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3.0
Infrastructure & Pathway Details
Introduction

The intent of this section is to provide design details for communications pathways and spaces. These details will assist architects and their sub-consultants with specific design related requirements. This section will also serve as a guide for Budget & Planning and Facilities Management to determine construction details required for renovation projects as well as new construction.  

This section will provide details for the following items:

· Provide various sizing and selection criteria
· Provide sample designs and "typical" configurations documents, and (is something missing?)
· Provide general construction-related specifications and highlights for improving the methods used to address communications issues. 
A.
Reference Material

The primary technical reference documents for this phase of communications design are the TIA Commercial Building Standards related to telecommunications pathways and spaces and the BICSI Telecommunications Distribution Methods Manual (TDMM).  These documents are routinely updated to resolve conflicts and address new concerns and design opportunities.  As of the time this document was prepared, the following TIA standard materials were available:

· TIA– 569-A (and associated addenda) Commercial Building Standard for Telecommunications Pathways and Spaces.  This standard provides specifications for the design and construction of the intra-building pathways and spaces required to support communications equipment and media.  

· TIA– 568-B (and associated addenda) Commercial Building Telecommunications Cabling Standard.  This standard provides specifications for inter- and intra-building cabling media and related installation and support hardware.

· TIA– 758 Customer-Owned Outside Plant Telecommunications Cabling Standard, plus Addendum No. 1. This standard provides specifications for the minimum requirements for inter-building communications facilities, including cabling, pathways, and spaces.

· TIA– 606A Administration Standard for the Telecommunications Infrastructure of Commercial Buildings.  This standard identifies record-keeping requirements and information needed to effectively administer building communications systems. (We don’t go into as much detail as this standard calls for, but we do need to improve our consistency.  End users need to interact with wallplate documentation.)
· TIA J-STD – 607-A Commercial Building Grounding and Bonding Requirement.  This document identifies the need for, and composition of, a dedicated electrical grounding system for communications.

· Rural Utilities Service (RUS)  Bulletin 1751F-640 Design of Buried Plant, Physical Considerations
· Rural Utilities Service (RUS)  Bulletin 1751F-643 Underground Plant Design
· Rural Utilities Service (RUS)  Bulletin 1751F-644 Underground Plant Construction
B.
Documentation Standards
These standards provide direction to be used in conjunction with recognized industry standards, methods, and products; as well as Project Management documents, and the designer’s professional services contract scope of work in preparing formal design documents.
Communications infrastructure project documentation should provide for at least the following information:

· Statement of Work specific to the facility – A brief overview of the scope of work for each building, a detailed plan outlining the method of transition to the new media or methodology proposed for distributing new media, and any restrictions or limitations for working within the facility.

· Building floor plans – Floor plans should reflect the location of telecommunication spaces, all riser or backbone (Intra-Building) pathways, and any unique construction requirements.  The end result is that the bidder must be aware of the designer’s understanding for all intra-building pathways. There should be no question of how cables should be placed to any outlet location.  All communications outlets must be identified, by type and location, prior to the start of construction. This can be accomplished either as part of the detailed design documents or just prior to the start of installation in a particular building. 
· Statement of work for inter-building pathways and media – A brief synopsis of the scope of work, by pathway, with an indication of unique or particularly difficult building entrance conditions.  Include restrictions or limitations of particular routes or building entrance points.  All inter-building media must be documented following BICSI, TIA, and RUS methods and standards.  If splices are required to relocate specific pairs, either that work should be documented in sufficient detail to allow a splicer to start work or the scope of work must outline the need for the Contractor to identify, test, and document existing cables prior to undertaking any splicing. Details or typical drawings should be provided defining how conduits are to enter a vault, how cable is to be placed and racked, and how duct space is to be utilized. 
· Building construction and system plans – Details regarding architectural, electrical, mechanical, or plumbing work must be documented as with any project.  Such details should be separate from the communications design unless the work to be undertaken is very minor and will not cause confusion to bidders.
· Construction Standards Institute (CSI) format specifications – Until the construction industry has accepted the new CSI format (Division 27 00 00), the specifications must generally follow the existing CSI Master Format.  Construction work such as building a wall or painting a room should be specified under separate sections, not as part of a communications specification section.

C.
New Construction and Retrofit

Planning and implementing a complete and flexible communications infrastructure has become a crucial piece of new construction.  Gross square foot costs must be revised to reflect recent revision to the ANSI/TIA standards (telecommunication room sizes need to be increased to accommodate POE switches, monitoring equipment, and other new technologies) and expanded space planning assumptions must be accommodated. Retrofit projects, however, are not as simple to address. It can sometimes be difficult to identify and/or obtain the funds needed for communications infrastructure improvements in existing buildings because of the unforeseen conditions that can inhibit the placement of the required infrastructure.

These Standards provide a series of requirements for communications infrastructure, pathways, spaces, and media.  While the standards are more easily implemented in new construction, much can be done within existing facilities to provide a similar level of support for technology.  It will be more costly per square foot to provide updated infrastructure in an existing facility than to install similar support in new construction.

The major areas of design impacted in a retrofit situation are the pathways and spaces within existing facilities.  In addition to a detailed understanding of the existing conditions, the designer must be aware of the limitations imposed by older electrical and HVAC systems, outdated ceiling systems, existing wiring distribution methods, and hazardous materials.

The most frequent consideration in retrofit design, however, is the requirement to continue communications service while a new system is being installed.  With few exceptions, campus buildings are occupied most of the year imposing additional planning and costs.  

Questions the retrofit designer must be prepared to answer include the following:

· What is the real scope of work when taking into consideration the daily operation of the facility?  Are there limits on noise, dust, movement of equipment or furniture, and specialized systems?

· How will the current systems be kept running if new media is to be installed in existing pathways?

· How will a transition be made from old media to new (for data, voice and video), assuming a re-use of pathways and equipment?  Which group (Communications Services or building occupant) and by what process will be responsible for making the transition, testing, troubleshooting, and documentation?

· Will the work need to be undertaken at night or on weekends?  If so, how will it be managed and tracked?  How will the University address the security and general disruption concerns of faculty, students, and staff?

· If existing telecom spaces are not sufficient for new infrastructure, can the needed space be re-allocated and how would this process work?
· If additional electrical or air handling services are required to support the telecommunication improvements, should such additions factor in the impact of all forms of technology throughout the building?
· How will removal of unused cabling be addressed both before and after the project completion?  (Should there be a special section on demolition of old cabling?)
Obviously, a retrofit design is extremely complicated and involves significantly more people, concepts, alternatives, and decisions than new construction.  This document cannot provide the “correct” answer to all of the questions listed. However, it does outline the target recommendation for each aspect of the infrastructure and provide some options for addressing the problems associated with retrofit projects under the subsections titled Communication Spaces and Communications Pathways.
D.
Communication Spaces

Intra-building communications spaces include the rooms and facilities required to:

· House the media and related equipment entering a building

· House terminal resources and specialized equipment, and
· Terminate user-level facilities

The minimum configuration for spaces within a standard academic or administrative facility includes two service entrance rooms (Entrance Facilities), an equipment room, which may be separate or combined with one of the entrance rooms, and one or more separate telecommunications rooms. 

