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DATA CENTER PLANNING GUIDE SECTION 1.0

1.0  Introduction

Data centers, whether supporting the needs of a single company or hosting tens of thousands of client
websites, are essential to the flow, processing and storage of information. As such, they have to be
extremely reliable and secure while being able to accommodate growth and reconfiguration.

Designing a data center takes several factors into account beyond the size and amount of the data 
processing/storage equipment it should contain. Determining its physical location, access to power, level 
of redundancy, amount of cooling, strictness of security and type of cabling media are only some of the
many factors that go into the successful installation or enlargement of a data center.

The purpose of this Guide is to lead you through the steps of planning, installing and maintaining a data
center. Both the theory and the practical issues of installation are described here. In particular, the subjects
covered by this Guide are:

Data center types
Is it to be a corporate data center serving a single customer or a hosting data center for several clients? 
If it is a hosting data center, will equipment from different businesses or providers share, or be co-located 
in the same space? Will this equipment need to be physically segregated for security? 

Data center uptime and redundancy
The uptime requirement for the data center depends on many factors. The location, access to power and
communications, what other industries are in the neighborhood all relate to reliability. Within the data center,
uptime is controlled by the redundancy of the service infrastructures. A Tier 1 data center is basic and 
non-redundant (it may not even have back-up power) while a Tier 4 data center offers maximum fault 
tolerance with multiple systems and paths for communications, power, cooling, etc.

Data center layout
Data centers concentrate a great deal of electronic equipment in a small area, so they require organization
to handle growth and reconfiguration. Topics include placement of electrical and telecommunications
entrance rooms, HVAC (Heating Ventilation Air Conditioning, sometimes called the mechanical  equipment),
a network operations center, a telecommunications room, offices for personnel, redundant power and, of
course, the computer room. Other issues include placing racks, cabinets and equipment for optimum 
cooling, grouping them for efficiency and segregating them for security. 

Data center electrical systems
Incoming power needs to be conditioned and routed. Redundant power technologies (UPS and generators)
are discussed, as is the importance of grounding.

Data cabling overview
Various cabling media and systems are described and compared along with advice on how to use them
best.

Data center cabling 
Structured cabling methods, media (copper twisted pair and optical fiber cable) and termination are outlined
and compared. Included are in-depth descriptions and comparisons of various SYSTIMAX¤ cabling solutions
and systems and their place in the data center.
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Data center control and monitoring
Automated monitoring systems help keep the data center and the computer room working at 
optimum efficiency.

Data center safety and security
Fire and electrical safety (NFPA and NEC, etc.) are discussed here as well as security issues such as
access control and CCTV (closed circuit TV, a.k.a. security video) monitoring. 

Data center examples
Finally, walk-throughs of sample floor plans are presented that show how all these systems fit together in
the data center.

This Guide is just one way that SYSTIMAX¤ Solutions can assist you in getting maximum efficiency from
your data equipment infrastructure. Please visit our website at www.systimax.com to get more information
about SYSTIMAX solutions.

A note about international standards
This document draws most of its standards information from TIA-942, the North American data center
standard. The draft CENELEC data center standard, EN 50173-5.200X (and the International Standards
Organization s Draft 24764) organize the data center in basically similar, but not identical, fashions. 
For instance, while the data cabling topology is the same, the names for the different areas may differ.
(What TIA-942 calls a horizontal distribution area is called a zone distributor  in EN 50173.) Also, depth 
of content may vary: TIA-942 defines concepts like redundancy and the tier  hierarchy (see Section 3.0)
which are not covered in EN 50173.

Data center planners are reminded that this Guide offers general guidelines that may be superceded by
local and national codes/regulations for items like cabling distances and fire safety. In all cases, the codes
of your jurisdiction take precedence.
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2.0  Data Center Types and Topology

Broadly defined, a data center is a room or network of rooms that houses the interconnected data processing,
storage and communications assets of one or more enterprises. The data center may be a room within a
building or occupy an entire building on its own.

The purpose of the data center is to house data assets in an environment that meets their needs for power,
HVAC, telecommunications, redundancy and security. These assets include rack or cabinet-mounted active
equipment and a structured cabling system to interconnect them. 

The parameters for data centers are defined in the TIA-942 (North American), EN 50173-5.200X (European)
and ISO/IEC Draft 24764 (International) standards. TIA-942 builds upon standards for structured cabling by
adding requirements for electrical power, air handling, equipment placement and more. The intent of this
Guide is to summarize these standards, assist in planning the data center and provide installation advice.

The corporate data center provides communication and data services to a single company or enterprise.
A corporate data center is the core for the company s data networking as well as its internet and telephone
access. Web servers, intranet hubs, network attached storage (NAS) and more are typically located here.

The hosting data center is owned by a service provider that sells data and internet services (such as web
or Virtual Private Network [VPN] hosting) to several customers. While the two kinds of data centers use the
same kind of equipment and cabling infrastructure, the hosting data center has the requirement for additional
demarcation and security. For instance, a large customer may install, or co-locate, its own equipment at 
the host site. This equipment may be segregated in caged zones with controlled access.

A typical data center is organized as shown here. It can be said that a data center consists of the computer
room and the spaces that serve it. 



6

DATA CENTER PLANNING GUIDE SECTION 2.0

A Zone Distribution Area (ZDA) is used in large computer
rooms that need additional configuration flexibility between the
HDA and the equipment. ZDAs house only passive equipment
and should be at least 49 feet (15 meters) from the HDA.
NOTE: Keep a 15 meter minimum distance between the 
HDA and MDA.

The Horizontal Distribution Area
(HDA) is where the horizontal cross-
connect resides if the data center 
is relatively large. In smaller data 
centers, the HDA is incorporated
into MDA. Like the MDA, the HDA
may be segregated for security. 
It includes the LAN/SAN switches
and the Keyboard/Video/Mouse
(KVM) switches for 
the equipment.

The storage room is a secure
area for housing replacement
components and cabling and
other supplies necessary for
proper operation. Access to a
loading dock is very helpful.

The Main Distribution Area (MDA) is the 
hub of the cabling system and is located inside
the computer room. MDAs act as collection
points if a data center resides on several floors. 
NOTE: In a multi-tenant environment, the MDA
may be in a segregated area for security. 
The MDA includes the main cross-connect and
may include horizontal cross-connects if the
equipment they serve is nearby (see HDA). 
The MDA may hold the core routers and the
core LAN/SAN switches. Sometimes, service
provider equipment (such as multiplexers) is
housed in the MDA so that specified circuit 
distances are not exceeded.

A
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The Equipment Distribution Areas
(EDA) are the racks and cabinets that
hold the computing and storage
modules.

The entrance room is the interface between
the access provider and the data center s
structured cabling. It houses the demarcation
hardware. NOTE: Sometimes an entrance
hole (a vault outside of the data center) is used
as the entry point for the access provider.

The entrance room is outside of the computer
room for security purposes. Depending on
the level of redundancy, or tiering, there may
be more than one entrance room for secondary
service provider access. If the data center is
very large, another entrance room may be
necessary to bring the service provider closer
to the equipment so as not to exceed
maximum circuit lengths (i.e. the 100 m
channel length for twisted pair cables 
see Section 6.0).

