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CHAPTER

INTRODUCTION

This manual provides Motorola's guidelines and requirements for the installation of
communications equipment, infrastructure, and facilities. This edition of the manual has been
updated to reflect recent changes to industry standards referenced throughout the manual..

1.1

1.2

68P81089E50-B

NOTE: The standards and guidelines in this revision of this manual shall apply to new communication sites
built after the publication date of thisrevision of the manual. Standards and guidelines in this manual
are not required to be implemented at sites built prior to publication of thisrevision.

Users of this manual are cautioned to read and understand all disclaimers on the inside front
cover before using this manual.

COMMITTEE MEMBERS

Committee members for the 2005 edition of the manual are:

David Babbitt, Motorola Northwest Engineering Manager

Bob Batis, Nationa Site Design and Integration Team Manager, Motorola’'s Government &
Enterprise Mobility Solutions

Mike Beebe, Northeast Engineering, System Integration Services, Motorola's Government
& Enterprise Mobility Solutions

ChrisBerbaum, Lead Systems Engineer, Motorola Network IT Sales

Michael Hill, Programs Manager, Motorola’'s Government & Enterprise Mobility Solutions
Motorola Australia Pty Ltd

Tom Kravcar, System Support Manager

Gene McCurry, Principal Staff Engineer, National Site Design and Integration Team
Shane Morris, Systems Integration Technical Support Manager

Ron Tatom, Sr. Systems Technologist and R56 Specialist, Systems Integration

Mike Tiedt, Central Systems Engineering, Radio Systems Division, Motorola's
Government & Enterprise Mobility Solutions

Dan Kelly (R56 Committee Chairman), National Site Design and Integration Team,
Motorola's Government & Enterprise Mobility Solutions

ORGANIZATION OF THIS MANUAL

9/1/05

Thismanual is organized into chapters, each of which provides guidelines and requirements for
amajor aspect of site development. Each chapter contains the following information about the
subject it covers:

Requirements that must be followed. Requirements are indicated by the use of the word
“shall” in boldface type.
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SAFETY INFORMATION

CHAPTER 1: INTRODUCTION

* Guidelinesthat describe preferred methods, but which are not requirements.
»  Useful information about planning, designing, and devel oping communications sites.

e Thismanual isaliving document. The website shown below will be used to publish manual
updates or corrections. After accessing the web site, click View Country, then Documents and
Files, Manuals, R56

http://www.motorola.com/governmentandenterprise/northamerica/en-us/public/functions/
viewdownl oad/viewdownl oad.aspx ?navigationpath=Ivl zviewdownl oad

To ask the R56 Committee a question about this manual, use the following email address:

R56M AN1@namerica.mot.com

1.3 SAFETY INFORMATION

1.3.1

SAFETY STATEMENTS DEFINED

Safety statementsincluded in this manual alert you to potential hazards to personnel or equipment, and
precede the step or text to which they apply. Safety statements in this manual are of the following types:

A  WARNING

Warnings indicate danger of injury or death to personnel. Warnings can indicate chemical, electrical, or
other type of hazard. Warnings are indicated by an exclamation point and the word WARNING.

A . CAUTION

Cautionsindicate the possibility of damage to equipment. Cautions are indicated by an exclamation
point and the word CAUTION.

NOTE: Notes provide information that makes the job or process easier to perform properly.

1-2
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STANDARDS AND GUIDELINES FOR COMMUNICATION SITES SAFETY INFORMATION

1.3.2

68P81089E50-B

9/1/05

GENERAL SAFETY GUIDELINES

The following are general safety precautions that must be observed:

A  WARNING

All Motorola employees and contractors, and other personnel shall be required to use
an appropriate EME monitoring device when working in the vicinity of fixed
transmission sources of RF energy, unless they are able to conclude clearly that RF
energy levels where they are working do not exceed those permitted by applicable
standards and regulations. See Appendix A for additional information. Contact
Motorola's Site Design and Integration Team for further information on EME awareness
and monitors.

e All Motorola employees, contractors, and other personnel working at communication sites shall be
familiar with the information contained in this manual and shall follow the appropriate guidelines.

e Toavoidinjury or death caused by electric shock, do not wear agrounded wrist strap when working
with high-voltage equipment.

»  Objects heavier than 18.2 kg (40 |b.) should be lifted by two or more people.

« Beforedisturbing the surfaces in an existing structure ensure that asbestosis not present. Surfaces
containing asbestos can result in an inhalation hazard when disturbed by drilling, cutting, sanding,
or demoalition. Only certified ashestos abatement professionals shall perform asbestos removal. A
certificate of occupancy shall be secured where such abatement has been performed.

e Personnel performing installation and maintenance should wash their hands before eating and
avoid touching mouth and nose while handling equipment and/or debris.

e Inenvironments where explosion hazards may exist, non-incendive intrinsically safe electrical
components shall be used. Note that certain locations may be entirely unacceptable for housing
electronic equipment.

e Communications equipment shall not be installed in elevator equipment rooms unless specific,
code-allowed measures have been taken to mechanically isolate any wiring from moving
equipment.

e All applicable health and safety codes shall be followed when performing tasks discussed in this
manual.

e Climbing of ladders and towers poses significant safety risks. Only personnel trained in this
practice, and who possess the proper equipment shall perform such work. The Motorola
Contractors Fall Protection Program shall be observed.

«  Utility locator services shall be used to locate buried utilities before conducting any subsurface
explorations.

e To ensure personnel safety, all excavations shall be conducted in accordance with OSHA safety
and excavation regulations, and/or local safety regulations (whichever is more stringent).

e Thefire department shall be notified as soon as afire is discovered. Notification shall not be
delayed in order to assess the results of fire fighting effort using on-site portable fire extinguishers.
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CHAPTER 1: INTRODUCTION

A ~ WARNING

Do not sweep dry floors when rodent droppings are evident. To prevent hantavirus
infection, the floor shall be mopped in a safe and sanitary manner using a 5:1 water/
bleach mixture. Personnel working at the site shall wash hands before eating and avoid
touching mouth, nose, or eyes until site is sufficiently clean.

A  WARNING

When operating any kind of power tool, always wear appropriate safety glasses and
other protective gear to prevent injury.

* Inthe United States:

all applicable OSHA standards shall be adhered to.
Ladders shall be OSHA approved for electrical work.

Ininstallations at nuclear power plants and fuel processing facilities, the laws, rules and
regulations of the Nuclear Regulatory Commission (NRC) policy and customer policy shall be
observed.

1.4 STANDARDS

Table 1-1 lists all published standards cited throughout this manual. All local and jurisdictional codes
and safety standards, whether incidental or superseding to standards specified in this manual, shall be
followed while developing a site, installing equipment, or performing maintenance.

TABLE 1-1 REFERENCED STANDARDS

Publication Title
ANS| A10.14 Requirements for Safety Belts, Harnesses, Lanyards, and Lifelines for Construction and
Demolition Use
ANSI A14 Requirements for Ladders
ANSI C62.1 Surge Arresters For AC Power Circuits

ANSI/ESD S1.1-2001

Evaluation, Acceptance, and Functional Testing of Wrist Straps

ANSI/ESD $4.1-2001

Worksurfaces - Resistance Measurements

ANSI/ESD STM7.1-2003

Floor materials—Resistive characterization of materials

ANSI-J-STD-607-A-2002

Commercial Building Grounding (Earthing) and Bonding Requirements For
Telecommunications

ANSI T1-313-2003

Electrical Protection for Telecommunications Central Offices and Similar Type Facilities

ANSI-T1.321-2002

Electrical Protection for Network Operator-Type Equipment Positions
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STANDARDS

TABLE 1-1 REFERENCED STANDARDS (CONTINUED)

Publication

Title

ANSI T1.333-2001

Grounding and Bonding of Telecommunications Equipment

ANSI T1.334-2002

Electrical Protection of Communications Towers and Associated Structures

ANSI z308.1 Minimum Requirements For Workplace First Aid Kits

ANSI 2359 Requirements for Personal Fall Arrest Systems, Subsystems and Components
ANSI z87.1 Occupational And Educational Eye And Face Protection

ANSI 7289.1 Protective Headwear For Industrial Workers -Requirements

ANSI/IEEE 80 |EEE Guide For Safety In AC Substation Grounding

ANSI/IEEE 81-1983

Guide For Measuring Earth Resistivity, Ground |mpedance, And Earth Surface Potentials of
A Ground System (Part 1)

ANSI/IEEE C95.1

Safety Levels With Respect To Human Exposure To Radio Frequency Energy

ANSI/TIA/EIA-222(f)

Structural Standards for Steel Antenna Towers and Antenna Supporting Structures

ANSI/TIA/EIA-568-A and CSA-T529
(CSA-T529 is the Canadian equivalent
of ANSI/TIA/EIA-568-A.)

Commercial Building Telecommunications Cabling Standard

ANSI/TIA/EIA-569-A

Commercial Building Standard for Telecommunications Pathways and Spaces

ANSI/TIA/EIA-606 and CSA-T528

Administration Standard For The Telecommunications I nfrastructure of Commercial
Buildings (CSA-T528 is the Canadian equivalent of ANSI/TIA/EIA-606.)

ANSI/TIA/EIA-607 and CSA-T527

Commercia Building Grounding and Bonding Requirements for Telecommunications (CSA-
T527 isthe Canadian equivalent of ANSI/TIA/EIA-607.)

ANSI/UL 154

Carbon-dioxide Fire Extinguishers

ANSI/UL 299

Dry Chemical Fire Extinguishers

ANSI/UL 711, CAN/ULC-S508-M90

Fire Extinguishers, Rating And Fire Testing of

AS 3516.2-1998

Siting of Radiocommunications Facilities— Guidelines for fixed, mobile and broadcasting
services operating at frequencies above 30 MHz

ASHRAE American Society of Heating, Refrigerating and Air-Conditioning Engineers
ASTM 488-90 Seismic anchoring
ASTM A615-68 Specifications for Deformation of Preformed Steel Bars for Concrete Reinforcement

ASTM C150-99a

Standard Specification for Portland Cement

ASTM D1557

Test Method for Laboratory Compaction Characteristics of Soil Using Modified Effort

ASTM D698-91

Test Method for Laboratory Compaction Characteristics of Soil Using Standard Effort

Bellcore Technical Specifications
AU-434

68P81089E50-B  9/1/05
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TABLE 1-1 REFERENCED STANDARDS (CONTINUED)

Publication Title
Bellcore TR-64 Concrete specifications for seismic installations
BS 6651:1999 Code of Practice for Protection of structures against lightning
BS 7430:1998 Code of Practice for Earthing

CAN4-S503-M83

Canadian Standard, Carbon-dioxide Fire Extinguishers

CAN4-S504-77

Canadian Standard, Dry Chemical Fire Extinguishers

CSA-T529

Design Guidelines for Telecommunications Wiring Systemsin Commercial Buildings, 1995
(harmonized with ANSI/TIA/EIA 569-A)

Code of Federal Regulations 47

Part 17 - Construction, Marking, and Lighting of Antenna Structures

EIA/TIA-222

Tower Foundation and Anchor Design

FAA Advisory Circular 70/7460-1G

Obstruction Marking and Lighting

FAA-STD-019d-2002

Lightning and Surge Protection, Grounding, Bonding and Shielding Requirements for
Facilities and Electronic Equipment

FCC/OET RTA 95-01 (NTIS order no.
PB95-253829)

Engineering Services for Measurement and Analysis of Radio Frequency (RF) Fields.
Technical report for the Federal Communication Commission, Office of Engineering and
Technology, Washington, DC

1BC 2000 International Building Code

IEC 60364-1 Electrical Installations of Buildings

IEC 61024-1-2 Protection of structures against lightning

IEEE C62.41 |EEE Recommended Practice on Surge Voltagesin Low-Voltage AC Power Circuits.

IEEE C62.45 Guide on Surge Testing for Equipment Connected to Low-Voltage AC Power
Circuits

IEEE STD 80-2000 Guide for Safety in AC Substation Grounding

IEEE STD 142-1991
(IEEE Green Book)

Recommended Practice for Grounding of Industrial and Commercial Power
Systems

|IEEE STD 519-1992

Recommended Practices and Requirements for Harmonic Control in Electrical
Power Systems

|EEE Std. 837

Qualifying Permanent Connections Used in Substation Grounding

IEEE STD 1100-1999

Recommended Practice for Powering and Grounding Electronic Equipment

IEEE STD 1159-R2001

Recommended Practice for Monitoring Electric Power Quality

1SO 11271:2002(E)

1-6

Soil quality — Determination of redox potential — Field method
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TABLE 1-1 REFERENCED STANDARDS (CONTINUED)

Publication

Title

I1SO/TC94/SC4

Personal Equipment for Protection Against Falls (International 1SO standard)

MIL-HDBK-419A

Grounding, Bonding, and Shielding for Electronic Equipments and Facilities

MIL-STD-188-124B

Grounding, Bonding and Shielding for Common Long Haul/Tactical Communications
Systems Including Ground Based Communications Electronic Facilities and Equipments

NEBS TR-63

Network building standard regarding seismic compliance

NECA/BICSI 568-2001

Installing Commercial Building Telecommunications Cabling

NEMA/ANSI z2535.3

Criteriafor Safety Symbols

NFPA 1 Fire Prevention Code

NFPA 10 Standard for Portable Fire Extinguishers

NFPA 12 Standard for CO2 Extinguishing Systems

NFPA 13 Standard for Installation of Sprinkler Systems

NFPA 17 Standard for Dry Chemical Extinguishing System

NFPA 33 Standard for Spray Application Using Flammable or Combustible Materials
NFPA 70-2005 National Electrical Code® & International Electrical Code® Series

NFPA 101® Life Safety Code®

NFPA 111 Standard on Stored Electrical Energy, Emergency and Standby Power Systems
NFPA 780-2004 Standard for the Installation of Lightning Protection Systems

NFPA 2001 Standard on Clean Agent Fire Extinguishing Systems

NWSM 30-4106-2004

Lighting Protection, Grounding, Bonding, Shielding, and Surge Protection Requirements

OSHA 1926.104

Safety Equipment

M otorola document 68P09226A 18

Frame Mounting Guide

Motorola document 68P81150E62

Grounding Guideline for Cellular Radio Installations

TIA/EIA-222-F-R2003

Structural Standards for Steel Antenna Towers and Antenna Supporting Structures

UL 268 Smoke Detectors For Fire Protective Signaling Systems

UL 467-2004 Grounding and Bonding Equipment

UL 497A Secondary Protectors For Communication Circuits

UL 497B Protectors For Data Communication And Fire Alarm Circuits
UL 891 Dead-Front Switchboards

UL 1449 Transient Voltage Surge Suppressors

68P81089E50-B  9/1/05
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TABLE 1-1 REFERENCED STANDARDS (CONTINUED)

Publication Title
ULC-S504-77 Standard for dry chemical fire extinguishers
Uniform Building Code Earthquake, Seismic Designs
Articles 2330 through 2338 High-Rise Buildings
Article 1807 (c), (k), Chapter 23 Seismic Isolated Structure Design
Article 2370

United States National Weather Service | Lightning Protection, Grounding, Bonding, Shielding, and Surge Protection Requirements

Manual 30-4106-2004

ZED 259

Requirements for Personal Fall Arrest Systems (Canadian standard)

1.4.1

AUSTRALIA AND NEW ZEALAND STANDARDS

The following standards publications are applicable for communication sites constructed in Australia
and New Zealand.

TABLE 1-2 AUSTRALIAN AND NEW ZEALAND STANDARDS

Publication

Title and Description

ARPANSA RSP 3

Maximum exposure levels to radio frequency fields - 3 kHz to 300 GHz

Sets limits for human exposure to radio frequency (RF) fields in the frequency range 3 kHz to 300 GHz. The
Standard includes: mandatory basic restrictions for both occupational and general public exposure involving all
or part of the human body; indicative reference levels for measurable quantities derived from the basic
restrictions; approaches for verification of compliance with the Standard; requirements for management of risk
in occupational exposure and measures for protection of the general public.

AS/NZS1170.1

Structural design actions - Permanent, imposed and other actions.

Provides design values of permanent, imposed and other actions to be used in the limit state design of structures
and members. It isintended to be used in conjunction with AS/NZS 1170.0. Other actions covered include liquid
pressure, ground water, rain water ponding and earth pressure.