In many existing buildings, communications equipment is found in unsuitable spaces. Such poor environments cause equipment failures, limit the ability of users to obtain the services they need, can cause security issues and be a hazard to the people who must maintain the equipment.

This subsection defines the minimum electrical and mechanical support system requirements for all new and remodeled spaces.

1.
Electrical Services

The need for additional electrical service to support communications systems requires a substantial analysis of the capabilities of existing facilities, structures, and feeder systems.  In addition to the increased load for network (communications) related equipment, the dramatic increase in end-user equipment poses a significant requirement for greater capacity in both new construction and remodel projects.

Configuration or design of electrical services not directly in support of communications spaces is outside the scope of this document.  Excluded services include the need to support specific applications and user equipment in classrooms, computer and research labs, and common spaces.  This document addresses specifically the minimum requirements for services in communications spaces.

All circuits installed in support of a communications space should be dedicated to that space and not shared with auxiliary services.  A prime goal of the electrical service design is to reduce or eliminate power-related problems to sensitive network equipment, while providing adequate power for current and future applications (e.g., POE for VOIP and Wireless Access Points). At a minimum, the electrical service designs for telecommunication spaces must be as follows:  

· Telecommunications Rooms expected to use over 7,500 watts should be equipped with an electrical panel dedicated strictly to communications in that space.

· Serving electrical panels should be equipped with power suppression shunts to protect equipment from overloads.

· Minimum panel sizing: 100 AMP for Telecommunication Rooms and 225 AMP for Equipment Rooms.  Smaller equipment rooms, without a forecasted load, may initially be served with 100 to 150 AMP service, but the feeder cables and panel must be sized to eventually support 225 amps.  The designer must be aware some telecommunication rooms  may require special twist-lock plugs specific to the equipment being installed.
· Equipment Rooms used to house voice, data network, or video distribution nodes must be equipped with at least one 30 AMP, 208-volt circuit.  At a minimum, this includes all PBX switching nodes and all data backbone network node sites. 
· If the building does have a backup generator, then the Equipment rooms must have standby power, and all telecommunication rooms must have electrical conduit installed to support future installation of standby power.  If the building does not have a backup generator, then the Equipment room and Telecommunications Rooms should be provisioned for future connections to standby power.
(The alternative to standby power is for service providers to install big (heavy) UPSs so the telecommunication room floor load capacity should be specified on a label in the room.) 
2.
Communications Grounding System

There are three major sources for details of the required grounding system design; J-STD-607A Commercial Building Grounding and Bonding Requirements for Telecommunications, the BICSI TDMM guide, the National Electric Code (NEC-2008), and the International Electrical and Electronics Engineering (IEEE) Std 1100-1000 Recommended Practice for Powering and Grounding Electronic Equipment.

Neither this document nor any of the referenced material replaces or supersedes any national or local code.  Some of the normal grounding and bonding issues to be addressed in any communications design are:
· All cables entering a building must be grounded as close as practical to the point of entry of the cable into the building.  
· In general terms, this means within the fifty-foot limit for the extension of an outside plant cable into a building.

· All backbone (riser) cables must be grounded at all splice locations and at any point at which pairs leave the sheath. (Is this relevant given that outdoor cable is no longer used in risers?  This is not an ongoing practice, but we do still have some installed.)
· All cables must be bonded end-to-end and through any splice.

· All hardware supporting communications cable, such as ladder racks, cable trays, racks, cabinets and conduits, must be grounded.
It is imperative to design and install the communications grounding system as defined in ANSI TIA-607 and to use only a common point of ground for all services (power and communications) within the same building.  

The standard for communications grounding contains some key elements:

· The ground resistance value target is 5 ohms; however, it is understood this is not always possible. Therefore, the ultimate goal is to achieve the lowest ground resistance value possible.

· Telecommunication grounds are not to be served through an electrical panel grounding bus, but must be directly cabled to the building service entrance ground then bonded to the local electrical panel ground.
· The connection of all grounding conductors must be made using materials and methods as defined in the National Electric Code.
· Specific, stand-alone copper busbars must be installed in all communications spaces and be coupled to the power service panel ground and building steel in each location.
· Other specific grounding requirements that may be more restrictive than these Standards exist for antennas, some types of radio and video transmission equipment, and highly sensitive computing and testing equipment.

Figure 3-1
Communications Bonding Backbone (Where is the Equipment Room in this drawing?)
3.
Entrance Facilities
Building entrance facilities (two required for UCSB services due to our ring architecture) provides a location in which to terminate cables entering the building by grounding the sheaths as required by code, by providing electrical protection, and/or converting from outdoor to indoor cables. This room is also known as the MPOE, when the service entrance room serves at the Minimum Point Of Entry for service provider services to a building or campus.  In either case, sufficient room and structural additions are required to support the installation of a variety of inter- and/or intra-building cables, as well as space for splice cases and electrical protectors.

a.
Location

The entrance facilities must be located as close as possible to the point at which feeder conduits enter the building and to the vertical backbone (communications riser) pathway. The areas must be dry, not subject to flooding, and free of overhead water, steam, or drain pipes. Access to the room should be provided directly from a central hallway, not through another room.  For buildings over 10,000 gross square feet (GSF), the building service entrance facilities must be dedicated to communications infrastructure and enclosed rooms. For buildings less than 10,000 GSF, mixed-use rooms that meet all other requirements may be utilized as long as no cables entering, terminated in, or leaving the room come within ten feet of an electrical transformer or major switchboard. (Ideally, there would be outside access to the room, but the environment must be clean for fiber termination.  For a mixed-use room, the cable terminations need to be in protected space which could be accomplished via a walled off section.)
b.
Size

In buildings smaller than 5,000 GSF, the communications entrance space should be a minimum of four (4) feet by five (5) feet. In buildings greater than 5,000 GSF, the entrance facilities must be a minimum of five (5) feet by eight (8) feet with usable wallspace of 64 square feet.  All space must be clear of other equipment, access points, or maintenance areas.  
	
	
	
	

	
	
	
	

	
	

	
	

	
	


Figure 3-2
Entrance Room Space Requirements
c.
Space Design

Standalone service entrance facilities are not designed to support the placement of electronic equipment.  Electronic equipment must only be placed in properly equipped spaces, such as equipment rooms, machine rooms, or telecommunication rooms, or in combined service entrance / equipment rooms, in which case the requirements are additive.  At a minimum, the service entrance facilities or spaces must contain the support items detailed in the following subsection “d”.

d.
Room Conditioning
· The walls must be covered with void-free 3/4 inch A-C plywood, sanded smooth and painted with fire-retardant paint (not fire-retardant plywood unless required by local fire codes), mounted vertically starting 6" above the finished floor, and secured to the walls.  All plywood panels must be mounted in contact with one another leaving no gaps between sheets.  All fasteners must be flush with the surface of the plywood.