The computer room is a secure, environmentally-controlled space that
houses data and telecommunications equipment and cabling. It is divided
into distribution areas, which are the connection points for the structured
cabling system. Racks/cabinets of equipment are situated on a raised
floor. Cooling air and cabling (data and electrical) are typically introduced
from below. The TIA-942 standard specifically addresses issues such as
access, air handling, lighting, backup power, equipment density and more.

The telecommunications room holds the
equipment that serves the local data, video
and voice needs of data center operations
support offices and other work areas.

Electrical/mechanical rooms house the utility entry, 
distribution circuitry and the air handling equipment for those
services. Clean power with back-up (UPS, battery or generators)
and a large, reliable HVAC system are essential to achieving
a goal of 100% uptime.

The operations center is
where the data center is
monitored. Depending on 
the size of the data center,
the operations center may
house dozens of technicians
monitoring the network on

large, wall-mounted screens
as well as on desktop

screens.A
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3.0  Uptime by Design

Reliability is the overriding concern for data center planning. Telecommunication access, power, cooling,
cabling and security are all planned to provide the amount of uptime the enterprise requires for effective
operation.

The physical location of the data center should be investigated first. Avoid areas that are on flood plains,
have a history of seismic activity/severe weather or are politically unstable. Proximity to a good road 
network is helpful.

Uninterrupted electrical supply is critically important for uptime. An area with frequent outages due to weather,
or chronic undersupply that may result in brownouts, is not a good choice. Reliable telecommunications
access over high-speed fiber optic lines is essential.

Neighboring facilities may be a problem or an asset. While being close to a major industrial plant may cause
problems with power and electrical interference, being on the same power routing as a hospital is a plus,
as restoring utilities to medical facilities is a priority. Be aware that being close to radar or microwave 
transmitters may produce unwanted electromagnetic interference. 

Once a suitable location is chosen, the data center architecture can be considered. The data center, 
especially the computer room, should be sized with an eye for growth. Avoid placement near unmovable
features like elevator shafts or load-bearing walls.

Interior spaces are preferred. Windows to the outside bring an unwelcome heat load and possible security
problems. Along those lines, the data center and especially the computer room need to be secured against
unauthorized access. Inside the computer room, co-located equipment should be placed in cages or 
lockable cabinets. Security issues are further discussed in Section 9.0.

Internally, the computer room should not be near any sources of electromagnetic interference (X-ray 
equipment, radio transmitters, electrical generators).

There should be space outside of the computer room for offices, break areas and meeting rooms. A secure
storage area with a loading dock should be accessible to the computer room through a large door.

Design checklist
Designing a data center requires the coordination of architecture, floor plan,
equipment, electrical power, telecommunications, HVAC, lighting and
cabling. In all cases, keep in mind the mantra of the data center designer 
keep it simple, scalable, flexible, modular and sane.

TIA-942 states that there are six steps to the process:

• Estimate requirements for space, telecommunications, power, cooling 
and redundancy at full capacity, then add in an allowance for growth. 
Estimates will vary depending on the specific application, but a 25% allowance for growth is a good 
starting point. 

• Contact design professionals and provide them with requirements for area, power, cooling, security, 
floor loading, grounding and electrical protection for the computer room. Provide requirements for the 
support areas of the data center.

DATA CENTER PLANNING GUIDE SECTION 3.0

C h e c k l i s t
Estimate needs + growth

Contact designers

Coordinate and revise

Create a floor plan

Update and revise

Design the cabling
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• Coordinate the preliminary plans from the designers and revise them as needed.

• Create an equipment floor plan with placement for the major rooms and the distribution areas. 
Include expected power, telecommunications, cooling and floor loading requirements.

• Obtain an updated plan from your designers with telecommunication pathways, electrical equipment 
and mechanical equipment added to the full-capacity data center floor plan.

• Design the structured cabling system based on the needs of the data center equipment.

Redundancy and uptime
The expectation of 100% data center uptime is an ideal. However, all data centers, regardless of how 
carefully planned, constructed and operated, will experience downtime, either intentionally (planned 
maintenance) or unintentionally. Downtime is minimized by creating redundant systems for possible single
points of failure. An enterprise needs to carefully consider the amount of downtime it can tolerate when
designing its data centers.

Redundancy comes by eliminating single points of failure. A facility without UPS or a generator makes electrical
power its single point of failure. For the infrastructure systems (telecommunications, electrical, HVAC and
architectural/structural), TIA-942 outlines four levels of redundancy, called tiers.  Infrastructures are less
susceptible to interruption in a higher tier. A data center is defined by its lowest tier for an infrastructure 
system — a data center with Tier III electrical and Tier II telecommunications access has Tier II redundancy.

The multiple systems and multiple pathways that create
higher redundancy also create higher expense. This chart
provides very approximate cost comparisons of the four
tiers. Use these for rough comparisons only. Actual costs
may vary widely depending on your requirements.

Tier I defines a basic  data center with no redundancy. It has one telecommunications point of entry, one
entry for electrical power, one HVAC system and meets minimal standards for floor loading — if it has a
raised floor. Optional UPS or back-up power runs over the same wiring as the main power. A Tier I data
center is typically shut down annually for maintenance, although failure due to unforeseen incidents will
cause further interruptions. A best-case scenario puts Tier I uptime at 99.67% translating into 29 hours of
downtime per year.

Tier II introduces redundant components into the various infrastructures for slightly higher projected uptime
over a Tier I data center. These components include a second telecommunications entry point, UPS and
diesel generator electrical backup and a second HVAC system. The building structure has higher loads for
floors, thicker walls (and a requirement for peepholes in the doors to the data center). Like a Tier I data
center, a Tier II data center should be shut down once a year for maintenance. A best-case scenario puts
Tier lI uptime at 99.75% translating into under 22 hours of downtime per year.

Tier III is a concurrently maintainable data center — any of the main infrastructure components may be shut
down without disruption of computer operation. This requires both redundant components AND redundant
paths for telecommunications, electrical and HVAC systems. Floor loads are higher and building access
more stringently controlled with CCTV, mantraps for one-person-at-a-time access, electromagnetic shielding
in the walls and more, including 24 hour staffing. Downtime should be due only to errors in operation. 
A Tier III data center should be operational as long as the computer equipment is functioning. Best-case
uptime jumps to 99.98% translating into 105 minutes of downtime per year.

DATA CENTER PLANNING GUIDE SECTION 3.0

T i e r  C o s t  C o m p a r i s o n s
Tier I $1x

Tier II $1.10x to 1.20x

Tier III $1.65x to 1.85x

Tier IV $1.90x to 2.20x
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Tier IV is a fault tolerant data center with multiple pathways and components so that it stays in operation
during a planned shutdown of any of these infrastructures. It is also built to withstand at least one worst-case
unplanned event. All equipment has redundant data and power cabling over separate routes. 
Separate distribution areas may serve mirrored processing facilities. Seismic protection is increased to beyond
minimum requirements, as is the ability to withstand hurricanes, flooding or even terrorist attack. A Tier IV
data center should expect an uptime of 99.995% or better — downtime, which should be due to a planned
test of fire alarm or emergency power-off, should be no more than a few minutes a year.

The diagram below concentrates on the redundancy of the telecommunications infrastructure. A Tier II facility
has a second entrance hole at least 66 feet (20 meters) from the primary entrance hole. In a Tier III facility,
this leads to a second entrance room, also 66 feet (20 meters) from the primary entrance room, and with
separate power distribution, HVAC and fire protection. Cabled conduit may be used to interconnect the 
primary and secondary maintenance holes and entrance rooms for further flexibility.

