks, there will be at least one general service
quad-outlet box at standard height in a readily accessible room wall. Large rooms should have
two or more general service outlets.
C. Products
a. UPS system: owner will supply.
b. Power distribution strip for racks: owner will supply.
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D. Execution
a. There shall be no shared neutral in communications power circuits
b. There shall be circuit-breaker locks placed upon all circuit-breakers for circuits supplying power to
data communication equipment.
7.

COMMUNICATIONS RACK SYSTEM
A. General
a. Most equipment in WMU communications is installed in racks rather than on walls as in earlier
telecommunications systems. Consequently, the quantity, location, and accessibility of good
communication bays is critical. Similarly, it is necessary that the rack bays have good access to
power and good lighting. Good cable paths for all communications cables is important, since the
quantity of cables involved may be quite large, leading to the need to support large cable volumes
and weight in an organized way.
B. General Design Requirements
a. Every BEF/CDR should be equipped with two or more floor-mounted communications rack and
cable management system sized to support cable terminations and electronics. Available rack
area should be sufficient to hold all riser (copper and fiber) cable terminations, all horizontal cable
terminations, support electronics to activate every jack, and power distribution in the form of outlet
strips and a UPS system, possibly with additional batteries.
b. A single rack should support no more than 240 jacks (five patch panels of 48 jacks each). For
higher densities, additional racks must be used. Dual racks are required whenever space is
available, regardless of load. Additional racks should always be installed in pairs. For specific
rack layout, WMU OIT should be consulted.
c. At a minimum, one additional separate rack shall be provided as required for any additional
special systems not directly a part of the communications system. OIT should be consulted early
in the process about the suitability of any system possibly sharing communications space, and
how such needs will be accommodated.
d. WMU OIT should be consulted for information on mounting equipment in racks.
C. Specific Requirements
a. Products
i) Communications equipment rack: 7 ft high, 19 inch wide, aluminum with EIA tapped holes, 0.25”
channels, 1000 lb. weight capacity: Chatsworth Products Model 46353 – 503 or equivalent as
approved by OIT.
ii) Vertical cable management: 6-inch wide channels with opening, permanently attached latches:
Chatsworth Products 11729-503 or equivalent as approved by OIT.
iii) Horizontal cable strain relief bar shall be mounted behind each patch panel. Panduit
SRB19D5BL is recommended.
iv) Horizontal cable management for the front of the panels is generally not required except in
special circumstances and even then only after approval from OIT concerning the specific
installation. If required, AMP/Tyco Part 558329-1 (1-u) or 558331-1 (2-u) or OIT approved
alternative may be used.
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b. Execution
i) Racks will be securely and permanently bolted to the floor per manufacturers specifications.
ii) Rack system will be braced at the top to minimize sway and augment floor bolts for heavy
loads by secure connection to cable trays or separate braces.
iii) Individual rack system components will be bonded together by appropriate approved means.
Racks or bays will be bonded to room ground busbar.
iv) Racks will be mounted to allow a minimum of 3 ft. of space at both front and rear for equipment
and personnel access. Equipment depth may be assumed to be at least 2 ft. from front of rack.
v) Racks will be equipped with vertical cable management. Wide vertical dual-sided sections will
be installed on sides of individual racks, between adjacent racks, and at the ends of rows of
racks. Racks and vertical cable management sections will be securely fastened to form a single
system.
vi) A neat, well-supported cable tray will be installed between each cable tray system accessing
the room and the equipment rack system. A cable tray with appropriate capacity will be
installed between each wall adjacent to or near floor or ceiling entry conduits, in-floor trays, or
other entry paths and the rack system, to provide a path for cables using these entries to reach
the rack system.
8.

LIGHTING
a. General Design Requirements
i) Illumination will be uniform and of a level of at least 500 lux (50 foot-candles) measured at 3.3”
above floor.
ii) Lighting will consist of overhead fixtures controlled by a switch near the door.
b. Specific Requirements
i) Execution
(1) Lighting fixtures will have bottom surface a minimum of 8ft. 6in. above floor.
(2) Light fixtures will be coordinated with overhead cable trays and other fixtures to ensure light
is not obstructed. Similarly, light fixtures must not obstruct access to cable trays or other
fixtures or equipment.

9.

OTHER ASSOCIATED FACILITIES
A. Cable tray
a. Cable tray extensions, fixtures, etc. needed to neatly support or dress cables will be from the
same manufacturer and system, or clearly compatible with, previously installed components.
B. Fire stopping
a. On completion of all other work, all cable tray, conduit, and pass-through openings are properly
fire-stopped as required by codes.
b. Wherever possible, WMU OIT prefers fire-stop products, which require little or no special
attention as cables are added or removed. Examples include Specified Technologies Inc. (STI)
EZ-Path.
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10.

TYPICAL CLOSET AND RACK LAYOUTS
a. Typical closet layout is shown in Appendix A
b. Rack Layouts
i) As the number and type of connections varies considerably for each project, as well as the
equipment required to be installed, rack layouts specific to each project shall be provided by
WMU OIT as part of the project planning process.
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END OF SECTION DG27-2
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1.

GENERAL
A. Modern communications cabling should be installed over defined pathways rather than routed by
arbitrary routes and supported by random building fixtures.
B. The riser cable pathway connects the BEF to other communications distribution rooms (CDRs)
distributed throughout the building. Where communications rooms have been stacked, much of the
riser pathway may simply be pass-throughs in the ceilings and floors of the CDRs. Where it is not,
the cable pathway between BEF and subordinate closets should consist of ladder tray or multiple 4”
ducts with a minimal number of bends of large radius.
C. The horizontal cable pathway system between the CDR and the user work area outlet (WAO)
consists of a combination of a comparatively large-capacity trunk system of cable tray and individual
conduit feeds or other support paths. Special use spaces such as computer labs may have special
cable pathway facilities.
a. The communications backbone system requires protected cable pathways between the main
communications closet and all subordinate / distribution closets. In some cases backbone cable
paths are required between individual communications closets, depending on the specific building
structure and communications architecture.
b. The horizontal cable distribution system similarly requires a continuous accessible, protected,
safe cable path between the source distribution CDR and the end user outlet box.

2.

GENERAL DESIGN CONSIDERATIONS
A. The entire cable pathway system as whole must be constructed in such a way that will permit the
cabling contractor to install all cables in accordance with applicable bend requirements, pulling
tensions, etc., for Category 6 copper UTP, video cables and fiber optic cables.
B. The entire cable pathway must maintain clearance from possible sources of electrical interference
or damage in accordance with current EIA/TIA, BICSI, and other standards and recommendations.
C. All communications cable paths should be dedicated solely to use by communications and other low
voltage cabling.
D. Riser Cable pathways
a. Cable pathways between closets should be as short, direct, and as free of impediments (bends or
pull boxes) as possible. In stacked CDRs, the inter-CDR cable path may use intermediate CDRs
as part of the path as long as sufficient cable-passage capacity is provided.
b. It is desirable that there be paths available between CDRs without the requirement of always
passing through the BEF as the root of a strict tree structure. These may be required for alternate
emergency cable paths or to support unforeseen system architectures. With stacked CDRs this is
easily accomplished by simply having pass-throughs available between all adjacent levels. For
multiple CDRs on the same floor, this is sometimes easily accomplished by simply assuring that
the trunk cable tray system for the floor is continuous between CDRs. Where CDR columns occur
in separate, loosely connected wings (like Haenicke Hall), an acceptable option is to provide a 4inch duct through any available connecting path (like a bridge) on at least one level to
interconnect CDRs directly or connect the ends of the horizontal trunk cable tray system for each
wing.
E. Horizontal Cable Pathways
a. The entire horizontal cable path must be designed and specified in a way that allows ready
compliance with Category 6 and fiber optic cabling requirements throughout the entire path.
Specifications requiring special attention include distance limitations, prevention of electrical
interference, minimum bend radius, and pulling force limits.
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i) To function with current systems, horizontal copper UTP cable length shall never exceed 285 ft.
b. Horizontal trunk paths should be designed / specified to provide a complete cable path from CDR
to each user outlet that allows ready insertion and removal of cables and inner-ducts as required.
i) Horizontal cable pathways should provide adequate cable support between the serving CDR
and the end user outlet box.
ii) OIT prefers a system of trunk cable trays from the local CDR above false ceilings with side-leg
conduits or supports feeding each user outlet box. The architectural design of buildings may
not allow such a basic system for all user outlets, but the need for an accessible, continuous
limited-length cable path for every user outlet remains.
(1) All cable pathways should be designed and routed to allow service access with minimal
disruption to building occupants.
(2) Whenever possible, trunk cable path systems should follow hallways or other accessible
routes.
iii) OIT prefers a complete conduit between the trunk cable tray and each outlet. The
specifications below call for a full conduit for exposed runs. Above false ceilings, a suitable
system of cable hangers is allowed. When full length conduits are not used, OIT recommends
that the division 16 specifications carry the responsibility of providing a cable support system /
pathway of hangers, etc., (to Category 6/6A specifications) from the outlet to the trunk cable
tray. This will avoid having the cable installation contractor responsible for doing the physical
work of installing hangers on the physical system already in place. Additionally, it will prevent
the cable contractor simply stringing the cables by a random path through whatever overhead
components are between the conduit outlet and the trunk cable tray, as has been done in the
past. Finally, if full conduits are not required from outlet to trunk cable tray, it must be assured
that the division 16 contractor installs a passage of adequate capacity for all required cables
(plus growth) through any walls extending to the overhead between the conduit openings and
the trunk cable tray in order that a complete usable pathway exists for all outlets. Where such
passages are constructed, it becomes an issue to see that ones, which are not actually used,
are fire-stopped when required.
c. Special function cable path facilities, such as those for high-density computer labs, need special
design attention; especially as new and unique furniture arrangements are increasingly popular in
modern buildings. Cable paths for them should be direct and readily accessible for maintenance
purposes. Some specifications are provided below, but it is recommended that OIT be involved in
discussions of special cable paths for such facilities from the beginning of the design.
d. Use of in-floor cable distribution is discouraged. In-floor distribution systems should be limited to
areas where it is required for specific reasons whenever possible. Where such systems must be
used:
i) In-floor trench duct should be routed along permanent walkways and through open, accessible
spaces. Routing under walls, cubicles, or any other permanent or semi-permanent items should
be held to an absolute minimum since this makes cable maintenance inefficient and disruptive
to occupants.
ii) The entire in-floor system must be carefully designed to assure all served outlets can be
reached from the supporting CDR with a total cable length of less than 285 ft., including any
lengths which must be routed through modular systems.
iii) In-floor communications outlets are strongly discouraged due to high probability of damage and
difficulty of use.
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e. Where outlets occur within systems such as surface-mounted wireway or in-floor systems, they
should be selected and designed so a space equivalent to a full-depth, dual-gang box will be
available for communications cabling and jack installation. Similarly, the entire system must be
designed with adequate cable space to act as the path for the number of cables required for the
outlets planned, plus possible growth.
f. Note also that any single user UTP cable that is damaged at any point due to inadequate
protection in the cable path requires complete replacement from CDR to outlet. There is no way
to repair modern communications cables and still meet Category 6 standards. All provisions
possible should be made to assure the cable path will not damage cables.
g. Whenever possible, user outlets should be served by a CDR on the same level. In unusual cases,
some user outlets may need to be routed to a CDR on some other level in order to stay within the
maximum allowable distance of 285 feet.
h. Under-floor or in-floor troughs or other systems will not be used in paths between
communications closets without agreement of OIT.
i. CDRs at the base of each stack and isolated CDRs will be connected to the BEF by multiple 4"
conduits following a direct path with minimal bends.
i) There will be a minimum of two 4” conduits or 8” dedicated cable tray width between BEF and
each CDR or base CDR in a stack. Additional conduits or space will be used for large buildings
or where large cable capacity will be required.
ii) Inside conduits and cable trays will access the BEF overhead whenever possible. If they must
access through the floor, they will be in a floor area not obstructing work or traffic, preferably
near a wall and within easy reach of other conduits or cable trays feeding other CDRs.
iii) Where CDRs cannot be directly stacked, connections between floors will consist of 4-inch
conduits with minimum possible length and bends or 10” of dedicated cable tray width
equipped with bend-radius control fittings.
3.