· Sufficient overhead lights must be installed to provide a minimum of 540 lux (50 foot candles) of illumination measured 3 feet above the finished floor.  These lights must be separately switched (within the room) and must be mounted a minimum of 8.5 feet above the finished floor unless cable racks or trays are used.  If that scenario occurs, lighting should be placed underneath the trays or at rack height. (Be aware of ballast proximity to cables.  Lighting shouldn’t be mounted from tray.)
· The door to the room must be a minimum of 36" wide by 80" high and must be equipped with a separate locking system that has controlled and restricted access, and if this is a combined service entrance room / equipment room then there may be additional controls such as a locked cabinet for the different low voltage compatible services in the room.
· A telecommunications electrical ground (as defined by TIA standards) must be provided on a ten (10) inch (minimum length) busbar mounted 78” inches above the finished floor.  This grounding bar must be connected to building steel, the main electrical service panel, and the central telecommunications ground cable. 

· If the entrance facilities are stand-alone, meaning there are no active electronic components to be installed within the space, a separate electrical panel is not required.  There must be a minimum of two 20 Amp, 110 volt AC duplex electrical outlets, each on separate circuits, installed in the entrance facility. In addition, the room shall be equipped with auxiliary duplex outlets placed 18" above the finished floor, at six-foot intervals around the perimeter walls.  A maximum of four 110 volt auxiliary outlets may occupy a single 20 Amp branch circuit.

· All conduits entering the building from outside must be sealed with reusable compression-style plugs to eliminate the entrance of water or gases into the entrance room.  All spaces around conduits, through a concrete wall or foundation, must be sealed using moisture barrier plastic expansion foam (not insulation) and the outer wall moisture barrier repaired and resealed.  All conduits leaving the entrance facilities for other portions of the building must be fire-stopped whether or not they contain cable.
· The floor of the entrance facilities must be sealed concrete or must be tiled with static dissipative VCT to reduce airborne contaminates.  The floor structure should provide a minimum of 150 lbs. per square foot loading capability.

· If additional equipment, such as fire alarm communication panels and/or building monitoring equipment, is housed in the entrance room, additional space and plywood backboards must be provided for such equipment with a minimum 16 square feet for each additional service.  In no event should such equipment be mounted in the center of a wall or directly over entrance or riser conduits.

E.
Equipment Room

The equipment room is the space used to house communications equipment intended to service users throughout the building.  Typically, this equipment includes a PBX or other voice switching systems, campus data backbone equipment and local area network hubs, video distribution system components, or other communications equipment.  In addition there may be other low voltage services with equipment and distribution requirements that are compatible with communications equipment and distribution requirements that may also be located in the communications equipment room.  Such services that are currently allowed include: Fire alarm systems, building monitoring & control systems, key access systems, video camera systems, and security alarm systems.  Low Voltage Compatible Services must not exceed 125V at AC, and must have 16 wiring gauge or smaller. (This is our formal definition of LVCS, we should include it in the glossary.  Do we also need to reference this section the other places it is mentioned?  We need a formal process to evaluate and include additional systems.)
Due to the importance of this room to the varying types of campus networks, it is critical the design be treated as a formal “space utilization” requirement in the planning and design process. In addition to being equipped as defined, this room must have access to the service entrance facilities and must be the starting point for the building’s backbone distribution system.

It is possible in some cases to combine one of the entrance facility spaces with the building equipment room into a single space. However, the requirements for this combined space are additive and will require the design of a space larger than outlined in this portion of the document.

a.
Location

The equipment room should be located directly in-line with the entrance facilities and must form the basis for the rest of the building’s backbone distribution system. The assigned space should be located where there is a possibility of future expansion and where access to the space from outside the building can be provided for large equipment (direct hallway access). The location of the telecommunications rooms on other floors will impact the site chosen for this space, because these rooms should be “stacked” one directly above the other.

Locations that might be subject to flooding (such as basements), electrical interference (such as adjacent to electrical equipment rooms), or hazardous situations should be avoided. Although few designers would make the error today of putting communications equipment in an electrical room, some designers still utilize common areas providing back-to-back rooms with electrical and communications. The impact of electrical interference from standard building systems on communications equipment and cable is not well defined. Layouts that can work in one situation will cause excessive failures on another.

The reasonable way to address this problem is to separate the electrical and communications equipment spaces so that they are not within ten feet of each other. Communications cables should never route through an electrical room to access the communications space. 
If existing cable is currently using an electrical equipment room as a main pathway, a new pathway must be provided that does not pass through the electrical equipment room.  If no such pathway is available due to distance limitations, 4” conduits can be installed for new cabling.  This conduit must be grounded to the Communications ground system.
b. Size
If projected equipment layouts are unavailable, or if no special uses are defined for this space, the equipment room should be sized as follows: provide one (1) square foot of equipment room space for every 125 square feet of work station space (assignable space) served by that room.  However, the minimum room size is 80 square feet.  If the building is expected to support a large number of workstations (such as a computer or research lab), the room should be sized to provide enough rack space to accommodate the additional services. If other low voltage services with equipment and distribution requirements that are compatible with communications equipment and distribution requirements will also be located in the communications equipment room, then there needs to be a minimum of an additional 16 square feet for each additional service.
Where it is known that a specific communications system will be utilized to service a building under design, a floor plan indicating equipment placement, including growth, should be prepared and compared with the projected room size.  The final room sizing must also take into consideration issues such as the need for auxiliary power (UPS/batteries), the need for any of the systems to provide service to other buildings (e.g. a remote PBX node may be used to serve not only the building under design but other buildings nearby), local requirements for a separate battery room, and any known special needs. 

c.
Space Design

The specific features that should be designed into a typical equipment room are:

· An average floor load​ing of 150 lbs. per square foot.  Specialized services, such as major UPS systems and batteries, may require floor design loadings exceeding 400 lbs. per square foot over a specified area and therefore, their design must be closely coordinated between the systems vendor, UCSB, and the design engineers.  The floor must be sealed concrete or must be tiled with static dissipative tile to reduce airborne contaminates.  If raised flooring is used, it must be cross-braced, and drilled anchors must be utilized to fix the pedestals to the structure's floor.  This is required in order to permit the installation of equipment cabinets and racks up to eight feet tall while limiting the potential for damage during a seismic event.  The raised floor must also be designed to support a minimum load of 150 lbs. per square foot.

· The equipment room shall be situated to reduce the potential for electromagnetic interference to 3.0 V/m throughout the frequency spectrum. These spaces must not be located near power supply transformers, motors and generators, x-ray equipment, or radio transmitters.

· Entrance doors should be minimum 36 inches wide by 7 feet tall. Additionally, consideration should be given to utilizing double (36” wide) doors opening out on larger-sized rooms.

· Sufficient heating, ventilating, and air conditioning (HVAC) sensors and control equipment must be installed to provide a consistent environment in this space.  Unless specific requirements otherwise dictate, the room environment should approximate an office, and designers should assume a 12,000 to 20,000 BTU room load.  The maximum change in temperature must not vary more than 15 degrees (F), and humidity should not vary more than 40 percent.  The design target is a continuous operating temperature between 64 and 75 degrees with 20 to 60 percent (non-condensing) relative humidity.  The recommended fire suppression system is a chemical discharge designed to work specifically within electronic equipment spaces.  If that is not possible, a dry-pipe, pre-action system should be employed to reduce the potential of accidental discharge or leaks.
· If a wet-pipe system is used, a system control link should be provided to cut power to the equipment in the event water is discharged from the system, and drainage must be provided to limit the potential of flooding.  At a minimum, this room must be equipped with a fire suppression system with high-temperature thermal links and cage-enclosed heads.  