AS/NZS 1170.2

Structural design actions - Wind actions

Provides design values of wind actions for usein structural design. It isintended to be used in conjunction with
AS/NZS 1170.0, which givesthe procedure for structural design. Wind speeds and direction factors are provided
for arange of probabilities of exceedance. Other factors cover the environment around the structure, the
geometry of the structure and the dynamic interaction of the structure with the wind.

AS 1319

Safety signs for the occupational environment

Specifies the requirements for the design and use of safety signs intended for use in the occupational
environment to regulate and control safety related behavior, to warn of hazards and to provide emergency
information including fire protection information.

ASINZS 1554 (Set)

Structural Steel Welding Set

1-8
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TABLE 1-2 AUSTRALIAN AND NEW ZEALAND STANDARDS (CONTINUED)

Publication

Title and Description

AS/NZS1680.2.4

Interior lighting - Industrial tasks and processes

Sets out recommendations for the lighting of industrial tasks and processes with a view to providing visual
environments in which such tasks and processes may be safely and efficiently performed. It isintended to be
read in conjunction with the general recommendations of AS 1680.1.

AS/NZS 1768

Lightning protection

AS 2032

Code of practice for installation of UPV C pipe systems

AS/NZS 2053.1

Conduits and fittings for electrical installations - Genera requirements

Specifies genera requirements for both metal and non-metal conduits and fittings to protect cables used in
electrical installations. Mechanical properties, electrical characteristics and material requirements are given.
Requirements for particular types of conduits and fittings are covered in the other parts of the ASINZS 2053
series.

AS/NZS2293.1

Emergency evacuation lighting for buildings - System design, installation and operation

Sets out requirements for the design, installation and operation of electric emergency evacuation lighting
systems for buildings, so asto provide visual conditions which will alleviate panic and permit safe evacuation of
the building's occupants, should this be necessary, in the event of failure of the electrical supply to the normal
lighting. Does not specify types of buildings nor particular locations which should be provided with emergency
evacuation lighting.

AS 2444

Portable fire extinguishers and fire blankets - Selection and location

AS/NZS 3000

Electrical installations (known as the Australian/New Zealand Wiring Rules)

Provides requirements for the selection and installation of electrical equipment, design and testing of electrical
installations, especially with regard to the essential requirements for safety of persons and livestock from
physical injury, fire or electric shock.

AS3516.2

Siting of radio communications facilities - Guidelines for fixed, mobile and broadcast services operating at
frequencies above 30 MHz

Recommends good practice for, and sets out process by which, radio communications sites should be planned,
sited, constructed, and operated to meet the communications objectives of those facilities. It particularly
addresses the sharing of radio communications sites and interference problems which could arise. It isintended
to provide information to Federal, State and local government authorities, facilities planners, site planners,
organizations and members of the public on the effects that existing or planned developments could be expected
to have on the operation of such facilities, and vice versa.

AS 3600

Concrete structures

Sets out minimum requirements for the analysis, design and construction of concrete structures and members
that contain reinforcing steel up to 500 MPa, prestressing tendons or both, and includes requirements for plain
concrete structures and members. Design requirements are given for the limit states of stability, strength,
serviceability, durability and for resistance requirements to fire and earthquakes. Rules are also given for
prototype or proof testing of finished members and structures.

AS 3610

Formwork for concrete

68P81089E50-B  9/1/05
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TABLE 1-2 AUSTRALIAN AND NEW ZEALAND STANDARDS (CONTINUED)

Publication Title and Description

AS 3995 Design of steel lattice towers and masts

AS 4100 Steel structures
Sets out minimum requirement for the design, fabrication, erection, and modification of steelwork in structures
in accordance with the limit states design method.

ASINZS 4117 Surge protective devices for telecommunication applications

AS/NZS 4680 Hot-dip galvanized (zinc) coatings on fabricated ferrous articles

AS/NZS 60950 Safety of information technology equipment (IEC 60950:1999, MOD)
Specifies requirements for the safety of information technology equipment including electrical business
equipment and associated equipment, with a rated voltage not exceeding 600V. Specifies requirements intended
to ensure safety for the operator and layman who may come into contact with the equipment and, where
specifically stated, for service personnel. This Standard is an adoption with national modifications and contains
the whole text of 1EC 60950:1999.

SAA HB37.4 Handbook of Australian Fire Standards - Building materials, products and construction

ACA TS001 Safety Requirements for Customer Equipment
Defines the safety requirements for Customer Equipment (CE) with the objective of providing protection of the
CE usersfrom electrical supply hazards, protection of the CE user from telecommunications network hazards,
protection of telecommunications network personnel from connected CE hazards, and protection of a
telecommunications network from harm arising from connected CE (both mains powered and non-mains
powered).

AS/ACIF S008 Requirements for authorised cabling products

AS/ACIF S009 Installation requirements for customer cabling

1.4.2
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STANDARDS ORGANIZATION WEBSITES

Internet sites for some major regional Standards organizations are listed below for reference.

Country/Region Website
Australia http://www.standards.com.au
Britain http://www.bsi.org.uk
Canada http://www.csa-international .org
China http://www.sac.gov.cn
Europe http://www.etsi.org
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Country/Region Website
France http://www.af nor.fr
International http://www.iec.ch
International http://www.standards.ieee.org
International http://www.iso.org
Japan http://www.jsa.or.jp
Malaysia http:/Aww.sirim.my
New Zealand http://www.standards.co.nz
Singapore http://www.spring.gov.sg
United States: http://www.ansi.org

* Electrostatic Discharge Association website

http://www.esda.org/aboutesd.html)

» FCC Office of Engineering and Technology
(RF sefety).

www.fcc.gov/oet/rfsafety

 United States Geological Survey
Geological Hazards Team

http://geohazards.cr.usgs.gov

« United States Geological Survey
(Earthquake Hazards Program)

http://neic.usgs.gov/neis/states/

 United States Geological Survey
home page

http://www.usgs.gov

GLOSSARY

9/1/05

This section provides definitions of terms and acronyms used in this manual.

ACI: American Concrete I nstitute.

ACS: Advanced Conventional Systems.

ADSL: Asymmetric Digital Subscriber Line.

AEB: See Ambassador Electronics Bank.
AH: Ampere Hours.

Ambassador Electronics Bank: A central switch that routes and combines all audio sources for
SmartZone trunking systems. Also known as Embassy Switch or AEB.

Ambient Temperature: Environmenta temperature as typically measured 610 mm (5 ft.) above the

floor in the center of an aisle.

Ampere Hours: A measurement of battery current capacity relative to time, normalized to 8 hours.
For example, a 320 Ah battery will deliver 40 Amperes for 8 hours.

ANSI: American National Standards Institute.
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Antenna: A device that permits transmission and reception of radio frequency energy through space.
Also known as aerial.

Antenna Structure: Generic term describing an antenna supporting system which may be other than
atower (building, monopole, bracket, etc.).

Approved: Acceptable to the authority having jurisdiction.

As-Built: A Motorolafactory-provided printout furnished with a new system or site development that
describes the system's or sites original factory-built or installed configuration.

ASHRAE: American Society of Heating, Refrigerating, and Air Conditioning Engineers.
ASSE: American Society of Safety Engineers.
ASTM: American Society for Testing of Materials.

Attenuator: A passive device for controlling (attenuating) signal levels. It can be fixed, calibrated, or
variable. Where calibrated attenuators are used, the deviceistypically calibrated in dB of negative gain
(loss or attenuation).

Authority Having Jurisdiction: Thelocal governing body.

AWG: : American Wire Gauge: An American standard for identifying the thickness of electrical
conductors.

Bandpass Cavity: A high Q resonant circuit designed to pass a narrow band of frequencies with
very little loss while attenuating all other frequencies outside the selected bandwidth. When used
between a transmitter and the antenna transmission line, it reduces spurious signals and transmitter
sideband noise that might otherwise be radiated from the transmitter and degrade the performance of a
nearby receiver.

Bandwidth: The frequency spectrum space occupied by asignal of asingle channel.

Base station: 1) Station that allows simplex communications between radio units and console
positions. 2) A repeater which provides the source of audio received by the console, and the destination
of audio transmitted from the console.

Battery: One or more electrochemical storage cells connected together to serve asa DC voltage
source.

Blackout: An extended zero-voltage condition (total loss of power) lasting for minutes, hours, or even
days at atime. Blackouts can be caused by ground faults, accidents, lightning strikes, power company
failures, or other acts.

BNC: Bayonet “N" Connector.
BOCA: Building Officials and Code Administrators International, Inc.

Bonding: The permanent joining of metallic partsto form an electrically conductive path that ensures
electrical continuity and the capacity to safely conduct any current likely to be imposed.

Bonding jumper: A reliable conductor that ensures the required electrical conductivity between
metal parts required to be electrically connected.

Boot: A protective, flexible sleeve installed around cables that pass through the wall of a
communications site building.

Branch circuit: The circuit conductors between the final overcurrent device protecting the circuit
and the outlet(s).
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British Thermal Unit: A standard measurement of generated energy, typically as heat. (1 BTU
equals 1.055 kJoules of energy.)

Brownout: A long-term under-voltage condition lasting minutes, hours or even days at atime. They
are often intentionally instituted by an electric utility company when peak demand exceeds generating
capacity.

BTU: British Thermal Unit.

Building: For the purposes of this manual, a permanent structure capable of regular human occupancy
built on afoundation that contains communications equipment and related ancillary support systems,
and may contain other unrelated equipment and/or facilities.

Cabinet/enclosure: An enclosure that houses communications equipment and ancillary systems
only. It is designed such that equipment contained within can be accessed without the need for
personnel to enter the cabinet.

Cable ladder: An open steel structure (painted or anodized) suspended from the ceiling that provides
an orderly means of support and routing for wires and cables throughout acommunications site. May be
installed inside the building or vertically to guide cables on atower. All exterior cable ladders should be
constructed of galvanized metal. See Cable runway.

Cable runway: A structure provided for the routing and management of cabling. May be located
below araised floor, suspended from the ceiling, or mounted on top of equipment racks and/or cabinets.
The term Cable Runway is used in this manual to include both cable ladders and cable trays.

Cable tray: A solid structure, typically constructed of aluminum or fiberglass, suspended from the
ceiling that provides an orderly means of support and routing for wires and cables throughout the
interior of a communications site. See Cable runway.

Caisson: A drilled cylindrical foundation shaft used to transfer aload through soft soil stratato firm
strata or bedrock. The shaft isfilled with either reinforced or unreinforced concrete. A caisson may
either be a straight shaft or bell type of installation.

CATV: Cable Television.

CCTV: Closed-Circuit Television.

CEB: Centra Electronics Bank

Cellular: A multi-site, low-power full-duplex radio system that interfaces to the PSTN.

Central Electronics Bank: Electronic equipment that provides the interface between the console
dispatch positions and the RF equipment (CEB).

Central Office: The main switching center of atelephone service provider or local exchange carrier
(LEC).

CEPT: European Committee of Post and Telegraphs.

CFC-free: Denotes arefrigerant which does not use chlorofluorocarbons.

CFR: Code of Federal Regulations.

Channel bank: A device that places multiple channels on a digital or analog carrier signal.

Channel Service Unit: A digital DCE used to terminate digital circuits (suchasDDSor T-1 lines) at
the customer site. It conditions the line, ensures network compliance with FCC rules, and responds to
loopback commands from the central office.
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ClIU: Console Interface Unit.
CO: Central Office.
Combiner: A passive device that allows transmitters on different frequenciesto use a single antenna.

Console: A system'sdispatch electronics, made up of one or more console operator positions and a
Central Electronics Bank (CEB).

Console Interface Unit: An interface device that provides encryption/ decryption of console audio
signals.

Conventional system: A radio system in which resources are dedicated to a specific frequency.
CPR: Cardio-Pulmonary Resuscitation.

Critical Loads: Devices and equipment whose failure to operate satisfactorily jeopardizes the health
or safety of personnel, and /or resultsin loss of function, financial loss, or damage to property deemed
critical by the user.

CSA: 1) Abbreviation for Canadian Standards Association. 2) Cross-sectional area (as used for cable
gauge specification in metric system).

CSI: Construction Specification Institute.
CSU: Channel Service Unit.

Daisy chain: Any method of connection whereby the conductors are connected from one chassis,
equipment frame or rack connection point to a second chassis, equipment frame or rack connection
point and on to athird connection point, creating a series arrangement whereby the removal of the
second connection point interrupts the ground path from the first chassis, equipment frame or rack.
Daisy chaining of grounding conductorsis not an acceptable method of connection.

Demarcation Point: Thetelephone or utility point of presence at afacility which divides utility
assets from customer assets and accordingly assigns maintenance responsibilities.

Dip: See“Sag.” Dipisthe International Electrotechnical Commission (IEC) term for sag.
Distortion: Any deviation from the normal sine wave for an AC quantity.
DOT: Department of Transportation.

Duplexer: An RFfiltering system that separates the transmit and receive frequency, so that equipment
can transmit and receive simultaneously on a single antenna, without affecting other equipment.

DVM: Digita Voltmeter.

E-1: A timedivision multiplex (TDM) digital link which uses 32 time slots with a speed of 2.048Mb/s
Earth; Earthing: Synonymous with ground; grounding.

EAS: Environmental Alarm System.

Easement: Aninterestinreal property which isowned by another that entitlesthe holder to a specific
limited use or enjoyment of the owner's property.

EBTS: Enhanced Base Transceiver System.

Effective Radiated Power: The near-field radiated effective power (as opposed to peak envelope
power) of atransmitting antenna. Specifies power radiated less any losses inherent in transmission lines
or antenna coupling.

EGB: Externa Ground Bus Bar.
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EHS: Environmental Health and Safety.
EIA: Electronics Industries Association.

Electrolytic ground rods: Ground rodsin which the ability to dissipate charge is enhanced by
chemical reaction with the soil.

Electrical Metallic Tubing: Describes conduit tubing used specifically for housing electrical
conductors. Several variations are available for specific purposes.

Electrostatic Discharge: A high voltage, low current electrical discharge caused by buildup of
static charge between two surfaces.

EME: Electromagnetic Energy.
EMT: Electrical Metallic Tubing.
Enhanced Base Transceiver System: Base stations used in the iDEN system.

Environmental Alarm System: Equipment which centrally receives, interfaces, and processes
remote alarms related to equipment environmental conditions and other switch-closure alarms.

ERP: Effective Radiated Power.

ESD: Electrostatic Discharge.

Ethernet: A Loca AreaNetwork (LAN) protocol.
ETSI: European Telecommunications Standards Institute.

Exothermic welding: A process by which two pieces of metal are permanently welded using heat
generated by a chemical reaction caused by combining the welding materials.

External Ground Bus Bar: A ground bus bar that provides a bonding point for multiple grounding
conductors (such as all coaxia connections) and connection to the grounding electrode system.

External grounding system test: A test that measures the effective resistance of the externa site
grounding system.

External site grounding ring: A ring of conductor wire surrounding an equipment enclosure,
building and tower at a communications site. The grounding ring is bonded to the grounding electrodes,
so that electrical charges are ultimately dissipated by the earth.

FAA: Federal Aviation Administration.

Fair Market Value: The approximate worth of apiece of property, based on several factorsincluding
location and the actual selling price of similar propertiesin the area.

Facility: A complete site environment, including power system(s), site structure, HVAC system,
antenna structure, and boundary fencing (if applicable).

Failsoft: A default communication mode for trunking systems that prevents system shutdown by
providing limited communications capability during a system failure. The repeaters operate in
conventional mode if the central controller fails.

FCC: Federa Communications Commission.

Federal Aviation Administration: The USregulatory agency responsible for air traffic safety. It
also governs height and marking regulations for towers and other tall structuresthat could pose a hazard
to aircraft.
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Federal Communications Commission: The US regulatory agency responsible for overseeing
radiated transmissions in the United States.

Firestop: A crosss-member used in wallsto inhibit vertical spread of fire.

Fixed Network Equipment: Permanently installed communications site infrastructure equipment.
FM: Factory Mutual.

FMV: Fair Market Value.

FNE: Fixed Network Equipment.

FOTS: Fiber Optic Transmission System.