SPECIFIC REQUIREMENTS
A. Products
a. Overhead Cable Tray
i) The central trunk horizontal cable support system will be open-top cable tray with full-length top
access for cable installation. The system will allow ready access for cables to enter from side or
bottom as required and will accommodate access from and grounding of individual outlet
conduits as required.
ii) High quality open "wire-basket", "spine & rib" or ladder rack style cable tray systems are
acceptable.
b. Surface-mount Cable Raceway
i) Whenever possible, Panduit: styles with integrated means designed to accommodate faceplates for Mini-Com series connector modules. (Mini-Com connector modules are mandated for
University uniformity throughout communications systems.)
ii) Where Panduit systems do not meet requirements, with approval of owner, other reputable
manufacturers who are experienced in this type of product for at least three years and that
have openings which will easily accommodate Panduit Mini-Com face-plates. Products used
will have been in production for at least one year.
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c. In-floor Trench Duct
i) In-floor systems will be chosen with ability to support EIA/TIA Category 6/6A, Panduit Mini-Com
products, and other modern wiring standards as a major factor.
ii) Specific products used for in-floor cable paths must be approved by owner before use.
d. Under-floor Cable Paths
i) Use of cable path hardware under or within raised floors for individual rooms or other areas is
acceptable.
ii) Whenever possible, standard products listed elsewhere, such as basket tray, will be used for
under-floor cable path systems.
iii) Specific cable path products used for under-floor systems must be approved by owner before
use.
e. User Outlets
i) The default user outlet will be a full-depth standard approved double-gang box with a singlegang mud-plate fed with 1” EMT (minimum).
f. Other communications cable path or outlet hardware.
i) Any other required communications cable path or outlet fixtures required such as floor boxes,
power poles, etc., will be selected with the following factors as major selection criteria:
(1) Compatibility with EIA/TIA Category 6/6A cabling requirements.
(2) Ability to easily install Panduit Mini-Com modules.
ii) Owner must approve all such special hardware.
g. Prohibited Fittings
i) No LB fittings of any size will used at any point in communications conduit or cable paths
unless approved by OIT.
ii) No PVC conduit or PVC sleeves are to be used for communications paths within the confines
of a building, except for underground runs where allowed by code.
h. Inside inner-duct will be good quality flexible duct with fire rating appropriate to location in
accordance with codes.
i) All inner-duct will be 1 inch ID or greater.
ii) Thickwall inner-duct will be used within 4” conduits with runs of more than 25 ft. and in
locations where cable passes through exposed areas without other support or areas where
there is obvious danger of mechanical damage.
iii) Thinwall inner-duct is acceptable except where thickwall is required as described above.
iv) Acceptable manufacturers: Panduit, Carlon, Pyramid, or equal as approved by owner.
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B. Execution
a. General
i) All cable paths of all types will be installed with the probability of fiber optic cabling being
installed in it. Consideration will be given to maintaining minimum allowable bend radius and
minimizing pulling tensions.
ii) Complete system will be installed, including especially grounding, in accordance with current
NEC and other applicable codes satisfactory to authority having jurisdiction.
(1) Entire cable path system will be bonded and grounded according to codes and good
practices.
iii) Most of the installation of interior cable pathways consisting of conduits, cable tray, etc., is
usually completed by the electrical contractor. Installation of inner-ducts for fiber cable and
small pieces needed to finish off a pathway are often completed by the communications
contractor. Ducts between communications closets and a cable tray system and other facilities
for horizontal connections must exist before this can proceed. The communications contractor
may be involved in completing fire-stopping of openings after cable installation. Attention needs
to be given to assure these two contractors can coordinate efforts effectively
b. Backbone Riser Cable Path / Access Between Closets
i) A minimum of two 4” pass-throughs will be provided between stacked CDRs. Additional passthroughs will be used in large buildings or where large cable capacity will be required. Where
possible all pass-throughs will be in a single line against a wall in an out-of-the way area of the
CDRs.
ii) Enough pass-throughs shall be installed so as to leave one empty pass-through available after
all cables are installed.
iii) If conduit bends are present in a run, there will be pull boxes sized appropriately for the duct
system for every accumulated 180 degrees of bend.
iv) All 4” conduits will have no bends of less than 4-foot radius.
v) Install and tie-off pull string with 200 lb. capacity in all conduits on completion.
c. Horizontal Cable Paths
i) General
(1) Install the entire horizontal cable path in a way that allows ready compliance with current
EIA/TIA 568 Category 6 and fiber optic cabling specifications throughout the entire path.
Specifications requiring special attention include distance limitations, prevention of electrical
interference, bend radius, and pulling tension.
(2) Assure that a complete path is available for all cables serving all individual outlets.
(3) Assure cable path systems have clear, easy entry to communications closets with access
openings and other aspects designed for easy adherence to fire codes.
(4) Cable paths will be easily accessible and spaced from other systems so that cables can be
easily inserted or removed at all points.
(5) All cable path parts will have smooth edges, fittings, etc., which will not be likely to cause
cable damage.
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ii) Overhead cable support systems
(1) Cable trays, hangers, and other cable supports will be supported independently of other
structures except supports intended for multiple simultaneous uses.
(a) Arrange hangers and supports to provide a clean path with minimal interference to
installation of cables.
(2) A minimum clearance of 6” will be provided between the top edge of the cable tray and all
other objects to allow for insertion of cables and inner-ducts.
(3) Cable tray will be continuous along its path with ramps or slanting laterals to accommodate
changes in elevation or linear travel. There will be no disconnected segments to
accommodate routing anomalies.
(a) All such connecting segments will be designed and fitted to assure compliance with
Category 6/6A and fiber optic cable bend radius limitations.
iii) In-floor cable systems
(1) Cable paths between in-floor distribution systems and other equipment must fully protect
cables and assure adherence to minimum bend radius requirements for Category 6/6A or
fiber optic cables.
(2) Paths between in-floor cable paths and other equipment must be adequately sized for the
required number of cables and be arranged to allow insertion and/or removal of cables as
required.
iv) Under-floor cable systems
(1) Under-floor cable paths, if used must present a clear continuous path throughout the
intended length of use.
(2) Cable path hardware may not interfere with other required support facilities for the space.
Adequate clearance must be maintained above and below the path to allow for the
installation and/or removal of facilities for other under-floor systems sharing the space.
(3) Cable path will maintain adequate spacing from other facilities that may cause electrical
interference or possibly damage communications cables by heat or other means.
v) Individual Outlet Cable Pathways
(a) Unless otherwise specified, each communications outlet box will have a dedicated 1-inch
conduit or equivalent pathway space between the outlet box and the trunk cable tray or
CDR adequate to install four Category 6/6A 4-pair cables.
(2) In exposed locations, overhead conduit from outlets will be used for the entire path and will
terminate at or within 1 ft. of trunk cable tray
(3) Above false ceilings, the conduit from wall boxes may be stubbed above the ceiling and a
system of cable hangers installed and spaced to assure Category 6/6A specifications may
be used.
(a) Hangers will be arranged to assure a neat path between conduit outlet and trunk cable
tray.
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(b) Where this system is used, there must be adequate pass-throughs or other passage in all
barriers between the outlet stub opening and the trunk cable tray. Such passages should
have total area exceeding the sum of all conduit stubs served plus 25% growth.
(c) Optionally, a complete conduit path may be provided to the cable tray.
(4) For outlet box conduits:
(a) Openings from stubs will be towards access to trunk cable tray.
(b) Full-length conduits will be arranged to provide the shortest, most direct cable path to the
trunk cable tray.
(c) Minimum bend radius for 1-inch conduit will be 10.5 inches.
(d) Install insulated bushing in ends of all conduits.
(e) An accessible 4 inch minimum pull box will be installed for every accumulated 270
degrees of bend.
(f) All conduit runs will be left with a nylon 200-lb. capacity pull string installed and tied off at
the conduit ends.
d. Communications User Outlet Boxes
i) All Outlets
(1) Unless otherwise specified, all user outlets will be a full-depth double-gang box with singlegang duplex receptacle type faceplate (mud-plate).
(2) All outlet housings will have at least the space of and retainer threads for a single-gang
duplex opening.
ii) Wall Outlets
(1) Wall user outlet boxes will be secured to wall joists or other building structure before
installation of wallboard.
iii) Wireless Access Point System Outlets
(1) Standard wireless system outlet boxes will be mounted in or on the wall at a height
approximately 12 inches above a suspended / false ceiling.
(2) At locations where wall mounting is not available, wireless outlets will be mounted to an
accessible multi-use support structure if available or provided with a dedicated mount at a
height between 1 and 2 feet above the ceiling.
iv) Floor Outlets
(1) Floor outlets will be minimized.
(2) Where floor outlets are required, they will be of a type and installed in such a way to provide
maximum protection for jacks from dirt, water, or mechanical damage.
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e. Inner-duct
i) All fiber cables used for inside distribution, either riser or horizontal, will be installed in innerducts.
ii) Install inner-duct pathways to protect the full length of interior fiber cables.
(1) In cable trays, inner-duct will be installed neatly in straight lines along an edge or an adjacent
duct installed at an edge. Inner-duct will be retained neatly to cable tray as required at
intervals of 4 feet or less. At bends, maintain minimum cable bend radius and dress innerduct for minimal interference with other cabling.
(2) In 4 inch conduits, inner-ducts may share space with other inner-ducts to a reasonable
degree or to limits of code conduit fill specifications.
(3) Multiple inside fiber optic cables may be installed within one inner-duct when appropriate.
Size inner-duct to allow adequate space for cables.
(4) If cable that requires inner-duct is routed where cable tray is not available, inner-duct will be
suspended by bracketing to walls or using only appropriate support structures similar to
conduit system.
(a) Thickwall inner-duct will be used in these situations.
(b) Supports will be every 8 feet or less.
(5) Inner-duct junctions will be accomplished neatly with no or minimal exposure of enclosed
cable(s). Where junction occurs in exposed areas (i.e. not in cable tray, etc.) junction will be
made using appropriately sized junction / pull box.
(6) Split inner-duct may only be used to protect fiber cable for short runs within CDRs.
(7) Coils of excess fiber cable do not require inner-duct protection.
iii) Replace all pull strings used so duct has available pull string with 200 lb. capability on
completion of cable installation.
f. Incidental Cable Supports
i) If cable pathway for required cables is inadequate or does not exist:
(1) Cables will be routed neatly through the space and will be supported only by fixtures or
brackets intended for cable support.
(2) Fixtures, brackets, etc. will be installed to support cables as needed to assure cables meet
all requirements of Category 6/6A installations for support, bends, spacing, etc.
(3) Fixtures, brackets, etc. will be attached only to walls, hardware intended for multipurpose
support, or dedicated supports. Cable may not lie on ceiling; use ceiling hangers, other
cabling, etc. for suspension.
g. Fire-Stopping
i) At completion of work, after installation of all cables, assure that all riser conduits, inner-ducts,
cable tray openings, and other openings are fire-stopped in a re-enterable manner in
accordance with codes.
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1.

GENERAL
A. Under the structured cabling system used by WMU, each CDR must be connected to the BEF
through riser cables. Most communications now use fiber optic cabling, but a limited UTP riser
system with RJ terminations at both ends is also installed to support legacy requirements. Some
sort of backbone system to distribute the EDUcable CATV signal to users is normally also required.
This may use the fiber optic cables or a separate coax cable, depending on the overall arrangement
of the building.

2.

GENERAL DESIGN CONSIDERATIONS
A. Fiber optic inside backbone / riser cables will have a minimum of 24 single-mode fibers for a closet
serving up to 200 user jacks. Six additional fibers will be added for each additional 200 (or part of
200) user jacks.
a. All backbone fibers (outside and riser) are terminated with LC-UPC (blue) connectors except for
the top 6 of each single mode cable, which are terminated with LC-APC (green) to allow support
for broadband analog (video) signals.
B. A UTP Category 5e copper UTP backbone riser system will be installed capable of supporting the
current conventional current loop or digital copper-based communications requirements within the
building using an RJ-based riser system.
a. An internal Category 5e copper UTP riser system will be installed between the main
communications closet (BEF) and all secondary communications rooms.
b. The internal backbone copper cable system will be terminated directly on RJ-45 panels with 2
pairs per jack.
C. WMU currently distributes video across campus using a CATV-type sub-split system with 450 MHz
capability. Most new buildings may be fed by fiber optic links (RFoG) using the single mode fiber
optic backbone cables. The video backbone for distribution within the building may be by fiber or
standard coax, depending on the project. The design for the video system need to be coordinated
with WMU OIT early in the design phase in order to minimize planning overlap and obtain the best
possible product for the program.
D. If the building is divided in such a way that riser cables must run underground between sections or
consists of different sections with separate grounds, there needs to be a special design evaluation
of cabling. Cables may require additional protection. In any event, cables will be installed in
accordance with applicable codes.

3.

FIBER OPTIC BACKBONE SYSTEM
A. Products
a. Inside fiber cable will be Corning MIC type with riser or plenum rating appropriate to cable path in
accordance with codes.
i) Single Mode fibers will be Corning brand MIC Tight Buffered Single-mode (OS2).
ii) Multimode fibers will be Corning brand 62.5/125 Inifinicor 600 quality or better.
b. Terminating connectors will be Corning fusion spliced of the appropriate type; LC-UPC (blue) or
LC-APC (green).
c. Rack-mount termination cabinets will be Corning CFD series or CCH series with optional top
cover where area above user-side terminations is openly exposed.
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d. ST, SC, LC-UPC and LC-APC bulkhead connectors will be Corning models specified for use with
single mode fibers, or single mode and multimode, with ceramic or metal alignment inserts.
e. Cabinet, cable and jack labels will be Panduit permanent style or may be Corning if used as
intended with Corning products.
f. Fiber optic jumpers will be factory constructed of Corning components unless otherwise approved
by owner.
i) Manufacturer will be a company which has been engaged in the manufacture of fiber jumpers
for at least three years and which is certified as using Corning-approved procedures.
ii) Fiber specifications for jumpers will match those of fibers being interconnected.
iii) Connectors will have ceramic polished ferrules.
(1) LC connectors for data will be polished to PC or UPC finish, with blue housing.
(2) LC connectors for RFoG will be polished to APC finish, with green housing.
(3) Use of the following connector types have been deprecated and is included for reference as
there may be a need to interface with older infrastructure utilizing such older terminations:
(a) ST connectors for data polished to PC or UPC finish
(b) FC connectors for RFoG polished to APC finish.
iv) Jumpers will be provided with terminations as required for specified application.
B. Execution: (Generally common to all fiber optic cables and equipment)
a. Fiber cables will be installed in full accordance with Corning, and applicable TIA and BICSI
specifications and good practices.
b. All fiber system work will be carried out by Corning certified installers.
c. Fiber cables will be continuous, without splices or junctions, between defined termination points.
d. Fiber cables will be enclosed in innerduct over the entire path, except for excess coils.
e. Thickwall innerduct will be used for interior paths within 4 inch conduit runs of 25 feet or longer or
where damage may be likely.
f. Fiber cables will be terminated in rack-mounted fiber termination cabinets of appropriate size for
fiber counts.
i) All inter-building and intra-building backbone cables will be terminated with connectors rated for
the type of fiber terminated.
(1) All but the top 6 fibers in each cable will be terminated with LC-UPC (blue housing)
connectors.
(2) The top 6 (highest numbered) fibers in each cable will be terminated with LC-APC (green
housing) connectors.
(a) Only fusion-spliced terminations are acceptable.
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(b) Hardware selected, fiber dressing, etc., will be appropriate to the termination type.
(3) Terminations must be clearly labeled as to cable destination and type of fiber for each set of
terminations.
(a) Multiple cables may be terminated in one cabinet where appropriate.
ii) Rack mounted fiber termination cabinets will be mounted at the top of the rack when possible.
Multiple cabinets may be stacked downward in racks as fiber count demands.
iii) All fiber cabinets will be labeled with bright stickers warning of possible eye damage.
iv) Bulkhead connectors used for termination of cables at cabinets will be rated for the type of fiber
(MM, SM) installed in them. (Universal MM/SM bulkheads are acceptable and encouraged.)
v) All bulkhead connectors will have dust caps installed over unused openings at all times.
vi) At completion of work, cable terminations, cables, and individual fibers will be arranged in a
manner that assures protection of all fibers from the possibility of damage from normal activities
in the surrounding area and during normal maintenance of cabinets.
g. All inter-building and intra-building backbone cables will be terminated with connectors rated for
the type of fiber terminated.
(1) All but the top 6 fibers in each cable will be terminated with LC-UPC (blue housing)
connectors.
ii) The top 6 (highest numbered) fibers in each cable will be terminated with LC-APC (green
housing) connectors.
(1) Hardware selected, fiber dressing, etc., will be appropriate to the termination type.
iii) Connectors will be free of surface defects and polished to a degree resulting in approximately
0.5dB mating loss.
iv) Connectors will be optically clean when installed in bulkhead connector.
v) Install fibers from all cables to bulkhead connectors in direct numerical order at each end. (The
crossover per pair pattern defined in TIA-568A section 12.7.1 will not be used.)
vi) All fusion splices used will use heat-shrink sleeves for protection and support installed in
appropriate splice trays.
h. All cables will be dressed and retained neatly between space entry and termination cabinet.
i) Excess will be neatly coiled and retained at an out-of-the-way location that will not interfere with
access to equipment or working of other cables in the space.
ii) Black Box Products FOSR24 Fiber Optic Storage Ring or equivalent product shall be attached
to the wall at a suitable location in the BEF/CDR and used for storage of excess fiber.
iii) Excess coil will be protected in an appropriate manner in locations where damage could be
likely.
iv) Within CDRs, cables may be enclosed in thin-wall innerduct or split duct as appropriate.
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i. Cabinets and panels where cables are terminated will be clearly labeled with destination/source
and fiber number.
j. Interior cables may be installed in thinwall innerduct 1-inch or larger.
i) Multiple cables may be contained within one innerduct where this appropriate and will not
present undue difficulties in removing/replacing individual cables if required.
k. Panels where cables are terminated will be clearly labeled with destination/source and fiber
number
4.