· If additional compatible low voltage service equipment as defined above, is housed in the communications equipment room then cabinets or some other securing barrier needs to be provided to restrict and control access to different service’s equipment.

· Lighting must be installed in the spaces to provide a minimum of 50 foot candles of illumination measured 3 feet above the finished floor.  Light fixtures should be mounted, a minimum of 8.5 feet, above the floor and should be located in the middle of aisles between frames or cabinets.  Equipment rooms should be equipped with emergency backup lighting sufficient to allow a technician to service any system operating on emergency power during a commercial power failure.

· A separate electrical service panel, sized to support 225 amps, must be installed in each equipment room supporting communications equipment. A minimum of two 30-amp (208 volt) AC simplex and four 20-amp, 110 volt, AC duplex isolated electrical outlets, each on a separate circuit, shall be installed in the equipment room. These outlets are to be located to support individual equipment racks and should be placed minimum six feet above the finished floor.  In addition, the room should be equipped with auxiliary duplex outlets placed 18" above the finished floor, at six-foot intervals around the perimeter walls.  A maximum of four of the auxiliary outlets may occupy a single branch circuit.  (Additional low voltage services may need their own separate electrical panel.)
· Additional electrical needs exist for equipment specific to each building. Some PBX systems use 48 volts DC to power the equipment, therefore the equipment room must be configured to support directly connected power to rectifiers, backup systems, or local power supplies frequently needing multiple 30 amp 208 volt circuits.

· Care must be taken to determine the long-term potential load (rather than the initial load) for electrical services in these spaces.  Often only a few switches and routers will be installed in a new building, leaving the electrical engineer assuming a rather light load. However, the designer must keep in mind the need to look at future requirements to determine the need for expansion potential within such spaces.  Additional outlets and circuits eventually will be required in almost every equipment room in most buildings. 
· The load on the alternate power supply must be determined using the active communications equipment plus lighting, room air handlers, cooling units, and fan or blowers. An automatic transfer switch must be installed to link the various cooling components to the secondary power source when commercial power fails.  The use of a standard uninterruptible power supply (UPS) designed to support only sensitive electronic network equipment is not generally the best solution for the primary power connection for extensive heating, ventilation, and air conditioning (HVAC) systems.  Each UPS system needs to be designed to meet the specific requirements of the project.

· An isolated electrical ground (as defined by Article 250-74 of the NEC) must be provided on a copper bus bar mounted approximately 78” above the finished floor, unless otherwise specified.  This grounding bar should be connected with minimum #4 copper wire to the building’s main electrical grounding grid and may also require a separate concrete-encased electrode, or a buried ring ground.

· Conduits for the electrical outlets and any other electrical service must be contained within the wall structure or routed at ceiling or floor level.  Electrical conduit should not be placed where it might have to be crossed by a communications cable or where it disrupts backboard utilization.

· Equipment rooms should be equipped with a finish ceiling with a minimum height of 8’-6”.
· All walls must be covered with 3/4 inch A-C plywood, sanded smooth and painted with two coats of fire-retardant paint (not fire-retardant plywood unless required by local fire codes).  The plywood should be mounted vertically starting 6" above the finished floor, and secured to the walls using flush-mounted fasteners designed and listed to secure wood to the specific wall/stud material.  All plywood panels must be mounted in contact with one another, with no gaps between sheets.  All fasteners must be flush with the surface of the plywood.
F.
Telecommunications Room

The telecommunications room typically supports all station cabling and cross-connects, network electronics, as well as other low voltage communications distribution equipment such as video, wireless, security, etc.  Additionally, in multi-story and large single floor buildings, these rooms serve as part of the horizontal and vertical pathway system.  Always keep in mind, these rooms will require frequent access by technicians installing and maintaining various network services and must be sized and equipped to meet this demanding role.

a.
Location

As one of the primary focal points for all communication services, the telecommunications room must be designed as an integral part of the overall building.  It cannot be "fit in" wherever there is room left over after all other spaces have been defined.  It must be identified as a fixed location similar to an elevator, mechanical shaft, or electrical room. These rooms must be located near the center of the area they will serve, must be stacked one above the other in multi-story buildings, and must be sized to accommodate UCSB's communications infrastructure needs. Whenever possible, access to these rooms should be directly from hallways, not through classrooms, offices, or mechanical spaces.

· The telecommunications room must be located within an absolute maximum cable pathway distance of 90 meters or approximately 295 cable feet to the most distant outlet location.  Cable-feet distance is defined as the total distance of the route the actual station cable must follow between the telecommunications room and the outlet location. For planning purposes, the most distant outlet locations should be designed to be no more than 245 feet measuring parallel and at right angles to building structure. An additional Telecommunications room is likely needed if the 245 feet distance is exceeded on a particular floor (Measure from the farthest possible outlet location.)
· An additional room must be provided if the floor area to be served exceeds 10,000 square feet.  If a multi-story building requires two or more rooms on every floor, each series of rooms should be stacked one above the other.

· These rooms must be dedicated to the exclusive use of communications and compatible low voltage service equipment to provide a proper environment and security.  They cannot occupy partial spaces within mechanical or electrical rooms.  

· Multiple rooms located on the same floor must be interconnected with conduits.  The backbone pathway subsection identifies number and type.

b.
Size

Telecommunications Room(s) serving an individual floor must be of sufficient size to support an extensive list of voice, data, video and compatible low voltage services equipment.  Figure 3-3 identifies the required room size for various gross square footages.  This design size criterion assumes average mixed-use utilization of space (between 60-100 square feet per person).  In facilities with high-density seating such as a computer or research lab or a facility equipped with a machine room housing servers and/or fiber optics cabling to the workstation, additional space will be required to meet the increased load.  In facilities with a high density of workstations and a number of different departments, additional space will be required to meet the increased load.  The sizes provided reflect the minimum room size.  If other low voltage services with equipment and distribution requirements that are compatible with communications equipment and distribution requirements will also be located in the communications equipment room, then there needs to be a minimum of an additional 16 square feet for each additional service.
	 Building Gross Square Footage Served Up To
	Total Room Square Footage
	Room Floor Size

	2,000
	40
	5’ x 8’

	8,000
	80
	10’ x 8’

	12,000
	100
	10’ x 10’

	15,000
	120
	10’ x 12’


Figure 3-3
Telecommunications Room Space Requirements
c.
Space Design

The specific components that should be designed into an average telecommunications room are the same as defined for an equipment room with the following modifications:  (We would prefer that this section include all of the components be listed here so that this section can stand on its own.)
1. The Telecommunications Room must be provided a floor with a loading capacity of 150 lbs. per square foot, and the floor load capacity should be specified in the room with a metal plate on the wall.
2. Unless specific requirements dictate otherwise, the Telecommunications Room environment should approximate an office, and the designer should assume a 5,000-10,000 BTU load from installed equipment.  All Telecommunications Rooms should be positively cooled 7/24. In addition, a heat exchange system (or exhaust fan system?????) must be designed into the space to reduce overheating of equipment during times of building HVAC shutdown.  Depending on climate conditions either a dedicated and separate 24/7 backup system or possibly a thermostatically controlled exhaust fan should be installed to augment the normal building cooling system.