Redundancy can be further enhanced by using a second telecommunications provider, as long as the
back-up provider uses different routing and a different central office than the first provider. 

Within the computer room, a second distribution area makes sense as long as it and the equipment it
serves are in a different room than the main distribution area.

Redundant horizontal and backbone cabling provide another level of redundancy if they are placed in different
routes. As a secondary route may be longer, take care to make sure that the maximum channel length is
not exceeded.

DATA CENTER PLANNING GUIDE SECTION 3.0
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4.0  Data Center Layout

The high concentration of equipment in the data center presents special challenges for the support 
infrastructure. Cable congestion can be severe  a fully loaded equipment rack/cabinet requires power
and communication cabling for tens of shelf-mounted modules. Because that much equipment generates
thousands of watts of heat, a great deal of cooling is required — the A/C needed to cool a full rack/cabinet
would also cool two normal-sized homes. When you multiply these factors by the hundreds of racks in a
large data center, the need for careful planning and a well thought-out floor plan becomes clear.

A typical data center has a concrete slab subfloor, sealed to keep dust to a minimum. A copper lattice
bonding grid is used for grounding all metal (racks, cabinets, flooring, etc.). A raceway laid on the floor 
carries power cable to the equipment. 

Legs support a removable access floor from which the communications cable raceways hang. The space
beneath the floor is used for air circulation. Equipment racks and cabinets are mounted in aisles on a raised
floor in a hot/cold  aisle configuration. Racks may be further secured by threaded rods attached to the slab —
a requirement in seismic zones of 1 or greater.  Above the racks are lighting, fire suppression systems and,
if needed, additional cable raceways.

Flooring
Access flooring is made from a variety of materials that combine strength with anti-static properties. 

The panels are a standard 24 in x 24 in (600 mm x 600 mm) and are supported at the corners by posts
attached to the slab. Stringers may be run between the posts for additional stability. 

TIA-942 recommends distributed floor loads of 250 lbf/ft 2 (12 kPA) (minimum allowable
load is 150 lbf/ft 2 [7.2 kPA]). A hanging capacity of 50 lbf/ft 2 (2.4 kPA) for cable trays

is recommended (minimum allowable load is 25 lbf/ft 2 [1.2 kPA]).

Flooring should be electrically continuous and fully earth bonded. 
The flooring system should at minimum meet NFPA 75 requirements
for fire protection. Local codes take precedence if they are more strict.

Power
Power strips are located within the rack or cabinet and should supply

20A 120V (or 16A 230V) power. Each rack/cabinet should be on its own 
circuit protected by a breaker. Power distribution units (PDUs) condition and 

manage power inside the computer room. UPS units up to 100 kVA may be placed in
the computer room as long as they are not flooded-cell battery type. Redundant power strips,

UPS systems and other electrical power issues are covered in Section 5.0. All infrastructure systems
(lighting, security, HVAC, etc.) should have their own separate electrical circuits. 

Bonding and grounding
Racks/cabinets, power conduits and the access floor are extensively grounded to a copper lattice on the
slab. This is done not only for electrical safety but to provide further protection against static discharge
which can severely damage electronic equipment.

Power cables are placed under the cold  aisles (see below) in conduit or raceway. Power conduit and 
raceways can be placed on the slab.

DATA CENTER PLANNING GUIDE SECTION 4.0
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Cable raceways
Communication cables are usually carried in trays or baskets beneath the hot aisles and as close to the
flooring as the system permits. They can also be conveyed in the plenum space, while some installers have
placed the trays directly on top of the racks. To permit growth, install cable trays so that the existing load
takes up no more than 40% of the capacity; it is much easier to fill existing space than to replace an 
overloaded tray.

Air conditioning and hot/cold aisles
Modern computing equipment generates vast amounts of heat  as much as
500 watts per square foot of computer room. The ever-increasing power of
equipment and the speed of the connections are quickly becoming
major heating issues. For instance, some of the newer blade
servers require liquid cooling. Faster transmission equipment
generally produces more heat. 10 Gb/s copper transmitters 
now under development are expected to be less costly than
current optical 10 Gb/s systems, but power requirements and
heat dissipation are expected to be a challenge. 

Primary and secondary HVAC equipment is a major contributor to 
system uptime. Data centers must maintain 24 hour HVAC that produces a
dry bulb temperature of 68 to 77¡F (20 to 25¡C). A temperature of 72¡F (22¡C) is
preferred. Humidity should be between 40 and 55% with a dew point no greater than
70¡F (21¡C).

To optimize cooling, rack/cabinets are placed in a hot/cold  aisle arrangement with the equipment
installed front to front / back to back. Equipment fronts face into the cold  aisle where cold air produced 
by the computer room air conditioners (CRACs) flows up through perforated access tiles. The air is drawn
from the cold aisle and through the equipment by fans. Warm air is forced out the back into the hot  aisles
which flows to the CRAC intakes at the end of the hot aisle. 

For increased airflow efficiency, use panel fillers to block empty spaces in the rack. Cabinets provide better
cooling than racks, especially when the access tiles beneath them have a hole as large as 18 x 18 in 
(460 x 460 mm) cut in their center. This creates a chimney effect that is increased if the cabinet is equipped
with a fan. NOTE: Fans tend to wear out quickly  check them regularly and replace them if necessary.

The cold aisles (equipment front) should be at least 4 ft (1.2 m) wide and the hot aisle (equipment back)
should be at least 3.3 ft (1 m) wide. Some equipment requires more space than this — consult the 
manufacturer if unsure.

CRAC placement is dependent upon the size of the computer room — a CRAC has a maximum throw of 
40 ft (12 m) — so a large room may require two CRACs per hot aisle. Note that airflow from the CRACs is
directed up the hot aisle. 

It should be noted that a rack/cabinet is not normally filled to capacity, or that every rack be used for powered
equipment. A typical arrangement might have a rack half-full of equipment with a patch panel in the next
rack. Spreading equipment out helps decrease hot spots and improve cooling.

DATA CENTER PLANNING GUIDE SECTION 4.0



13

Rack/cabinet placement
The 19 in (483 mm) wide rack/cabinet is standard for computer room equipment (although 23 in [584 mm]
racks are favored for the entrance room and the access provider interface). To limit access to equipment,
racks may be placed in caged areas. Cabinets with lockable doors (with more that 50% open area for 
ventilation) can be used as well.

Racks and cabinets should be lined up with access tile edges for easy removal. When combined with vertical
cable management hardware, they should match up with the width of the floor tiles. Rack/cabinet height

should not exceed 8 ft (2.4 m) although a 7 ft (2.1 m) maximum height is preferred. 
Rack/cabinet depth may vary.

Because cabinets have doors, at least 4 in (100 mm) of clear space should be
allowed between the doors and the equipment inside to fit power and 

communications cabling.

Floor tile cuts for cable access should be no larger than necessary.
Dampeners or brushes should be installed to block airflow through
the cut. In any case, the cut should be lined with edging so that
cable will not be damaged during installation. 

Ceiling and lighting
TIA-942 recommends fluorescent lighting with an illumination of 

500 lux (50 footcandles) in the horizontal plane and 200 lux (20 footcandles)
in the vertical plane measured 3.3 ft (1 m) above the finished floor in each aisle.

The lights and any other obstruction (such as sprinkler heads) should be at least 
8.5 ft (2.6 m) above the raised floor. 