COPPER TWISTED PAIR RISER SYSTEM
A. Products
a. Riser Cables will be Category 5e Power Sum rated.
i) Riser grade is acceptable unless plenum is required by code.
ii) Cable will be Superior Essex 51-478 series.
b. Rack mount RJ panels will be Panduit Mini-Com all-metal 24-jack or 48-jack panels, part CP48BL,
CP24BL, CP48WSBL or CP24WSBL. Ortronics part OR-SP5EU24 and OR-SP5EU24 are
acceptable alternatives.
c. RJ jacks will be Panduit brand Mini-Jack TX-5e series (CJ5E88T or better).
i) Default jack color will be black for jacks with two pairs terminated.
ii) Default jack color will be gray for jacks with one pair terminated.
d. Labels:
i) Cable and jack labels will be Panduit permanent style.
B. Execution
a. All cable installation will be completed by technicians with training appropriate for the type of
cable being handled and related installation standards.
i) All RJ jack terminations will be performed by Panduit-certified technicians.
b. All cables will be routed neatly within closets between conduit or cable tray entry and termination
panels. Individual pairs will be neatly distributed across RJ jacks and will maintain twists as
required to meet cable quality standards.
c. RJ panels will be sized to match requirements of specific cable and system being terminated.
i) In BEF, riser cables from all CDRs may be terminated on a single group of panels with labeling
to differentiate individual risers as specified. (Subdivide by no less than 12 jack sections.)
ii) For all panels, horizontal 1- or 2-unit cable management units will be installed to support and
separate each group of up to 48 jacks if required by OIT.
iii) See DG-27-10 for labeling requirements.
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d. RJ jack panels will have terminated pairs and cables dressed and routed neatly. Cables and pairs
will be retained to rear support brackets to assure full strain relief support and proper bend radius.
i) Cables will be supported either by individually securing them to integral strain relief bars on
Panduit RJ patch panels or by securing them to rear support bar spaced from patch panels to
assure proper bend radius, or both.
e. Install a separate cable or cables totaling specified count as the copper riser connection between
BEF and each CDR.
f. Riser cables will connect designated endpoints directly, with no intermediate splices or junctions
of any kind.
g. Riser cables will be terminated on Panduit brand rack-mounted RJ panels or Ortronics panels at
both ends.
i) Riser RJ panels will be placed high in rack in which they are installed, below fiber termination
and above horizontal distribution panels if they share the same rack.
ii) Riser cables will have two pairs connected to each jack (pairs 1 &2). One pair in each 25-pr.
Cable will remain unused to allow use of RJ panels in increments of 24 jacks.
iii) Jack panels will be clearly labeled indicating closet destination or source apace at far end of
cable and a unique sequential jack number within the cables for each closet.
5.

VIDEO BACKBONE SYSTEM
A. Products
a. Hard line coaxial cable will be MC2 brand 0.500 (1/2-inch) coax.
b. Flexible coaxial cable will be Belden type 1189A RG-6 quad-shield.
c. Hard coax connectors, junctions, and other accessories will be Gilbert Engineering brand.
d. F connectors will be Belden/PPC EX6 type.
e. Case-and-faceplate directional couplers and associated passives will be RMS Communications
brand Ultrapower series or current physical equivalent.
f. Case-and-faceplate taps will be 8-port RMS Communications brand series 5500 or current
physical equivalent.
g. Single-piece passive components will have a minimum bandwidth of 600 MHz and will be from a
manufacturer who has successfully built such components for at least five years.
i) Single piece passive components will be fully shielded, hermetically sealed, and corrosion
resistant and have appropriate mounting and grounding fittings.
h. In-line Power Supplies will be Alpha Technologies.
i. All fiber optic components will use LC-APC (green housing) or FC/APC connectors
j. Labeling will be permanent Panduit or Brady labeling system as described in DG-27-10.
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B. Execution
a. All work will be completed by a technician properly trained in CATV and hard coax cable
techniques.
b. Entire video distribution system will be properly bonded and grounded according to code and
standards.
c. The system will be installed and adjusted to provide a signal level of at least +5.0 dBmv as
measured at the outlet in the field for all channels through 600 MHz.
d. Hard Coaxial Cable
i) All hard coax will be installed neatly in straight paths with neat, smooth, well-positioned bends.
ii) Hard coax will be supported at least every 8 ft. using dedicated support brackets or brackets
attached only to suspension or braces intended for multiple uses. Other cables, conduit, ceiling
hanging hardware, etc., will not be used for support.
iii) Cable junctions will be kept to the minimum number required for proper installation of the
system.
e. Components
i) All video components will be located in close proximity within each communications closet.
Location will be selected with access to both riser cable paths and horizontal distribution
system in mind to allow a clean, neat system on completion.
ii) Directional couplers, multi-taps, etc., will be neatly mounted to plywood backboard using
manufacturer-approved methods or wall brackets.
iii) Adjacent directional couplers, multi-taps, etc., will be directly and neatly connected together in
straight vertical or horizontal line configuration whenever possible.

END OF SECTION DG27-4

7

DG27-4 BUILDING INSIDE BACKBONE / RISER CABLES

DIV 27 APPENDIX
rev. November 2020

WMU Design Guidelines
DESIGN GUIDELINE: DG27-5
Communications Systems: Communications Access / Outlet Locations
CONTENTS:

1

1.

GENERAL

2.

DESIGN CONSIDERATIONS

3.

SPECIAL UTP OUTLET REQUIREMENTS

4.

EDUCABLE CATV OUTLETS

DG27-5 COMMUNICATIONS ACCESS / OUTLET LOCATIONS

DIV 27 APPENDIX
rev. November 2020

WMU Design Guidelines
1.

GENERAL
A. Most communications outlet locations and types will be defined as a function of the project and
general guidelines for the various user needs for voice, data, or video communication services.
Some communications outlet needs are defined by special system requirements. This guideline
document presents very general guidance for some aspects of defining general user communication
outlets and enumerates the special system requirements that are known.

2.

DESIGN CONSIDERATIONS
A. General Recommendations
a. All individual outlet locations and types should be clearly indicated on floor layout drawings. While
location of the outlets on the E series drawings is common and most useful to the electrical
contractor responsible for installation of outlet boxes, consideration should be given to use of a
separate T series of drawings for detailing telecommunications system information, as
recommended by BICSI and others. Whatever labeling is used, it is quite useful to have both
electrical and communications outlets on the same floor layout drawing.
b. OIT recommends adherence to accepted guidelines (EIA/TIA, BICSI) for quantity of outlets per
office size, location, etc. when applicable and possible. We recognize that the university
instructional environment is somewhat unique and common guidelines for industrial or
commercial application may not apply. OIT will be glad to discuss and offer advice on these
issues during project definition.
c. OIT recommends that every space other than restrooms and small closets have at least one
communications outlet. It should be recognized that rooms often become used for other than the
original intended use, and that many systems in spaces that once had no need for
communications are now requiring network connections. The fact that all WMU buildings are to
have full wireless network capability should not be sufficient to omit wired communications outlets.
Wireless connectivity is less secure and reliable and still much slower than wired connections.
Consult OIT for more detailed advice.
d. OIT strongly recommends that floor-mounted communications outlets be minimized for many
reasons. They have proven to be problem-prone over the years, often suffering from physical and
sometimes water damage. The stringent requirements on the bend radius, etc., for modern
cabling including the jumpers connecting to user equipment make the treatment of floor-based
connections an even greater problem. Wall-mounted communications outlets for most uses are
strongly preferred whenever possible.
e. Special consideration must be given to modular office systems to assure compliance with
minimum bend requirements, support for efficient cabling revisions, and protection from damage.
f. Outlets must be located such as to provide clear access without being blocked by furniture,
cabinetry, partitions or any other non-movable objects.

3.

SPECIAL UTP OUTLET REQUIREMENTS
A. This section presents specific situations that are currently known and call for specific types of
communication capabilities/outlets. These are intended only as a starting point in defining special
communication needs for a given project. Each project is unique and has unique special
communication requirements. Also, special system needs continue to evolve rapidly over time and
this list cannot be expected to be complete and accurate over any period. Designers of all other
building systems should be queried for communications requirements.
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B. Instructional Systems
a. General Classrooms
i) All instructional rooms are generally currently being equipped with an “instructor outlet” of some
sort independent of other outlets in the room. The instructor outlet has a VOIP jack, a data jack,
and a video jack to be sure the room has at least one outlet capable of supporting a phone if
required, a laptop or other computer to be used for instructional purposes, and a TV if required.
When the room is equipped with an instructor podium, this outlet is incorporated into that.
Additional outlets and the specific definition of instructor outlets can, of course, vary as a
function of the particular space or project.
b. Computer Labs and Classrooms
i) LCD Projectors
(1) Require at least one UTP jack. We currently recommend one UTP data outlet for
management purposes. These normally require special conduit or other connectivity within
the room of use. OIT should be consulted for latest requirements.
(2) Customer: OIT Media Engineering
c. AV Control and Tele-conferencing Rooms
(1) Several special data connections are generally required. Consult OIT Faculty Support
(Media Engineering) for input in this area.
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C. Operational Systems
a. Systems connected with general WMU building operation that are known to require outlets are
listed below.
b. Building management system controls.
i) May require two to several jacks. One jack for each access location should be left open for use
by technicians with laptops. Locate in mechanical room near central control system as
specified by Physical Plant.
ii) Customer: Physical Plant
c. Lighting Controls
i) May require two to several jacks. One jack for each access location should be left open for use
by technicians with laptops. Locate in mechanical or electrical room as specified by Physical
Plant.
ii) Customer: Physical Plant.
d. Electrical System Management System.
i) Currently requires one jack near the management control system.
ii) Customer: Physical Plant and Campus Engineering.
e. Electrical Substations
i) Currently requires one jack inside the substation cabinet.
ii) Customer: Physical Plant and Campus Engineering.
f. Fire pump controller.
i) Currently requires at least one hack in the fire-pump room.
ii) Customer: Physical Plant.
g. Elevator Systems
i) Currently require two jacks: one for management system and one for emergency phone in
elevator. Locate in Elevator equipment room. OIT now assumes the emergency phone and
cabling from it to control room will part of the elevator system unless otherwise arranged.
(1) The phone is generally a current-loop device.
ii) Physical Plant has asked that a third jack be installed to allow maintenance personnel to
access the system with a laptop.
iii) Customer: Physical Plant
h. Fire Alarm Panel.
i) Currently require at least two UTP and two Single Mode Fiber connections.
ii) Customer: Physical Plant.
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D. Security Systems
a. Card-based access system central access point for building.
i) Currently requires one jack near the management control system.
ii) It is recommended that an additional jack be provided for maintenance personnel to access the
network with a laptop.
iii) Customer: Public Safety.
b. Police Emergency Phones
i) Currently require a single UTP outlet with wall-phone faceplate or no faceplate. These are
generally current-loop phones.
ii) Customer: Public Safety
c. Surveillance systems
i) Currently require a communications outlet at a special location(s) that is a function of the
system used.
ii) Customer: Public Safety
4.

EDUCABLE CATV OUTLETS
A. General Recommendations
a. Buildings generally will have a broadband CATV-style system to deliver WMU’s EDUcable service
to:
i) All instructional rooms.
ii) All conference rooms.
iii) Selected public areas.
iv) Selected offices and other spaces.

END OF SECTION DG27-5
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1.

GENERAL
A. The University communications system requires a large number and variety of components to
perform its mission. By far the largest quantity of individual hardware components and cable footage
is used in the horizontal UTP copper cable distribution system. These cables connect the individual
network user outlets and jacks to the Telecommunications Closets (TC) or Communication
Distribution Rooms (CDRs). Throughout this document the abbreviations TC and CDR are used
interchangeably. Due to the quantities involved and the fact that these components directly affect
the quality of each individual user connection, the horizontal distribution system is a key element in
the total communications system.
B. While the University is committed to wireless connectivity for the University communications system,
this does not remove or even significantly reduce the requirement for a quality horizontal cable
system serving user outlets. Wireless connectivity is intended primarily to serve mobile needs, like
students who necessarily move from area to area with no permanent position for a cable connection,
or faculty and staff who must temporarily have communications connectivity in various locations for
meetings, etc. Wireless connections suffer from known shortcomings, which counterbalance the
advantage of mobility. They are less secure than cabled connections, though this will improve as
standards evolve. In spite of the amazing technology involved, wireless is still not totally robust due
to the vagaries of radio transmission systems and its susceptibility to interference. Finally, the
standards for wireless speeds and hardware sharing assure that wireless links will be an order of
magnitude slower than cabled connections for the foreseeable future. As a result, the horizontal
communications distribution system will remain an important part of the overall communications
system for many years.
C. Currently, the most cost-effective means of providing cabled user connections is the use of
Category 6 (“extended”) copper UTP cable. These connections are certified for 1 Gigabit per second
for Ethernet connections and may support greater speeds in the future. At the time of this writing,
Gigabit capabilities are readily available in communications distribution equipment and are rapidly
becoming standard in new individual desktop computers
D. All horizontal wiring providing back-haul connectivity from Telecommunications Closets (TC) to
Wireless Access Points (WAP) shall be Category 6A UTP
E. It is becoming increasingly common for technology to require point-to-point Category 6 wiring within
a facility, especially for Audio-Visual equipment or other non WMUNet data use. This wiring does
not terminate in any Telecommunications closet or facilities. It is entirely internal to the building,
often limited to a room. As this type of connection also requires RJ-45 jack terminations similar to
WMUNet data jacks, a clear distinction needs to be made between the two wiring systems in order
to avoid confusion. Any such wiring when installed shall be designed and installed in a manner so
as to avoid any confusion with the data wiring infrastructure. It shall have distinctly different
terminations, including at the very least, but not limited to, different faceplate types and colors,
different jack types and colors (eg. Keyed, shielded or XLR), different wire colors, etc. from those
specified for WMUNet infrastructure use within DG-27 so at to enable clear distinction from
WMUNet structured cabling system.

2.

