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ABOUT THIS DOCUMENT

ABOUT THIS DOCUMENT
Overview

This handbook is to be used as a technical reference and includes
specifications, AT&T documentation references, and information on AT&T
products which can be used in outside plant (OSP) engineering work. The
engineering specifications in this handbook are current and applicable, yet
may be superseded by customer provided engineering specifications and/or
other national/local codes. Therefore, the OSP engineer should be aware that
engineering specifications may vary due to individual customer requirements.

This handbook has been completely revised from the last edition (January
1990). Every effort has been made to ensure the information presented in this
handbook is current and accurate at the time of printing. We do value your
input on this document and have included a customer feedback form on which
you may send us any comments you have concerning the information or the
aresentation of information in this handbook. -

Additional Information

If you need more information than is given in the handbook, references to
associated documents are given either opposite the topic heading in the text
or in the Bibliography at the end of each section.

Additional information about the detailed design and construction of the
Outside Plant Network is covered in the 900 through 939 (Outside Plant
Engineering), 363 (Loop Transmission Systems — Pair Gain), and 620
through 649 (Outside Plant Construction) series of AT&T documents.

If you have any questions concerning Outside Plant engineering or need
further elaboration on any of the information in this handbook, please contact
the AT&T Outside Plant Systems Core Team at the following address:

AT&T Outside Plant Systems
4725 River Green Parkway
Duluth, Georgia 30136
USA

Telephone (404) 813-6866
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Ordering Information

To order additional copies of this document, call or write the AT&T
Customer Information Center as shown below and specify document number
900-200-318.

AT&T Entities and Commercial Customers:

AT&T Customer information Center
Attention: Order Entry Section

P. O. Box 19901

Indianapolis, IN 46219

Telephone 1-800-432-6600 or (317) 322-6557

To automatically receive updated sections of this manual, call the AT&T
Customer Information Center and request to be placed on Standing Order.

RBOC/BOC personnel are encouraged to process orders for this document -
through their Company Documentation Coordinator.

Federal Government orders should be processed through:

AT&T Network Systems
P. Q. Box 20046
Greensboro, NC 27420

Telephone (910) 279-7424

How to Comment on This Document

A postage-paid, preaddressed feedback form is provided in this document
immediately after the title page. Please fill out the feedback form and mail it to
the address shown on the reverse side. If the feedback form is missing, mail
your comments to:

AT&T Documentation Services
2400 Reynolda Road
Winston-Salem, NC 27199-2029
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AT&T OUTSIDE PLANT SYSTEMS
ABOUT OUR BUSINESS

Section 1

AT&T OUTSIDE PLANT SYSTEMS

ABOUT OUR BUSINESS

Formed in 1991 and headquartered in Duluth, Georgia (USA), AT&T
Outside Plant Systems offers a unique combination of resources to build and
modernize telecommunications systems, enabling customers around the world
to tap into the benefits of the Information Age.

Part of AT&T Network Systems, AT&T Outside Plant Systems provides
turnkey delivery of telecommunications infrastructures globally by combining
network cable and transmission systems products with engineering and
construction services.

To meet our customers’ individua! outside plant (OSP) requirements,
AT&T's turnkey solutions include network and civil engineering, project
management, equipment design and selection, construction, installation,
maintenance, training, and restoration.

Our mission is to design, construct, and maintain best-in-class outside
plant systems for AT&T’s global customers that exceed customer expectations
for quality and delivery.

Outside Plant Engineering Core Team

This revised version of the Qutside Plant Engineering Handbook is a
product of the AT&T Outside Plant Engineering Core Team headquartered in
Duluth. The core team provides OSP engineering planning, design practices
and procedures, civit engineering, and Computer Aided Design (CAD)
engineering support for AT&T Outside Plant Systems’ global projects.
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AT&T OUTSIDE PLANT SYSTEMS
ABOUT OUR BUSINESS

The core team presently consists of the following individuals:

Name Responsibility Phone
W. J. Menzies (John) All Engineering (404) 813-7743
J. V. Monahan (Jim) CAD Engineering  (404) 813-7759
A. J. Sullivan (Abbe) Civil Engineering  (404) 813-7758

J. L. Tomaszewski (Jim) OSP Engineering  (404) 813-6866

If you have any questions concerning Outside Plant engineering or need
further elaboration on any of the information in this handbook, please contact
the AT&T Outside Plant Systems Core Team at the following address:

AT&T Outside Plant Systems
4725 River Green Parkway
Duluth, Georgia 30136
USA

Telephone (404) 813-6866
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AT&T QUTSIDE PLANT SYSTEMS
AT&T ENGINEERING DIVISION

AT&T ENGINEERING DIVISION

The following outline lists the available services provided by the AT&T
Outside Plant Systems Engineering Division.