Frequency Deviation: Anincrease or decrease in the power frequency from nominal. The duration
of afrequency deviation can be from several cyclesto several hours (IEEE STD 1100-1999 and |EEE
STD 1159-R2001).

FRU: Field Replaceable Unit.
GFCI: Ground Fault Circuit Interrupting.

Gin pole: Construction equipment used for lifting tower sections and antennas during antenna
construction.

Global Positioning System (GPS): A system which determines exact locations by utilizing high-
precision satellite signals as its reference. The satellite signals can also be used as a timing reference.

Ground Fault Circuit Interrupting (GFCI): A type of electrical receptacle that removes power to
the receptacle if aground fault occursin the equipment connected to the receptacle.

Grounding: The connecting of a particular leg of a circuit across multiple equipment of a power
system in common. The common connection is then also electrically bonded to the soil. In this manner,
the grounded portion of the circuit can serve as a common low-side connection across the system.
Synonymous with earthing.

Grounding conductor: A means for bonding equipment to the site grounding electrode system.

Grounding electrode system: A buried system of ground conductors which provides a bonding
point between soil grounding at the site and the neutral -ground connection of the incoming AC power.
The site master ground bar is also bonded to this point.

Ground loop: A potentialy detrimental loop formed when two or more pointsin an electrical system
that are normally at ground potential are connected by a conducting path such that either or both points
are not at the same ground potential.

Ground test well: A buried port that allows inspection of connections to the grounding electrode
system.

Gumbo: A soil composed of fine-grain clays. When wet, the soil ishighly plastic, very sticky, and has
a soapy appearance. When dried, it develops large shrinkage cracks.

Hantavirus: A potentially deadly airborne virus spread by rodents.

Hard-wiring: The practice of direct physical connection of wiring leads directly to ajunction device.
An example of hard-wiring isthe connection of adevice's AC line directly to ajunction box without the
use of areceptacle and line cord.
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Harmonic: Regarding power lines, an abnormality in which distortion of the normal utility sine wave
occurs. Harmonics can be transmitted back into an AC power line by non-linear loads such as switching
power supplies and variable speed motors. If significant enough, harmonic conditions can cause
overhesating in step-down and three-phase load transformers and neutral conductors.

Hazardous Material Identification System: A labeling system for identifying the location of
potentially hazardous materials.

HAZMAT: Hazardous Material(s).

Hertz: Freguency measurement unit abbreviated as Hz. One Hz equals one cycle per second.
HMIS: Hazardous Material |dentification System.

HVAC: Heating, Ventilation and Air Conditioning equipment.

Hz: Hertz.

ICBO: International Conference of Building Officials.

Ice bridge: A protective shield for horizontal cable runs between towers and building cable entry
ports or between two buildings, designed to prevent ice from forming and falling on the cables during
winter.

iDEN: Integrated Dispatch Enhanced Network.

IEC: International Electrotechnical Commission
IEEE: Institute of Electrical and Electronics Engineers.
IGZ: Isolated Ground Zone.

Integrated Dispatch Enhanced Network: A Motorola-manufactured digital transmit/receive
system, operating in the 800-900 MHz range, that combines radio and telephone servicesin asingle
subscriber unit.

IPGB: Internal Perimeter Ground Bus conductor.

Isolated Ground Zone: An installation configuration where grounding of equipment is electrically
isolated and/or separate from general facility grounding.

ITU: International Telecommunications Union. (Also known as CCITT.)
IZGB: |solated Zone Ground Bar.

Let-through Voltage: Voltage (at a specified current) allowed through a TV SS device when the
deviceisin suppression mode.

Low Pass Filter: Also referred to as“harmonic filter”. Filter that suppresses harmonic frequencies
above its specified pass band. It is used with transmitters to prevent intermodulation. Most systems
require this type of filter between the isolator and the antenna system to reject second and third
harmonic transmitter energy.

LPG: Liquefied Propane Gas.
LTV: Let-through Voltage.
LVLD: Low-Voltage Load Disconnect.

Master Ground Bus Bar: The single grounding point inside an equipment enclosure to which all
other interior ground wires are ultimately bonded. There is one master ground bus bar per building or
equipment area at acommunications site.
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Material Safety Data Sheet: A manufacturer-provided ingredient and safety hazard description of
materials classified as hazardous or containing hazardous elements. It also includes information for
handling spills or chemical reactions.

Maximum Permissible Exposure: Defines maximum permissible exposure to radiated RF energy
to personnel. Several levels exist based upon frequency, power density, and time of exposure.

Metal-Oxide Varistor: A two-terminal voltage protection device in which resistance across the
device markedly decreases when the voltage across the device reaches a specified threshold.

Meter pedestal: The base structure for the electric services utility meter at communications site.
Typically installed by the local utility company during communications facility construction.

MGB: Master Ground Bus Bar.
Microwave: Freguencies higher than one GigaHertz (1,000,000,000 Hz) in the frequency spectrum.
Mobile Switching Office: Provides centra office functions for iDEN mobile units.

Modified Proctor test: A soil compression test that measures the compacted density of soils being
used for structural applications. (See ASTM D1557 for additional information.)

MOV: Metal-Oxide Varistor.

MPE: Maximum Permissible Exposure.

MSDS: Material Safety Data Sheet.

MSO: Mobile Switching Office.

MTBF: Mean Time Between Failures.

Multicoupler: An RF device which provides multiple outputs of asingle RF input.
Multimeter: A test instrument capable of measuring voltage, current, and resistance.

National Electrical Code: A consultative organization responsiblefor electrical practices standards.
It ispart of the National Fire Protection Association (NFPA).

NEBS: Network Equipment Building Systems.

NEC®: National Electrical Code.

Network Interface Unit: A T-1 network interface unit.

NCRP: Nationa Council for Radio Protection and Measurement.
NEMA: National Electrical Manufacturers Association.

NFPA: National Fire Protection Association.

NIU: Network Interface Unit.

Noise: Regarding line power, a power line abnormality which collectively refersto various kinds of
high frequency impulses that ride on the normal sine wave of AC electrical power. Noise can range
from afew millivolts to severa voltsin amplitude and can create erratic behavior in any electronic
circuit. RF noise, when present over power lines, is one of the more troublesome. This noise can be
generated by lightning, radio transmissions, or computer power supplies.

Nomograph: An arrangement of axesin which avariable is determined by aline which intersects
known points on associated axes.
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Non-Linear Load: Steady-state electrical load that draws current discontinuously or whose
impedance varies throughout the cycle of the input AC voltage waveform (IEEE STD 1159-R2001).

Notch Filter: A band-reject cavity filter designed with ahigh Q resonant circuit to attenuate a narrow
band of frequencieswhile allowing all other frequenciesto pass through with only aslight loss of signal
strength.

NRC: Nuclear Regulatory Commission

Operating Temperature: Temperature within an equipment case, with the equipment operating at a
given capacity or load.

ORV permit: Off-road vehicle permit. A permit that grants the holder the right to drive a motorized
vehicle through areas inaccessible by road.

OSHA: Occupational Safety and Health Administration: United States federal government regul atory
agency responsible for standards regarding personnel safety at commercial and industrial sites.

Paging: A one-way communication system in which the receiving unit is sent adigital message.
Paging can be provided as a PCS service.

PANI: Surge energy Producers, Absorbers Non-isolated equipment and | solated equipment. A method
of bonding conductors to the MGB in a specific order, depending on their origin.

PCS: Personal Communication Services.

Personal Communication Services: A digital communications system that provides data services
such as messaging and paging as well as digitized voice.

PERT chart: Program, Evaluation, and Review Technique chart. A flowchart showing the
relationship and sequence of events comprising a project.

Plat book: A document that depictsthe legal ownership of specific parcels of land, usually in relation
to a county, township, section, or range.

Plenum: A compartment or chamber to which one or more aid ducts are connected and that forms part
of the air distribution system.

Point of entrance: The point of emergence through an exterior wall, a concrete floor slab, or from a
rigid metal conduit or an intermediate metal conduit effectively bonded to a ground electrode system.

Pulse method: A method for tower guy wire tensioning.
PSTN: Public Switched Telephone Network.
QA/QC: Quality Assurance/Quality Control.

R56: The Motorola committee responsible for enacting standards related to communication site
construction and installation practices. R56 also refers to the literature distribution number formerly
used for this manual, Standards and Guidelines for Communications Sites (PN 68P81089E50).

Rack: A standard equipment rack used for supporting communications equipment installed in an
existing Building or Shelter.

Rack Ground Bus Bar: A single bus bar to which all equipment ground wires are bonded within a
single equipment rack.

RF: Radio Frequency.
RFDS: RF Distribution System.
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RFP: Reguest For Proposal.

RF Distribution System: A system that combines RF signals so that multiple transmitters and
receivers tuned to different frequencies can use a single antenna.

RGB: Rack Ground Bus Bar.
RH: Relative Humidity.
RMS: Root-Mean-Square.

R-Value: A standardized rating system of thermal insulation effectiveness. Higher values denote
greater insulating effectiveness.

SAD: Silicon Avalanche Diode.
Safety climb: Equipment that is attached to atower to safely enable tower climbing.

Sag: A root mean square (RMS) reduction in the AC voltage, at the power frequency, for durations
from ahalf cycle to afew seconds (IEEE STD 1100-1999). (see also Swell). It isamulti-cycle, under-
voltage condition that can be caused by ground faults, undersized power systems, lightning, or asudden
start-up of alarge electrical load. The IEC terminology for sag is“dip.”

SBCCI: Southern Building Code Congress International, Inc.

Seismic rating: Any of several standardized systems of rating an ared's probability and intensity of
seismic activity based on geological and empirical data. This publication references the Moment
Magnitude (MM) rating standard recognized by the Uniform Building Code. Ratings of “0” (least
probability with the least intensity) through “4” (greatest probability with the greatest intensity) are
accordingly assigned to various regions.

Separately Derived System: A premiseswiring system in which power is derived from a
transformer or converter winding. It has no direct electrical connection, including a solidly connected
grounded circuit conductor, to the supply conductors originating in another system.

Service Entrance: The point at which the utility enters afacility and the utility ground rod is
attached.

Shelter: A Permanent structure built on afoundation that contains communications equipment and
related ancillary support systems, and may contain other unrelated equipment and/or facilities. A
Shelter shall be suitable for temporary human occupancy during equipment installation, maintenance,
and use.

Silicon Avalanche Diode: A two-terminal voltage protection device in which resistance across the
device markedly decreases when the voltage across the device reaches a specified threshold.

Simulcast: A system configuration using simultaneous transmissions of information on the same
frequencies. This configuration extends communications over alarge coverage area. Each repeater on
the same frequency hasidentical transmit parameters to ensure the intended transmission format.

SPD: Surge Protection Device

Swell: Anincreasein RMS voltage or current at the power frequency for durations from 0.5 cyclesto
1.0 minute (IEEE STD 1100-1999 and |EEE STD 1159-R2001).

TETRA Terrestria Trunked Radio

Total Harmonic Distortion (THD): Theratio of the root square value of the harmonic content to the
root square value of the fundamental quantity, expressed as a percent of the fundamental (IEEE STD
1100-1999).
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Transient: A sub-cycle disturbance in the waveform that is evidenced by a sharp, brief discontinuity
of the waveform. May be either polarity and may be additive to, or subtractive from, the nominal
waveform (IEEE STD 1100-1999). See IEEE STD 1159-R2001, Recommended Practice for
Monitoring Electric Power Quality, section 4.4.1 for more details on transient definitions, types, and
causes.

TVSS Transient Voltage Surge Suppressor
VSWR Voltage Standing Wave Ratio
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This chapter provides requirements and guidelines for site design and development. Site
development refers to the civil, structural, mechanical, and electrical work; and installation of
supporting equipment at a communications site. The chapter primarily discusses new site
construction. Adding onto an existing site or installing a site in an existing facility requires that
the scope of work, design and drawings be specific to these locations. It is recommended to
consult with Motorola's Site Design and Integration Team for new construction, co-location and
renovation work.

This chapter contains information on the following topics:

*  “Compliance with RF Energy Exposure Standards’ on page 2-1
*  “Genera Outline of Work” on page 2-2

* “Planning” on page 2-3

»  “Congtructability Review” on page 2-7

» “Electrical Service” on page 2-10

*  “Foundation Design and Installation” on page 2-11

*  “Concrete and Soils Installation Monitoring” on page 2-14

» “Site and Facility Acceptance Testing” on page 2-16

» “Tower Design and Construction” on page 2-16

The design and development of communications sites is critical not only to optimal functioning
of the communications system, but also to the safety of installation and maintenance personnel
involved with building and maintaining the system. The importance of implementing and
following safety programs, during construction aswell as during the system's useful life, cannot
be overemphasized.

All final construction drawings and specifications for a new site should be provided by a
properly licensed engineering firm. This ensures that the design is adequate for the site
conditions and helps ensure that accurate records of site construction are available.

COMPLIANCE WITH RF ENERGY EXPOSURE STANDARDS

9/1/05

In planning, installing, or modifying any antennatower or other antennasite, the need to comply
with regulations and standards concerning human exposure to RF energy must be considered.
Factors to be considered include (1) the location, direction, transmission power, frequency,
physical characteristics, and design of all antennas and other equipment at the site, in light of the
existing or possible human occupation or usage of the adjacent areas; (2) any necessary and
appropriate steps to limit or control human access to adjacent areas, including limited-access
doors, fencing, signs, and training; and (3) appropriate operational proceduresto ensure ongoing
compliance with RF energy exposure regulations and standards when the antenna siteis
operational.
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There should be a clear determination of who will be responsible for each aspect of compliance
assurance, with the understanding that the operator or site owner bears ultimate responsibility for
compliance. Additional information is provided in Appendix A.

NOTE: All work shall conform to applicable codes and regul ations imposed by authorities having jurisdiction.

All contractors performing work at asite and all equipment vendors must be competent and qualified. A
list of qualified contractors resides with the Motorola's Site Design and Integration Team and the
Motorola Environmental Health and Safety (EHS) director.

THE MOTOROLA SITE DESIGN AND INTEGRATION TEAM

The Motorola Site Design and Integration Team (SD&IT) was developed to provide consistent and cost
effective design and construction solutions utilizing key personnel with vast experience, expertise and
knowledge in the public safety and construction arenas. The SD&IT key areas of expertiseinclude, but
are not limited to, site acquisition and leasing, zoning, architectural, engineering and environmental
services, construction management, site preparation, site construction (including tower foundation and
tower erection), co-location (including water tower and roof-top applications), outdoor cabinets and
tenant build-outs. The Motorola SD&IT will be involved on a nationwide basis for al projects that
involve any of the above stated activities. Motorola Site Design and Integration Team contacts will be
available on theinternal and external R56 websites. Additionally the SD&IT will own the responsibility
for this R56 manual and its encompassing services.

Contact information for the National Site Design and Integration Team:

» Site Development, A& E or Site Acquisition Questions. Bob Batis (989) 224-1330
*  Product Questions: Gene M cCurry (770) 673-5009

*  Questions about this manual: Dan Kelly (708) 687-3224

GENERAL OUTLINE OF WORK

Thefollowing is ahigh-level overview of major site development tasks and the order in which they are
typically performed.

» Planning and site design drawing preparation

»  Site surveying/staking

»  Constructability review

» Installing temporary facilitiesif necessary

» Clearing land of vegetation

» Installing erosion control barriers

»  Excavating and building access road

» Installing utility/electrical metering base

»  Excavating and establishing subgrade and drainage requirements
» Excavating and installing shelter and any ancillary foundations
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*  Excavating and installing tower foundations

« Installing equipment shelter and ancillary equipment, including backup power systems
» Installing electrical conductors and other utility installations

»  Energizing equipment shelter

* Installing tower, antennas and RF transmission lines

* Installing tower lighting system

* Ingtalling fencing and gates

«  Backfilling, grading, and bringing site up to final grade

e Startup and testing of facility equipment

»  Performing final cleanup and obtaining customer approval signatures

PLANNING

Planning the development of a communications siteis crucial because the activitiesinvolved in
constructing a site must be effectively organized in order to complete the project efficiently.

LOCATION OF UTILITY ENTRANCES

All utility entrances (i.e., AC power, phone company, RF cables, water supply, gas supply, etc.) to the
facility should be located in the same general area of the shelter and should be located as close together
asispractical.