3. If additional compatible low voltage service equipment, such as fire alarm panels and/or building monitoring hardware, is housed in the telecommunications room, then cages or some other securing barrier needs to be provided to restrict and control access to different services’s equipment.
4. A separate electrical service panel, sized to support, at minimum, 100 amps 24 breaker should be be installed as necessary in each Telecommunications Room.  A minimum of two 20 amp, 120 volt AC duplex isolated electrical outlets, each on a separate circuit, shall be installed for each anticipated service, where each service should have a dedicated circuit run from a panel in or near the TR.  These outlets are to be located to support individual equipment racks (one circuit per rack) and should be placed six feet above the finished floor.  In addition, the room shall be equipped with auxiliary duplex outlets placed approximately 18" above the finished floor, at six-foot intervals around the perimeter walls.  A maximum of four of the auxiliary outlets may occupy a single branch circuit.  (Do we want a 3-phase panel?????)  (A 40 square foot TR may not need a subpanel.)
G.
Other Communications Spaces

There are other communications-specific or related spaces that may only occasionally need updating or modification. This includes the UCSB Machine Rooms (MR?), generally the location in which individually owned and operated servers and some privately owned equipment is housed. These rooms must have direct access to the campus backbone network, network management and control centers, and in some cases the video distribution network.

While each of these and other high technology spaces will require specific design inputs from other sources, some considerations should be viewed as common with other segments of the communications infrastructure.  Some of these considerations are:

· Each space should be connected to the closest telecommunications room via conduit.

· Each space must have clear and direct access into building and campus backbone pathway systems for a variety of media.

· Each needs to be part of the communications grounding system for the building in which it is located.

· Each should be included in security and support systems such as basic power, accessible chilled water drain, auxiliary power generation, backup air handling, emergency lighting, special fire suppression, and physical security and monitoring.

· Campus Machine Rooms should be designed following guidelines similar to a data center in terms of structural systems, support requirements, security provisions, cable entrance support systems, and future growth capabilities.

1.
Retrofit Space Issues

The primary concern of space design for retrofit projects is simply finding or creating a space that meets the physical design requirements of the infrastructure and is acceptable to facility planners and departmental heads.  While the design target and support requirements for retrofit spaces are the same as those previously defined in this section, the real world will seldom provide perfectly shaped and sized open spaces stacked directly above one another in an existing building.  It is up to the design team to determine the capabilities and limitations of the available space and to be creative in meeting the varying needs and restrictions.

If storeroom or office space is not available in a particular facility, perhaps well located instructional space can be traded with renovated non-instructional space in another portion of the building in an effort to maintain distance limitations and/or square foot usage.  Sometimes common and/or hallway space can be used without affecting traffic flow or causing egress problems.  (Previously space has been designated in restrooms and behind classrooms that definitely cause access problems.)  A much less attractive alternative is creating a space on one floor to serve users on two floors.  This alternative not only creates additional problems with pathways between floors, potential distance issues for the media, and ongoing maintenance concerns, but it also does not save actual floor space -- it simply shifts it to another location.

One way to resolve this issue is to install self-contained floor- or wall-mount cabinets.  These types of units require a small foot print either anchored to the floor or to a wall in a potential joint use space such as a janitor closet, classroom or possibly an office.  In addition to cabinets specifically designed to serve as communications distribution spaces, are similar infrastructure components, including: raceways, ventilation, power, grounding, cable management, etc.

2.
Communications Pathways

Communications pathways include the inter-building conduit and utility vaults (also known as maintenance holes) used to transport cables between buildings and the conduit and raceways used to distribute cable within a building.  Such pathways must be designed as an integral part of an overall communications infrastructure plan, not a technology component or vendor-specific system.  For example, a new building at the edge of campus may only require minimal voice, data, and video services initially, but future growth in the building or in that portion of campus can rapidly exhaust the capacity of a small inter-building pathway designed only for the initial requirements.

H.
Inter-building Distribution System

An inter-building distribution system consists of conduit and utility vaults that interconnect campus buildings. The selection of routes and the sizing of an inter-building distribution system must be based upon existing conditions, known problem areas, and the growth associated with anticipated future plans.

In most cases, designers find themselves directed to expand existing inter-building distribution systems to serve new construction or to resolve a congested pathway between specific buildings. Without the ability to conduct a detailed inspection of the current conditions and identify alternative strategies for meeting the identified needs, the solution is generally to add new conduit and vaults. This approach does address the immediate needs, but frequently leads to cable maintenance problems or additional limitations in the future.

In some instances, it may be possible to reroute services to other cables, combine services into a single new cable while off loading services from several older cables, or simply remove unused cables from congested pathways.  The alternative to trenching several hundred feet across a campus may be a detailed analysis of the media within the pathway and a couple of evenings or weekends of splicing.  That alternative can be very cost-effective and take significantly less time to implement.

When a campus undertakes a utility project, it is important that the communications distribution system undergo both a visual and physical inspection. The only sure way to determine the usefulness of a conduit route is to pull a mandrel through the conduit to determine the actual cable size that can be placed.  A conduit that appears to be three or four inches in diameter often has been damaged or corroded over time, reducing the useful size to half or less than the original.

This subsection provides some general guidelines for the design of inter-building pathways.  More detailed information can be found in the referenced standards, particularly the BICSI Outside Plant Design Manual.  The designer must also take into consideration the National Electrical Code (NEC), UCSB specific constraints, and project funding guidelines.

1.
Conduit and Utility Vault System

A conduit and utility vault system is the most common form of inter-building pathway used throughout the UCSB campus. These systems are frequently designed incorrectly as “signal” or “low voltage electrical” distribution systems.  A good quality communications design using materials and procedures designed specifically for the industry is required to support the long-term use of this infrastructure.

· Conduits should be Schedule 40 PVC or, if concrete encased, type C signal conduit with a four (4) inch internal diameter.  Conduit runs should be made in large straight sections utilizing wide (40 foot or more) sweeps rather than ninety-degree bends.  If ninety-degree bends cannot be avoided, they should be located at either end of the conduit run (not in the center of a long run) and must have not less than a 60-inch radius (it is recommended 12½ to 15 foot “street sweeps” be used as the minimum size whenever changes in direction are required).

· Buried conduits encased in concrete must be installed using fixed spacers between all conduits.  The orientation of the conduits must be maintained from end-to-end, and the conduit support system should be secured within the trench to eliminate the potential of the conduit “floating” when the concrete is poured.

· All conduits should be buried a minimum of 24 inches below grade.  The trench must be back-filled with materials that have been sifted and mechanically compacted.  Utility marking tape should be buried 12 inches below the surface, directly above the conduit.

· Generally, conduits should be concrete-encased end-to-end; however, small runs of two or less conduits in good soil may be direct-buried.  Conduit runs of any size placed in poor soils, under parking lots or other roadways (not highways), in sections that might be stressed during the placement of cable (such as the low spot at the bottom of a hill), and all bends, must be encased in a concrete mix. The concrete must be a concrete/sand mix with a minimum compressive strength of 2,500 lbs. per square inch after 28 days, or a Class 2B mix with a maximum aggregate size of three-eighths inch.  (Is this the same as 12-15” concrete slurry?????)  We prefer trenching to boring, but if boring must be used then the mitigation factors are: mark the route, use HDPE with embedded copper trace wires and ?????
· Conduits under highways or railroad rights-of-way must be encased in steel casing pipe consistent with the American Associa​tion of State Highway and Transportation Officials or the American Railway Engineering Association specifications.  The thickness of the pipe and depth of installation is dependent upon a variety of factors and must be engineered for each specific instance.