Racks/cabinets taller than 7 ft (2.13 m) will require a higher ceiling so as to maintain a minimum 
of 18 in (460 mm) space between the top of the equipment housings and the sprinkler system. 

The sprinkler should be of the pre-action type, which does not fill the pipes until smoke is detected.

DATA CENTER PLANNING GUIDE SECTION 4.0
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5.0  Power and Grounding

Clean and uninterrupted electrical power is essential for data center operation. Also, careful and complete
grounding of the racks/cabinets, the floors  indeed, the entire building  is just as critical to prevent 
damage to sensitive equipment.

Main power
Consider the neighbors that share your feeder. Sharing lines with a hospital or police station is good as
those kinds of facilities tend to get quick attention in the case of an outage. Heavy industrial facilities, 
due to transients and harmonics they impose on the feeders, are less desirable. In any case, arrange 
for underground placement of the lines.

The switchgear bus should be oversized as it is very difficult to expand once operations have begun.
Transient voltage surge suppression (TVSS) should be installed at every level of the distribution system.

Redundant power
Redundant power takes two forms  UPS and generators. A combination of the two provides the best
protection. UPS systems need to be able to switch in instantaneously and then give way to the generator
as it comes online. 

While a UPS system should be able to provide immediate temporary power in case of a burp  in the utility,
it realistically needs to be able to provide power for as long as it takes to make an orderly shutdown of the
equipment. The rule of thumb is for a minimum of four hours, eight hours if there is no back-up generator.

Figure on 20% more UPS capability than your present calculated needs. For Tier IV redundancy, several
UPS units may be configured in a distributed isolated redundant scheme. If a single UPS is being used,
consider a system to monitor the status of each battery.

Batteries for UPS are of two types — sealed cell (also known as valve-regulated lead-acid or VRLA) and
flooded cell. Sealed cell are smaller and can be shelf-mounted, require almost no maintenance and produce
less hydrogen gas. NOTE: Sealed cell UPS with ratings up to 100 kVA are permitted inside the computer
room. Flooded cell batteries have a much longer life-span (and a lower life-cycle cost) but require more
maintenance and must be floor-mounted. In any case, the battery area should be ventilated and climate
controlled — too low a temperature will decrease output, too high will shorten battery life. 

Generators provide long-term power in case of an outage. Diesel generators are preferred and should 
have enough fuel on hand to operate for a minimum of eight hours (for Tier IV redundancy, 96 hours).
Microbial growth can cause stored diesel fuel to foul, so a clarification system should be in place. Diesel can
also gel in low temperatures, so a tank heating/circulation may be needed in cold environments.

Power distribution units
Power distribution units (PDUs) are essential to providing clean current to the equipment and at a minimum
should be installed for each horizontal distribution area — ideally, there should be one PDU per every two
aisles and one per aisle if conditions require it. PDUs combine several features including an isolation 
transformer, surge suppression, output panels and power monitoring functions. They are also 
constructed to handle the high density of circuits present in the data center.

DATA CENTER PLANNING GUIDE SECTION 5.0
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Emergency power off
NEC 645 requires that emergency power off (EPO) stations be located at each exit door. To prevent 
accidental activation, the EPO station should have a cover, a bypass system and an abort switch. 
EPO control is supervised from the fire alarm control panel per NFPA 75. It is required that power 
to all electronic equipment be shut off if a gaseous fire suppression system is activated.

Power cable location and density
As noted before, the power cables run along the front of the rack/cabinet and communication cables at 
the rear, which should provide adequate separation. However, should a power cable get too near to a 
UTP cable, such as both cable types sharing a tray, there is the potential for electrical interference. 
Use the chart below to calculate the distance:

P o w e r  c a b l e / d a t a  c a b l e  p r o x i m i t y
Circuit count Circuit type Distance

1 – 15 20A 110/240V shielded single phase See SYSTIMAX Power Separation Guidelines

16 - 30 20A 110/240V shielded single phase 2 in (50 mm)

31 - 60 20A 110/240V shielded single phase 4 in (100 mm)

61 - 90 20A 110/240V shielded single phase 6 in (150 mm)

over 90 20A 110/240V shielded single phase 12 in (300 mm)

1 or more 100A 415V three phase, shielded feeder 12 in (300 mm)

If the electrical cables are unshielded, these distances must be doubled unless either the power or UTP
cables are installed in a bonded and grounded metal tray with a solid metal separation between them. 
See NFPA 70 or local codes for other restrictions on co-installation of different cable types.

If UTP cable is to be installed in the ceiling, avoid placing it closer than 2 in (50 mm) to fluorescent lights. 
If UTP and power cabling cross paths, they should do so at a 90¡ angle.

Grounding
The high concentration and sensitivity to static electricity prompts the use of a very robust bonding and
grounding structure. The building grounding system should be directly bonded by grounding busses to all
electrical distribution equipment, as well as all the racks, trays and flooring in the data center. 

TIA-942 notes that computer room grounding begins with a grid of 1 in wide x 1/8 in thick (25 x 3 mm)
copper that runs between the supports for the access floor. Other methods include using a grid made of 
6 AWG insulated wire. Every sixth (or preferably, every third) support is grounded to this strip with 6 AWG
wire, as are the racks/cabinets, HVAC equipment, electrical conduit and cable raceways. NOTE: Racks are
usually painted and the ground must be directly attached to the metal, so the use of paint-stripping toothed
lock washers when assembling the racks helps create a better electrical bond.

Codes
NEC 645 and NFPA 70 and 75 have specific regulations for fire safety equipment and techniques for 
data centers that are regularly updated. Specifications for grounding and bonding can be found in 
ANSI-J-STD-607-A-2002 (formerly TIA-607A), IEEE 1100 and NEC 250.122. Refer to these documents 
for complete information. As always, local codes and regulations take precedence. Other international 
standards include IEC TR 61000-5-2, EN 50310, British BS 7671 and German VDE 0100.

DATA CENTER PLANNING GUIDE SECTION 5.0
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6.0  Communication Cabling

Twisted pair and optical fiber are the cabling types most commonly used in data centers. Cabling solutions
consist of the cable, the connectors, the patch cords and panels. Cabling should be considered as a system,
with all of the components mated and tuned. Factors that may seem insignificant (tightness of a pair twist
or a perfectly centered fiber core) are crucial for optimum performance.

UTP cabling
UTP cables have four pairs of insulated solid copper wire. Each pair is twisted in a carefully engineered 
lay. The twist allows gigabit and higher speeds over a standards-mandated distance of up to 328 ft (100 m).
UTP cabling performance is rated by category (i.e. Category 6), which means the cable meets minimum
TIA-568, ISO 11801:2002 and EN 50173-1 performance standards for that category. 

Maintaining the twist of the pairs in a UTP cable is essential to channel performance, especially at termination.
The connector must match the category of the cable and must be engineered to maintain the pair twists as
undisturbed as possible. Patch cords must match the performance of the cable and connectors and should
be factory-terminated for performance and consistency. This is why cabling must be thought of as a 
system  a Category 6 cable patched and terminated with Category 5e hardware will not deliver 
Category 6 performance.

Category 6 UTP cabling delivering 1 Gb/s is the minimum requirement for high speed data center applications.
A new category, called TIA Category 6A or ISO Class EA, is the proposed standard for balanced twisted
pair delivering 10 Gb/s performance at up to 328 ft (100 m).