LocATION OF AC POWER NEUTRAL-GROUND BOND

Equipment performance and the susceptibility of a communications site to damage from lightning are
affected by the location of the AC power neutral-ground bond. See “Location of Neutral-Ground Bond”
on page 6-4.

SITE DEVELOPMENT DRAWINGS

To help ensure that site development plans are developed in accordance with jurisdictional codes and
specifications, it is highly recommended that an engineering firm be consulted.

Typical site development drawings should include (but not be limited to) the following:
»  General compound and site layout relative to the surroundings

» Location of accessroad if applicable

* Location of existing utilities

*  Road profiles (cut and fill requirements)

»  Exidting road profile
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* New road profile depicting road grade. Attempt to achieve a grade of less than 10%. Cranes,
concrete trucks, and other heavy construction or delivery shipments must have access to the site.

*  True North/South and East/West Construction baselines as represented from the tower center (or
center of site structure).

NOTE: For guyed towers, it isimperative that the final elevation of the anchor head and final grade be
coordinated between the foundation tower designer and site engineering firm.

»  Guy anchor location data schedule (if applicable). Typically the bottom of an anchor head should
be 305 mm (12 in.) to 457 mm (18 in.) above fina grade.

*  Foundation Plan, including general layout of al required foundations and foundation schedule
depicting applicable foundation elevations

»  Grading Plan showing genera grade elevation and slope of compound and access areas
»  Sediment Control Plan showing location of hay bales or silt fencesto prevent soil erosion

»  Grounding system design showing all typical exterior grounding requirements. Soils resistivity
measurements may also be depicted.

» Typica access road cross section and culvert detail, showing the following:
»  Cross section of accessroad
»  Drainage requirements
e Curb cut requirements
*  Equipment Shelter Foundation and details, showing the following:
*  Foundation layout (depth, length, and width of all foundations)
»  Cross-sectional view of foundations for rebar placement
«  Utility plan and installation details, showing the following:
* Layout and installation routes for required utilities
*  Types of instrumentation required if applicable
» Electrical one-line and service installation details, showing electrical serviceinstallation.
» Telephone Installation Details, showing type of telephone line installation if required

e Fence enclosure and guy anchor fence plan showing fencing installation

LAND SURVEY AND SITE DEVELOPMENT STAKING
CONSIDERATIONS

Prior to finalizing site development plans, the site surveying firm should supply the following itemsasa
minimum:

NOTE: Topographic and property boundary surveys shall be signed and sealed by a Registered Professional
Engineer (or asrequired by jurisdictional law).
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»  Electronic (in compatible software version) and paper copies of property boundary surveys, clearly
showing all easements, rights-of-way and boundaries. The property survey should be overlaid on
the topographic survey to show property boundaries with respect to surface conditions.

»  Electronic (in compatible software version) and paper copies of topographic surveys showing al
relevant surface conditions and characteristics, ensuring proper contour linesto convey relative
surface height or depth.

»  East/West and North/South construction baseline delineation.

« Latitude, longitude and elevation of proposed center of tower in relation to the communication
compound.

Site development staking should be performed upon completion of site development plans and required
approval. It isrecommended that site development staking be performed by the original surveying firm.
The contractor performing the fieldwork and the surveyors should have a kickoff meeting to set
expectations, understand and agree to a process that ensures timely execution.

Electronic and paper copies of the completed construction drawings shall be transmitted back to the
surveyor, to minimize the chance for errorsin determining property boundary encroachment or
engineering errors. At aminimum site development staking should include (but not be limited to):

»  Easement/right of way locations

»  Temporary easement locations

»  Temporary and permanent roadways

» Roadway curb cut and radius locations
*  Center of tower

* Sitefence corners

»  Center of tower leg locations

»  Building foundation corners

»  Center of inner and outer guy anchor locations

TEMPORARY FACILITIES

Thefollowing items are typically required during construction. Plan for these items before construction
begins so they will be available when needed.

e Staging, fabrication and construction areas
e Drives, waks and bridges

*  Public access

e Telephone

e Sanitary and cleanup facilities

e Drinking water

e Light and power

* Heat

e Enclosures and storage
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e Dumpsters and trash removal services (do not burn trash onsite.)
» Restrictions on access to equipment shelter (do not use shelter as a workshop)
e Personnel and tool trailers

2.4.6 GEOTECHNICAL CONSIDERATIONS

2-6

NOTE:

Geotechnical investigations are required for all projectsthat involve subsurface foundation installations,
engineering design parameters and other related aspects of site development. Geotechnical data
obtained in these investigations shall be provided to the tower and foundation designers and site
engineering firm in a compatible electronic format.

Unless otherwise specified, tower foundation and anchor design shall be executed in accordance with
the latest revision of ANSI/EIA/TIA-222 (or other applicable local Standards body design
requirements). It is highly recommended that the customer, tower and foundation designer, site-
engineering firm and the appropriate Motorola representative hold a meeting to set expectations,
requirements, parameters and the approval processto ensure timely completion of the designs.

Some contracts and geographical |ocations may require additional geotechnical information. Consult a
reputable geotechnical firm, and the tower and foundation designer to ensure that all required
geotechnical information isincluded in the report.

» Normal soil shall be defined as a cohesive type soil with:
« avertical bearing capacity of 19,530 kg/m? (4000 Ib/ft2)

e ahorizontal bearing capacity of 1,953 kg/m2 per 300 mm (400 pounds per square ft. per lineal
ft.) of depth to a maximum of 19,530 kg/m? (4000 Ib/ftz).

* Rock, non-cohesive soils, or saturated or submerged soils shall not be considered normal.
»  Pocket penetrometer tests should not be substituted for unconfined compression tests.

e For each layer of soil encountered, the following items should be determined by field or laboratory
testing and summarized in the soils report depending on the types of foundations recommended.

e Standard penetration values

*  Soil classification and elevations

» Angleof internal friction

» Unconfined compression strength and cohesion

e Tension and compression skin shear (for piles, caissons or drilled piers)
e In-situ soil density and moisture content

»  Expected ground water fluctuations

»  Whendrilled piers are feasible, the plasticity index and over-consolidation ratio shall be
determined.

»  Therecommended type(s) of foundations to be considered, and corresponding design
parameters for uplift, compression and lateral 1oad

»  Construction techniques to ensure the design parameters are obtained.
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CONSTRUCTABILITY REVIEW

The constructability review leverages construction knowledge and experience in planning, design,
procurement and field operations to achieve overall project objectives. All project parties should
become involved in a constructability program at the onset of a project to ensure there is a maximum
influence on overall cost, quality, cycle time and functionality. Outlined below are some of the basic
steps for a constructability review.

o Establish criteriafor selection of members
»  Establish constructability objectives/concepts
» Establish project objectives (scope) relative to constructability objectives

» Compare contractual scope objectives and constructability objectives with requirements of this
manual

e Establish roles and responsihilities

e Establish the importance of teamwork

» Determinelevel of formality for constructability program
»  Define specific constructability procedures

» Integrate constructability into project activities

* ldentify appropriate measures for objectives

SITE WALKS

9/1/05

As defined here site walks refer to post contract award. Site walks familiarize involved parties with the
development plan for a proposed site. After a site's use has been confirmed, a site walk shall be
conducted to examine as much detail about the site as possible, and to clearly determine and describe
responsibility for all aspects of the site development. It is recommended where practical that all
involved parties participate in asite walk. Thisincludes but is not limited to geotechnical, site
engineering, the site design team or site design team designee, contractor, and the customer personnel.
This saves time, encourages multiple opinions, and ensuresthat all parties agree on preliminary layouts.

At aminimum, the following items should be completed during the site walk:

»  Choose the specific location of the facility. (If survey information is not available or applicable,
precise location information is required for future reference and equipment deliveries).

» Note general condition of site and surrounding area, including pre-existing flooding or erosion
conditions. Note site characteristics and any notable items from the surrounding properties.

» Discuss site layout. General agreement and concurrence should be reached on preliminary site
layout and development with respect to the site and its characteristics.

*  Verify thelocation of the nearest commercial utility/electrical service. If available, note the name of
the service provider along with a service pole number or approximate location of nearest service
pole.

»  Observe accessibility. Accessto the site is of the utmost importance and should be thoroughly
investigated and noted at this time. Any obvious easement or security issues should be noted and
investigated also.
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Observe and investigate weight (load) considerations. Load restrictions, whether on the access
road, elevator or floor, should be thoroughly investigated and noted at this time. Obtaining special
permits if required to access a site may be time-consuming.

NOTE: Without proper investigation and planning, load restrictions can prevent a site from being used.

NOTE:

Note potential environmental concerns such as wetlands, dump site, oil spills, garbage piles, nearby
truck stops, and fueling stations.

Note the type of property (existing facility, building top, private, state, or federal property).

The construction location should be relatively clear of trees and brush. There should be an
adequately sized layout/fabrication area adjacent to the construction area; lack of such area may
hinder cost-effective construction.

The construction location should be on level, firm land free of drainage and soil erosion problems.

In locations where permafrost exists, the building must be isolated from the surrounding earth.
Even the small temperature differential presented by an equipment shelter may be sufficient to melt
the surface soil, leading to major structural and foundation damage. Workable solutions include
building the structure on stilts or insulated pilings. Though it is also possible to construct on
bedrock, specia methods for anchoring and grounding must be used.

If it is recommended or required that an existing tower or structure be used to support proposed
additional antennas and transmission lines, then the original designer should perform a structural
and foundation analysis.

It may be impractical or impossible to add more antennas to an existing tower or structure due to the
retrofitting required or the physical limitations of the tower, structure or foundations themselves.

If it is recommended or required that an existing tower or structure be used to support proposed
antennas and transmission lines, the site should be observed for potential electromagnetic energy
(EME) issues. Aninterference analysis shall be performed to determine interference that may exist
at the location.

Additionally, these tasks may be recommended to be performed based on theinitial site walk:

On existing facilities, perform a preliminary R56 compliance inspection to ensure proper planning
and advisement to the customer (if required). Ensure proper testing and measurement of existing
ground system integrity, if practical.

Perform four-point soil resistivity testing if required. See* Soil Resistivity Measurements’ on
page B-1.
Take subsurface soil core samples for soil resistivity if practical.
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PERMITTING, ZONING, CODE AND REGULATORY
CONSIDERATIONS

NOTE:
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Obtaining permits and complying to local codes, ordinances and regulations can be complicated and
time-consuming. It is highly recommended that all involved parties carefully plan and execute this
portion of the project. To avoid unexpected problems, confer with all authorities having jurisdiction
before beginning construction, and provide them with clear execution plans. To assist with permitting,
zoning, code and regulatory considerations, it is recommended that the Motorola Site Design and
Integration Team be consulted.

Some municipalities require that all communications installations which will share public safety
facilities (police or fire stations, hospitals, etc.) must be constructed to standards under the State
“Essential Services Act.” Thisrequires that seismic upgrading and installation practices be met, and
emergency power systems be upgraded to handle the new demand for the entire facility, sometimes at
considerable additional costs. Even if the shared communications site lease does not specifically
identify the need to comply with Essential Services Act standards, there may be “catch al” clauses
which state that “all applicable local, state, and federal laws and requirements shall be met.”

AMERICANS WITH DISABILITIES ACT CONSIDERATIONS

The following specifically applies to sites |ocated within US jurisdiction. However, other jurisdictions
may have similar or more stringent requirements. In all cases, the more stringent requirement takes
precedence.

The Americans With Disabilities Act (ADA) isaUS federal program signed into law as Public Law
101-336 July 26, 1990 104 Statute 327. Of greatest importance regarding a communications site is the
following language contained in Title | which requires that:

“...business must provide reasonable accommodations to protect the rights of
individuals with disabilitiesin all aspects of employment.”

At communications sites, thismay result in changes in workstations and work areas to provide required
accommodations. Some effects on a communication site regarding ADA compliance are:

*  Providing extra-wide entry doors

*  Providing aramp for building access, a hand rail, and aturnaround area for wheelchairs within the
building

»  Providing convenient placement of telephones and light switches
»  Providing dedicated paved handicap parking spaces

While some domestic municipalities are not yet requiring ADA compliance, many large cities are. Such
regulations may significantly affect communications site development. The Uniform Building Code
(UBC), Chapter 31 Accessibility, addresses these requirementsin detail. UBC Chapter 31 Article
3104(3), Egress, in part, specifies arequirement for a1.22 m (48 in.) width doorway. Article 3104(4),
Article 3105 Facility Accessibility, requires that a telephone or other communications system shall be
available.
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FEDERAL CLEAN WATER ACT CONSIDERATIONS

The Federal Clean Water Act (FCWA) shall be considered during site development. FCWA programs
administered by local governments sometimes vary with different requirements and enforcement for
specific locations. The FCWA may require that common HVAC system condensate water be carried to a
legal building drain system and may not be disposed of in the ground soil. This may result in
requirements to include condensate pumps on HVAC systems and to plumb the HVAC condensate
water to a proper sewer system.

FIRE SUPPRESSION

Fireis ahazard that must be taken into account when designing a communications room or structure.
An appropriate means of preventing and controlling the spread of fire must be provided to help protect
people sharing the structure or working with the equipment. Appropriate fire detection and suppression
istypically required at communication sites where persons are manning the facilities. Where applicable,
these facilities shall be designed in accordance with local jurisdictional codes.

ELECTRICAL SERVICE

NOTE:

The following list is provided to help organize, manage, and coordinate electrical service installation.
Some items may not apply to all projects. Ensure that the electrical installation process is tracked,
managed and documented by responsible parties.

* Itisrecommended that one person from the utility company be established as the point of contact.
Ensure that the utility company's work order tracking methods and processes are understood.
Typicaly a customer tracking number is assigned.

*  Where practical, keep overhead lines and poles at least 61 m (200 ft.) from the site compound area
during construction. This helps protect against accidental contact by construction or maintenance
equipment and hazards associated with ice falling from the tower while under construction.

» Tofacilitate single-point grounding, request that electrical service enter the site building on the
same wall as and near to the entry point for the antenna transmission lines.

»  Proper separation between overhead electrical service conductors and antenna transmission lines
shall be aminimum of 0.6 m (2 ft.) (NFPA 70-2005, Article 810.13). This may require
coordination between the site development engineer and the shelter manufacturer to ensure
consistency in layouts.

o Utility installations are jurisdictional . Ensure that it is clearly understood who the utility supplier
will be. Thisis best achieved with a site meeting.

»  Coordinate other utility installations such as closed-circuit television (CCTV) and telephone
company.

»  Supply the utility with an electrical utility information form.

Additional site-specific load or use information, such as type of equipment, generator or uninterruptible
power supply (UPS) information, may be required.

*  Obtain an installation cost estimate from the utility company.
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* Itisimperative that the proper easement paperwork shall be obtained and provided to the utility.

NOTE: Governmental agencies transferring land or granting easements may take considerably more time than

private landowners.

» A copy of the utility siteinstallation sketch, staking sheet or overlay shall be obtained. It is
imperative to check that the utility company interpreted the request for service correctly and that
they have conformed to easement restrictions. It is easier to correct problemsin the design phase
than after service installation has started.

« Typicaly, final electrical service connection to the meter pedestal will not take place until the
utility has been paid.

e The utility company usualy requires a site address before they will connect power. Utility
companies may or may not assign the address. It is more likely the local township will assign the
address.

« Ajurisdictional electrical inspection isusually required before the utility company connects power.

»  Theelectric meter, but not the meter pedestal, is typically supplied by the utility. Verify who is
responsible for providing the electric meter.

» Electrical serviceinstalationsin very cold climates are typically much more expensive and likely
to slow the installation schedule.

NOTE: When asoil boring test is performed, the local soil resistivity, soil pH and the type and concentration of

dissolved salts should be established to aid in the design of the grounding electrode system. (TIA/EIA-
222-F-R2003). See “Dissimilar Metals and Corrosion Control” on page 4-34.