GENERAL DESIGN CONSIDERATIONS
A. The horizontal cabling system connects all individual user outlets to the CDRs or TCs where
communications are interfaced to the backbone system. There must be an individual cable
connecting each user outlet jack to a corresponding individual jack or other access point in the TC
serving it. The horizontal cables use the horizontal cable pathways normally installed by the
electrical contractor and augmented as required by the communications contractor.
B. The UTP horizontal cable distribution system supports most individual user connections. UTP
cabling will exceed EIA/TIA Category 6/6A quality-level with Panduit terminations at each end. No
individual copper UTP connections can be longer than 285 feet in order to adhere to EIA/TIA
Category 6/6A requirements and function within design parameters of modern high-speed
communications systems. All other installation specifications for Category 6/6A installations such as
spacing from electrical objects, bend radius, etc., must also be adhered to in order to be sure the
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system will function properly for modern and future high-speed communications. The
communications cable installer cannot meet these criteria unless the cable pathway system and a
number of other building facilities are designed with them in mind from an early stage.
C. All UTP user jacks will meet identical specifications without differentiation as to voice or data use.
D. The horizontal distribution system defined here includes jacks intended for support of a buildingwide wireless system.
3.

SPECIFIC REQUIREMENTS
A. Products
a. General
i) WMU requires specific UTP communications cable and jack systems to assure consistency
throughout the University. These products have been certified together to assure they are
capable of producing horizontal connections which meet specifications exceeding the TIA
Category 6/6A standards. UTP cable will be Superior Essex Category 6/6A enhanced quality
as defined below. All jacks will be from the Panduit Mini-Com family. All horizontal distribution
jacks will Panduit Category 6/6A plus quality as described below.
b. Cable
i) All horizontal cable will be plenum rated.
(1) Category 6 horizontal UTP cable will be 4-pair Superior Essex brand Category-6.
(2) Category 6A horizontal cable will be Superior Essex brand 10Gain-XP.
(3) As specific product names change frequently, it is recommended that the purchaser verify
cable type and part numbers with WMU OIT before purchase.
c. User and Communications Room Jacks
i) Category 6 jacks will be Panduit brand Mini-Com series Giga-Channel Mini-Jack TX-6 Plus
Modules (CJ688TPcc or better, where cc is Panduit color code). Colors will be as specified
elsewhere.
ii) Category 6A jacks will be Panduit Mini-com compatible CAT6A modules Panduit part number
CJ6X88TGIG gray color. Other colors may be used only if agreed to by OIT.
d. Jack Mounting Panels
i) All horizontal system jack mounting panels will be Panduit brand Mini-Com series.
ii) Standard work area wall outlet face-plates will be Panduit Executive Series with provision for
labels:
(1) Default user outlet will use CBEIW or CBEIW-2G faceplate (or CFPSE4IW kit).
(2) Default user outlet insert will be sloped style with 2 module spaces, CHS2IX.
(3) Other Mini-Com series wall face-plates may be used to meet special requirements as
specified or approved by owner.
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iii) Wall phone outlets will be Panduit part KWP6PY.
iv) Where outlet boxes are impractical, Panduit surface-mount outlets may be used.
(1) Default will be model CBX4IW or CBX4IG.
(2) Other CBX series boxes are acceptable where appropriate, for example, to match furniture
colors.
v) Any outlets required in raceway systems, floor boxes, modular furniture, or other formats will
accept appropriate Panduit Mini-Com series fittings. Sloped openings facing downward are
preferred where they are practical. Specific parts must be approved by owner before use.
(1) Where special furniture or other mounting facilities cannot accommodate Mini-Com faceplates, Panduit Category 6/6A jacks with keystone-style mounting form may be used.
vi) Any faceplate with an arrangement not included above or otherwise specified will be an
appropriate Panduit brand part specified for use with Mini-Com modules whenever possible.
Specific parts must be approved by OIT before use.
vii) Mini-Com faceplate opening Blank Module is Panduit CMBIW.
viii) Closet jack panels for horizontal distribution will be CP48BLY (or CP48WSBL with strain
relief bar).
e. Assorted related Products
i) Rear cable support brackets will be Middle Atlantic Products LBP-1R4 4" offset round rod or
equivalent approved by owner.
ii) Labels will be intended for use with the Panduit Mini-Com system. See WMU DG-27-10.
iii) Cable Hangers
(1) Cable hangers compatible with Category 6/6A and fiber optic cable specifications that are
intended for use above false ceilings or similar spaces shall be used.
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iv) Horizontal cable management is normally not required except in special cases as required by
OIT. For 19” racks use AMP/Tyco Part 558329-1 (1-u) or 558331-1 (2-u) or equivalent as
approved by OIT.
f. Jumpers will be Panduit Giga-Channel TX-6 Plus patch cords (UTPSPx or better) as follows:
i) Closet jumpers: one per jack, length 1, 2, or 3ft, as appropriate, color purple for Category 6 and
gray for Category 6A.
ii) Office jumpers: one per jack, length 9 or 14 ft for small office, as appropriate, 14 or 20 ft for
large office, as appropriate; color black.
iii) Classroom connections: one per jack, length appropriate to suit final intended use, color black.
iv) Public areas: one per jack, consult owner for lengths, color black.
v) Other outlets: consult owner.
vi) RJ mounting panels, face-plates, and other hardware as detailed elsewhere in this document.
B. Execution
a. Execution
i) General
(1) Install all horizontal cabling using cable path system.
(2) Entire system will be installed in a manner, which meets Panduit Warranty requirements.
See appropriate WMU DG.
ii) Cabling
(1) Horizontal user cables will be routed to the nearest TC (by cable length). If two TCs are
close in distance, the connection will be routed to the one that is most logical for the outlet
(consult with OIT if questionable).
(2) Individual cables are not color-coded. White is the default color for Category 6 and blue for
category 6A.
(3) Cables will be directly terminated to jacks at TC and user ends with no intervening splices,
junctions, or connectors.
(a) At each closet jack, cable will be dressed so sufficient slack is available to allow retermination if necessary, without requiring un-bundling and significant adjustments.
(b) At each user outlet, a service loop of approximately 8” will be left for future re-terminations.
This slack will be neatly coiled in the box in a manner adhering to Category 6/6A bend
requirements.
(4) All cabling will be neatly and appropriately dressed and retained within cable pathway.
(5) Bend radius, tensions, and other physical parameters for all cables will adhere to
manufacturer specifications and Category 6/6A standards at all times during installation and
after completion.
(6) Cables will be dressed and secured to cable trays in accordance with manufacturerapproved practices and accepted standards.
5
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(7) At TCs, each group of cables connected to an individual 48-jack panel will be bundled and
dressed into a service excess of approximately 5 feet near the panel to allow re-location of
panel if required at a later date. The excess will be placed so it will not interfere with
installation of electronics in the rack.
iii) Jacks
(1) Jacks will be attached to cables using the T568-A wiring pattern.
(2) Quantity and arrangement of RJ jacks at specific user outlets will be as detailed on drawings
and/or supplemental specifications. If any individual outlets are not clear, consult owner.
(3) At the CDR/TC end, jacks will be installed in racks in groups of up to 48 using Panduit MiniCom 48-jack metal panels.
(a) RJ jack panels will have cables dressed and routed neatly. Cables and pairs will be
retained to rear support brackets to assure full strain relief support and proper bend radius.
(i) Cables will be supported either by individually securing them to integral strain relief bars
on Panduit RJ patch panels or by securing them to rear support bar spaced from patch
panels to assure proper bend radius, or both.
(4) Jacks at each end of each cable will have matching colors, and labeled identifications per
WMU DG-27-10.
(a) If detailed specifications are not provided for jack arrangements in specific types of outlets,
jacks in outlets will be arranged as specified below.
(b) Default colors for UTP jacks at the user outlet end will be:
(i) Upper Left (position 1) - White (Panduit code WH)
(ii) Upper Right (position 2) - Blue (Panduit code BU)
(iii) Lower Left (position 3) - Yellow (Panduit code YL)
(iv) Lower Right (position 4) - Orange (Panduit code OR)
(c) When fewer than 4 UTP jacks are installed, they will be placed according to the following:
(i) Single jack: WH in position 1. This is the current default for ports with PoE.
(a) If specified as non-PoE, BU may in position 1. This is often seen in older buildings.
(ii) Two jacks: WH in position 1 and BU in position 2.
(iii) Three Jacks: WH in position 1, BU in position 2, YL in position 3.
(iv) Four Jacks: WH in position 1, BU in position 2, YL in position 3 and OR in position 4.
(v) For 5 and 6 jack faceplates, Green (GR) in position 5 and Pink (PK) in position 6.
(d) Jacks from each outlet will be arranged in the panel in the TC in the order of placement
within the outlet.
(5) Jacks at both ends will be labeled and system will be documented as specified in DG-27-10.
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(6) Primary Category 6A jacks for WAP back-haul cables shall be gray in color, Panduit part
number CJ6X88TGIG.
(7) Secondary Category 6A jacks for higher capacity or WAP console connections shall
terminate in a separate patch panel and be purple (violet) in color, Panduit part number
CJ6X88TGVL.
iv) User Outlets
(1) User jacks will be installed in sloped panels with openings facing down whenever practical.
(2) All openings not filled by jacks or connectors may be filled with a Blank Module (Panduit
CMBIW).
(3) Outlets designated with no faceplate required (if any) will have 2 feet of available cable and
will be terminated with a standard TX-6 jack for Category 6 cable and Panduit CJ6X88TGIGC for Category 6A cables.
(a) Finished termination will be neatly coiled and left in outlet box on completion to avoid
damage.
(4) Other non-standard outlets will be finished per specifications provided in drawings or in
consultation with OIT.
v) Data jacks for Wireless Access Points
(1) All horizontal wiring from Telecommunications Closets (TC) to WAPs shall be via two
Category 6A UTP cables.
(2) Blue color cable is preferred in installations where CAT6A cables need to be differentiated
from white CAT6 cables
(3) Superior Essex Part numbers for Blue cable are 6H-272-2B (CMP).
(4) Terminating jacks shall be:
(a) Panduit Mini-com compatible CAT6A modules
(b) Color for the first (primary) connection shall be International Grey in buildings where
CAT6A connections need to be differentiated from white CAT6 connections, Panduit part
number CJ6X88TGIG
(c) Color for the second connection shall be violet, Panduit part number CJ6X88TGVL.
(d) In buildings where all connections are CAT6A, primary jack colors shall be as described in
part (B)(a)(iii)(4) of this section. Secondary connection jack colors will remain violet.
(5) At the patch panels in the TC the primary connections shall be terminated as described in
(B)(a)(iii)(6) & (7) above.
vi) Closet Jack Panels
(1) Unused closet mini-module openings do not need to be filled.

END OF SECTION DG27-6
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1.

GENERAL
A. Currently WMU has very few horizontal (user) connections using fiber optics. Where user needs
include a number of fiber optic connections, such as in server rooms, these connections are
installed to riser cable standards, since they are more appropriate and well defined.
B. These guidelines provide basic information for horizontal fiber user connections when they may be
appropriate. Many of the general requirements are the same as for UTP horizontal cabling, since
they apply to horizontal distribution regardless of media.

2.

GENERAL DESIGN CONSIDERATIONS
A. The horizontal cabling system connects all individual user outlets to the CDRs where
communications are interfaced to the backbone system. There must be an individual cable
connecting each user outlet jack to a corresponding individual jack or other access point in the CDR
serving it. The horizontal cables use the horizontal cable pathways normally installed by the
electrical contractor augmented as required by the communications contractor.
B. Individual user connections may be implemented using fiber optic cables in a few selected situations
in order to provide greater distance capability, bandwidth, noise immunity or other benefit.
C. Individual horizontal user connections will be served by individual two-fiber cables.
D. Fiber cable connections with more than two fibers intended for distribution use rather than individual
end user connections will be treated as part of the fiber optic backbone / riser system rather than as
horizontal connections. Such cables should terminate in the BEF unless program requirements
indicate a more appropriate location.
E. Since fiber optic cables have much longer distance capabilities than UTP cables, horizontal fiber
cables need not be routed to the closest CDR in all cases. The distribution termination point for such
cables should be defined based on program or other defined requirements when appropriate, in
consultation with WMU OIT. If horizontal fiber outlets are being installed for future potential with no
driving requirement, they will be routed to the BEF if that can be done within TIA horizontal fiber
distance limits. If this cannot be done, they will be routed to the closest CDR or the most central
CDR on the floor. OIT should be consulted on termination locations.
F. WMU has adopted the Panduit Mini-Com series of jacks and mounting hardware for horizontal
connections University-wide. There has been no standard miniature connector for fiber connections
selected yet. Work area outlet and closet fiber connectors, including small form factor connectors,
may be selected to suit user requirements as long as they can be implemented with Panduit MiniCom modules. Inclusion of horizontal fiber user connections in a project will require more thought
and discussion that most aspects of the communications system.

3.

SPECIFIC REQUIREMENTS
A. Products
a. All horizontal cable will be plenum rated.
b. Fiber cable will be Corning brand of a type intended for horizontal distribution. Acceptable types
include, but are not limited to 2-fiber DIB, Zipcord, Fan-Out, Ribbon Interconnect, or MIC class
cables.
i) Multimode fibers will be 900-micron tight-buffered 50/125 Inifinicor 600 quality or better.
c. Terminating connectors will be Corning brand or Panduit brand compatible with Panduit Mini-Com
panels.
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B. Execution
a. General
i) All fiber system work will be carried out by Corning certified installers using Corningrecommended procedures. Complete fiber system is to qualify for Corning EWP warranty as
described in separate DG.
b. Cabling
i) Install all horizontal cabling using cable path system. All cabling will be neatly and appropriately
dressed and retained within cable pathway. Bend radius, tensions, and other physical
parameters for all cables will adhere to manufacturer specifications and appropriate standards
at all times during installation and after completion.
ii) Horizontal fiber cables will be installed in innerduct providing additional protection unless they
are of a type, which makes them comparable to horizontal UTP cables in size, crush and
abrasion resistance, etc.
iii) Where appropriate, horizontal fiber cables not in innerduct will be bundled separately from UTP
cables. If only a few such fiber cables are present, they should be bundled with UTP cables in
a way so their presence is obvious.
iv) At CDRs, each group of cables connected to an individual 48-jack panel will be bundled and
dressed into a service excess of approximately 5 feet near the panel to allow re-location of
panel if required at a later date. The loop will be placed so it will not interfere with installation of
electronics in the rack.
v) Horizontal fiber user cables will be routed to the designated CDR.
vi) Cables will be directly terminated to jacks at TC and user ends with no intervening splices,
junctions, or connectors.
(1) At each closet jack, cable will be dressed so sufficient slack is available to allow retermination, if necessary, without requiring unbundling and significant adjustments.
(2) At each user outlet, a service loop of approximately 8” will be left for future re-terminations.
This slack will be neatly coiled in the box in a manner adhering to cable bend requirements.
c. User Outlets
i) User fiber jacks will be installed in sloped panels with openings facing down whenever practical.
d. Terminations
i) Fiber connectors will be installed in accordance with manufacturer specifications.
ii) Jack designations will be integrated into the scheme used for copper outlets. Jacks will be
labeled in a manner identical to that used for UTP user jacks, as specified in separate DG.
e. Complete Connection
i) Complete connection will be certified as specified in separate DG.
ii) Jacks at both ends will be labeled and system will be documented as specified in separate DG.
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1.