UTP performance measurement
There are several measurements of UTP performance that involve the phenomena of crosstalk (XT, which is
signal leaking into a pair from another pair or pairs) and insertion loss (or attenuation, which is loss of power
over distance). A general characterization of UTP performance is bandwidth, the signal capacity of the
cable expressed in MHz.

Near end crosstalk (NEXT) is the amount of unwanted signal (noise) measured in dB induced by one pair
into another measured at the near (transmitter) end. PowerSum near end crosstalk (PSNEXT) is the 
calculated value of unwanted signal coming from multiple transmitters into a pair at the near end. 

Equal level far end crosstalk (ELFEXT) is the amount of noise induced by one pair into another minus insertion
loss at the far (receiver) end. PowerSum equal level far end crosstalk (PSELFEXT) is a computation of noise
coming from multiple transmitters at the near end into a pair measured at the far end and normalized to the
received signal level. When comparing these measurements, higher numbers are better.

Other performance factors in UTP are return loss (the amount of signal reflected from the end of a terminated
cable at the characteristic impedance of 100 ohms) and delay skew (the difference in the arrival time of 
signals transmitted simultaneously over pairs in the same cable). 

SYSTIMAX GigaSPEED¤ XL7 and XL8 Category 6 solutions offer performance well above the requirements
of the TIA-568 and ISO/IEC standards. This additional margin (also called overhead) is needed for effective
transmission. A system that has little to no margin can actually slow transmission by having to constantly
re-send data packets that may be corrupted within the channel.
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Until recently, 1 Gb/s was the speed limit for UTP horizontal cabling  anything faster required multimode
fiber. The higher transmission power and frequency requirements needed to advance twisted pair cabling 
to the 10 Gb/s level have meant that alien crosstalk (noise that seeps in from adjacent cabling channels 
or connecting devices) becomes a limiting factor (especially in an environment as dense as a data center)
unless it is countered by the cabling design. 

The SYSTIMAX GigaSPEED X10D Solution meets the stringent new requirements proposed for Class EA,
and is guaranteed to deliver 10 Gb/s speeds according to the 10GBASE-T standard. GigaSPEED X10D
Class EA cabling can also be used to deliver 1 Gb/s performance with margin superior to any Category 6
cabling solution.

UTP channel performance
UTP cabling is normally used in the horizontal segment of the data center (see Section 7.0) which runs a
maximum of 328 ft (100 m). This is not a continuous piece of cable  there are up to four connections (MDA
to HDA / HDA to ZDA / ZDA to EDA / equipment patch cable) with each one a possible point of signal
degradation. This is why cables, connectors and patch panels must be considered a system with all 
components designed to work together.

This chart compares the improvement over standards  specifications for SYSTIMAX copper cabling 
solutions. Refer to the appropriate SYSTIMAX performance specification document for actual values.
NOTE: These values are guaranteed worst-case margins over the entire frequency range.

Fiber optic cabling
Fiber optic cables use the core of thin strands of glass to propagate (or carry) digital optical impulses. 
They come in two basic types  multimode with a wide core of 50 or 62.5 m, and singlemode with a 
narrow core of under 9 m. Both fiber types require buffering for protection in handling. Properly cabled,
optical fiber is as easy to handle as a copper cable. The most common type of fiber circuit uses two 
fibers  one for transmission and one for reception.

Multimode fiber performance measurement
Criteria for grading a multimode cable are bandwidth (the information-carrying capacity of a fiber) and 
attenuation. Bandwidth is measured for the 850/1300 nm wavelengths of light and expressed as MHz¥km.

Historically, multimode fiber was tested and bandwidth specified using the Overfilled Launch (OFL) method
optimized for use with LEDs. Now, because lasers (VCSELs) are necessary for gigabit transmission, a new
test method was required. The SYSTIMAX LazrSPEED¤ fiber specifications were quickly embraced by 

G u a r a n t e e d  M a r g i n  O v e r  C h a n n e l  S p e c i f i c a t i o n
Electrical Category 6 / Class E Class E Class EA

Parameter 1 - 250 MHz 1 - 250 MHz 1 - 500 MHz
GigaSPEED XL7 GigaSPEED XL8 GigaSPEED X10D GigaSPEED X10D

Insertion Loss 5 % 8 % 5 % 2%

NEXT 6.0 dB 7.0 dB 6.0 dB 1.0 dB

PSNEXT 7.5 dB 8.5 dB 7.5 dB 2.5 dB

ACR-F 6.0 dB 8.0 dB 6.0 dB 4.0 dB

PSACR-F 8.0 dB 10.0 dB 8.0 dB 6.0 dB

Return Loss 4.0 dB 4.0 dB 3.0 dB 0.0 dB

PSANEXT n/a n/a n/a 0.0 dB

PSAACR-F n/a n/a n/a 0.0 dB
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standards groups and served as a blueprint for 10 Gb/s application specifications development. This resulted
in the publication of standards for laser-optimized multimode fiber including TIA-492AAAC-A fiber specifications
(also known as ISO/IEC 11801 OM3 fiber) and the TIA FOTP-220 (internationally known as IEC-60793-1-49)
differential mode delay (DMD) test method. OM3 fiber is included in the ANSI/EIA/TIA-568B and 
ISO/IEC 11801 cabling standards.

LazrSPEED Solutions exceed the above standards and are most effectively used as 10 Gb/s cabling over
longer spans. SYSTIMAX Solutions offers LazrSPEED Solutions with operating ranges of 150, 300 and 550 m.

Performance based on the bandwidth for the LazrSPEED Solution, plus non-optimized 50 m and 62.5 m
fiber is shown below. 

Singlemode fiber performance measurement
Singlemode fiber has a single mode for light propagation. Its primary performance measurement is attenuation.
Lasers are required for transmission over singlemode fiber and their high cost vs. LEDs or VCSELs prohibits
their wide use in the data center. However, singlemode fibers are used in wide area networks (WANs) such
as campuses where distances exceed 550 m and/or speeds exceed 10 Gb/s. 

Traditional wavelengths for singlemode lasers are 1310 and 1550 nm (white lines on chart), but advances
have permitted wavelength division multiplexing (WDM) which sends several wavelengths of light over the
same fiber for increased data capacity. TeraSPEEDTM singlemode solutions use zero water peak (ZWP) fiber to
eliminate an attenuation spike at 1400 nm resulting in continuously low attenuation across the entire usable
spectrum. This permits migration to relatively less expensive lasers that permit coarse WDM transmission
without cabling upgrades.

Both cable types are available in constructions rated for
use inside and outside the data center. Fire ratings of
cable are discussed in the next section.