Outside Plant
A. Record and Field Survey (Planning and Design)
1. Network
¢ Feeder and Secondary
e Underground, Aerial, Buried (Cable, Coax, Fiber Optic)
e Underground Conduit Syétems
® Central Office Main Distribution Frame (MDF)

2. Subscriber Loop
¢ Resistance Designs
e Gauging
® | oading and Build-Outs
e Bridged Tap Limitations
® End Section Requirements
® Electronics

3. Loop Assignment Records

B. Planning

1. Demand Data
e Demand Formula Development and Implementation
e Data Coliection (Residential, Commercial, Industrial)

e Data Entry (Input/Output)
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AT&T OUTSIDE PLANT SYSTEMS
AT&T ENGINEERING DIVISION

Coliect and Digitize Drawings
Create Demand Study Manuals
Special Forecast Studies

2. Long-Range Outside Plant Pianning

Short-Range or Current Plan Development
Medium-Range Pian Development
Long-Range Plan Development

3. Transmission and Carrier Planning

4. Underground Conduit System Planning

5. Special or Customized Project Planning

Economics Analysis Studies

Rehabilitation Analysis Studies

Service Activity Studies

Network Verification Studies

OSP Procedures and Routines Guidelines Projects
Trunking Studies

6. Catastrophic Contingency Planning

7. Strategic implementation Planning

8. Aiternate Systems Planning

C. Detail Design (Manua! and Computer Aided Design [CAD])
1. Long-Range Outside Plant Plans

Current Plan
Customized or Modified Plan
Special Project Implementation
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AT&T ENGINEERING DIVISION

2.

3.

Outside Plant
e Aerial, Underground, and Buried
e Special Needs (Submarine, etc.)
e Underground Conduit Systems
¢ Radio Tower, Cellular, Microwave Dish Placements, etc.

e Central, Remote and Special Building, and Equipment
Layout '

¢ Environmental Vault, Carrier, Transmission Design

# Catastrophic Contingency Design and Implementation
Customized Design Projects

& Telecommunications

e Architectural

¢ Premises Distribution

e Project Management Procedures and Routines

D. Training

Premises Distribution Engineering

A. Planning

1.

AR S

Distribution Services Plan

Data Collection

Facility Documentation

Project Coordination Planning

Security, Paging, and Music System Planning
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AT&T OUTSIDE PLANT SYSTEMS
AT&T ENGINEERING DIVISION

B. Detail Design
1. Telecommunications Room Design
o [ocations, Sizing, Amenities, etc.
e Equipment Placement

e Electrical, Grounding, Environmental, and
Ventilating, and Air Conditioning (HVAC), etc.

® |Interface Integration
2. Distribution Design

e Copper Cable
Fiber Optic Cable
Wireless

Plenum, Chase, Computer Floor, etc.
3. Feeder and Distribution Conduit Cable Design
4. Microwave Dish Placement

C. Training

Architectural Support

A. Software and Hardware
Data Entry
Digitalization
Plotting

Record Archiving and Maintenance

o x> L p o=

Customized Project Management Reports, etc.

Heating,
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AT&T OUTSIDE PLANT SYSTEMS

AT&T ENGINEERING DIVISION

B. Subcontractor

1. Architecturai
Electrical
Mechanical
Structural
Interior Design
Landscape Design

Telecommunication Consuitation

® N O oA LN

Construction Management

C. Bids and Proposals Administration
D. Training

System Administration Support
A. Software and Hardware
1. Systems Architecture Design
o Research/Development
e Maintenance

2. Systems Consultant Services
3. Systems Analysis Services
4. Technica!l Support

¢ MS/DOS*

® UNIXt

* Registered trademark of MICROSOFT CORPORATION.
1 Registered trademark of UNIX System Laboratories, Inc.
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AT&T OUTSIDE PLANT SYSTEMS
AT&T ENGINEERING DIVISION

® CAD Programs
e Databases
5. System Utilities Integration (importing/Exporting)
B. System Management
1. Network Design and Administration
2. Bids and Proposal Administration
3. On-Site or Remote
C. Program Development
Existing Program Integration