GENERAL DESCRIPTION
A. All WMU buildings are to be equipped for wireless Ethernet LAN data access for mobile users in all
internal areas and outside areas where students are likely to congregate or study or where access
may be useful to staff performing their duties.
B. The University’s intention is to stay current in the wireless technologies offered in new buildings or
renovations. Wireless technology is evolving very rapidly. At this writing, new wireless installations
will support IEEE 802.11a/b/g/n/ac standards.
C. Installation of a full wireless system involves placement of “access points” (APs) – basically twoway Ethernet radio systems complete with multiple antennas- at a sufficient number of locations in
the building to assure full coverage. Access points for outside coverage are generally mounted
outside the building and require special considerations.

2.

GENERAL DESIGN CONSIDERATIONS
A. Wireless technology has advanced greatly in the past few years. However, wireless connectivity is
less secure and reliable and still much slower than wired connections. Wireless coverage in
buildings is intended for mobile users with no “permanent” location in the building or for building
occupants who need connectivity away from their customary work location for relatively short
periods. It is not intended for and is considered clearly inadequate to replace wired connections for
users who have continuing need for communications access of any sort at a relatively fixed location.
B. As of this writing, the standard interior and exterior access points are Cisco manufactured.
C. Installation of a full coverage wireless access system presents several special challenges.
a. The technology, products, and resulting capabilities at several levels are evolving very rapidly.
This makes it difficult during design stages of a project to address specific equipment and the
corresponding system layout that will be current at the time of installation.
b. Wireless equipment uses very high radio frequencies (RF) at very low power for two-way
communications. This has a significant impact on project definition and design:
i) Such signals can be affected in marginally predictable ways by many building components. As
a result, the exact placement of wireless access points cannot be accurately determined until
the building is substantially completed and an RF survey can be completed. This makes the
definition of detail specifications of locations and other associated required facilities and work
very difficult to define accurately, complicating the preparation of bids and responses. This
aspect of the design is further complicated by the fact that the currently accepted standard
uses two different radio frequencies, 2.4 GHz and 5.5 GHz. APs used by the University can
support either or both technologies in a single unit. FCC regulations allow the low frequency to
have remote antennas, but constrain the higher frequency antenna to be incorporated into the
AP. Due to the wide difference in the frequencies, the coverage areas for the two are
dramatically different and the transmission/reflection effects of nearby materials may be quite
different.
ii) A point which is often overlooked is the potential occupancy for the spaces to be covered. This
is important not only from the perspective of enumerating quantity of connections and required
bandwidth but occupants also present a significant source of attenuation to the 2.4GHz RF
signals and this needs to be taken into consideration for the system design.
iii) Software is beginning to come available which is designed to assist in the design of wireless
systems based on drawings and material specifications of buildings.
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D. In recent projects, the University has attempted to address these challenges in various ways. The
basic concept has been to attempt to define the expected locations of wireless access points on the
communications outlet drawings and then perform a wireless optimization simulation using software
in order to define the final design. An effective wireless network design requires to take into
consideration several factors. The following paragraphs attempt to define in more detail some of
how this has been handled.
a. To compensate for the difficulty of assuring the best current equipment is installed in a project
that may have been contracted up to two years before installation, the University supplies the
wireless access point units, removing the burden of their selection and cost from the contractors.
b. Similarly, the University has supplied antennae (if needed) to be used with the access points. In
most cases, this is straightforward since antennae for most APs can be standard. Complications
occur when the wireless survey indicate that a specialized antenna system is required at some
locations to meet special situations or purposes. Outside locations and high density venues often
fall into this category. Contractors and the University have to collaborate in dealing with these
situations.
c. In order to provide a defined quantity of access points and a general feel for their distribution at
the time of bid, AP locations have to be placed on drawings along with other outlets. The
locations are designed based on several considerations:
(1) Study of documents available from Cisco and others discussing the design of such systems.
Evaluation of the performance and other experience of existing systems at WMU and other
locations.
(2) Rated coverage area (diameter) for each of the frequencies/standards. Since the coverage
area for 2.4 GHz is significantly larger than that for 5.5 GHz, this normally results in a
patterned system where one set of APs are expected to support both frequencies and others
to support only one in order to fully cover all areas with both using a minimum number for the
lower frequency. (The generally published design criteria shows a 9:1 ratio in large areas
with no RF anomalies. While the situation seldom exists, this illustrates the cost savings
involved in not simply making all APs multi-band. The University has found closer to a 2:1 or
3:1 ratio in real buildings with added considerations.)
(3) Building layout, floor-plans, reflected ceiling plans, building materials, etc.
(4) Occupancy numbers for spaces where wireless network coverage is desired. High density
areas such as lecture halls, auditoriums, ballrooms, etc. require special attention.
(5) Best guesses as to the effects of walls, elevators, etc. on the RF radiation pattern and losses.
In the past, these have been strictly educated guesses based on experience with previous
systems. Some objective data on effects of walls and objects that may be able to introduce
some engineering into this process.
(6) Attempts to provide an adequate quantity of APs for projected loads. APs are generally
considered adequate for up to 25 devices each. This can present special challenges in
classrooms and especially lecture halls where it may eventually be necessary to support a
high percentage of the students using wireless devices. In such areas the relatively large
quantity of APs required based on load can result in large overlaps of signal and channel
coverage. Initial design simply has shown mainly that the projected quantity of AP outlets
and the overlap problems must be addressed by the survey and a final design, possibly
using directional antennas, reduced power levels, and other techniques in addition to
refinement of AP locations for such higher density deployments.
(7) Any other special situation connected with the particular project design that could be
expected to have an impact on the location or quantity of APs in the wireless design such as
ticket scanners, etc. as well as presence of other wireless devices in the area (IoT devices,
wireless cameras, microwave ovens, etc.).

3

DG27-8 WIRELESS ETHERNET SYSTEM

DIV 27 APPENDIX
rev. September 2020

WMU Design Guidelines
ii) The bid document has been required to use language to adequately describe the challenges
involved and define the scopes for the contractors and the degree of University involvement.
WMU OIT has been heavily involved in all wireless system design and specification as our
procedures have evolved over several projects.
E. Horizontal copper cable outlets intended for support of wireless access points need to be defined
early in the design cycle and refined as building design progresses. They are generally placed
above ceilings or at other points at locations which must be defined based on a general
understanding of the RF effects of building construction and past experience. OIT should be
consulted in the placement of these outlets.
F. Program projections of wireless use will influence the design of the system, especially in assuring
that instructional spaces have adequate coverage if intensive wireless use is anticipated. These
needs must be considered early in design of the overall system.
3.

DESIGN REQUIREMENTS
A. General
a. The wireless system will use Cisco access points and will conform to Cisco standards.
b. As of writing, wireless system will support IEEE 802.11a/b/g/n/ac standards using Cisco access
points. Any new relevant Cisco products and IEEE standards approved will be considered for
rapid adoption. Consult WMU OIT for specific products level of support planned for
implementation in specific projects.
c. Whenever possible, access points will be powered through the network connection using power
over Ethernet (POE).
B. Access Point Outlets
a. Horizontal cable system outlets for access points should be specified as part of the horizontal
copper system in the drawings. Locations indicated should be at points believed appropriate, but
designated as wireless-style outlets and subject to change as a result of the required survey.
Guidelines for choosing locations include:
i) Access points should be located to be relatively inconspicuous and inaccessible to the general
public (for security), but accessible by maintenance personnel. This may include above ceilings,
high on open walls, behind RF permeable trim. RF permeable security boxes are acceptable
when appropriate and acceptable to interior architects.
ii) It is assumed that most indoor APs will be installed with built-in antennae.
iii) Locations should be central for large area, low-density coverage, and focused for high-density
coverage.
iv) Enough locations should be included to ensure proper coverage for the lowest capability
devices as well as to maintain adequate coverage in the event of an AP failure.
v) Locations for points to support external access should be defined. See guidelines applying to
outside access in this section.
b. Outlets for access points will typically have two jacks: one gray and one violet
i) Gray jack will be the primary back-haul data and PoE connection
ii) Violet will be the secondary connection.
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iii) All copper connections to APs will be made using Category 6A cable and compatible hardware
iv) Contact WMU OIT for current details on terminating AP connections to patch panels in
BEF/CDR/TC racks.
c. AP Outlets and AP installations may take different forms:
i) Standard outlet box and faceplate with AP mounted nearby and connected by Category 6A
jumper(s). The Cisco bracket currently included can be mounted to walls or other fixtures.
ii) An open box with the AP bracket mounted directly to the box. The horizontal jacks use no faceplate and are attached to the AP with very short jumpers.
iii) Others, as dictated by local conditions or locations, subject to OIT approval.
C. Site Survey
a. WMU OIT will conduct a site RF survey of the entire building interior to finalize the wireless
system design including:
i) Selection of specific access point locations to be activated for 2.4 GHz and 5.5 GHz.
ii) Any special antenna requirements to optimize RF coverage patterns in special situations.
iii) Channel assignments and power levels for each access point to provide best coverage with
minimal potential interference.
iv) Define any required support structure for access points and brackets, antennas, etc.
b. The site survey must be done after the completion of all internal walls and substantial completion
of all other internal systems to have validity. The survey and design should take into account both
presence of coverage (vs. “not covered”) and adequacy of coverage to support the expected or
possible density of users, especially in classrooms or other instructional areas.
c. All occupied areas of the building are to be covered for all technologies (currently IEEE 802.11a,
802.11g 802.11n and 802.11ac in most spaces) with a minimum signal quality of “good” or “better”
on the survey.
i) The following areas are excluded from this requirement:
(1) Rest rooms
(2) Elevator cars
(3) Most stairwells
ii) The following areas need special consideration in order to provide full coverage:
(1) Mechanical rooms.
(2) Electrical substations.
(3) Other large maintenance-type support-only areas.
(4) Note: CDRs and BEF should have full coverage.
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d. Contractor is to produce proposed design drawings with the above information for approval by
WMU OIT before starting actual installation.
e. It is possible that additional APs may need to be installed after occupancy to address issues
discovered during the survey.
D. General Outside Wireless Coverage
a. For projects in areas where outside wireless coverage is not already full or where current
coverage is disrupted, outdoor APs should be installed to provide coverage for the area
surrounding the project.
b. Area to be covered and locations for outdoor APs should be selected in consultation with WMU
OIT and other interested parties.
c. The normal general access outside coverage locations consist of the following:
i) An AP mounted outside the building, oriented to cover the desired area.
ii) Patch cables from the AP passing into the building and connected to appropriate data jacks.
iii) Properly grounded lightning arrestor for the antenna.
iv) Access point connected to the communications system.
d. At the selected locations, the following needs to be provided:
i) Weather-tight pass-through of 1” or larger for cable egress.
ii) Mounting pole or bracket for an AP or AP-antenna combination in close proximity to the passthrough.
iii) Access point communications outlet and mounting location.
iv) Ground connection location if building ground is to be used.
e. Typical outdoor AP installation is described in Appendix B.
f. Electrical grounding of outdoor AP to be done as described in Appendix C.
g. The following considerations should be taken into account in the design and locating of the
mounting system:
i) Accessibility/maintainability after completion of the installation.
ii) Ability to locate an access point and grounded lightning arrestor (if installed) near the inside
opening of the pass-through.
iii) Resistance to weather effects, both against damage and for long-term appearance
considerations.
iv) Appearance.
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E. Point-to-Point Backup Links
a. For point-to-point wireless links, points at the top of the project building will be selected in
conjunction with appropriate line-of-sight points on existing buildings that can act as backup
support sources. The system should be designed in conjunction with WMU OIT and others.
b. The wireless bridges that would probably be used for this link require a special dual-coax cable
from the outside unit direct to the nearest CDR.

F. System Installation
a. Wireless contractor will coordinate with electrical and other contractors to assure outlet boxes,
communications circuits, mounting brackets for AP and antenna, etc., as required are placed to
properly support the final system design.
i) Accurate placement of Wireless Access points is important, however some flexibility is
permitted to allow for on-site limitations or factors. In such case where mounting in the
designed location is not feasible a variation of up to 1ft (12 inches) from the depicted design
documentation is allowed.
ii) No variation in mounting location that exceeds this limitation shall be made without approval
from WMU OIT.
b. Owner will provide Cisco access points (with Cisco-supplied mounting brackets only) and
antennae as required by the final design.
c. Contractor will label and install required access points and mounting brackets, if used. See DG27-10 for labeling requirements.
d. Contractor shall install supplied Category 6A patch cables from APs to outlets so APs can be
activated by installation only of appropriate jumper in CDR. AP primary Ethernet connection will
be connected to gray jack and AP console port will be connected to the violet jack.
e. In case of large spaces including but not limited to, auditoriums, lecture halls, stadiums, ballrooms
atriums etc. special consideration should be placed upon the location of access points to ensure
that physical access to the access points is maintained without undue difficulty.
f. Contractor shall install locks on access points as provided by WMU OIT.

4.

PRODUCTS
A. Cisco Access points will be supplied by WMU unless otherwise specified.
a. As of this writing the Cisco 1800, 2800 and 3800 series APs are used for indoor installations and
Cisco 1500 series APs being used for outdoor locations. These may be superseded by newer
models.
b. When included, Cisco mounting brackets will also be supplied by WMU.
B. Antennae and antenna cables may be supplied by WMU if required.
C. Cables to connect outside antennas are Times Microwave LMR-400 black plenum cable with
appropriate connector for antenna on outside end and RP-TNC plug on inside end.
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APPENDIX B
Typical Outdoor WAP Installation
•

At this time, the exterior WAPs are likely to be Cisco 1500 series outdoor access points.
◦ WMU will provide the following:
◦ WAP with mounting bracket.
◦ Fasteners for attaching WAP to mounting bracket.
◦ Ground lug (Panduit PLCD6-10A-L) with screws and lock washers.
◦ Antennae for WAP.

•

All other required hardware, cabling and tools to be provided by installer.

•

WAPs are mounted to the wall (or suitable vertical surface) via a supplied mounting bracket.

•

The bracket is attached to the exterior wall surface using appropriate fasteners of a type suitable
for the wall material. The mounting surface, attaching screws, and optional wall anchors must be
able to support a 50-lb (22.7 kg) static weight.

•

Conduit from the interior can terminate at an appropriate weatherproof box or wall-plate
attached to the exterior surface.

•

From this box or wall-plate, a Liquid-Tight Flexible Metal Conduit (LFMC) conduit is used to
provide a protected path for the CAT6A data connection to the WAP.

•

Two CAT 6A UTP, non-booted patch cords of appropriate length shall be used to connect the
WAP to the nearest data jack in the building.