· The minimum separation between communications conduit and power cable conduits is 3 inches in concrete, 4 inches in masonry, or 12 inches in earth.  The minimum separation from other utilities, such as gas, oil, steam, water, etc, is 6 inches when crossing and 12 inches when parallel.

· A nylon pull rope must be installed and all conduits plugged at both ends with a neoprene or rubber duct plug to prevent water and/or gas seepage into a building, tunnel, or vault.

· Conduit entering a building must transition from PVC to Galvanized Rigid Steel (GRC) or must be contained within a galvanized metal sleeve from a distance of 24 inches beyond the exterior of the foundation to six inches within the building.  Conduits entering buildings must slope downward away from the building to reduce the potential for water entry.

· The design of a conduit entry through a building’s foundation should be reviewed by a structural engineer.  Some facilities will need the structural rebar to be located using x-rays, and others may require a significant space between any new openings to reduce the concerns of structural weaknesses.

· The number of conduits entering a building will vary depending upon building size, location, intended mission, and the size and type of cables expected to be used long-term.  At a minimum, however, three 3-inch (or larger) conduits per Entrance Facility are required to service most permanent buildings.  The design goal is to always have a conduit open to provide a pathway for cable reinforcement (growth or replacement).  Even a small building of 2-4,000 square feet needs a minimum of three 3-inch conduits per Entrance Facility.  One conduit can contain a copper cable and three innerducts (one with a fiber optic cable), and the other conduit would be open to act as a reinforcement pathway.

· If no reasonable forecast can be agreed upon, or if it will be difficult or costly to trench to the building site in the future, Figure 3-4 can be used to determine the number of conduits.
	Building Floor Space
	4” Conduits
	2” Conduits

	0 – 20,000
	2 (one with three 1” innerducts)
	2

	20,000 & larger
	4 (one with three 1” innerducts)
	2


Figure 3-4 
Number of Serving Conduits per Entrance Facility
· In addition to the suggested number of communications related conduits, planners should consider requirements for other low voltage systems (e.g., fire alarm, clock, energy management, etc.) that may need to be differentiated and therefore require additional conduits.  

· Additional conduits may be required for buildings over 125,000 square feet, specialized communication facilities (computer center, library, media center, research lab, machine room, or telephone switch site), or buildings that may be difficult or impossible to reinforce at a later date.

2.
Utility Vaults & Pull Boxes
The selection and placement of vaults and pull boxes must be made as part of an overall distribution plan that includes a complete understanding of the media to be served, the structures and locations to be linked, the systems and applications to be supported, and the forecasted growth pattern across the campus.  This understanding allows the designer to approach the problem in a systematic manner, rather than simply adding capacity in all directions.

It is important to understand the capabilities and limitations of the components and the overall anticipated design.  Too often, vaults or pull boxes of the wrong type or size are specified or they have are situated or installed incorrectly, limiting the way cables can be placed within certain routes.  This situation can lead to difficult or unsafe working conditions, inefficient use of conduit capacity, or damage to cables or conduits.

One of the major ways to resolve this difficulty is to prepare a design using telephone system criteria and component designs.  Electrical vaults and distribution systems are different from communications, and the two systems must not be designed in the same manner.  The following provides a list of the major points to consider when identifying the utility vaults for the communications infrastructure.

· Pull boxes rather than utility vaults are used only in situations in which the maximum number of conduits in that route is never expected to exceed two four-inch conduits.  (We believe four 4-inch conduits can fit in a pull box.)  A small unit (16" wide by 26" long by 18" deep) is used exclusively for a single conduit not to exceed two inches in diameter, such as might serve an isolated coin telephone or parking lot emergency phone.  The standard size unit (3' wide by 5' long by by depth as required) should be fitted with a traffic-capable lid (H-20 rating).  In all cases, the conduit feeding pull boxes must enter and leave the pull box in-line parallel with the top of the box.  A pull box should not be used as a location in which to make a turn in the conduit routing.
·  Utility vaults must be located with both initial cable placement needs and future expansion requirements in mind.  Communications utility vaults should be pre-cast units designed for traffic loading and should be located in a major "trunk and feeder" design.
· Main runs of four to six conduits should form the ring backbone distribution system and should feed smaller runs of three conduits into the entrance facilities.  Any building not located within 200 feet of a main or feeder utility vault should have a separate vault or pull box installed to act as a cable pulling point between the building's entrance facilities and the main inter-building distribution pathway system.
· The target spacing for the placement of utility holes may not exceed 400 feet.  Unlike the more normal utility company placement of 600 feet, the campus design requires closer spacing to more easily serve major buildings, provide flexibility for expansion, and make the placement of cables easier and more efficient.  Factors that would reduce the recommended distance include natural or manmade obstructions, extensive back feed needs, or more than two ninety-degree bends in the serving conduit.

· All utility vaults must be equipped with dry-sump, corrosion-resistant pulling irons (one at each end), cable racks on both long sides, standoff brackets at both ends, a grounding rod, a ladder.  Concrete used for vaults should be at least 4,500 lbs. per square inch in strength and the structure must be rated for at least HS-20 (vehicle traffic) for A.A.S.H.T.O.

· The configuration of the placement of conduit into a vault, either in the center or near the outer area of the vault, is subject to individual campus requirements and requires an understanding of what systems are currently installed.  Vaults of standard size and configuration are not designed to support the placement of large copper cables with right angle bends.  For this reason, conduits should never enter a vault from the long sides, the top, or the bottom.  

· The determination of the size of communications utility vaults varies by the expected number of cables to be served and the types of support services or equipment that must be housed, such as splice cases.  The minimum size utility vault is 4' wide by 6' long by 7' tall, which is generally sufficient to serve an individual building.  If the utility vault will be expected to serve as a pass-through point for other conduit or as a splice location for other buildings, the size must be increased. However, the final size and configuration of the vault will need to be: 
· Driven by the number of conduits entering and leaving the vault, the number and type of splices
· The site in which the structure will be located, and
·  Use Figure 3-5 to size communications utility vaults if no other forecasting or existing configuration information is available.
	Number of Conduits
	Utility Vault Size

	Less than 6
	4’ x 6’

	6 – 12
	5’ x 7’

	13 -18
	6’ x 10’ x 7’

	
	


Figure 3-5

Recommended Communications Vault Size Requirements
I.
Intra-building Backbone

The intra-building backbone pathways connect the entrance facilities, equipment rooms, and all telecommunications rooms in a given structure.  Backbone pathways consist of conduit, sleeves, and trays.  The designer should be aware that open cable trays are not an option for supporting large copper cables from the entrance room to the equipment room or to the telecommunications room if the ceiling area can be considered a plenum-rated space.  While many systems use fiber optic and/or coaxial cable that can be purchased with plenum-rated sheaths, the large copper cables used to support much of today's voice telephone service are generally limited in size to less than 300 pair in shielded, plenum-rated cable types.

a.
Sizing

In determining the proper number of conduits or sleeves required to connect the entrance facilities to the equipment room or to telecommunications rooms, it is important to understand how various types of cables will be utilized.  The primary focus for cable within the building is the equipment room.  Here the electronic components serving users within the building will be interconnected with the cable feeding from other parts of campus.  