2.10 FOUNDATION DESIGN AND INSTALLATION

2.10.1

68P81089E50-B

FOUNDATION AND GEOTECHNICAL SERVICES

Foundation monitoring services are required when structural soils and foundation work is performed.
They may also be required for certain other sub-surface and surface work. Monitoring services report
whether the soils and concrete conform to design limits specified by either the tower and foundation
designer or site engineering firm before, during or after installation. If the specified design limits are not
met, the foundation monitoring service shall notify the contractor and Motorolato ensure that the
noncompliance is corrected. This service is sometimes performed by the geotechnical firm.

A  WARNING

To prevent accidental damage to underground utilities, always have the local utility
company or utility locator service locate the underground utilities before excavating or
digging at a site.

NOTE: Firms offering this service may be able to provide a checklist to use as aguideline for the project.

9/1/05
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2.10.2

2-12

NOTE:

2.10.2.1

CONCRETE FOUNDATION DESIGN AND INSTALLATION
CONSIDERATIONS

This paragraph describes the design and construction considerations and requirements for
communications site concrete foundations, including prefabricated communi cations shelter foundations
and tower foundations.

If concrete encased electrodes (Ufer grounds) are to be utilized, they must be addressed, engineered and
installed before the concrete is poured. See” Concrete-Encased Electrodes’ on page 4-20.

PLANNING

Foundation design for prefabricated shelters and other equipment shall be based upon site soil
conditions as noted in the geotechnical report. These foundation plans for buildings and ancillary
equipment shall be designed by alicensed Professional Engineer and the design shall be included
in the construction drawing package.

A Professional Engineer or contracting firm shall determine whether the soil is adequate to
properly support the concrete foundation or slab. The Professional Engineer or contracting firm
shall determine the excavation depth and the required fill, if required.

To ensure personnel safety, all excavations shall be conducted in accordance with Occupational
Safety and Health Administration (OSHA) safety and excavation regulations, or other applicable
Occupational Safety and Health standards and/or local safety regulations (whichever is most
stringent).

All foundation designs shall be approved by contracted Professional Engineer or contracting firm
prior to commencement of work.

A concrete foundation is typically used for building and shelter installations. If afoundation is
used, the foundation shall be appropriate for the structure.

All foundation construction shall be performed by a qualified contractor specializing in thiswork.

If asiteisto use concrete-encased grounding electrodes within the foundation or other concrete
structures, appropriate measures shall be taken to accommodate the grounding system within a
concrete structure before the concrete is poured. (See Chapter 4, “ External Grounding (Earthing),”
for additional information.)

A foundation for a prefabricated shelter shall be built in accordance with the manufacturer's
specifications and site specific soil conditions. The Architectural and Engineering firm providing
the construction drawings will coordinate and include final foundation designsin the drawings.

Foundation design shall consider any precipitation conditions unique to the location. These
considerations include (but are not limited to) elevated (pier type) platformsused in low-lying areas
prone to regular flooding, and elevated foundations used to prevent burial of site due to snowfall.
Specia foundation designsinclude:

e Footings
* Piers
e Columns

e Grade beams
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2.10.2.2 PREPARATION

2.10.2.3

2.10.2.4

68P81089E50-B
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All excavations on which concrete is to be placed shall be substantially horizontal on undisturbed
and unfrozen soil and shall be free of loose material and excess ground water. Methods for
removing excess ground water shall be provided if required.

The foundation area shall be graded to provide water runoff and prevent water from standing. The
final grade shall slope away in all directions from the foundation.

POURING

Concrete forms of wood, metal centering, cores, molds, and so forth, shall be used as required for
the proper execution of the plain and reinforced concrete work. Sufficient quantities shall be used
to properly execute and expedite work without endangering the safety or strength of any part of the
construction.

All forming shall be true and rigid, thoroughly braced, and sufficiently strong to safely carry al
dead and live loads to which it may be subjected. The elimination of forming by a monolithic pour
against undisturbed soil shall be allowed only if approved by a soils engineer and/or a qualified
Motorola representative.

All steel reinforcement shall be furnished and installed in accordance with the approved foundation
drawing. Unless otherwise specified or shown on plans, reinforcement shall consist of preformed
bars of intermediate grade, manufactured from new billet stock. Metal reinforcement shall conform
to the requirements of the latest version of Specifications for Deformation of Preformed Seel Bars
for Concrete Reinforcement, ASTM A615-68, or applicable jurisdictional code, whichever ismore
stringent.

Anchors, bolts, and miscellaneous iron work shall be set as shown in the drawings before pouring
concrete. Embedded items shall be held rigidly in place during placing and curing of concrete.
Placing rebar in position as the concrete is placed shall not be permitted.

Concrete shall be vibrated and thoroughly consolidated around all embedded items.

At least one week prior to all concrete pours, the proposed concrete mix design shall be submitted
to Motorola or its contractor for verification of design specifications.

When concrete is placed, certificates shall be furnished for each delivery vehicle or every 5.4 m?3 (7
cu. Y ds), showing the mix proportions, additives, compressive strength, and the brand name and
type of cement.

Concrete shall be so deposited that there will be no separation or segregation of aggregate.
Maximum free drop shall not exceed 2.43 m (8 ft.).

Concrete shall not be placed when the outdoor temperature is below 4.5° C (40 degrees F) nor
when the concreteis likely to be subjected to freezing temperatures before final set, except when
adequate provisions have been made for protection. When deposited in the forms, the concrete
shall have atemperature of not less than 15.5° C (60° F) and not more than 32° C (90° F). A
suitable means shall be provided to maintain the temperature above 10° C (50° F) for 7 days. The
materials shall be heated before mixing to prevent concrete from freezing.

BACKFILLING

After completion of the foundation and other construction below grade, and before backfilling, all
excavations shall be clean of vegetation, trash, debris, and inorganic materials.
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» A soilsengineer shall determineif the onsite excavated materials are adequate or suitable for use as
backfill material. If the material is not suitable, then engineered soils shall be determined by the

soils engineer.

»  Foundation backfill shall be placed in layers no more than 305 mm (12 in.) deep before
compaction. The backfill requirements of each site differ based on conditions at the site.

* A foundation for a cabinet shall be level and sealed.

2.10.3 CONCRETE AND SOILS INSTALLATION MONITORING

Test requirements for different types of concrete foundations are provided in Table 2-1.

TABLE 2-1 FOUNDATION AND SOILS MONITORING REQUIREMENTS

Requirement

Type of Foundation

Eqpt.
Drilled Guy Shelter
Piers Tower Found-
(Caissons) | Deep Mat Sites ations
Confirm and obtain concrete mix design from foundation designer. X X X X
Perform penetrometer test at the base of the mat or tower excavation to X X X
verify soil bearing conditions. The number of test locations is dependent minimum3 | minimum2 | minimum 2
on soil conditions. The Geotechnical firm shall provide bearing values for to5 to3 to4
specific locations. locations locations locations
NOTE: Penetrometer tests are not required at the
bottom of guy anchor thrust block
excavations.
Collect bulk sample for Modified Proctor compaction testing. Expedite X X X
sample to lab to accommodate a 7-day concrete cure period (unless ahigh
early type mix is used) then a shorter turnaround is required.
Identify specific caisson(s) being installed and include in daily field log X
and concrete report.
Confirm and note caisson diameter and depth in concrete report. X
Confirm, note and ensure caisson bottom is clean and free of debris. X
For caissons, confirm and note placement of reinforcement cage and X X X X
ensureit is centered in caisson pier.
For other foundations, confirm and note placement of reinforcement steel
with respect to foundation design.
Confirm and note that method of concrete placement is as specified by X X X X

foundation designer(s).

2-14
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TABLE 2-1 FOUNDATION AND SOILS MONITORING REQUIREMENTS (CONTINUED)

Requirement

Type of Foundation

Drilled
Piers
(Caissons)

Deep Mat

Guy
Tower
Sites

Eqpt.
Shelter
Found-
ations

Perform concrete field tests (slump, temperature and air content) and cast
aminimum of one set of test cylinders (four cylinders per set) for every
19.1 m3 (25 cu. yd.) of concrete placed. Perform new set of tests and
cylinders once five yards beyond the 19.1 m3 (25 cu. yd.) increment.
Examples: 61 m3 (80 cu. yd.) = four sets of test cylinders. 23 m?3

(30 cu. yd.) = two sets of cylinders).

X

X

X

X

Confirm and note that aworking vibratory wand is used to consolidate the
upper 3 m (10 ft.) of concrete placed in each caisson or the tower mat
foundation.

Ensure that newly formed test cylinders are placed in an insulated cure
box or other heated areato protect against freezing temperatures. Note that
other methods of curing may be more acceptable or desired.

Test concrete cylinders in accordance with latest version of American
Concrete Ingtitute (or authority having jurisdiction) standards and note in
concrete test log.

Note unusual developments such as rejected concrete, weather or
construction delays, difficulty in setting anchor bolts, or casings stuck in
place.

Perform, confirm and note density tests on each new lift of tower
foundation backfill to verify it is compacted to 95% of the Modified
Proctor maximum density value test (ASTM D1557). Note the type of
compacting equipment used.

Specificaly note the anchors or locations worked on and the order in
which they were poured.

Ensure backfill and undercut areas for non-structural applications (such as
around pre-fabricated shelter foundations) are compacted to 90% of the
maximum dry density value determined by the latest version of Standard
Proctor test (ASTM D698).
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2.11 SITE AND FACILITY ACCEPTANCE TESTING

When site development, including tower construction, antenna and transmission lineinstallation, utility
connection, building or shelter placement or construction, and roadway construction, is complete, all
applicable areas of the site shall be inspected and tested, to ensure that all installations and alarms are
functioning properly before the site is presented for customer acceptance. All aspects of the inspection
and testing shall be documented. Items to inspect and test may include but are not limited to the
following:

»  Site AC power and alarms

e Transfer switch functionality and alarms

*  HVAC equipment and alarms (including high and low temperature and high humidity)
*  Generator functionality and alarms

*  Fire or smoke detection devices

e UPSfunctionality and alarms

e Tower lighting functionality and alarms

»  Dehydrator functionality and alarm

»  Security measures such as door alarms and deadbolts

+ Antennaand transmission lineinstallations

»  Concrete compressive strength requirements

e All aspects of the site, building and tower drawings are met or properly as-built
e General workmanship

e Siteand building are clean and free of trash and debris

e Tower installation isin accordance with the latest version of ANSI/EIA/TIA-222 (or other
applicable local Standards body design requirements)

*  R56 audit

2.12 TowER DESIGN AND CONSTRUCTION

2-16

NOTE:

When designing atower site with arelated equipment shelter, it is recommended that the tower be
placed a minimum of 9.1 m (30 ft.) from the shelter when possible. This distance provides a balance
between line loss in the antenna transmission line and the reduction in the amount of electromagnetic
energy (EME) induced into the shelter in the event of atower lightning strike. The separation will also
help increase the ability of thetower grounding electrode system to dissipate the lightning energy before
it reaches the shelter.

It isrecommended that the distance between the tower and the shelter be no lessthan 3 m (10 ft.) to help
prevent ice damage to the building, and EME effects.

Increasing the distance between the tower and shelter from 3 mto 9.1 m (10 ft. to 30 ft.) reduces the
amount of EME induced into the building by afactor of 9 (EME reduction factor = distance factorz).
For example, increasing the distance by afactor of 3 (from 10 ft. to 30 ft.) resultsin an EME reduction
factor of 32, or 9.
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NOTE: Twist and sway of atower affects the performance of microwave links. Thereforeiit isimperative that
the proper loading information for each tower shall be supplied to the tower designer to help ensure that
the tower meets ANSI/EIA/TIA-222 (or other applicable local Standards body) requirements.

All tower and tower loading design shall be performed by aregistered professional structural engineer.
If a structure other than a tower will be used to support a communication system antenna, the tower
designer and/or aregistered professional engineer specializing in tower structure design shall be
contracted to analyze whether the structure can safely support the proposed load. Tower mapping may
also be required.

Tower height is determined by a number of factors, including but not limited to the following:
* Required RF coverage

* Location

e Seismic risk probability

* Availablearea

e Existing structuresin the vicinity

* Terrain

*  Required antenna height

*  Federa Aviation Authority (FAA) or jurisdictional approval

*  Future tower capacity

Unless otherwise specified, al towers and foundations shall be designed to the latest version of ANSI/
EIA-TIA 222 unlessjurisdictiona laws or codes mandate otherwise. The following tower design
requirements apply:

* A minimum of one safety climb shall be engineered, supplied and installed on every tower.

* EME precautions shall be as described in Appendix A.

* Rest platforms shall be designed and installed per OSHA or other applicable Occupational Safety
and Health standards, or as recommended by the tower manufacturer.

If additional antennas are to be added to an existing tower, or if a structure other than a tower will be
used to support a communication system antenna, the original tower vendor and/or a registered
professional structural engineer shall be contracted to analyze whether the tower or structure can safely
support the additional load. Tower mapping may also be required.

Table 2-2 provides a brief comparison of the three most common tower types.

68P81089E50-B  9/1/05 2-17



TOWER DESIGN AND CONSTRUCTION

CHAPTER 2: SITE DESIGN AND DEVELOPMENT

TABLE 2-2 COMPARISON OF TOWER TYPES

Factor Self-Supporting Guyed Monopole

Cost High Moderate M oderate based on |oading

More material required More assembly cost required
Foundation more expensive Land costs may be higher
because more areaiis required
for guy wires.
Rigidity High Moderate Low - wind resistance less than
Self-supporting structure is Provide resistance to wind other types.
typically more stable and better | sway, but are susceptible to
ableto resist wind loading. torquing, especially when dish
antennas are installed.

Land Required Low High - Location of guy anchors | Low - Well-suited for urban
must be far from tower, areas with limited land
requiring more property. May availability.
be unsuitable for popul ated
areas due to land requirements

Height Moderate High - Guyed towers may Low
exceed 366 m (1200 ft.)

Growth Potential Moderate Moderate Low - Monopoles capable of

supporting growth with roomto
rent space to other users may
cost significantly more to build.

2.12.1
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TOWER DESIGN DRAWINGS

Tower foundation drawings shall show the following information at minimum:

»  Reference to the soil/geotechnical report, including file number, date and firm performing report,
used in calculations and design.

* Required concrete compressive strength to be achieved at 28 days

»  Grade and/or type of reinforcing bar

«  Concrete coverage requirements

*  Whether welding of rebar is permitted

*  Whether cold joints are permitted; if so, the joining procedure shall be specified.

*  Whether permanent steel casings are permitted for caisson installations

*  Whether temporary steel casings are or may be required due to the expected soil conditions
*  Any recommended concrete installation techniques such as atremie

» Referencesto all codes (and sections of codes) applicable for the design
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2.12.2
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* Plan, elevation and section views depicting a minimum of the following:

*  Length, depth, and width

* Diameter

»  Finish grade with respect to top of foundation

*  Rebar size and placement

*  Anchor bolt size, type and placement

»  Above finish grade requirement for anchor heads (typically a minimum of 305 mm (12in.)
»  Estimated cubic yards of concrete per pier, caisson, mat, block or other type of foundation
»  Backfill requirements such as but not limited to:

* Materia type

e Thickness of lifts (typically lifts not more than 305 mm (12 in.) thick are acceptable).

»  Applicable compaction requirements; such 95% of modified proctor maximum dry density.

»  Applicable sub-grade compaction requirements; such as for a guy anchor. Upon completion of
the excavation the designer may require certain compaction densities.

*  Any other pertinent information that may be abstracted from the soils report, such as a high water
table or large boulders.

e Any other pertinent construction or design information or considerations.

DESIGN CONSIDERATIONS TO HELP REDUCE EFFECTS OF
LIGHTNING

Site design and physical layout can affect the susceptibility of a communications site to damage from
lightning. The following topics are given as options to help reduce the harmful effects of lightning at a
communications site.