•

The LFMC is also used for grounding the WAP and shall be terminated at the ends via
appropriate liquid-tight grounding fittings.

•

The LFMC must include a drip loop when installed.

•

If a non-metallic conduit is used, a separate #6 ground wire must be installed from the WAP to
the nearest electrical ground.

•

An adapter is required at the WAP to interface from the M20x1.5 metric threads on the WAP
housing, to the 1/2in NPT threads on the liquid-tight fittings.

•
•

Appropriate data sheets and documentation are attached.
The following materials shall be provided by the installer:
◦ 1/2” Liquid-Tight Flexible Metal Conduit (LFMC):

▪ Anaconda SEALTITE Type UA – ½” or equivalent is recommended.

◦

1/2” Steel Liquid Tight Connectors with Grounding Lug:

◦

M20x1.5 to 1/2” NPT thread adapter:

◦

Category 6A PoE+ capable non-booted patch cords of appropriate length:

▪ American Fittings Corp STR50GL or equivalent is recommended.
▪ American Fittings Corp STR90GL or equivalent is recommended.
▪ Sealcon P/N AM-2012-BR or equivalent is recommended.
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▪ Panduit type NK6APCxxx or equivalent is recommended.
◦

5/16” or M8 fasteners of a type suitable for the wall material to which WAP mounting
bracket is to be attached.

Fig. 1 – Typical installation using separate ground wire.
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APPENDIX C
Grounding the Access Point
The access point must be grounded before connecting power.
Warning!
This equipment must be externally grounded using a customer-supplied ground wire before power is
applied. Contact the appropriate electrical inspection authority or an electrician if you are uncertain that
suitable grounding is available.

Warning!
Installation of the equipment must comply with local and national electrical codes.

Note: When the access point is cable strand mounted, the strand support cable and the mounting
hardware provide grounding for the access point.

In all outdoor installations or when powering the access point with AC power, you must follow these
instructions to properly ground the case:
If using insulated 6-AWG copper ground wire, strip the insulation as required for the grounding lug.
Use the appropriate crimping tool to crimp the bare 6-AWG copper ground wire to the supplied
grounding lug (Panduit PLCD6-10A-L).
Note: The grounding lug and hardware used must comply with local and national electrical codes.

Open the electrical joint compound (supplied), and apply a liberal amount over the metal surface
where the ground strap screw holes are located.
Connect the grounding lug to the access point grounding screw holes using the supplied two
Phillips head screws (M4 x10 mm) with lock washers. Tighten the grounding screw to 22 to 24 in. lbs
(2.49 to 2.71 Nm).
If necessary, strip the other end of the ground wire, and connect it to a reliable earth ground
such as a grounding rod, an appropriate grounding point on a metal streetlight pole that is grounded, or a
grounded cable on a cable strand.

END OF SECTION DG27-8
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1.

GENERAL
A. The standard video system for current buildings is a CATV-style arrangement with outlets supplying
WMU’s EDUcable channels to designated outlets. Some modern instructional buildings are having
custom video systems installed, which will be defined separately. Where EDUcable is provided, it
distributed through the building using a riser system as described elsewhere and distributed to
defined user outlets using a horizontal cable distribution system.

2.

GENERAL DESIGN REQUIREMENTS
A. The type of video system that will be used for the building needs to be defined early in the
construction planning cycle. If a custom video system is desired, OIT need to be informed so
appropriate personnel can participate in the planning and assure smooth integration of EduCABLE
signals. Additionally, this specification section needs to be adjusted to reflect the desired system
B. Unless otherwise specified, the building will have a CATV-style system to deliver WMU’s
EduCABLE service to:
a. All instructional rooms.
b. All conference rooms.
c. Selected public areas.
d. Selected offices and other spaces.
C. EDUcable video outlets are to be incorporated into the standard Panduit work area outlet.

3.

SPECIFIC REQUIREMENTS
A. Products
a. All horizontal cable will be plenum rated.
b. Cable Hangers
i) Cable hangers compatible with Category 6/6A and fiber optic cable specifications that are
intended for use above false ceilings or similar spaces.
c. Flexible coaxial cable will be Belden type 1189A RG-6 quad-shield.
d. F connectors will be RG6 Quad-shield compatible PPC-Belden type EX-6.
e. The outlet at the user end will be a Panduit CMFSR Self terminating F-connector modules. Color
will be IW unless otherwise specified
f. Labels: See DG-27-10.
B. Execution
a. Cabling and terminations
i) Install all horizontal cabling using cable path system. All cabling will be neatly and appropriately
dressed and retained within cable pathway. Bend radius, tensions, and other physical
parameters for all cables will adhere to manufacturer specifications and appropriate standards
at all times during installation and after completion.
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ii) At TCs, cables dressed with a service excess of approximately 5 feet near the distribution point
to allow re-location if required at a later date.
b. The drop cabling to each faceplate shall be RG6 coaxial cabling.
c. RG6 cabling shall be quad-shield 75 ohm coaxial cable with an 18AWG copper covered steel
center conductor with a gas expanded polyethylene foam FEP dielectric. The shield shall be foil
aluminum-polypropylene- aluminum laminated tape with overlap bonded to the dielectric, a
60% braid of 34AWG bare aluminum wire, an aluminum-polypropylene-aluminum laminated
tape, and a 40% braid of 34AWG bare aluminum wire. The outer jacket shall be made of flame
retardant polyvinyl chloride. Cable shall be Black in color with minimum specs as follows
i) Listed NEC CMP (ETL)
ii) Impedance: 76.0 +/- 2.0 Ohms
iii) Minimum SRL: –20dB from 1-1000MHz 100% Sweep Tested
iv) Minimum Velocity of Propagation: 85% s
d. Trunk cabling shall be ½”
e. Hardline coaxial cabling. Cables shall be installed based upon the following criteria
i) RG6 for horizontal system drop runs from 1 to 200 feet in total length.
ii) RG11 for horizontal system drop runs from 201 to 350 feet in total length.
f. Video outlets will be activated by connection to an EDUcable backbone tap outlet in the nearest
TC.
i) Horizontal user outlets will be routed to the closest TC. If two TCs are very close in distance,
the connection will be routed to the one which is most related to the outlet (consult with owner).
g. F connectors will be attached to each end of cables in accordance with manufacturers
recommendations.
i) A 12” (approx.) slack will be left at the TC end of the cable. Slack will be dressed neatly at taps.
ii) A 6” (approx.) slack will be left at the user end of the cable. Faceplate will be assembled to
assure all cables adhere to required bend radii.
h. Each CATV outlet shall utilize Panduit CMFSR Self terminating F-connector modules designed to
provide automatic termination of interface when mating connector is disconnected.
i. User outlets will provide a signal level of at least +5.0 dBmv for all channels through 600 MHz.
j. End user outlets will be completed in a style similar to that used for UTP copper and labeled as
specified in DG27-10. User jacks will be installed in sloped panels with openings facing down
whenever practical.
k. Jacks at both ends will be labeled and system will be documented as specified in DG27-10
C. Performance verification
a. Upon completion of the cable installation, the Contractor shall perform and document complete
cable tests, including but not limited to the following.
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i) Continuity checks on each cable segment: checking for "opens" and "shorts" between each
conductor, as well as "shorts" to ground.
ii) Cable length – once per cable segment.
iii) Correct pair polarity for each cable where applicable.
iv) Correct cable labeling at each end of each segment.
v) Verify output signal strength level at each receptacle.
vi) Minimum signal level, any channel +5 dBmV.
vii) Maximum signal level, any channel +10 dBmV.
viii)

Verify worst case carrier-to-noise 45dB.

ix) Verify maximum adjacent channel variation 2dB.
x) Verify maximum tilt, lowest level channel to highest level channel 8 dB
b. Tests shall be performed with connectors and termination completed and in-place.
c. Any cable or component not satisfactorily passing the tests as described or failing quality
installation standards as described in this specification, shall be repaired and/or replaced at the
Contractor's expense.
d. The Contractor shall prepare complete cable test reports for all installed cables for approval of the
Owner prior to acceptance of the cabling system.
e. A copy of the final completed and reviewed cable test reports shall be enclosed in clear protective
covers and posted in the wiring closet for use and reference by the Owner.
f. Fire-stopping shall be installed after all cabling under contract has been installed.

END OF SECTION DG27-9
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1.

GENERAL
A. Documentation of the communications system is very important in ensuring the overall quality of the
system and assuring long-term value and supportability of the system. Complete and proper
labeling is necessary to assist in administering, troubleshooting and maintaining the system.

2.

GENERAL DESIGN GUIDELINES
A. Identification and Labeling
1. At completion, components of the communications system must be clearly and permanently
identified by colors, labels, etc., as defined in detail by WMU for some systems and in a rational,
acceptable manner for those not defined in detail. WMU has not adopted TIA or BICSI standard
identification/labeling systems for most components, as they tend to be complex and incompatible
with systems already in use at the University. University component identification does intend to
accomplish most of the same results as standard systems, but with less complexity and formality.
i) WMU uses an internally defined, somewhat unique, system for identification within the
horizontal distribution system. It is defined in detail below.
ii) The fiber outlet identification requested by WMU is somewhat simpler than most standards.
iii) Copper pairs in the backbone system must be labeled with pair numbers defined by WMU in
order to be compatible with the current telephone system database.
iv) WMU has developed a system for identification of wireless access points, defined below.
v) Other components may require labeling in various manners as defined below. In cases where
no specifics are given, good current practice will normally be acceptable. WMU/OIT should be
consulted.
B. Documentation
1. The primary required documentation required includes test data and as-built system drawings.
Both should be submitted in a combination of printed and electronic forms.
i) Test data should have summaries and full simple tests submitted in printed form. Large
quantities of data, such as the test results for the horizontal cables, may be submitted mainly in
electronic form. Drawings should be submitted in both printed and electronic formats. Detailed
requirements for different systems are given below.

3.

DESIGN REQUIREMENTS
A. Identification and Labeling
1. Communications Distribution Rooms (CDRs) or Telecommunication Closets (TC) have three
identifications: room number, IDF number and POP number.
i) Room number
(1) The room number is the official permanent University-assigned room number. The room will
be labeled with this number according to general University standards.
(2) OIT understands that permanent room numbers are to be assigned very early in the project
to avoid confusion that has resulted as room numbers change during the project. Where
standards in communications systems call for use of the room number as part of component
identification, such identifications will not be completed until permanent room numbers are
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assigned. Any identification that cannot use permanent room numbers will be clearly
indicated as temporary.
(3) OIT prefers that room identification plates visible to the general public NOT indicate that the
room is a communications space for security purposes.
ii) IDF Identity
(1) The current OIT communications database uses IDF (intermediate distribution frame)
identifications as a key piece of data in the cable plant system.
(2) All rooms with outside or riser copper pairs present will be given IDF identifications. WMU
OIT will be responsible for assigning IDF identities for CDRs/TCs and supplying them to the
contractor. The assigned IDF designation will be displayed in the CDR on the sidewall
opposite the face of the rack bay in permanent 2” characters.
iii) POP Identity
(1) The WMU data network designates network equipment locations as “points of presence” or
POPs in plant databases. Since POPs do not always coincide with IDFs they have a
separate identification.
(2) The full POP identification consists of a 3-letter building code “point-concatenated” with a 2character code for the individual POP. (Example: BLD.1N). The building code will be
assigned by OIT. The individual POP codes may be generated by the designers subject to
OIT approval. The system used to generate individual POP codes is normally simple:
(a) The first character designates the floor: B, 1,2, S for sub-basement and G for ground are
used where appropriate. (T Indicates a location within a service tunnel or crawlspace,
hopefully not seen in new projects.)
(b) The second character for the main POP (BEF) is always P for primary. For subordinate
CDRs, the second character for large buildings is generally N, S, E, W, to indicate the
general geographic direction from the building center. CDRs near the building central area
use the code C. Where CDRs do not readily fall into this system, more creativity is
required and OIT should be consulted.
(3) It is highly desirable that CDR codes be assigned early in a project and that contractors and
others desiring a short abbreviation for communications closets use them rather than
inventing their own, which simply adds to confusion.
(4) The POP 2-character code should be displayed in 2-3” characters placed high on the
exposed face of the outer vertical cable manager as early in the project as possible. In any
event the code should be posted at this location in permanent characters at the completion
of the project.
(5) Other locations, like server rooms, which house network distribution electronics will be
assigned POP codes by OIT. This is normally not a factor during construction, but could be
in large projects. They generally are given codes that do not fit the system outlined above.
2. Backbone system
i) General
(1) The WMU communications backbone plant generally uses relatively simple identification
systems and labeling Use of both is increasing, but requirements are still normally less
complex that EIA/TIA standards. The specifications here apply only to the backbone system:
outside or inter-building cables and riser cables. The horizontal distribution cables use a
different system described in a separate section.
3
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ii) Copper Cables
(1) Entry cable Labeling
(a) Label 110 blocks and each jack with pair number(s). Start with pair 1 and number pairs
sequentially. Pairs terminated on two-pair jacks will be at high end of count.
(b) Label individual jack panels prominently with “T” and a sequence number in pair-count
order.
(c) Label each 25-pair jacket with an identical sequential identification number at each end.
(2) Riser Identification and Labeling
(a) Label each riser cable bundle with destination CDR/TC at the BEF near point of entry to
conduit and near rack termination point.
(b) Label each 25-pair jacket with an identical sequential identification number at each end.
(c) Label riser jack termination panels (or appropriate areas of panel) with source/destination
room identifiers as defined by owner. (Subdivide panels into no less than 12-jack groups.)
(i) Additionally, label each separate riser jack panel as a unit in upper left corner with “R”
and a sequence number in logical order for the housing CDR.
(d) Label each riser jack with assigned pair numbers. Specific pair number ranges will be
assigned or agreed to by WMU OIT.
iii) Fiber Identification and Labeling
(1) All fiber cabinets will be labeled with bright yellow stickers warning of possible eye damage.
(2) Riser fiber optic cables will be identified based on their function as links between two points
of presence (closets or rooms). Individual fibers will be identified by the fiber number within
the cable based on manufacturer color-coding.
(a) Termination panels for cables will be labeled with a cable designation as “from” or “to”
appropriate CDR. CDRs can be identified by room numbers or POP codes or both. “From”
and “to” indication is based on a tree of cables directed to the BEF from outside source
buildings and to individual rooms from the BEF within building. Any peer-to-peer cross
cables installed will be marked as “to/from” the other space.
(3) Labels will be permanent, non-smearing and will be applied neatly and logically.
(4) Handwritten labels are not acceptable.
3. Horizontal system
i) General
(1) The system required here is WMU specific.
(2) Work area outlet (WAO) jack designations are based on the RJ-panel location of the
corresponding jack in the CDR. The full unique identity of each jack is a combination of this
with the CDR room number. This is designed to assure identifications carry the needed
useful information in minimal text and are as unambiguous as possible for each jack in the
system.
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(3) Within individual work area outlets, jacks have different colors. The presence of different
colors is intended as a troubleshooting tool for assurance beyond jack ID that the correct
jack is being discussed. The colors used are indicative of expected service available from
the jack, but services and colors are not required to be linked. Standard color patterns for
various types of outlets recommended by WMU OIT are shown on a separate drawing. The
expected services for the Panduit color set is listed below.
ii) Outlet Labeling
(1) The WAO outlet faceplate should be labeled with the communications room serving the
WAO along with the corresponding patch panel and jack number. This label should be
placed in the outlet’s main or top label location for most face-plates. Separate outlet
standards indicate this.
iii) Jack identification
(a) Jack Identification and Labeling
(i) Designer or installer should be responsible for developing jack identities as defined
below with guidance from owner. In either case, installer should be responsible for
assuring designations are complete and correct and for completing a correct as-built
floor layout showing designation for each jack.
(ii) Jack Identification/designation system:
(a) Jack (circuit) identification is based its location within an alphabetically designated
48-jack termination panel in a CDR as described below.
(b) Panels in CDRs will be assigned in alphabetical order from top to bottom, left to right,
per room as installed in racks. Where there are less than 800 jacks for the entire
building, panel letter assignments will extend through the entire building. Where there
are more than 800 jacks for each floor of a building, panel letter assignments will
extend across each entire floor. (I.e., Each lettered panel will be unique throughout a
floor or building, eliminating any ambiguity where possible.) Where this system
cannot be used comfortably, each closet will have panels starting with A and
extending as far as necessary.
(c) Individual jacks (connections) will be identified using the 4-digit TC room number
followed by letter of the panel at which they terminate and the jack number within that
panel. (Eg, 1130-A01 through 1130-A48 followed by 1130-B01 through 1130-B48,
etc.)
(d) CATV (RF) Video jacks will be identified by the 4-digit TC room number where the
connection originates, followed by the letter V and a sequential jack number (Eg,
1130-V01 etc).
(e) Video cables must have matching corresponding jack labels at both ends.
(iii) Label each jack at the outlet end with assigned designation using labels appropriate to
the faceplate.
(iv) Label each jack panel in CDR with assigned letter in upper left corner. Assure each jack
in panel is clearly labeled with sequence number either by permanent markings from
time of manufacture or applied labels
(v) Security Camera connections should be installed in a separate patch-panel, the location
of which shall be determined in consultation with WMU-OIT. The jacks installed for this
purpose shall be Yellow in color.
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(vi) Apply labels for jacks in accordance with Panduit recommendations.
iv) Jack Colors
(1) Jack colors within individual outlets are indicative of the expected use to be made of the jack.
However, all horizontal connections are to be wired the same and pass the same tests, so
any service may be supplied through any color jack. The expected uses for the Panduit
colors are listed below. These are expectations rather than any form of required standard.
(a) WH – White – Default WAO data jacks. These will be connected to power-over-Ethernet
(POE) switchports by default.
(b) BU – Blue – Secondary jacks planned for computer or other standard data network
connections in addition to the default White jacks. These are only to be used as primary
jacks in older locations having non-PoE connections.
(c) YL – Yellow – jacks that are planned as a second or third data network connection for an
outlet already equipped with white and/or blue jack. Yellow jacks are also used for
Security Camera connections made to separate panels in racks reserved specifically for
Public Safety CCTV equipment.
(d) OR – Orange – used for the third or fourth data network connection in outlets already
equipped with blue and orange jacks.
(e) GR – Green – used in fifth position in six position outlets. May be used for various uses,
including use for service such as FAX machines or security cameras in older installations.
(f) PK – Pink – Currently used for the sixth position on 6-jack faceplates.
(g) IG – Gray – Currently used primarily to designate Category 6A data back-haul connections
for wireless APs. Historically may be found in use for circuits with only one pair connected,
such as at the entry cross-connects.
(h) VL – Violet – Currently used for the second Category 6A connection to wireless access
points. These typically terminate into a separate patch panel in the CDR/TC rack(s)
(i) EI – Electrical Ivory – This has been a confusion problem with White (IW) and use should
be minimized.
(j) RD – Red – intended for special or emergency services.
(k) BL – Black – jacks which do not meet Category 6 standards or where it is known the
usage device will be non-data. Used mainly for riser jacks and analog PSTN services.
KWP6PY style wall phone jacks are generally black and should be color matched in the
CDR/TC.
4. Wireless system
i) General
(1) Within the cable system, wireless access points should use regular horizontal outlets that
have been placed appropriately (as above ceiling) for an access point.
(2) Individual access points as units have identities or names that identify them and are
programmed into them. These identities include a sequence number within a floor that
should be assigned by the designer or installer in consultation with the WMU OIT.