M u l t i m o d e  f i b e r  o p e r a t i n g  s p e e d s  a n d  d i s t a n c e s

LazrSPEED 550 LazrSPEED 300 LazrSPEED 150 Standard Standard
APPLICATIONS 50 µm 50 µm 50 µm 50 µm 62.5 µm
SUPPORTED 4700/500 MHz•km 2000/500 MHz•km 950/500 MHz•km 500/500 MHz•km 200/500 MHz•km

10 Gb/s 850 nm 550 m 300 m 150 m 82 m 32 m

10 Gb/s 1310 nm 300 m 300 m 300 m 300 m 300 m

1 Gb/s 850 nm 1100 m 1000 m 800 m 550 m 300 m

1 Gb/s 1310 nm 600 m 600 m 600 m 550 m 550 m

100 Mb/s 850 nm 300 m 300 m 300 m 300 m 300 m

100 Mb/s 1310 nm 2000 m 2000 m 2000 m 2000 m 2000 m

1250 1300 1350 1400 1450 1500 1550 1600
Wavelength

TeraSPEED attenuation

standard 
attenuation
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Fiber connectivity
Fiber connectors put the polished ends of the fibers face-to-face in an adapter installed at a patch panel.
There are three common types of single fiber connectors; ST connectors twist/lock in place, are larger and
easier to handle but offer slightly more insertion loss than the other types, SC connectors snap into position,
are about the same size but lighter than STs and are adjustable for better performance and LC connectors
are compact and can be easily duplexed  fiber pairs are kept together. Their small size makes them ideal
for data center usage.

Connectors such as the MPO put 12 fibers in a single connector and can be used for pre-connectorized
applications that are designed for migration to equipment connectivity using parallel transmission.

InstaPATCH® Plus pre-terminated fiber system
Fiber termination is fairly craft-intensive. For those that want the reliability of a high-density, factory-terminated,
factory-tested, modular fiber connectivity solution that allows installers to simply and quickly connect system
components together, SYSTIMAX Solutions offers the InstaPATCH Plus System. This modular system
approach enables 96 fibers to be ready for service in the time it takes to make a single fiber connection
with traditional systems.

The InstaPATCH Plus System is designed to support data centers that require high density, rapid deployment
and high performance. The InstaPATCH Plus System incorporates LazrSPEED multimode and TeraSPEED
singlemode fiber technologies to support demanding applications while allowing easy migration to the next
generation technology.

The InstaPATCH Plus System includes pre-terminated hardware, pre-terminated backbone trunk cables,
ruggedized MPO to single fiber fanout patch cords and standard fiber patch cords. The InstaPATCH Plus
System utilizes one common module, common rugged male and female fanouts and standard fiber patch
cords while retaining the full benefits of easy installation, system administration and a future upgrade path
to parallel connectivity. 

Summary
GigaSPEED XL7 and XL8 Category 6 solutions offer 1 Gb/s performance with guaranteed margins above
requirements for a smoother operating network.

The GigaSPEED X10D Solution has been specifically engineered with enhanced performance designed to
support emerging 10 Gb/s Ethernet requirements. This solution exhibits double the bandwidth of today’s
Category 6 cabling and guaranteed alien crosstalk performance in worst case installation conditions. 

LazrSPEED multimode fiber solutions offer 10 Gb/s performance over three different distances (150, 300
and 550 m), permitting system performance to be matched with a data center design, implementation 
and budget.

The TeraSPEED Solution is a singlemode fiber solution for 10 Gb/s and faster systems over 
extended distances.

Detailed literature and specifications on all of these products are available at www.systimax.com.
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7.0  Data Center Cabling Topology, Performance and Safety

Data center cabling topology is based on the TIA-568 standard and adapted for the more concentrated
environment of the data center. Generally, the horizontal distribution area acts as the dividing point between
the two main cable types, horizontal and backbone. The term cabling  includes the cross-connects, 
terminations, jumpers and, of course, the cable. It is essential to note that these components be thought 
of as a total system with all components designed for maximum compatibility and performance. 

Data center cabling should follow a star topology where very high speed signals are brought in over the
backbone and distributed over the smaller and shorter horizontal segments. 

Horizontal cabling extends from the patch panels in the horizontal distribution area and terminates at 
the equipment in the racks. Backbone cabling extends from the horizontal distribution area back to the
entrance room. There is also an extended type of backbone cabling called centralized or collapsed 
backbone, which can be used for longer distance high-speed links. 

Note on cabling distances and performance
The TIA-568 standard states maximum operating distances for cabling systems based on minimum 
performance standards (crosstalk, bandwidth, etc.) with an allowance for loss at splices and connectors.
Minimally compliant cabling operating at maximum specified distances may result in transmission errors. 
It is recommended to specify cabling systems that have more headroom  and exceed the standards to 
guarantee performance with higher density cabling and higher data rates.

Horizontal cabling — copper and fiber compared
Horizontal is traditionally the shorter of the two cabling types. TIA-568 defines a maximum length for 
horizontal cable of 295 ft (90 m) with an additional 33 ft (10 m) for equipment or patch cords for a total
channel length of 328 ft (100 m). Copper UTP cable is currently the favorite media for horizontal cabling
although multimode fiber is gaining despite its higher initial cost.

Twisted pair cabling is rated for minimum levels of performance and defined by Categories (or Classes in
the international standards). For instance, Category 5e UTP is a reliable conduit for 100 Mb/s transmission,
while Category 6 UTP is recommended for reliable and robust 1 Gb/s. The GigaSPEED X10D Solution
meets the draft standard for Category 6A (also called Class EA) and delivers 10 Gb/s up to 100 m. 
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For high traffic data centers such as Storage Area Networks (SAN) and Network Attached Storage (NAS),
installing laser optimized 50 m fiber now as horizontal cabling may save the cost of converting to fiber in
the future.

Backbone cabling — fiber solutions 
Because of longer distances and higher speeds, fiber is the preferred media for backbone cabling. 
When coupled with economical VCSEL transmitters, high-bandwidth laser-optimized fibers 
(LazrSPEED 150 / 950 MHZ¥km at 850 nm, LazrSPEED 300 / 2000 MHz¥km at 850 nm, 
LazrSPEED 550 / 4700 MHz¥km at 850 nm) can provide the most cost-effective 10 Gb/s service at 150 m,
300 m and 550 m respectively  more than enough for a data center backbone. NOTE: For smaller data
centers with shorter distances, it is possible to use GigaSPEED X10D UTP cabling as a 10 Gb/s backbone
solution as those electronics become available. 

Centralized cabling 
This is a combination of backbone and horizontal cabling. It is a direct connection between the equipment
distribution area and the main distribution area, either as a continuous cable or patched through the horizontal
distribution area. Because of the distances involved (a defined maximum of 300 m), laser-optimized 50 m
fiber is the recommended medium.

Fire safety ratings
Because of the concentration of equipment, the cable
placement in a data center is extremely dense. It is
impractical to install communication cable in conduit,
so it is normally laid in open trays under the raised floor.
Because the cable is not contained like electrical cable,
the cable s fire rating and performance is of critical
importance. 

In the US, communication cables are rated per NEC
770 (fiber optic) and NEC 800 (copper) in three tiers 
general, riser and plenum. Plenum cables (those with
an OFNP or CMP rating) are the safest option for 
environments with people. When a plenum-rated cable
burns, it produces less smoke (and less toxic carbon monoxide) than a riser or general-rated cable. 
Low-smoke zero-halogen (LSZH) cables, which have no halogenated plastics, are sometimes used in the
data center because the smoke they produce has no acidic elements theoretically harmful to electronic
equipment. In reality, they produce more smoke than plenum cables, which can cause even more 
damage (see Section 9.0).