POINT OF ENTRY FOR RF TRANSMISSION LINES

Reducing the height at which the RF transmission lines (coaxial cables) leave the tower and enter the
building can reduce the susceptibility of a communications site to damage from lightning (Figure 2-1).
The reduction in height reduces the voltage on the RF transmission lines before they enter the facility. A
suggested best practice is for the coaxial cablesto enter the facility at a maximum height of 610 mm (2
ft.) above the facility floor (United States National Weather Service Manual 30-4106-2004, “Lighting
Protection, Grounding, Bonding, Shielding, and Surge Protection Requirements”).
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COAXIAL GROUNDING KITS

SHELTER

IN-LINE
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COAXIAL GROUNDING KITS

SHELTER
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3
FIGURE 2-1 TRANSMISSION LINE ENTRY POINTS (IN ORDER OF PREFERENCE)

COAXIAL GROUNDING KITS

SHELTER

IN-LINE
PROTECTOR

COAXIAL, GROUNDING KITS

SHELTER _IN-LINE
PROTECTOR

NOTE: The point of entry for RF transmission lines is especially important at facilities that are normally
occupied, such as dispatch centers, and at facilities that are located on above-ground platforms (usually
for the purpose of flood control). See Figure 3-6 on page 3-9 for an example of a shelter located on an

above-ground platform.

2.12.2.2 DISTANCE BETWEEN TOWER AND BUILDING

Increasing the distance between the tower and building may reduce the susceptibility of a
communications site to damage from lightning. Increasing the distance between the tower and building

has the following benefits:

* It decreases the magnetic field associated with lightning that is coupled into the building. The
amount of magnetic field coupled into the building decreases by the square of the distance. For
example, the magnetic field coupled into a building would decrease by afactor of nine (9) if the
distance between the tower and building isincreased by a factor of three (3).

» It reducesthe amount of energy that reaches the building via the RF transmission lines. Thisis
because of the increase in inductance of the longer transmission lines.

» It reduces the amount of lightning energy that is propagated through the earth from the tower
grounding (earthing) electrode system to the building grounding electrode system.

» Ninemetres (30 feet) is considered a good compromise between protection level benefits and the

length added to RF transmission line.

2-20
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2.12.2.3 METALLIC TELECOMMUNICATIONS/DATA LINES

21224

NOTE:

2.12.2.5
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Whenever practical, metallic telecommunications/data lines should be eliminated from the facility.
Metallic telecommunications/data lines provide a conductive path into the facility for lightning energy.
Elimination of metallic telecommunications/data lines through the use of fiber optic cable (or other
isolation device) provides isolation from lightning-induced ground potential rise (GPR) and lightning
energy.

ISOLATION OF BUILDING AND TOWER FROM ICE BRIDGE/CABLE BRIDGE

Applies to tower and/or building-supported ice bridges and cable bridges.

In order to reduce the amount of lightning energy diverted toward the equipment building/shelter, and to
provide seismic isolation between the building and tower, it is recommended that the cable bridge/ice
bridge be secured to the tower using a non-conductive dip-joint type device. When a dlip-joint type
deviceis used, grounding of the cable bridge/ice bridge shall be completed as described in “Cable
Bridge/lce Bridge Grounding (Earthing)” on page 4-71.

USE OF AIR TERMINALS ON TOWERS

The use of air terminals (lightning rods) on atower may be appropriate in some circumstancesto protect
antennas from a direct lightning strike. If the tower is over 45.7 m (150 ft.) tall, side-mounted antennas
are vulnerable to direct lightning strikes. Side-mounted antennasinstalled at a height greater than

45.7 m (150 ft.) may be protected through the use of horizontal lightning rods. The horizontal lightning
rods are attached to the tower, just above and below the antenna.

\
r
\\\\ PROTECTED NON-PROTECTED AREA
AREA
HORIZONTAL
LIGHTNING RODS
SIDE-
\\\\ MOUNTED
ANTENNA
PROTECTED
AREA
NON-PROTECTED AREA
/

FIGURE 2-2 USING HORIZONTAL LIGHTNING RODS TO PROTECT SIDE-MOUNTED ANTENNA
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2.12.3 TOWER SAFETY

Always observe the following safety guidelines when working with towers.

Towers shall be erected and installed by bonded contractors specializing in such work.

Any areainvolving tower construction shall be tied off to restrict entrance by unauthorized
personnel.

Fall protection measures shall be observed and implemented at any and all towers and structures,
regardless of ownership, where climbing is required.

Any and all applicable regulations regarding tower climbing shall be observed and implemented.
The most stringent regulations shall supersede other regulations.

Subcontractors shall be required to submit their written comprehensive Safety Program to Program
Management and obtain approval prior to commencing any work.

All tower climbing shall be in accordance with the Motorola Contractor Fall Protection Program.
Towers shall not be overloaded.

OSHA or other applicable Occupational Safety and Health standards regulations shall be observed
in al phases of tower construction and maintenance.

2.12.4 REGULATIONS AFFECTING TOWERS

2-22

In the United States, the Federal Aviation Administration (FAA) regulates and approves towers,
including but not limited to tower height, location, marking, and lighting. Each state or jurisdiction
may have additional regulating agencies which may designate specific marking or lighting
requirements in addition to FAA requirements. It is highly recommended that the appropriate
authorities having jurisdiction be identified and consulted before final tower design and
construction begins.

CFR 47, Part 17 —“Construction, Marking and Lighting of Antenna Structures’ shall be followed
to determine required paint markings and lighting for towers. Equivalent local standards shall be
followed for nondomestic installations.

A preconstruction notice shall be submitted to the FAA or local authority having jurisdiction at
least 30 days before the date the proposed construction or ateration is scheduled to begin, on or
before the date a construction permit application isfiled with the Federal Communications
Commission (FCC). Ensure that the FAA acknowledges receipt of the notice before beginning
tower construction. Other notices may be required by the FAA on a case by case basis.

All FAA, FCC, and jurisdictional rules and regulations shall be strictly followed throughout tower
design and construction, and following tower completion. It is highly recommended that the
appropriate authorities having jurisdiction be consulted before starting tower design and
construction.

Unless otherwise specified, tower foundation and anchor design shall be in accordance with the
latest revision of ANSI/EIA/TIA-222 (or applicable local Standards body design requirements) or
local jurisdictional code, whichever is more stringent.
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2.12.5 SECURING THE TOWER

After construction, unauthorized entry to atower shall be controlled as follows:

Install afence around the tower. The fence should be at least 1.8 m (6 ft.) high with barbed wire at
the top.

The guy piers of guyed towers should also be fenced with a gate and lock to help prevent accidental
or malicious damage to the guy wires. A damaged or weakened guy wire could cause the tower to
fall.

If the tower has climbing pegs, the pegs should be removed from the bottom 6.1 m (20 ft.) of the
tower to deter unauthorized climbing.

If the tower has a climbing ladder or elevator, it should be appropriately secured.

Appropriate signage notifying restricted access to the tower area and identification of tower shall
be affixed to the fence in a conspicuous location.

2.12.6 ANTENNA AND DISH ANTENNA LOADING

Antennaloading requirements are one of the most critical aspects of tower design. Loading
requirements include but are not limited to the following:

RF antenna quantity, size, type, manufacturer, frequency, and elevation

If required, future RF antenna loading requirements

Microwave dish antenna quantity, size, manufacturer, frequency, azimuth, elevation, and radome
If required, future microwave dish antennaloading requirements

Transmission cable diameter and type

Sidearm length and location

Lighting requirements

Additional ice or wind loading requirements applicable to the selected site

Safety apparatus such as climbing ladders and rest platforms

Miscellaneous optional equipment, such asice shields

See Figure 2-3 for an example of atower loading report.
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@ MOTOROLA

Tower Loading Information

Site Designator  7XXX
MSP No TXXX
. Tower Type: Self Support 21-Dec-99
City NewTown Phase 3 _yp pp!
Tower Height: 475
County Charles District 7 Tower Reference Azimuth: 0
. . Ant. Engineering File Number:
Microwave Antenna System Information 9 9
Path No  Path Destination Path Radio . . Antenna Height . . Space Diversity Div Dish ERIP
fnat Density  Capacity  AZimuth Path Distance Dish Size  pjyersity Ant. Ht (CL) Size (dBi) Polarization
91 7203b high 28 43 14.8 135 6 95 6 66.8 Vertical
88 7302p4 medium 12 121.4 10.6 142 6 102 6 66.8 Vertical
89 7001b high 28 160.605 11 160 6.1 99 6 64.8 Vertical
90 7904p1 High 28 237.145 15.8 125 8 80 6 69.3 Vertical
101 7804c high 28 333.9 11.4 106 6 71 6 66.8 Vertical
Q MOTOROLA
Site Designator ~ 7XXX Tower Loading Information
MSP No TXXX
. : 21-Dec-99
City NewTown Phase 3 Tower T.ype Self Support
Tower Height: 475
County Charles District 7 Tower Reference Azimuth: 0
Microwave Antenna System Information Ant. Engineering File Number:
Path N Path Destinati Path Radio . . Antenna Height . N Space Diversity Div Dish ERIP
ath o Path Destination Density _ Capacit Azimuth Path Distance (cL) Dish Size  pjversity Ant. Ht (CL) Size (dBi) Polarization
800 MHz Antenna Information Relocated Existing Antenna Systems . L .
Loading Requirements Tower Marking and Lighting Requirements
One 800 MHz Rx Ant. Ht: 445 Model Number of Antennas:  DB212 Marked (Painted): []
Number of 800 MHz Tx Ants: 2 Mounted at a Height of: 200 Medium Intensity White: []
Mounted at a Height of: 475 Quantity of Antennas: 3 Dual Medium Intensity (White and Red):
Model Number of Antennas: PD100175a NOTE: High Intensity White: [ ]
NOTES: All Line for the non 800 MHz Antenna Systems will be
All Line for the 800 MHz Antenna Systems will be 7/8" Heliax Dual High Intensity (White and Red): []
1'5/8" Heliax If tower is less than 250' mount relocated existing
antennas at highest available location. Conventional Red Lighting: D
15/8" Snap in hanger required for the site. 61
Requires No Lighting: []
Notes: 1. Compliance with future loading requirements mandates doubling
all RF antennas listed above when calculating tower loading.
2. All Microwave Antenna Systems use EWP-63 Elliptical Waveguide.
3. All Microwave Antennas are Solid Dish Antennas with a Solid Molded Radome.
4. EWP63 hangers required at the site. 49 Packs of 10
FIGURE 2-3 EXAMPLE OF A TYPICAL TOWER LOADING REPORT
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2.12.7 TOWER CONSTRUCTION

Tower construction shall be performed in accordance with the current edition of ANSI/EIA/TIA-222
(or other applicable local Standards body design requirements) or more stringent standard per
jurisdiction. Tower construction general requirements are summarized in the following list:

All personnel climbing atower shall betied off at all times.

An RF engineer shall perform an RF site compatibility study to determineif any interference might
occur with existing frequencies currently in use at the site.

Antenna mounts shall be specified and installed as recommended by the manufacturer. Mounting
devices shall be made of corrosion-resistant material.

Qualified personnel certified for the correct installation and safety procedures associated with this
type of work shall perform the installation.

The highest point of the antenna and/or lightning dissipater shall not exceed the licensed height.

2.12.8 TOWER TRANSMISSION CABLES

Transmission line installation requirements are summarized in the following list:

68P81089E50-B  9/1/05

Tower lighting cables shall not be bundled along with transmission lines or other conductors
anywhere within cable ladders, or the building interior.

Each transmission line run shall have entry port boots (inside and/or outside), lightning protectors
and associated mounting brackets, and any additional jumpering required by the site specific RF
configuration. Some manufacturers provide transmission line kits, which include the main line
connectors, top and bottom jumpers, line grounding kits (typically three per line), hoist grips, and
weatherproofing materials.

If the installation requires transmission lines that use air or nitrogen as the dielectric material
between the conductors, a dehydration system shall be installed to maintain optimum humidity of
the dielectric.

Strain relief devices shall be used a minimum of every 60.8 m (200 ft.) during transmission line
installation and shall remain in place to support the cable after installation. A support cable should
be used between the gripsto prevent damage to the transmission line caused by lifting from only
one point.

Coaxial cable transmission lines shall be bonded and grounded in accordance with Chapter 4,
“External Grounding (Earthing).”

To minimize the formation of condensation and ice on transmission lines, adrip loop should be
created at the point where the direction of the transmission lines changes from vertical to
horizontal. (Figure 2-4). To lessen the likelihood of moisture on the cables getting into the shelter,
the cables should be installed with a slight upward incline as they approach the shelter.
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2.12.8.1

FIGURE 2-4 EXAMPLE OF ANTENNA TRANSMISSION LINE DRIP LooOP

Transmission lines shall not be installed in away that will impede climbing or safety devices.
Transmission lines shall not be mounted to climbing ladder rungs or climbing pegs.
Transmission line installation should be planned with consideration for future expansion.

Excess transmission line shall not be stored (coiled or looped) on the tower.

All transmission line connectors, splices, terminations, and jumpers shall be weatherproofed.

Transmission line shall be anchored to the tower using hardware recommended by the transmission
line manufacturer for that type of tower. Spacing of anchoring hardware is also determined by the
line manufacturer and is dependent on the type and size of the line. Hangers and/or angle adapters
aretypically provided for every 914 mm (3 ft.) of line, including any ice bridge paths. All clamps
and hardware shall be corrosion-resistant.

Transmission lines shall be identified in a permanent manner using metal tags, or equivalent
method located at the antenna, at the bottom of the tower, at the shelter cable entrance and inside
the shelter or building.

ICE BRIDGE AND CABLE SUPPORT REQUIREMENTS

The requirements below apply to installations using ice bridges and/or cable support systems between
the shelter and the tower. These requirements help minimize tower or shelter damage during an
earthquake. General requirements are as follows:

A self-supporting bridge and cable support system shall not be mechanically fastened to both the
tower and the building, unless a nonconductive dlip joint is used at one of the locations. The
recommended separation between tower and ice bridge, or building and ice bridge, is 152 mm
(6in).

Anice bridge and each support leg shall be bonded to the grounding electrode system in
accordance with “Cable Bridge/lce Bridge Grounding (Earthing)” on page 4-71.

Ice bridges and cable support systems should be adequately supported and constructed from
galvanized steel.

A non-self-supporting ice bridge shall be connected with a nonconductive slip joint.
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2.13 SITE DRAWINGS OF RECORD

All drawings developed in the process of site design shall be accurately maintained so that they reflect
not only the intended design of the site, but also the way the site was actually built (as-built drawings).
Drawings should be marked up to indicate modifications made at the site during construction. A map of
the tower installation should also be maintained. Copies of al drawings and other pertinent information
to support as-built site design and construction should be provided to the customer.

It is recommended that the responsible party for future installations or upgrades to the site maintain and
update the drawings to accurately show all subsequent modifications to the site.
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CHAPTER

COMMUNICATION SITE BUILDING DESIGN AND
INSTALLATION

3.1

68P81089E50-B

This chapter provides requirements and recommendations for designing communications site
buildings, including equipment shelters and outdoor cabinets. The following topics are
discussed:

“Site Categories’ on page 3-1

“Definitions of Communications Equipment Sites’ on page 3-2
“Building/shelter Design and L ocation Considerations’ on page 3-5
“Foundation Considerations’ on page 3-8

“Floor Loading” on page 3-9

“Ceilings and Floors’ on page 3-10

“Weatherproofing/Sealing” on page 3-11

“Heating, Ventilation, and Air Conditioning” on page 3-13

“Special Considerations for Telephone Central Offices and Switch Rooms’ on page 3-17
“Lightning Damage Prevention” on page 3-17

“Power Source Protection” on page 3-17

“Central Office Layout” on page 3-17

“Cable Trays’ on page 3-18

“Lighting” on page 3-22

“Fire Protection/Safety” on page 3-23

“ Safety Equipment” on page 3-29

“On Site Communications’ on page 3-30

“Signage’ on page 3-31

SITE CATEGORIES

Thelist below describes typical configurations that could comprise a communications
equipment site. See Chapter 4, “External Grounding (Earthing),” for Type A and Type B for
definitions and site grounding requirements.

Modules within a single rack:

Several frames of radio and support equipment within a general-purpose
room, containing other telecom or broadcast equipment.

3-1



DEFINITIONS OF COMMUNICATIONS EQUIPMENT SITES CHAPTER 3: COMMUNICATION SITE BUILDING DESIGN AND INSTALLATION

»  Dedicated radio room within anew or existing building:

Self-contained outdoor cabinets (land or rooftop), or semi/fully underground vaullts.
These are often used where zoning or site availability are issues, sometimesin
conjunction with camouflaged towers or antennas.

» Pre-fabricated equipment shelter of concrete/fiberglass construction:

The shelter may be installed at an existing tower site, a new tower site (green site) or
on the roof of an existing building.