In initially sizing conduits between the entrance and an equipment room, the designer should add two to the number of conduits entering the building.  
The standard communications cabling package supporting each telecommunications room is:
· 6 x Cat 6A cables
·  12 single mode / 12 multimode fiber strands (=6 pairs each) in one 3/4" innerduct, and an additional spare 3/4" innerduct.
· 50 or 100 pair Cat 3 copper cables for telephone service
·  1 .500 PIII Coax (continuous between floors) for cable television service
A minimum of three 4-inch conduits between telecommunication rooms, plus any 
additional conduits (or risers) needed to satisfy the following 3 requirements:
· If the GSF of the floor to be served by the telecommunication room is greater than 10,000 then our practice is to build a second riser and set of telecommunication rooms because horizontal cabling distribution would approach the max 5e and 6a performance distances.
·  The number of conduits needs to support the installation of the 
originally specified riser packages (where 2 packages fill a 4" conduit 
at 40% fill ratio).
·  There needs to be at least one empty conduit available between each 
telecommunication room.
If 4" conduits cannot be used, then at a minimum you need the volume 
equivalent of four 4" conduits delivered via 3" conduits.
Separate conduits should be provided for compatible low voltage services that require their own cable runs between telecommunications rooms and the equipment room.  
Additional conduit is required in situations that must be fed by offset conduit runs, such as non-stacked closets.  Such conduit can only be utilized to less than half of its capacity, and this condition will restrict the number of cables that can be placed.  The final quantity and placement of backbone conduit must be analyzed in light of the services to be installed, the route taken, and the potential for expansion of services; however, a minimum of one or two conduits should be added in these situations.
b.
Design

· For telecommunications rooms that stack, sleeves should be used in backbone riser pathways.  Sleeves should extend a minimum of two inches above the finished floor in the upper room and four inches below the true ceiling (or past any obstructions) in the lower room.  All sleeves should be placed to provide short and straight pathways between floors.
· Conduits used to interconnect entrance facilities and/or equipment rooms should be placed above the false ceiling with no more than a total of two 90-degree bends.  These conduits must not be angled down into the termination space.  The conduit should be fixed four to six inches inside the room at a right angle to the wall.  All metal conduits must be fitted with a collar or end bushing to eliminate damage to the cables during pulling.
· Pull boxes must be placed in conduit runs that exceed 100 feet or in situations that require more than two 90-degree bends.  Such pull boxes must be located to provide free and easy access, in straight sections of conduit only (pull boxes should never be used for a right angle bend), and must be installed to allow cable to pass through from one conduit to another in a direct line.  Pull boxes must have a length at least eight (8) times the trade-size diameter of the largest conduit.  Figure 3-6 provides a pull box sizing reference. 
· All riser sleeves must be firestopped and sealed following code and manufacturer’s instructions.
	Maximum Conduit Size
	Box Size
	Box Size
	Box Size
	Add to Box Size for Each Additional Conduit

	
	Width
	Length
	Depth
	

	1.5”
	8”
	27”
	4”
	4”

	2”
	8”
	36”
	4”
	5”

	4”
	15”
	60”
	8”
	8”


Figure 3-6
Pull Box Size
J.
Horizontal Pathways

Horizontal pathways are facilities that support the installation and maintenance of cables between the telecommunications rooms and the station outlet locations.  The recommended use of plenum-rated communications cable supported by a cable tray serving station conduits extending through the false ceiling space to the work station outlet is the general distribution method for all new construction.  Communications cables must never be allowed to rest on ceiling tile or be taped or tie wrapped to other service utilities or conduits.  Whenever cable penetrates a smoke or fire-rated barrier, that barrier must be returned to its original rating through the use of one or more rated products.  This subsection outlines the major methods recommended within for supporting cables in the horizontal pathways.

1.
Cable Tray

Cable tray should be provided.  The designer must be certain the unit specified is sufficient to hold the weight of all the cables likely to be supported over the life of the system, is routed correctly, and is installed to maximize usage.

· Unless otherwise specified, the cable tray should be wire mesh or basket type (e.g., Cabolfil, Inc. EZTray or equivalent product.)    when it can be installed above ceiling and it should be ladder tray when it is installed below ceiling (and when there is reasonably anticipated potential distribution).  If the ceiling is a hard lid with no further distribution access and the distribution method must be installed above it then conduit is preferred.  If need to change or add cable distribution, then tray with minimum access with appropriate point spacing.
· Suggested tray sizes for .26 diameter cables are as follows: (This needs to be adjusted for compatible low voltage services.)
a. 4” x 12” less than 300 cables 
b. 4” x 18” 300 to 450 cables

c. 4” x 24” 450 to 600 cables.  
· Trays should be secured on five- foot centers using a double-sided channel, angled wall supports, or a trapeze support.  If both sides of the tray cannot be accessed or other limitations prohibit the placement of cable equally in both sides of the tray, a trapeze or wall support system should be used.  All tray installations must meet seismic bracing standards for Zone 4 and must be supported against horizontal, lateral, and vertical movement.
· Tray should be routed in a manner that reduces the need for long unsupported cable runs.  However, the tray need not be extended to cover all areas of a floor simply to transport cables to one or two locations.  
· Trays must only be utilized over areas with ceiling access and should transition to a minimum of two four-inch conduits when routed over fixed ceiling spaces greater than 30 feet or containing any angle greater than 20 degrees with total less than 180 degree bends.  
· Trays shall be electrically bonded end-to-end.

· Trays should enter telecommunications rooms six inches into the room, then utilize a radius bend in a “waterfall” to protect station cables from potential damage from the end of the tray.  All penetrations through firewalls must be designed to allow cable installers to fire-seal around cables after they are installed.  The use of tray-based mechanical firestop systems instead of a transition to conduit is encouraged when a tray must penetrate a fire barrier.  

· Trays must not be placed closer than five inches to any overhead light fixture and no closer than 12 inches to any electrical ballast.  A minimum of eight inches of clearance above the tray must be maintained at all times to allow placement and management of the installed cables.  All bends and T-joints in the tray must be fully accessible from above (within one foot).  Trays should be mounted no higher than 12 feet above the finished floor and must not extend more than eight feet over a fixed ceiling area. (What are the minimum access for above ceiling horizontal cables? Alignment with room conduits should be clustered.  Need panel with direct access to tray.
· Need to determine the electrical characteristics of interference between compatible low voltage service cables, and use cable tray dividers if necessary.
· If the cable tray or wire basket is closer to an electrical panel or transformer than a metal shield should be installed between the tray and the electrical source.
2.
Conduit Cable Fill
Figure 3-7, assumes an average cable size of .26” (Industry standard and NEC code is to design for a maximum of 40% fill), and this Figure only represents estimates and is based upon a number of variables.  The actual number of cables which can be installed in a particular conduit can be slightly more or significantly less depending upon such factors as:
· All cables must be pulled at the same time to achieve the greater fill levels;
· Conduit runs should  be less than 50 feet in length (reduce the number of cables by 15% for conduit runs between 50 and 100 feet;
· Pull boxes should be placed every 100 feet or if more than 180 degrees of bends are installed in the conduit; and
· Conduits shall enter and exit pull boxes in a continuous direction. Pull boxes are not to be used for 90 degree bends.  