Summary
Horizontal cable can be either balanced twisted pair or 50 m fiber. If your system requires 10 Gb/s now,
LazrSPEED fiber is the best option. If 10 Gb/s is an eventuality, GigaSPEED X10D UTP will serve present
needs while supplying a migration path. For backbone applications, choose the LazrSPEED Solution best
suited to your backbone distances. 
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8.0  Data Center Control and Monitoring

Building automation
Along with the activities in the computer room, a data center has dozens of separate systems common
with any other commercial structure. These include fire protection, lighting, HVAC, building security, CCTV
and access control, which are just some of the many systems that need monitoring and control. An integrated
cabling solution to support the building automation systems (BAS) can not only offer centralized control but
also the cost-savings that integration provides. TIA-862 cabling standard has requirements for cabling used
with building automation systems. NOTE: Fire protection and alarm circuits may be required by local code
to have their own circuits. Local codes take precedence.

iPatch® network monitoring
The data cabling infrastructure can be monitored electronically as well. The SYSTIMAX iPatch System offers
data center managers interactive, real-time control over both copper and fiber connections. This is done by
installing a real-time infrastructure management system with intelligent iPatch panels that link to iPatch 
software running in the operations center. 

The iPatch System tells system managers the status of every connection in the network. This real-time
monitoring of physical connectivity and device discovery permits faster resolution to problems in the network
it manages. The automatic updating of network circuit status ensures up-to-the-minute information and
electronic work orders minimize human errors. It also aids in disaster recovery by providing a virtual map 
of the circuitry.

If a service needs to be provided, or a circuit needs to be moved or added, the iPatch System calculates
the best way to implement it and generates an electronic work order. LCD panels on each iPatch panel 
display the instructions. Lights on the individual ports show which connections need to be made.

The results are more responsive network administration and better security. The system also cuts costs by
integrating with workflow processes, automating routine tasks and assisting technicians in the completion
of work orders and service provisioning. As a result, productivity is increased and managers achieve more
efficient use of resources and cost control.

DATA CENTER PLANNING GUIDE SECTION 8.0
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9.0  Security and Safety

Data centers represent a considerable portion of a company s resources. More importantly, they are the
repository of an enterprise s information. This most valuable commodity must be protected from damage,
destruction and theft.

Every effort should be made to isolate the computer room environmental conditions. Walls should be solid
and secure and meet two-hour fire standards. Vapor barriers should be installed to help maintain acceptable
levels of humidity. All breaches in the walls for cable entry must be firestopped. Any large equipment, such
as back-up generators, should be mounted on isolators so that the racks and cabinets are not subject 
to vibration.

All infrastructure that is maintained by outside personnel should be outside of the computer room. Data center
entry should be CCTV monitored and controlled by authenticated access (key cards, biometrics, etc.).

Computer room entry should be constructed so that piggybacking (more that one person entering
at a time) is prevented. Measures such as exterior fencing or gated access to parking may

be considered. 

Inside the data center, cabinets with lockable doors prevent unauthorized
access to equipment. Cages will prevent access to co-located 

equipment or equipment that stores sensitive data.

Cable fire ratings — plenum versus non-plenum/LSZH
Plenum-rated data cabling is recommended ahead of other

types. Burning cable produces smoke and can act as a pathway
for flame to other parts of the building. A plenum cable (one that has

passed the UL 910 test for flame spread and smoke opacity) is the best
overall choice for the protection of life and property in case of fire. 

There is some debate whether plenum cables are required in all areas of data centers, as
not all cables are run in plenum spaces. Non-plenum and LSZH cables are often selected due

to lower cost. Testing by the Building Research Establishment/Fire Research Station (BRE/FRS) in
the UK shows that LSZH and other non-plenum cables burn hotter and faster than plenum cables. The test
closely resembled installed conditions with twisted pair cable placed in a 23 ft (7 m) cable tray in a rig closely
resembling a ceiling plenum. The LSZH cables burned the full length of the tray and developed large fireballs
and pool fires while the plenum cable did not burn past the area of the fire breach.

Other tests by the BRE/FRS and Underwriters Laboratories (UL) have shown that if LSZH are burned in 
a low-oxygen environment, they produce more and denser smoke than plenum cables. It should also be
noted that tests developed by the National Electrical Manufacturers Association (NEMA) show no significant
difference in toxicity between the plenum (fluoropolymer) and LSZH (polyolefin) materials. In short, when
exposed to fire, plenum cables do not prorogate flame and produce far less dangerous smoke than LSZH
and other non-plenum cables.

Fire protection should be guided by all relevant NEC and NFPA documents for the US, the CPD for the 
EU and IEC 60332-series in other countries. In any case, local codes take precedence. 

DATA CENTER PLANNING GUIDE SECTION 9.0
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10.0  Communication Cabling Placement

Shown here is an example of a section of a large data center based on the topology shown in Section 2.0.
This section takes up about a third of the computer room, covers 1840 square ft (171 square m) and is
housed in a facility with Tier III security. The data center is part of a campus environment and is a node 
on a counter-rotating ring network. A second entrance hole has been added to bring the facility up 
to Tier II for telecommunications access. 

A cage wall separates the main distribution area from the example area. Equipment racks/cabinets have
been arranged in hot/cold aisles (note the perforated tiles in the cold aisles) with the fronts aligned on 
the edges of the tiles. NOTE: The cross-connects are located near the centers of the spaces they serve. 
This helps create shorter runs of cable. Cable is conveyed under the floor in grounded metal trays.

Access connection
Because of the expected high level of traffic, the access provider has delivered an OC-12 signal over 
singlemode fiber optic cable to both entrance holes. The links take different routes back to the access
provider s central office for greater survivability. The primary entrance hole is 330 ft (100 m) and the 
secondary hole is 0.6 mi (1000 m) away. Because of the distances and high speeds, TeraSPEED 
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singlemode cables terminated at SYSTIMAX G2 fiber patch panels are used to connect both holes to their
respective entrance rooms. The cable is installed in conduit and directly buried. 

Entrance Room
The entrance room is also the entry point for the singlemode cable that carries the private ring network. 
The active equipment that connects the data center to both the private ring and the public access provider
resides here.  

Active equipment breaks the access provider s signal down into channels that can be passed to the main
distribution area over the backbone cabling. LazrSPEED 50 m multimode distribution backbone cabling
terminated with compact LC connectors and connected through SYSTIMAX patch panels/fiber management
hardware are an excellent choice as a backbone solution.

Main Distribution Area
The backbone links from the entrance room are routed into the computer room in trays and terminated 
at the main distribution area at InstaPATCH Plus panels. Note that the MDA is in the center of the room;
this is done to keep the backbone connections to the horizontal distribution areas as short as possible.
Cabling connecting to the PBX in the telecommunications room is routed to the MDA as well.

NOTE: An alternative method of backbone cabling would be to use a collapsed backbone structure,
bypassing the MDA and directly connecting the horizontal distribution areas to the entrance room.
However, the MDA arrangement offers more patching flexibility with greater ease of expansion. 

Signals are routed over LazrSPEED backbone cabling to the horizontal distribution area. NOTE: In this
example, the distances are well within those supported by GigaSPEED 91 Series UTP cabling which can
operate at 10 Gb/s speeds. Refer to Section 6.0 for issues involving the selection of copper vs. fiber for
higher speed applications.

Horizontal Distribution Area
Active equipment in the horizontal distribution area changes signal from optical to electronic for distribution
to the equipment rows. UTP cables fan out from the patch panel to racks/cabinets. NOTE: For planned
high-speed applications, multimode fiber could be used as well, but each device would need to have 
an optical interface.

Equipment Distribution Area
This is the final cross-connect before the cable is connected to the equipment. 