» A “shipping container” that has been outfitted as a self-contained radio site must meet strict
dimensional requirements, including protrusions such as HVAC, RF entry assemblies, or AC
entrances, and must conform to applicabl e shipping requirements.

*  Renovation where an existing building or room is modified or retrofitted to accommodate a new
communications system.

* A new “green site” on undeveloped land.

3.2 DEFINITIONS OF COMMUNICATIONS EQUIPMENT SITES

This manual defines and distinguishes various site types as described in Table 3-1.

TABLE 3-1 STANDARD DEFINITIONS OF COMMUNICATIONS EQUIPMENT SITES

Site Type Description Notes
Building A permanent structure built on a foundation, containing Consists of dedicated site structures aswell as
communications equipment and related ancillary support interior installations such as shared commercial
systems, and which may contain other unrelated equipment space in existing buildings, dispatch centers, central
and/or facilities. A building shall be suitable for human office installations, and other sites occupied, on a
occupancy during equipment installation, maintenance, and | regular basis, by operations-related and possibly
use. A building typically does not have equipment or other personnel.
supporting wst_ems (capletrays, antenna ports, etc.) installed Example: A dedicated dispatch center and
before general installation. communication equipment site within a dedicated,
permanently occupied facility.
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DEFINITIONS OF COMMUNICATIONS EQUIPMENT SITES

TABLE 3-1 STANDARD DEFINITIONS OF COMMUNICATIONS EQUIPMENT SITES (CONTINUED)

68P81089E50-B

Site Type Description Notes
Shelter A permanent structure built on afoundation that contains Consists of smaller buildings or prefabricated
communications equipment and related ancillary support shelters containing only equipment directly related
systems. A shelter shall be suitable for temporary or to the function of the site. A shelter isintended for
permanent human occupancy during equipment installation, | human occupancy only during equipment
maintenance, and use. installation and maintenance.
Example: (See Figure 3-1.) A prefabricated building, The Motorola Standard Building (MSB) isa
usually located with atower or rooftop antenna system, predesigned all-inclusive self-contained equipment
which houses equipment related only to over-the-air shelter.
communications. The shelter supports personnel only on a
limited basis for installation and maintenance functions; a
dispatch center would be located elsewhere in this case.
FIGURE 3-1 TYPICAL PRE-FABRICATED
EQUIPMENT SHELTER
Cabinet/ An enclosure that houses communications equipment and A cabinet/enclosure can be installed indoors or
Enclosure ancillary systems only, designed such that equipment outdoors, placed on a small foundation, or wall/pole

contained within can be accessed without the need for
personnel to enter the cabinet. An enclosure istypically pre-
wired and its equipment is pre-installed.

Example: (See Figure 3-2 and Figure 3-4.) An unmanned,
weather-tight enclosure.

9/1/05

mounted.

A cabinet installed indoors uses the existing building
environment (heat and air conditioning) to maintain
temperature requirements. An outdoor cabinet
contains its own environmental controls.

FIGURE 3-2 METAL SHIPPING CONTAINER
ENCLOSURE
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CHAPTER 3: COMMUNICATION SITE BUILDING DESIGN AND INSTALLATION

TABLE 3-1 STANDARD DEFINITIONS OF COMMUNICATIONS EQUIPMENT SITES (CONTINUED)

communications equipment to be installed in an existing
Building or Shelter.

Example: (See Figure 3-3) A radio rack installed in an
existing building or shelter to provide an added function to
the existing site. A standard rack isintended for indoor
installation only in buildings or shelters.

Site Type Description Notes
Vault An enclosure that houses communi cations equipment and Pre-fab shelters, cabinets, and vaults may have
ancillary systemsonly and isfully or partialy buried in soil. | equipment fully or partially installed prior to
The vault supports personnel only on alimited basis for building shipment, requiring additional building
installation and maintenance functions. specificationsto allow lifting with equipment
Example: Similar to a cabinet/enclosure, except the installed. Weight and size must be considered if the
enclosureis buried below ground level. sitehas Ilmltgd access. Fpr shippi ng, these structures
must meet strict dimensional requirements,
including protrusions such as HVAC, RF entry
assemblies, or AC entrances. In the US, state
certification may be required if pre-fab buildings are
manufactured in a different state than deployed.
(Similar requirements regarding out-of-state or
province manufacture may also apply in non-
domestic situations.)
Rack A standard equipment rack used for supporting

?

=
:
>

FIGURE 3-3 TYPICAL EQUIPMENT RACK

3-4
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FIGURE 3-4 TyPICAL OUTDOOR ENCLOSURE CABINET ON RAISED PLATFORM

BUILDING/SHELTER DESIGN AND LOCATION
CONSIDERATIONS

9/1/05

Pre-fab buildings shelters, cabinets, and vaults may have equipment fully or partialy installed prior to
building shipment, requiring additional building specificationsto allow lifting with equipment installed.
Weight and size become a consideration if the site has limited access. For shipping, these structures
must meet strict dimensional regquirements, including protrusions such as HVAC, RF entry assemblies,
or AC entrances. In the United States, state certification may be required if pre-fab buildings are
manufactured in a different state than deployed. (Similar requirements regarding out-of-state or
province manufacture may also apply in non-domestic situations.)

The following are general considerations regarding sites utilizing a new building or shelter capable of
human occupancy.

Consideration shall be given to the amount and type of equipment to be housed, along with
adeguate space for movement and expansion within the structure. The extent of equipment housed
will typically determine the suitability of prefabricated structures (if desired). See Chapter 6,
“Power Sources,” for electrical power sources and Chapter 9, “Equipment Installation,” for
equipment installation.

Equipment configuration typically dictates the structure design. The desired size and composition
of aprefabricated shelter shall be considered along with weight in transporting the shelter to the
site.

All sites utilizing a constructed structure or a prefabricated structure with manned access shall
utilize exterior lighting to some extent. See “Lighting” on page 3-22 for specific details on
requirements for various categories of structures.
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CABLE ENTRY
PORT

MGB

Always consider not only the initial equipment loading of the site, but also future growth, which
may double or triple the initial equipment and/or necessitate additional space at asite. Thisdesign
should always include the shelter size, air conditioning, UPS, generator and electrical system.

A “single point” grounding concept isrequired. Thisincludes asingle ground point located at all of
the outside shelter or equipment room penetrations (RF, AC power and generator, GPS, tower light
controllers, equipment and phone lines. This design will affect the overall equipment layout. DC
power systems should also logically be located close to this ground point. Though this uses up
some wall and floor space, it permits the systematic growth of communi cations equipment
outward.

ELECTRICAL
EQUIPMENT

FIGURE 3-5 SINGLE-POINT GROUNDING AT ENTRY TO BUILDING

Though not usually required for building foundations, some sites with unique soil conditions may
require soil boring tests. Soil borings reveal the soil strength and water content, which are used to
design a suitable foundation.

In earthquake-prone areas (Moment Magnitude rating 3 or greater), foundation design and
equipment anchoring shall address seismic requirements.

Where high soil resistivity resultsin apoor grounding electrode system, see Chapter 4, “ External
Grounding (Earthing),” for information on using concrete encased electrodes (Ufer ground) as a
supplemental ground.

All buildings and shelters shall be designed or use features that prevent entry of animals and insects
into the structure. Design should help discourage nesting of birds and small animals on exterior
features of structure.

Buildings may require compliance with human accessibility standards, such as Americans with
Disabilities Act (or equivalent where required). These requirements must be considered during
layout and procurement of facility.
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3.3.1

3.3.2
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NOTE:
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»  Buildings and shelters should utilize alocked chain-link fence where appropriate and appropriate
deadbolt locks on standardized steel doors. Shelters and outdoor equipment cabinets shall be of the
type designed for electronic equipment housing and accordingly fitted with locking doors.

»  Buildings and shelters should utilize an alarm system capable of notifying a remote |location of
tampering, cable breakage, power outage, or system failure.

*  When installing equipment racks, it is recommended that those located furthest from the access
door beinstalled in the shelter first, so other equipment can be installed without having to fit it
behind existing equipment.

»  The current and reasonable future needs of the customer should be understood when considering
available equipment enclosures. The customer should be made fully aware of the types of
enclosures available.

»  Shipping a prefabricated structure to a site may require special road use permits and/or special
transportation methods (crane, double-length truck, helicopter, and so forth). Be sure the customer
understands the shipping costs associated with a given building or shelter.

LOCATION CONSIDERATIONS

Sites should be selected for construction with the following consideration; cost, limited site preparation,
environmental impact, public acceptance, accessibility, and future growth.

Rooftop shelters require a structural engineering analysisfor bothinitial and final configurations. Verify
that all portions of the access route to the installation site, including stairways and elevators, are aso
capable of supporting the weight of the enclosure. If the equipment must be lifted to the rooftop by a
helicopter it will add significant cost to the project.

EQUIPMENT SHELTER OFF-LOADING

A ~ WARNING |

To help prevent injury and/or damage to equipment, all appropriate safety precautions
shall be taken during shelter off-loading.

The equipment shelter type determines the method and means by which it is off-loaded from the truck
that transported it to the site. Typically, shelters require extensive rigging and alarge hydraulic crane to
off-load and set.

It isrequired that al cranes be inspected and tested by crane operator personnel prior to any lift for
Motorolarelated projects. Construction supervisory personnel shall insist that the crane operator
demonstrate that the crane has been inspected. Any questions regarding this requirement shall be
directed to the Motorola Project Manager.
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3.3.3

3.4

3-8

SEISMIC CONSIDERATIONS

In seismically active regions appropriate seismic design factors must be incorporated into the building
or shelter construction or layout. Site locations having a moment magnitude (MM) rating of 3.0 or
greater require seismic design standards described below and in respective sections of this manual.

US seismic activity maps are available in Uniform Building Code, P. 194, Dia. 23-2, US Seismic Map.

US maps and graphs are available on the following US Geological Survey (USGS) web pages:
http://neic.usgs.gov/neis/states/

Also, seismic information can be found using the search function provided on the USGS home page at:

http://www.usgs.gov
General seismic information can be found at:

http://gechazards.cr.usgs.gov
Also see IBC 2000, chapter 16 for seismic acceleration.

In general, observe the following considerations when designing to accommodate seismic risks of MM
3.0 or greater:

» A qualified architect shall be contracted to determine seismic structural needs for a specific
location. Proper seismic design of a site helps ensure safety of personnel at the site should an
earthquake occur.

»  Shelters shall incorporate a steel door frame and a steel door for security and seismic integrity. In
an earthquake a structure may deform, preventing doors from being opened from theinside. As
most communication sites do not have windows, this becomes a serious issue for trapped
occupants. Some concrete prefabricated shelter manufacturers also cross-brace the door frame area
to prevent deformation during an earthquake.

*  Only specifically designed seismic support hardware shall be used for seismic bracing.

e Seismic battery racks, seismic bracing and support, and seismic facility and antenna structure
construction practices shall be employed in seismically active locations. Storage cabinets shall be
closable and secured to walls.

FOUNDATION CONSIDERATIONS

«  All foundation designs shall comply with the guidelines set forth in “Foundation Design and
Installation” on page 2-11.

»  Thefoundation shall be appropriate for the structure.

« If aditeisto use concrete-encased grounding electrodes within the foundation or other concrete
structures, appropriate measures shall be taken to accommodate the grounding system within a
concrete structure before the concrete is poured. See “ Concrete-Encased Electrodes’ on page 4-20.

» A foundation for a prefabricated shelter shall be in accordance with manufacturer's specifications.
Prefabricated building manufacturers usually provide typical foundation specifications for their
particular model of building.

* A foundation for a cabinet shall be level and sealed.
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» Design of foundation shall consider any specia precipitation conditions unique to the installation
locality. These considerations include, but are not limited to, elevated (pier type) platforms used in
low-lying areas prone to regular flooding and elevated foundations to prevent burial of site due to
snowfall. Special foundation designs include:

»  Footings
 Piers
e Columns

Z

v -

FIGURE 3-6 TYPICAL SHELTER MOUNTED ON ELEVATED PIERS

FLOOR LOADING

9/1/05

When determining equipment placement in an existing structure or when devel oping building
specifications for an equipment shelter, attention shall be given to the Structural Live Load capacity of
the building. Standard commercial construction specifications will, in most cases, provide substantial
floor loading capacity. However, stacking and/or back-to-back placement of some equipment may
exceed structura load limits. The weight and footprint dimensions of each piece of equipment to be
installed shall be used to calculate floor loading.

The minimum floor loading standard for current M otorola manufactured equipment is 635 kPa
(300 b/ft2 (PSF)). Calculations of the weight of the proposed equipment in PSF shall be compared to
the rated load carrying capacity of the structure.

Battery configurations can sometimes be specified with feet, rails, or specialized |oad spreading devices
that can facilitate deploymentsin high-rise structures. It is often necessary to specify a battery'slocation
within a pre-fabricated shelter, such that if the building is staged (fully equipped and optimized) before
shipment, the building has enough structural strength to be lifted and transported fully loaded.

Battery configurations with weight exceeding 300 b/t shall utilize aspecialized load spreading device
for the battery rack. Remember to plan for expansion when calculating floor loading.

The civil engineering firm, contractor, or architect responsible for designing and/or constructing the site
will need data relating to expected floor loading. Typically, the following initial information is required:
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» Total weight of the equipment to be installed, determined by adding the individua weights of all
€l ectronic equipment, racks, and other ancillary support equipment to be installed.

» A diagram showing the amount, weight, and proposed |ocation of the equipment planned for
installation.

The engineering firm will determine whether the existing floor is adequate, and if not, how the floor can
be reinforced to safely support the weight.

The distributed weight shall not exceed the rating of the existing floor and shall conform to
jurisdictional building codes. If an engineering firm is designing the structure, ask their assistancein
calculating floor loading.

Some of the practices used to distribute a Structural Live Load can prove to be counterproductive in an
earthquake. For example, steel 1-beams are sometimes used to support amodular shelter between
parapet walls of a high rise building, where the roof itself could not handle the weight without costly
retrofit. In an earthquake, the I-beams will flex to their limits with the moment of the shelter movement.
This can dl but destroy a shelter and its contents. Rooftop isolators attached between the roof surface
and the I-beam supports can dampen the movement of the shelter, absorbing the energy of an
earthquake.

3.6 CEILINGS AND FLOORS

3.6.1

3-10

For Tenant Improvements in existing high-rise buildings, it is critical that the contractor determine if
post-tensioning is employed in floor, roof, or wall construction. If so, industrial X-ray mapping is
required to avoid structural damage caused by accidental penetration of atensioning cable.

CEILINGS

The following general considerations must be observed when designing a site building, selecting a
prefabricated shelter, or installing equipment in an existing structure or room:

» Caeiling height shall conform to applicable jurisdictional building codes.

*  Minimum acceptable ceiling height for communications sites utilizing 2.2 m racks (standard 7.5 ft.
rack) are recommended to be 2.75 m (9 ft.).

*  When adding equipment to existing sites, ensure that the ceiling is high enough to accommodate
the planned additional equipment, including stacked cabinets.

» Determinethe height of the tallest rack that could be deployed at asite, and then provide additional
height to accommodate cabling, working room, and ventilation.

» Consider the size of the cable that might be attached to the top of the rack and that cable's bending
radius. Typically the cable tray will be a minimum of 152.4 mm (6 in.) above the tallest rack or
cabinet.

» Thecabletray should beinstalled to provide at least 305 mm (12 in.) clearance between the cable
tray and the ceiling (ANSI/TIA/EIA 569-B).

* Inasitewheretheexisting ceiling istoo low to accommodate the specified clearances, the location
of the cable tray may be moved to above the aisle behind the equipment row. Good site engineering
practices must be considered, including accommodation of any electrical and working spaces.
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3.7

3.7.1
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FLOORS

Observe the following general considerationswhen designing asite building or selecting a prefabricated
shelter:

Floor construction shall conform to applicable jurisdictional building codes.

Except for access flooring, floors should be constructed of concrete or wood. Normally if the
building shelter floor isat ground level, thefloor is concrete. If the building shelter is elevated from
ground level, the floor is normally constructed of heavy duty floor joist and plywood or a Viroc
composition.

Concrete used as communications site flooring shall be properly mixed to ensure adequate tensile
strength when under load.