DIV 27 APPENDIX
rev. November 2020

DG27-10 IDENTIFICATION, LABELING AND DOCUMENTATION

6

WMU Design Guidelines
ii) Identification
(1) WMU’s internal system for naming of wireless access points is composed of several parts
concatenated with dashes:
(a) A three or four letter building abbreviation string assigned by WMU OIT.
(b) Floor number.
(c) Two digit unique sequence number within floor (starts at 01 for each floor).
(d) Room number location of the device (nearest door if device is in a lobby/hallway).
(e) Jack number of the data jack that the device is connected to, indicating patch-panel letter
identifier and jack number within that panel.
(f) For example: BLD-2-07-2222-A42
(2) These name codes should be used to identify access points on completion of the wireless
survey. Generation of these codes requires cooperative effort between WMU OIT and the
installing contractor.
5. CATV Video (RF) distribution system
i) General
(1) All CATV jacks at taps and outlets will be labeled with source tap identification
(2) Labels shall be composed of several parts concatenated with dashes
(a) Start each label with a “V” designation for Video.
(b) Floor number
(c) Tap housing or unit number
(d) Tap number.
(e) For example:
(i) Taps on the first tap unit having 48 taps, installed in the third floor CDR shall be labeled
as
(a) V-3-1-01 to V-3-1-48.
(b) The second such tap unit shall be labeled as V-3-2-01 to V-3-2-48 and so on.
ii) All cables shall be identically labeled at both ends so as to identify which tap they are
connected to
iii) All cable segments shall be identically labeled at each end with installed length.
B. Documentation
1. The following should be submitted or placed as specified at completion of the project.
i) Administrative Data Lists
7
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(1) Spreadsheets per CDR/TC with room numbers, all installed jack identifications, and colors,
as a minimum, should be prepared. A binder with two copies of such lists, one sorted by jack
and one sorted by room should be placed in each CDR/TC. Electronic copies should be
provided to owner.
(2) Spreadsheet list of wireless access points with identification (as above), locations,
configuration specifications, serial numbers, and MAC addresses. A sorted paper copy
should be placed in the BEF. Electronic copies should be provided to owner.
ii) Test Data
(1) Backbone test data
(a) Test data for riser system should have one printed copy of appropriate data or summaries
placed in a binder in the BEF and one copy provided to WMU OIT. All data from tests
should be provided in electronic form.
(2) Horizontal UTP circuits
(a) Full test data in electronic format for all horizontal copper connections should be provided
to owner on CD. One copy of printed summary list of test results sorted by jack should be
placed in binder (above) in each CDR. Second printed copy of these lists should be
provided to WMU OIT.
iii) Drawings
(1) Backbone Cable Systems
(a) Full-size As-built drawings showing details of riser and entry cable system with BEF,
CDRs, pair counts, pair-number ranges, etc. will be posted in the BEF on accessible clear
wall protected by Plexiglas or Lexan clear covering. Drawings are NOT to be laminated.
One paper copy should be provided to owner, along with electronic version in AutoCAD
format.
(b) As-built which clearly provides an “in-room” road map of the voice/data/CATV drops that
are served from within that space respectively. This drawing (or drawings) shall be of a
size large enough that relevant data is clearly legible. Drawings are NOT to be laminated
but shall be posted on an accessible, clear wall, protected behind a Plexiglas or Lexan
clear covering. The final product shall be coordinated with the Western Michigan
University IT staff so as to follow University standards in each CDR.
(2) Horizontal connections
(a) As-built drawings clearly showing full floor plan of area supported by CDR clearly
delineated and showing location and identification of all jacks supported from the CDR will
be mounded under clear protective covering in each CDR. One printed copy will be
provided to WMU OIT, along with electronic copy in AutoCAD format.
(3) Wireless System
(a) As-built drawings showing all access point (AP) locations and coverage areas will be
prepared. Separate drawings should be supplied for 2.4GHz and 5GHz coverage with AP
coverage areas color-coded by channel. One drawing per floor is acceptable, unless
another format makes the information clearer. A copy of the applicable floor drawings will
be posted in the main CDR for each floor and one paper copy of each should be supplied
to WMU OIT, along with electronic copies in AutoCAD format.
(4) AutoCAD format copies of floor plans and other relevant drawings should be made available
by architect for contractors to aid in their preparation of requested drawings.
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(5) Posted Drawings:
(a) Drawings will be of a size where relevant data is legible. Protective covers will be secured
to plywood or wall with replaceable screws at each corner. Additional screws will be
placed along edges which exceed 24”.
(b) Drawings are not to be laminated.
iv) Other
(1) All manuals, included software, unused accessories, etc. supplied with equipment installed
under this contract will be turned over to owner on completion.
4.

SPECIFIC REQUIREMENTS
A. Products
1. General Labels
i) All labels will be good quality, permanent, high contrast, and designed for high legibility.
Panduit brand recommended wherever applicable.
ii) Fonts will be of adequate size with clear distinction between the following in all cases:
(1) Number 0 (zero) and Letter O.
(2) Number 1 (one) and letter I.
(3) Number 2 (two) and letter Z.
(4) Number 5 (five) and letter S.
(5) Number 8 (eight) and letter B.
(6) Lowercase letter “l” (L) and uppercase letter I as well as number 1 (one).
2. Cable Labels
i) Small inside cables
(1) UV-resistant machine-printed labels that wrap completely around cable with clear section
overlapping text.
(2) Acceptable Manufacturers: Panduit, Brady
ii) Large inside cables, outside cables, cable bundles
(1) UV-resistant self-laminating labels or label holders fastened to cable with permanent cable
ties.
(2) Acceptable Manufacturers: Panduit, Brady.
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3. Outlet Labels (for use on face-plates and panels)
i) Panduit brand labels intended for use with Mini-Com series jacks, face-plates and panels.
4. Drawing covers
i) Drawings posted in CDRs will be covered with clear transparent protective shatterproof
coverings of Plexiglas or an equivalent material.
(1) Coverings for displays of 24”x24” will be at least 1/16” thick.
(2) Coverings for displays of larger areas will be at least 1/8” thick.
(3) Covering exceeding 24” in any dimension shall be supported by appropriate fasteners at a
maximum spacing of 24”along the sides.
B. Execution
1. Backbone Exterior Entry Cable
i) Cable will have a permanently attached tags with pair number range as indicated by owner at
point of entry and all intermediate access locations (vaults, tunnels, etc.).
ii) Protection blocks will be clearly and permanently labeled with appropriate pair numbers from
range assigned by owner.
2. Labeling of Panduit termination systems will be accomplished in accordance with Panduit
recommendations.

END OF SECTION DG27-10
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1.

GENERAL
A. Testing of the communications system is very important in ensuring the overall quality of the system
and assuring long-term value and supportability of the system.

2.

GENERAL GUIDELINES
A. Testing
a. Communications systems will be tested in accordance with current standards and practices using
high quality test equipment.
i) Final testing must be performed on the complete finished system with all equipment installed in
the final intended location.
ii) Test data from tests will be organized and copies supplied to owner. Except where specified
elsewhere, copies in electronic format are acceptable.
(1) CD data files may be in Word, Excel or AutoCAD format as appropriate.
iii) The following systems should be tested:
(1) All pairs and connectors of the UTP copper cable system.
(a) Horizontal cables must be certified as exceeding EIA/TIA Category 6/6A performance
specifications as applicable.
(b) Riser cables must be certified as meeting EIA/TIA Category 5e performance specifications.
(2) All individual fibers and connectors of the fiber cable system.
(a) Fibers must be verified for appropriate loss levels and lack of defects and the results
documented.
(3) Wireless connectivity will be verified for all areas.
(4) EDUcable CATV RF video signal output will be verified and documented at all user outlets.
iv) WMU has been firm in requiring the use of horizontal copper system components that exceed
TIA Category 6/6A specifications. Currently, the testing language below encourages
installations that exceed Category 6/6A and invokes the Panduit warranty
b. WMU OIT will inspect work done by the contractor. This is an essential part of the Startup and
Commissioning process.
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B. Documentation
a. The primary required documentation includes test data and as-built system drawings. Both should
be submitted in a combination of printed and electronic forms.
i) Test data should have summaries and full simple tests submitted in printed form. Large
quantities of data, such as the test results for the horizontal cables to be submitted mainly in
electronic form.
ii) Drawings should be submitted in both printed and electronic formats. Detailed requirements for
different systems are given below.
C. Cutover and Training
a. General
i) Cutover work consists primarily of completing user connections to electronics in the TCs to the
extent specified.
ii) Formal training is not a significant requirement for the cabling system since WMU OIT has
significant experience in such systems. Informal training in the form of continuous interaction
with owner during installation is required.
(a) Contractor will be responsible for training of owner on the complete system to the extent of
ongoing discussions during installation to assure owner is clear and has questions
addressed on all points of the system as built.
(b) Contractor may be responsible for a limited number of special circuit connections in the
copper riser system as directed in drawings or special lists.
b. Specific Requirements
i) Products
(1) Cross-connects punched between building entry system and cross-connect system to rack
RJ panels will be completed using 4-pair category 5e grade cross-connect UTP wire.
(2) All Category 6 horizontal system connections will be completed using Panduit brand
Category 6 Plus jumpers.
(3) All Category 6A horizontal system connections will be completed using Panduit brand
Category 6A jumpers.
(4) Fiber optic connections will be completed using duplex jumpers with fibers and connectors
matching the fibers being connected.
ii) Execution
(1) Punched connections will be installed using a tool specifically designed for the type of
connection being completed.
(2) UTP RJ connections will be completed with the plug securely seated in the mating jack.
(3) Fiber optic connections will be completed using techniques that assure all fiber connectors
are clean to fiber optic standards and that fiber optic connectors are properly seated and
retained.
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3.