NOTE: This example does not include a zone distribution area. For your information, no active equipment
may be installed in a zone distribution area  only passive equipment such as patch panels. TIA-942 notes
that a zone distribution area (also known as a consolidation point in cabling specifications) must be at least
49 ft (15 m) from the main distribution facility because of crosstalk and return loss concerns.

Crossing the electrical grid
Compare this diagram with the power diagram on the next page. NOTE: The backbone communication
cables are running perpendicular to the power grid while the horizontal cables are placed in the hot aisle
two feet away from the power raceways. This provides more than enough space between the cable types
insuring that electrical interference will not pose a problem.
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11.0  Electrical Cabling and HVAC Placement

In this diagram, conditioned power comes in through the utility entry space and is stepped down from
three-phase to single phase. Power lines have been laid in raceways on the floor underneath each cold
aisle. Power conditioning units (PDUs) are at each junction at the end of each aisle. Each rack/cabinet 
has a power strip connected to the grid. 

Back-up power is provided by UPS and a diesel generator that is connected to the grid through the PDUs.
The PDUs automatically switch to backup in case of a power failure. This section of the computer room 
is on its own dedicated circuit  the other sections of the computer room as well as operation center, 
telecommunications room, offices, etc. are all on their own dedicated circuits tied back to the redundant power.

Speak with an electrical contractor to determine your power needs once preliminary planning has been
completed. A modern computer room draws a lot of power  loads of 60 to 100 amps are not uncommon.

Air handling
HVAC is provided by three CRAC units directed down each cold aisle. CRACs force conditioned air under
the floor where it is drawn up through the racks and cabinets and then returned to the CRAC. Do not have
CRACs blowing down the same aisle if they are less than 80 ft (24 m) apart. NOTE: Newer blade  servers
may require water cooling. Refer to manufacturer recommendations for this type of cooling.

DATA CENTER PLANNING GUIDE SECTION 11.0
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12.0  Cable Mapping and Management

Organization and management of data center cabling is essential. Thousands of meters of cable snake their
way between the racks and cabinets of the data center  keeping track of where they begin and end must
be addressed with precision. This system is derived from TIA-606 and adapted for data centers.

Using the floor as a grid
Taking the data center example from the past two sections, create an XY grid with letters for the X axis and
numbers for the Y axis. The address of the rack or cabinet is determined by the location of the rack or 
cabinet s front right corner on the grid.

In this example, active
equipment in the MDA 
is connected to a 
patch panel in an HDA. 
The address of the 
cabinets in given in XY
coordinates  the MDA
cabinet is BD05 and the
HDA rack is AK10.

The address is further
refined by using a letter
designation for rack
position and a number
for the port on the patch
panel or equipment. 

Here, the first port of the D position of the HDA rack (AK10-D01) is connected to the first port in the C 
position of the MDA equipment (BD05-C01). The ports must have printed labels with these designations. 

The cables need to be marked with printed labels at both ends that show the addresses of both the near
and far ends. Here, the end of the cable that terminates at AK10-D01 is labeled AK10-D01 / BD05-C01
the end that plugs into BD05-C01 is labeled BD05-C01 / AK10-D01.

DATA CENTER PLANNING GUIDE SECTION 12.0
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13.0  Glossary

These terms are taken from the TIA-942 standard and are used to describe data centers, equipment and
more. A complete list of terms can be found in TIA-942.

Access floor  a system of removable floor panels supported above the slab by pedestals

Access provider  conveyer of telecommunications signals to the customer premises

Backbone cabling  the cabling between entrance rooms or spaces, main distribution areas, horizontal
distribution areas and telecommunications rooms

Cabling  a combination of all cables, jumpers, cords, and connecting hardware

Channel  the end-to-end transmission path between equipment

Computer room  the space that contains the data processing equipment

Cross-connect  generally, a patching area between distribution areas in the data center

Demarcation point  the point where the control or ownership of the cabling changes

ElectroMagnetic Interference (EMI)  e lectromagnetic energy that has an undesirable effect on 
electronic equipment or signal transmissions

Entrance room or space  w h e re inter- or intrabuilding cabling enters a structure

Equipment cord  a cable or cable assembly used to connect telecommunications equipment to 
horizontal or backbone cabling

Equipment Distribution Area (EDA)  the racks/cabinets that hold the computing and storage equipment

Equipment room  an environmentally controlled centralized space for telecommunications equipment
that usually houses a main or intermediate cross-connect

Ground  a conducting connection, intentional or accidental, between an electrical circuit or equipment
and the earth, or to some conducting body that serves in place of earth

Horizontal cabling   the cabling from the horizontal cross-connect in the MDA or HDA to the outlet in
the EDA or zone distribution area

Horizontal Distribution Area (HDA)  w h e re the horizontal cross-connect resides

Intermediate cross-connect  a  c ross-connect between first level and second level backbone cabling

Jumper  UTP cable that is directly connected to patch equipment (no connectors)

Link  the main transmission path that does not include terminal equipment, work area cables and 
equipment cables

Local Area Network (LAN)  an on-premises data communications network, usually for linking PCs
together or linking PCs to a file server and other data processing equipment

DATA CENTER PLANNING GUIDE SECTION 13.0
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Main cross-connect  a  c ross-connect for backbone cables, entrance cables and equipment cables

Main distribution area (MDA)  is the hub of the cabling system and is located inside the computer
room; MDAs act as collection points if a data center resides on several floors

Mechanical room  an enclosed space serving the needs of the HVAC system

Multimode optical fiber  an optical fiber that carries light down many pathways or modes

National Electric Code (NEC)  main standards document in the US for electrical components

National Fire Protection Association (NFPA)  the standards body for American fire protection codes
and author of the NEC

Patch cord  a length of cable with a plug on one or both ends

Patch panel  a connecting hardware system for cable termination and administration using patch cords

Plenum  an enclosed area (such as ceiling or floor) used to handle air distribution

Private Branch eXchange (PBX)  a private telecommunications switching system

Radio Frequency Interference (RFI)  e lectromagnetic interference within the frequency band for 
radio transmission

Screened Twisted Pair (ScTP)  a balanced twisted pair cable with an overall metallic shield

Service provider  the operator of any service that furnishes telecommunications content delivered over
access provider facilities

Singlemode optical fiber  an optical fiber that carries light down one pathway or mode

Star topology  an arrangement of cabling where cables are distributed from a central point

Storage Area Networks (SAN)  a reas within the data center devoted to data storage

Telecommunication Industry Association (TIA)  the main standards organization for tele- and data
communications in the US

Telecommunications (or telecom) room  a space that houses telecommunications equipment 
and cabling

TIA-568  the US standard for tele- and data communications cabling; ISO 11801:2002 and 
EN 50173-1 are similar

TIA-606  the standard for labeling of telecommunication circuitry

TIA-607A  now known as ANSI-J-STD-607-A-2002 is the standard for electrical bonding and 
grounding; see also NEC 645

TIA-942  the US standard for data centers; the European CENELEC data center standard, 
EN 50173-5.200X and the International Standards Organization s Draft 24764 are similar

DATA CENTER PLANNING GUIDE SECTION 13.0



30

Uninterruptible Power Supply (UPS)  a temporary and instantaneous provider of electrical power 
when the main power is out

Unshielded Twisted Pair (UTP)  a balanced 4-pair copper cable used in data communications

Zone Distribution Area (ZDA)  a space in a computer room where a zone outlet or a consolidation 
point is located
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