Concrete shall be poured and reinforced in accordance with applicable jurisdictional requirements.
Where an earthquake-resistant structure is specified, additional considerations may apply.

Floors shall be level before equipment isinstalled.

If awooden floor isto be used, ensure that the contractor's floor loading cal culations take into
account the type of equipment that will be installed, plus any future equipment. (See “Floor
Loading” on page 3-9).

A . CAUTION

Equipment racks shall not be secured with screw lags into plywood alone.

Floors shall be sealed to minimize the generation of airborne particulates. Thisis extremely
important for along equipment service life. Concrete and wooden floors may be finished using
vinyl flooring. Concrete floors may aso be sealed with an epoxy coating or equivalent (ANSI/TIA/
EIA 569-B)

Anti-static vinyl flooring is available for installations where equipment is vulnerable to
electrostatic discharge (ESD). Care shall be taken when installing thistype of flooring to ensure the
integrity of the anti-static properties. Consult a contractor experienced with this type of flooring.
See “Measures for Controlling Electrostatic Discharge” on page C-2 for proper grounding of anti-
static flooring.

WEATHERPROOFING/SEALING

9/1/05

TRANSMISSION LINE ENTRY PORTS

Appropriate methods for entry of transmission lines into a building or shelter are as follows:

An entry port specifically designed for cabling.

PV C conduit, typically 102 mm or 127 mm (4 to 5 in.) diameter, allowing 50.8 mm (2 in.)
protrusion at ends. If PVC isused, it shall be sealed using an appropriate all-weather silicone
sealant between the conduit and the wall. The free space between the cables and the inside of the
conduit should be packed with fiberglass insulation.

Roof/wall feed-through.
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In general, observe the following considerations for sites utilizing transmission line connections from
an interior area to the exterior of a building or shelter:

The entry of antenna transmission lines into a communications building or room requires a
weatherproof, commercially made port assembly specifically designed for this purpose. These
assembliestypically consist of atransmission line entry plate and boot assembly.

A boot shall be used even if the cable is run through conduit. To avoid inconvenient rework in the
future, it is recommended to select atransmission line entry plate with enough portsto
accommodate the number of transmission lines at the site and alow for expansion.

Entry plates should have 102 mm or 127 mm (4 or 5 in.) diameter openings. The plate is usually
made of painted aluminum, with from oneto 12 ports per plate. A single entry plate mounted on the
outside wall or bulkhead is sufficient. See Figure 3-7.

FIGURE 3-7 TYPICAL ENTRY PLATE

Cable boots corresponding to the cable diameter(s) shall be used. Cable boots are sized for the
transmission line they will carry and can be round, oval or rectangular. Some cable boots allow up
to three small (12.7 or 22.2 mm (0.5 or 0.875 in.)) transmission lines to enter through one boot. The
boot is usually made up of atwo-piece cushion jacket, cushion (sized to cable diameter), and clamp
Set.

To reduce heat loss from the building, two entry plates should be installed inside and outside, with
rigid construction foam insulation between them. (Two sets of boots are then required.)

The entry plate shall be installed per the manufacturer's instructions.

The building/shelter and the port attachment to the building/shelter, shall be designed to prevent
animals or birds from nesting in and around the entry ports.

Transmission line entry ports shall not be used to feed through tower light power, building ground,
or control cables.

Boots shall be made of a material unaffected by ozone, sunlight, extreme heat, and cold.
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«  All unused portsin the entry plate shall be sealed with blank caps supplied by the port
manufacturer.

« If ametdlic port is used, it shall be bonded to the electrode grounding system. An integrated cable
port shall be bonded to the external electrode grounding system.

SEALING OF BUILDINGS AND SHELTERS

To maintain optimum system performance and to avoid unnecessary HVAC costs, it isimportant to keep
the communications site weather tight.

A  WARNING

Buildings and shelters that may have been open to the elements and animal
infestations can pose health risks to personnel working in the structure. Avoid
sweeping dry floors when rodent droppings may be present. Personnel occupying the
site shall wash hands before eating and avoid touching mouth, nose, or eyes until site
is sufficiently clean.

Animals and insects pose a threat to equipment and can cause health hazards to personnel. Accumulated
rodent droppings can harbor hantavirus and other diseases. Hantaviruses are deadly airborne viruses
spread by rodents. This threat shall be considered even more significant at remote sitesin rural areas.
Hantavirus infection can prove fatal in afew days without aggressive medical treatment. The best way
to prevent hantavirus infection at a site facility isto assure that all site facility exterior openings are
sealed. Floorsin sitefacilitiesin rural locations should never be swept clean, but should be wet mopped
to prevent airborne hantavirus contamination. A good practice when working at remote sitesis to wash
hands frequently and avoid touching your mouth and nose. To prevent the spread of disease and to
prevent damage to equipment caused by nesting wildlife, observe the following requirements:

» All site buildings shall be weather tight and shall deter entry by animals, birds, and insects.

» |If rodents are present within a site building or enclosure, the affected area shall be appropriately
cleaned in amanner that is safe to personnel. Appropriate preventive measures shall be taken to
remove and prevent further infestations. To prevent hantavirusinfection, the floor shall be mopped
in asafe and sanitary manner using a 5:1 water/bleach mixture.

For additional information on controlling the spread of hantaviruses, see the Centers for Disease
Control website:

http://www.cdc.gov/ncidod/diseases/hanta/hps/

HEATING, VENTILATION, AND AIR CONDITIONING

9/1/05

One of the major considerations in site development isto maintain an environment in which the
equipment can operate efficiently. A properly designed Heating, Ventilation, and Air Conditioning
(HVAC) system provides the proper environmental conditions. Ambient temperatures inside the
building or equipment room shall be maintained in a range within the specified requirements of each
equipment. (All Motorola-manufactured products, as well as outsourced items that are drop-shipped per
Motorola orders, have temperature, humidity, and cleanliness requirements, as listed in their respective
manuals.)
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Equipment manuals may specify either operating or ambient temperature. Operating temperature refers
to temperature within the equipment case, with the equipment operating at a given capacity or load.
Ambient temperature refers to the environmental temperature as typically measured 1.5 m (5 ft.) above
the floor in the center of an adjacent aisle.

In lieu of manufacturer environmental standards, the site HVAC system shall be capable of maintaining
interior conditions of 17.8°to 24° C (64° to 75° F) and reduce humidity to alevel of 30 to 55% relative
humidity (RH) (per ANSI/TIA/EIA-569-B or other applicable Standards body design requirements).

The variables involved in maintaining ambient temperatures include, but are not limited to, the
following:

»  Building construction

e Building size

*  Typeand amount of equipment installed at the site
*  Ambient outside temperature

*  Roomsize

*  Number of entry ports (windows, doors, transmission line entry ports)
* Insulation

* Roof type (slope and construction material)

*  Surrounding structures

» Useof aforced fresh air system

»  Geographical location of the site

Design considerations should be made for equipment deployments and |ocations concerning operating
limits of the equipment should the HVAC provisionsfail. The facility backup generator shall be sized to
accommodate the HVAC system.

With generator systems, astart-up delay kit isrecommended on the HVAC system so that site AC power
cycling or stand-by generator cut-over does not present a drop-out/brown-out condition which could
stall and damage HVA C compressors.

The type and number of HVAC units required shall be calculated accurately. Due to the large number of
variablesinvolved, asingle HVAC specification cannot be applied to al situations. Sizing of the HVAC
system shall be performed by a HVAC engineering firm or the equipment shelter manufacturer's
engineer.

HVAC DESIGN CONSIDERATIONS

The HVAC requirementsfor each site shall be evaluated on asite-by-site basis. It isadvisable to include
an expansion factor of at least 25% in the planning cal cul ation, with consideration given to the final
growth potential. With pre-fab buildings, provisionsin the wall structure can sometimes be made such
that another unit can be added in the field for additional growth.

Consider the following when working with the HVAC contractor to design the HVAC system:

»  Obtain thermal loading for each piece of equipment from the appropriate engineering personnel
and provide it to the building manufacturer HVYAC engineering or HVAC contractor. Motorola
System Planners typically provide heat generation information in BTU and Watts.
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Obtain site specifications for construction materials, insulation type and R values, size, existing
conditions, and predicted growth.

In areas with a history of Moment Magnitude rating 3 or greater, seismic considerations for the
HVAC system shall be addressed by the HVAC engineering firm or contractor. Typically,
additional flexible bracing can be provided to prevent HVAC equipment from tipping or shifting
position. Flex hoses or semi-rigid hoses with strain relief should be provided to prevent mechanical
stress failure.

Only HVAC equipment that uses chlorofluorocarbon-free (CFC-free) coolant shall be used for new
installations.

It is recommended that the HVAC system be alarmed. If the site has an alarm system, each HVAC
unit installed at a site shall be connected to the building alarm system, so that the total shutdown of
any HVAC unit resultsin an aarm.

HVAC filters must always be used and maintained on aregular schedule in order to maintain a
clean environment and prevent dust and contaminants entering into electronic equipment.

WALL-MOUNTED HVAC UNITS

Observe the following general considerations for wall-mounted HVAC units:

Self-contained wall mounted HVAC units are acceptable in most applications, but use carein
selecting the proper unit size for the projected BTU heat load. If more than one unit is required,
plan to provide sufficient wall mounting space.

Only commercial-grade HVAC units shall be used. Consumer-grade household units or window-
mounted units shall not be used.

To reduce operating costs and prevent the compressors from freezing during cold weather, all units
should be equipped with heating elements and an economizer which allows the site to be cooled by
outside air if the outside temperature falls below a predetermined value.

HVAC systems using outside air circulation features may not be suitable for environments having
unusually high dust or particulate emissions.

Redundant HVAC units shall beinstalled and avail able as a backup in case one unit fails or asingle
unit may be used if it is alarmed to a remote terminal. All redundant HVAC units should be
designed in alead-lag configuration to cycle with the primary unit in order to subject all unitsto
equal wear.

If two HVAC units are required to provide sufficient cooling, one additional unit should suffice for
redundancy.

Local fire codes may require an automatic shutdown circuit for HVAC units should the smoke/heat
alarm activate.

EXHAUST FANS

Itisadvisableto install athermostatically-controlled exhaust fan at some sites, to remove excessive
heat buildup if air conditioning units are disabled or fail.

Locate the exhaust fan as high as possible in the structure to remove the maximum amount of heat.

A corresponding filtered exterior cold air inlet vent with motorized louvers should be installed low
on an opposing wall to allow unobstructed air flow through the site.

Theinlet of the fan shall be protected with a screen barrier to prevent the entry of insects, birds, or
animals.
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» To prevent excessive dirt and/or humidity from entering the building, the exhaust fan isintended to
be used only as an emergency backup.

»  Battery and generator rooms require special concerns regarding exhaust requirements. See “ Battery
Systems’ on page 6-27 for additional information.

* Louvered entriesinto building or shelter may present a security risk due to ease of unauthorized
entry through the louver assembly. This concern should be considered in the overall security plan
for the site.

»  Design of motorized louver systems shall comply with NFPA shutdown requirements. Exhaust
fans and HVAC systems shall automatically shut down and the exterior wall vents automatically
close during fire alarm activation and fire suppressant release. See NFPA 12 for additional
information.

HEAT PumMPS

In sites where heat levels are too high for the use of wall-mounted units, commercial-grade heat pumps
may be used. Appropriateness of using a heat pump system shall be determined by the contracted
HVAC engineering firm or contractor. Heat pumps are also used in shared sites or where an exterior
wall is not available for installation of a stand-alone HVAC unit. The compressor is separate from the
control units and shall be mounted on either a pad on the roof of the structure or on a concrete pad
outside the building.

Per NFPA 70-2005, Article 210.63, a 15- or 20- ampere-rated receptacle outlet isrequired for
maintenance of the heat pump. A ground fault circuit interrupter (GFCI) receptacleis also required
within 7.5 m (25 ft.) for maintenance. All units should be equipped with a start control option to avoid
compressor damage during short power outages.

THERMOSTATS

Thermostats shall be installed in locations where room ambient temperature can be best and most
evenly controlled. The placement and number of thermostats should be determined by the contracted
HVAC engineering firm.

TEMPERATURE ALARM

To avoid down time and possible equipment damage due to temperature extremes, it is recommended
that all sites be equipped with high and low temperature alarms. These alarms should interface with the
site security system and be monitored around the clock. The sensors shall be accurate enough to detect
temperature variations within the range of 5° to 33° C (40° to 90° F).

MAINTENANCE

It is recommended that the customer establish a preventive maintenance program with an authorized
local HVAC service company to provide service and repair. The agreement should include periodic
cleaning and filter replacement. The back-up HVAC unit should be periodically exercised, or
alternatively, an equal-sharing duty cycle can be used.
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SPECIAL CONSIDERATIONS FOR TELEPHONE CENTRAL
OFFICES AND SWITCH ROOMS

The same building design requirements for general communications sites apply to switch room, iDEN
Mobile Switching Office (M SO), major dispatch centers, or central office (CO) design, but on amore
critical scale. For example, a CO may contain a cellular or Personal Communications Services (PCS)
switch and/or centralized base station controllers. Good design is even more critical for a CO because
the CO can be the overall controlling entity of an entire system, and thus can cause system-wide failure
if thereisaproblem.

LIGHTNING DAMAGE PREVENTION

Although perhaps more costly, the most effective way of protecting the CO switch from lightning
damageisto locate it separately from a communications site and accompanying tower at the same
facility. Not only is the CO switch much more expensive to replace than typical communications
equipment, but the entire system will fail if the CO switch fails. Theinitial extracost of building a
separate communications site at the CO location is far less expensive than revenues lost if the entire
system fails due a damaged CO switch caused by alightning strike to the radio tower.

POWER SOURCE PROTECTION

» ldedly, itis preferable to have separate, redundant power feeders from the power company serving
the switch room. These should be fed from two different substations, so that the failure of one
substation will not cut off power to the CO.

»  Co-located business office function may also be considered with priority. Because most CO
equipment is served by DC power systems, alarge battery system, perhaps even in a redundant
configuration, should be considered. This not only provides backup power in case of generator
failure, it also provides ameans of absorbing surges on the DC circuitsthat may occur if the site has
to switch to generator power.

»  Terminals communicating with the switch can be served by either individual UPS plants, or a
centralized, overall system. This keeps switching transients from interrupting terminal operation.

»  Surgestransferred over the power lines during normal operation shall be drained by primary and
secondary surge suppressors installed in a configuration that accommodates the generator circuits.
See Chapter 7, “Surge Protective Devices.”

» Itisrecommended to have a CO, Dispatch center, etc. served by fiber optic T-1, T-3, OC-3, and
higher capacities. This provides additional lightning protection by removing the copper connection
from the phone company to the switch and provides optical isolation from ground potential rises
(surges) that can occur on the copper connections.

CENTRAL OFFICE LAYOUT

When first installing equipment into a new large switch room, the equipment layout shall be planned to
allow for sufficient aisle space, but be efficient so future expansion capacity is maximized. Theinitial
layout should be designed to accommodate the absolute maximum number of equipment racks while
allowing adequate space between aisles and at end of aisles.

3-17



CABLE TRAYS
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Minimizing the overall distances of the DC power system and the grounding layout should be a priority.

The control room housing the switch terminals should be isolated from the rest of the equipment to
provide noise reduction for those continually working in this environment. This room should also be
configured as an Isolated Ground Zone (IGZ).

3.10 CABLE TRAYS

3.10.1

3-18

NOTE:

This section provides requirements and installation guidelines for cable trays. Cable trays should be
used to support communications cabling within buildings and shelters.

Cable trays provide proper support of cables between cabinets, relay racks and bays of equipment and
help maintain adequate separation between the cable groups. The orderly separation and support of
cable also simplifies maintenance. Cable management over relay racks and equipment cabinets can be
accomplished by utilizing cable tray systems. These tray systems are designed to provide support,
routing, parallel separation and securing of wires and cables as defined in “ Cabling Requirements for
Cable Trays or Ladders’ on page 9-14. As defined in NFPA 70-2005, Article 392, a cable tray or tray
system isaunit or assembly of units or sections and associated fittings forming arigid structural system
used to securely fasten or support cables and raceways.

Aluminum ladd