DESIGN REQUIREMENTS
A. Testing
a. Backbone system
i) General
(1) All parts of the backbone system should be tested for mapping, continuity, and quality with
the test results being provided to the owner upon completion.
ii) Copper
(1) Outside cables
(a) Test all pairs of exterior entry cable and certify for pair continuity, polarity, and resistance
between Main Communications frame or other point of origin designated by owner (OIT)
and protector termination block in BEF.
(i) Any problems found with contractor installation will be corrected by contractor. If
problems are found within existing plant, data demonstrating this will be provided to
owner.
(2) Entry cross-connect system
(a) Test and certify all pairs against Category 5e-level criteria. Allowances may need to be
made for short cable effects.
(3) Riser Cables
(a) Test and certify all pairs against Category 5e-level criteria.
iii) Fiber
(1) Fibers should be tested at 1310 nm.
(2) Fiber Testing
(a) Exterior backbone cable fibers will be certified with an OTDR at 1300 nm. Loss charts for
all fibers will be provided to owner.
(3) Riser cables should be tested to assure continuity and through loss using either a loss meter
set or a good quality OTDR from both ends. Test criteria should be compatible with the
requirement for the system to be warranted under the Corning EWP program. Loss data
should be provided to the owner electronically in spreadsheet format.
b. Horizontal System
i) UTP circuits
(1) Testing
(a) Test and certify all horizontal WAO connections as exceeding Category 6/6A
specifications. Since all components of the system meet specifications exceeding
Category 6/6A, all or most circuits should exhibit a quality margin over basic Category
6/6A specifications. Testing should be performed in a way that qualifies the data under the
required Panduit Warranty Program.
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(b) Tests should be done with Agilent WireScope 350 or newer direct equivalent for
consistency with existing WMU horizontal data. Full test data should be supplied to owner
in electronic format.
(c) For channel tests, sample test jumpers will be used.
(a) Jumpers will be Panduit TX-6 Plus for Category 6 connections.
(b) Jumpers will be Panduit TX6A 10Gig for Category 6A connections.
(c) Jumper at CDR end will be 3 ft.
(d) Jumper at user end will be 14 ft.
(2) Products
(a) UTP Tester: Agilent Wirescope 350 system or newer Fluke equivalent.
(i) For Category 6/6A-level certification, both units will be equipped with Panduit GigaChannel TX6A Link Test Probe or Universal Link SmartProbe.
c. Wireless System
i) The finished wireless system should be tested by a walk-through with a laptop or wireless
survey device and have coverage drawings verified/adjusted to produce final as-built
documents. WMU OIT will assist in activating and configuring access points to design
specifications based on the installer survey.
ii) Accurate as-built drawings in AutoCad compatible formats shall be provided by installing
contractor. Locations of Wireless Access Points indicated on drawings should accurately
correspond with physical locations of respective installed Wireless Access Points.
d. Fiber Outlets
(1) Any horizontal fiber outlets should be tested and certified similarly to riser fibers.
e. CATV RF Video System
i) Upon completion of the cable installation, the Contractor shall perform and document complete
cable tests, including but not limited to the following
(1) All individual CATV user RF Video outlets will be tested and certified to have a signal level of
at least +5.0 dBmv for channel 4 and channel 50, as a minimum.
(2) Continuity checks on each cable segment: checking for "opens" and "shorts" between each
conductor, as well as "shorts" to ground.
(3) Cable length – once per cable segment.
(4) Verify output signal strength level at each receptacle.
(a) Minimum signal level, any channel ±5 dBmV.
(b) Maximum signal level, any channel +10 dBmV.
(c) Verify worst case carrier-to-noise 45dB.
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(d) Verify maximum adjacent channel variation 2dB.
(e) Verify maximum tilt, lowest level channel to highest level channel 8 dB
ii) Tests shall be performed with connectors and termination completed and in-place.
B. Test Result Documentation
a. The following should be submitted or placed as specified at completion of the project.
i) Test Data
(1) Backbone test data
(a) Test data for riser system should have one printed copy of appropriate data or summaries
placed in a binder in the BEF and one copy provided to WMU OIT. All data from tests
should be provided in electronic form.
(2) Horizontal UTP circuits
(a) Full test data for all horizontal copper connections should be provided to owner in
electronic form.
C. Equipment
a. Any and all equipment that is either extra, or removed due to being replaced/decommissioned,
shall be returned to WMU.

END OF SECTION DG27-11
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1.

GENERAL
A. This document contains information that is intended to clarify the interpretation of items that may be
found in any or many of the WMU DG-27 series.

2.

DEFINITIONS
A. General
a. Many terms and abbreviations in communications technology have meanings which evolve with
the technology or which mean different things to different people or in different situations. This list
is supplied to help clarify the intended meaning of terms and abbreviations used in the WMU DG27 series.
b. This list is intended to contain descriptions only for terms which are unique to WMU, for which
WMU has usages which may differ from general use, or which the meaning may be unclear for
other reasons.
B. Terms
a. AP
i) Wireless Access Point, often used interchangeably with WAP.
b. Approved
i) Beyond its basic meaning, this term has different specific meanings in this document
depending on context:
ii) Basic meaning, commonly accepted in most contexts per BICSI and others: acceptable to the
authority having jurisdiction” with a wide range of possible authorities, depending on product
and/or circumstances. Intent of usage should be obvious to most telecommunications
contractors.
iii) “UL-approved” (and UL-listed) is (are) used in the document in broad form, meaning full
acceptance by UL Under whatever program is applicable to the particular product.
iv) “Approved by owner” requires written explicit specifics for the desired product or procedure be
submitted to the owner and written approval received before substitution may be made for the
requirement specified in this document.
c. Backbone Cable System
i) The cable system connecting the building to external facilities and the riser system within the
building interconnecting TCs (essentially EIA/TIA 568-B, etc.)
d. BEF
i) Building entry facility- center for communications distribution for an individual building. In WMU
buildings, this is the communications space containing the communications service entry and
the central access to the building riser system. This space serves as the demarcation point
between the inter-building and intra-building cabling systems. It may also in some cases
contain horizontal distribution facilities, thus simultaneously serving the purpose of a TC. (In
most current buildings, this space is also referred to as the BDF.)
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e. Bonding
i) The electrical interconnection of conductive parts designed to maintain a common electrical
potential. Bonding conductors are not intended to current except under fault conditions.
f. Cable Tray
i) Any mechanical system intended to support multiple communications cables, often a large
quantity of individual 4-pair cables and fiber optic innerducts or cables. Most common physical
forms of such systems are included in this term without prejudice: ladder-tray, basket tray,
spine-and-rib.
(1) Implied in the general cable tray concept used in this document are the specifics associated
in BICSI’s glossary with a “trough (cable)”: A pathway constructed so cables readily installed
and removed without injury after the trough (tray) is fully installed.
(2) In concept, in-floor trench-duct and other similar systems would be included in the broad
form view of “cable tray”.
(3) While included in the term, overhead electrical-style closed-wall (possibly covered) wireway
is not allowed for general-use horizontal communications cable distribution.
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g. CDR
i) Communications Distribution Room. Used synonymously with Telecommunications Closet (TC)
h. Communications closet
i) Used synonymously with Communications Distribution Room (CDR) and Telecommunications
Closet (TC), which is the term more commonly used in many constructions specifications.
i. Data, Data Network
i) Communications system designed to support primarily digital information in packetized digital
form. In the past, such systems have been used primarily to carry “computer data,” but they are
now being adapted to carry digitized audio (voice) and video (IPTV) communications, confusing
the terminology. At WMU, the data system has used fiber optic cables for inter-building
communications, either fiber or copper for internal building riser level distribution and copper
UTP system for horizontal distribution. Current understanding is that the traditional telephone
system will be absorbed into the current data system. This document reflects this attitude in its
specifications.
j. EduCABLE
i) The WMU owned and operated cable-TV style system that serves all buildings on the campus.
k. Grounding
i) Grounding is the electrical connection of telecommunications hardware to an effective electrical
ground. The effective electrical ground can be a power system MGN, a grounded neutral of a
secondary power system or a specially constructed grounding system meeting appropriate
safety code definitions.
l. Horizontal Cable System
i) Cabling used to serve work area outlets from TCs (as in TIA 568-B, etc,) For WMU horizontal
cables:
(1) Each individual jack, no matter what technology, will have a separate jacket from the Work
Area Outlet (WAO) to the TC.
(2) In most cases, the served WAO and TC are on the same floor. Exceptions may be made in
some cases where outlet density is very light on one or more levels and the nearest TC is on
a different level (e.g., large basement mechanical rooms, attic spaces, sports facilities, etc.).
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m. Main Communications Closet
i) Used synonymously with “Building Entrance Facility” (BEF) and/or BDF.
n. Telecommunications Closet (TC)
i) A secondary Communications Distribution Room (CDR). In WMU’s communications
architecture, TCs are directly connected to the BEF or primary closet by riser cables and act as
the demarcation point between the intra-building riser system and the horizontal cabling system
for the area served by the TC. This is essentially the same as what is sometimes called an LDF
in similar documents and is current referred to at WMU as an IDF.
o. Jack
i) The physical connection jack for a single communications link or connection. In the WMU
usage, this generally refers to a single RJ-45 style female jack, but may sometimes be
broadened to refer to various fiber or RF connectors.
p. Outlet
i) Generally, a wall outlet box in the wall that will support a faceplate with one to four individual
jacks when cabling is completed. More generally, the termination point for one or more
communication circuits; a demarcation point between the user jacks and the user service
jumper. In addition to normal work area outlets, special outlets such as high or above-ceiling
video, and wireless data outlets are also included
q. RFoG
i) RF over Glass (RFoG) technology replaces the coaxial part of RF CATV trunk distribution
network by using single mode fiber instead. Also sometimes referred to as Passive Optical
Network (PON).
r. Trunk cable tray system
i) The portion(s) of the horizontal cabling pathway that is used to collect and carry a number of
horizontal distribution cables to the supporting TC. Generally expected to be a cable tray over
hallway ceilings leading from the outer areas of the building to the central TC or one
interconnecting multiple TCs. There may be any number of trunk cableways associated with a
given TC.
s. User outlet
i) The point of access at the user end of horizontal communications circuits. A communications
outlet may contain one or several jacks or various sorts, including RJ, video, or fiber optic. The
term “user” does not necessarily imply the requirement of an actual human user; the term as
used includes all types of access to the communications system including management
systems, hallway video monitors, LCD projectors, wireless Access Points (AP), etc.
t. Video
i) For the purpose of this document, the term “Video” where used to describe wiring or jacks
exclusively refers to video distributed over RF as CATV. This is not to be confused with video
content typically associated with audio-visual systems using formats such as HDMI, S-Video,
Component or Composite video, etc. which are typically associated with point-to-point
connections dedicated to such AV systems and are not considered a part of the WMUNet
infrastructure.
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u. Voice
i) Telecommunications service specifically designed to support primarily telephone-standard
voice-range frequencies. Included are legacy analog telephone service, proprietary digital voice
service, ISDN, T-1, DS1, etc. Traditional data systems are now being adapted to carry
telephone-style voice communications (VoIP), confusing the terminology.
v. VOIP
i) Voice over IP (Internet Protocol)- a system in which legacy voice-grade communications are
encoded in IP packetized form at a user location and transmitted across what has been
considered the “data” network along with other packetized digital information.
w. WMUnet
i) The WMU owned and operated digital data network that serves all buildings and users on the
WMU campus. WMUnet primarily refers to the physical system serving the Kalamazoo
campuses, but is sometimes extended to functions serving WMU’s regional centers. (This is
best applied to centers at Grand Rapids and Battle Creek, which are connected to Kalamazoo
by links leased and operated by WMU. Regional centers other than these two are actually
served using links leased or owned and operated by Merit.)
x. Work area outlet (WAO)
i) More current standard term for what is usually referred to as the “user outlet” in this document.
(See User outlet)
y. WAP
i) “Wireless Access Point”, often shortened to just “AP”.
3.

RATIONALE FOR VARIOUS NUMBERS / REQUIREMENTS:
a. Heat Load for closet
i) 325 W or 1100 BTU per hour per 25 jacks served by the closet is based on the power
requirements for C3524-PWR
b. Number of racks per closet
i) A minimum of two 19” racks to be installed per closet.
ii) Total racks per closet to be n+1 with 'n' denoting the minimum number of racks required to
support the needs of the users being serviced from that closet/CDR.
iii) Assumption that single rack can hold 10 48-jack panels and associated electronics including 3
48-jack riser panels, 2U Fiber-Optic termination cabinet and 5U of UPS if necessary. With
horizontal cable management, approx 2/3 of a rack should be required.
c. Exterior fiber backbone
i) Two geographically diverse paths with a minimum of 48 fibers in each path.
ii) Additional fibers to be added based upon specific project requirements as needed.
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d. Fiber Riser System
i) Minimum 24 contiguous single-mode fibers from BEF to each CDR/TC.
ii) Additional fibers to be added based upon specific project requirements as needed.

END OF SECTION DG27-12
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WMU Design Guidelines Note: This Scope of Work document is to be completed by WMU (OIT Department),
the Design Professional, the Contractor and the chosen subcontractor after award of bids. The goal is to facilitate
discussion among all parties to understand where everyone’s responsibilities begin and end with regard to
communications systems.

APPENDIX G: Sample Scope of Work Document
I. General
A. All work specified for the project shall be funded via the appropriate project budget.
B. OIT will generate purchase requisition for Network/Communications electronic equipment listed in
section III (Procurement) using applicable project fund and cost center.
C. All cable purchased by contractor will need to be verified for make/type by OIT before installation by
contractor.
II. Exclusions
A. Any work relating to Audio-Visual equipment shall be coordinated with Arnold Taylor via separate
document.
B. Any work relating to Security Systems shall be coordinated with Department of Public Safety.
III. Procurement by WMU OIT
A. Network/Telecommunications Electronic Equipment
i. Network Switches/Routers/Firewalls as required.
ii. VoIP Call-manager/voice gateway/analog adapters as required.
iii. Wireless Access Points & Antennae.
iv. CATV distribution equipment.
v. UPS for T-com closets.
vi. VoIP telephones
B. Cabling in T-com closets
i. Short Ethernet patch cables from switchgear to patch panels as required.
ii. Short Optical fiber jumpers from switchgear to patch panels as required.
iii. Power cords for Network/Communications electronic equipment.
C. Ethernet cabling at end user locations, not to exceed 6 feet in length for:
i. Connecting VoIP phone to data jack
ii. Connecting computer to data jack.
iii. Connecting Wireless Access Point to data jack
iv. Connecting printers/copiers and other peripherals to data jack(s) as required.
IV. Installation
A. To be Installed by OIT
i. Network Switches/Routers/Firewalls installed as required in T-com closets
ii. VoIP Call-manager/voice gateway/analog adapters as required in T-com closets.
iii. UPS installed in T-com closets.
iv. VoIP phones at user locations throughout the building.
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B. Provided by OIT to be installed by contractor
i. Interior and exterior Wireless Access Points.
ii. Antennae for interior & exterior Wireless Access Points.
iii. Ethernet cable to connect Wireless Access Point to data jack
C. CATV distribution equipment
i. CATV equipment installation to be discussed and coordinated with OIT Networks.
V. Other Wiring & Equipment
A. Building and other Network/Communications/CATV/Voice - cabling/equipment
i. All work not covered in this Scope shall be performed by contractor as per DG27.

END OF APPENDIX G
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