	Conduit

Trade Size
	Conduit 

Area
	40% Fill

# of Cables
	50% Fill

# of Cables
	60% Fill

# of Cables

	¾”
	.44
	3
	4
	4

	1”
	.79
	5
	7
	8

	1 – ¼”
	1.23
	9
	11
	13

	2”
	3.14
	23
	29
	35

	3”
	7.07
	53
	66
	79

	4”
	12.56
	94
	117
	141


Figure 3-7
Typical Conduit Cable Fill (cable OD of .26”)
Need to investigate 50% & 60% columns – Need Wire Basket Fill metrics.
3.
Station Outlets

The "standard" wall outlet must be a 5S deep square outlet box, served by a 1¼-inch conduit (with no more than a total of 270 degrees of bend).  Outlets must be mounted as defined by code.  Communications outlet boxes should never be daisy-chained or mounted back-to-back using a common feeder conduit.

Faceplates without the use of the support brackets are not recommended.  The best design provides an EMT conduit from within 6” of the tray to above the ceiling space to just above the point at which the faceplate is to be mounted.  All conduits need bushings and must have pull lines.
Some installations may require the following configurations:
· If flush-mounted floor outlets are required, the designer should place a dual use (signal & power) preset outlet in the floor surface and feed the conduit (1¼" for signal only) through the floor slab to the nearest wall and up into accessible ceiling space.  Ideally, each box should be supported by a dedicated conduit. Flush-mount units must provide a space for communications comparable to the standard NEMA outlet box.

· Custom counter or workstation installations requiring communications services should be connected to a wall-mounted junction box fed by a two-inch conduit.  A maximum of four workstations can be jointly served in this manner.
K.
Horizontal Retrofit Pathways
The single most difficult design issue in retrofit projects, beyond obtaining space, is identifying ways to distribute station cable within an older building.  Pathways not designed into the original facility now need to be carved out of spaces that, at times, simply do not exist.  One of the most common methods is to extend a tray or support system down a hallway or through the rooms on one side of a hallway.

Tray systems above the ceilings of an existing building are sometimes difficult to install due to the large amount of varied mechanical, electrical and plumbing equipment already placed in that limited space.  In these situations,  it can be very difficult or impossible to install large sections of cable tray without actually demolishing the ceiling material.

Given sufficient funding and support, the installation of a tray system in conjunction with a ceiling and lighting retrofit project is a very attractive way to resolve this problem.  Without that level of support, the following methods may be employed to install a hallway distribution system:

· If the ceiling is fixed or has limited access, it may be possible to install a series of additional access hatches positioned to permit the installation of cable tray or other support structures and thus provide technicians access to install a new conveyance system and support cable placement.

· A portion of the ceiling may be removed and replaced after installation of the tray system.  This is useful if there is a physical division between ceiling sections that will permit such work without creating a visible division after installation is complete.  It is important to provide sufficient clearance to allow maintenance technicians on-going access to the horizontal pathways in the future. 

· A wire way may be installed down corridors and painted to match existing conditions. This alternative becomes a problem when attempting to transition into the space on the other side of a hallway.  The wire way needs to be very thick in order to support the minimum bending radius of high-speed copper cables.  Architects and campus planners often eliminate this alternative based on aesthetics.

· Surface mounted cable raceway is another recommended pathway within classrooms and offices.  It is important to select a product which provides cable support and routing for Cat 5E or better cables (no sharp bends) and has adequate capacity for both the initial installation and future growth.  Generally, metal raceways should be used within research labs and classrooms (which require extremely high quantities of data connections) due to the need for additional protection and the ability to secure the product.  Heavy duty plastic is a good choice for general usage in staff offices and administration spaces.  If surface raceways are utilized, power must be installed a completely separate or at a minimum a segregated channel.  
· Most hallways are constructed as fire and smoke barriers designed to provide a safe exit corridor in the event of an emergency.  It is extremely important the designer develop a specific plan for penetrating and restoring the ratings of walls, floors, and ceiling spaces in these hallways.  That includes a method to allow technicians to continue to adequately firestop these penetrations over the life of the facility.
· One of the most common forms of cable support, which is no longer recommended, is the use of individual ceiling hangers to support multiple copper, fiber, and coaxial cables.  Due to the construction and performance needs of newer cables, the weight of even a very few cables can, over time, cause kinks or bends resulting in performance problems.

The recommended solution is to use a conduit from the cable tray to the work station outlet.  If this method is not available for any reason, one of several new cable support products available on the market will suffice.  These are designed to be supported by ceiling hangers, threaded rods, beam clamps, or wall mounts.  Each is rated by the manufacturer as to the number and type of cables it will support and the required distance between supports.  Generally, these supports are placed no more than five feet apart and hold up to a few dozen cables.
1.
Firestopping

Firestopping is a critical component on retrofit projects and must be specifically addressed by the communications design team.  In new construction projects, firestopping is generally addressed by each member of the construction team as they complete their portion of the project.  The nature of a communications cable installation retrofit project is such that the contractor has a significant amount of leeway in determining where and how cable is to be installed.  It is important the design team communicate their expectations about firestopping to the Contractor before the project is started.

· Each type of penetration is different, and the firestopping materials and configuration must be selected specifically for the conditions in the field.  Although the designer can define in general terms the expectations and overall methods to be employed, the Contractor must work with the installer, the designer, and the firestop manufacturer to identify the correct products for the job.

· Each firestop system must have a manufacturer’s rating sheet outlining the products to be used, the construction materials to be penetrated, the penetrating items (cable, conduit, material type, annular spacing within conduits), the rating expectation, and the installation methods.  
NO SINGLE FIRE STOP MATERIAL WILL MEET EVERY SITUATION IN A BUILDING-WIDE CABLE INSTALLATION PROJECT.
· It is the designer’s responsibility to identify general types of acceptable and approved fire stopping materials and methods, including manufacturers, and to identify the types of fire-rated structures within buildings.  There are several steps to this process:  

1. Define construction types – the design team must have adequate construction as-built documentation or must conduct existing site condition surveys of the areas impacted to determine which structures within the building are rated and to what level.

2. Identify general firestopping methods - The design team must identify the generally acceptable methods of penetration and firestopping based upon how the cable will be installed and the plans for its maintenance.

3. Identify special or unique situations - Large openings, such as cable trays, must be specifically identified, and firestopping materials and methods defined as part of the design package. 

4. During installation, the Contractor/installer must contact their supplier or firestop manufacturer to obtain UL-approved drawings outlining the existing field conditions, the products they are installing, and the use of the firestop manufacturer’s product.  Each approved firestop drawing will include a unique identifier code that must be placed on an identifying tag at each penetration using that specific product and configuration.  Drawings should be maintained by UCSB in order to easily determine the specific firestop material to be used at each location when additional cable in placed in the future.
5. Where possible use systems that allow installation or replacement of cables, such as mechanical fire stopping systems. (Note: State Fire Marshal or his local rep has final decision on fire stop requirements to be consistent with fire rating of the building.)

Figure 3 - 12
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