New Programming

@ Mo~

Program Modifications
4. Program Customization

D. Training
1. AT&T Training Center Locations
2. Suitcased Locations

e On-Site

e Ofi-Site

Project Management
A. Analysis
1. Team Facilitating
2. Project Function Identifications
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AT&T OUTSIDE PLANT SYSTEMS
AT&T ENGINEERING DIVISION

o o ok

Team Matrix Building
® Function Groups Leadership Ownership
e Sub-Groups Leadership Ownership
o Affinity Responsibilities
¢ Contingency Responsibilities
Critical Path Agreements
Team Goal and Objectives Agreements
Financial Responsibilities Agreements

Performance Standards Agreements

B. Administration

1.
2.

o o~ w

Leadership
Schedule Development

® Function

o Material

® [abor Resource

¢ Financial
Critical Path Development
Contingency and Catastrophic Recovery Plan
Accounting and L.edger Development
Financial Administration

Change Order Administration

C. “Cradle to Grave” Project Management
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PLANNING
AT&T OSP SYSTEMS

Section 2

PLANNING

AT&T OSP SYSTEMS

Outside Plant (OSP) Systems capability is represented by the global
pipeline diagram on the next page. This giobal pipeline includes the following
types of networks:

e |Intercity or Interlata — Long distance fiber optic networks for high-speed
information transport between cities

e |[nteroffice — Intercity junction networks that connect central offices and
local exchanges

® Local Exchange — Loop distribution networks, which provide homes
and businesses with access to communications‘services.

These networks may be adapted for the following applications:
e Cable Television
¢ Metropolitan Area Networks
® Local Area Networks
® |[ntelligent Vehicle Highway Systems
e Cellular
® Rings

® Private Networks.
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PLANNING

AT&T OSP SYSTEMS
RADIO
CITY "A* INTERCITY
A AL A TOLL OR INTERLATA TOLL
< OR "'_’\i"_—_—"_@— OR CITY "B"
UNDERSEA
FIBER GATEWAY GATEWAY
INTER
OFFICE
/
CELL
SITES

HEADEND

PCS QLT

LOCAL EXCH.
CENTRAL COAX
OFFICE FIBER OR |/ COPPER OR FIBER
COPPER TEL, DATA,
VIDEO
2
.4
FIBER OR COPPER
BUS.
LANS
CAMPUS

GOVT.-MILITARY

OSP Capability - The Global Pipeline
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LOCAL EXCHANGE PLANNING

Planning in the Local Exchange begins with a Geographic Model. There
are two systems {segments):

® Primary System (Feeder)
e Secondary System (Distribution).

Following are two examples of geographic models showing Primary and
Secondary Systems. Notice that there can be multiple Secondary Systems fed
from a serving switch.

SECONDARY SYSTEM
[ 27 km —————p

SWITCH

[ PRIMARY SYSTEM ——

Geographic Model - Primary System
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PLANNING

LOCAL EXCHANGE PLANNING

The dimensions and density of the Secondary System models may vary
due to the characteristics of the geographic area. For example, a Secondary
System model can be further subdivided into four smaller segments if required
for high density. This is indicated in the example by Roman Numerals [ — IV.

-

SECONDARY SECONDARY
SYSTEM SYSTEM
AREA = 3642.5ha /
a=3.65km I
1 I
PRIMARY
SYSTEM ~ S A 4 27km ——>
SECONDARY v
SYSTEM
DENSITY:

HIGHI Low

Subscribers | 3000 | 1000

Geographic Model - Secondary System
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LOCAL EXCHANGE PLANNING

Primary System Transport options include:
e Copper
e Conditioned Copper
e Fiber
e Radio.
Secondary System Transport options include:
e Copper

o Digital Loop Carrier/Remote Integrated Services Line Unit (RISLU) +
Copper

e Fiber (Passive Optical Network [PON 60/PON 4])
® Fiber/Coax
o Wireless.
Transport selection is based on the following considerations:
e Customer Requirements
e Distance and Density
® Proposed Location (topography, accessibility)

® Voice Service and Video Decision Tree (Community Antenna Television
[CATV))

e Cost Models.

A diagram showing the Primary and Secondary System Transport options is
shown on the next page.
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LOCAL EXCHANGE PLANNING

SECONDARY SYSTEM

® COPPER

® COPPER
® RISLUORDLC
® CONDITIONED
COPPER : AND COPPER
SWITCH ® FIBER ( PON 60)
® FIBER ® FIBER(PON4)
® RADIO ® FIBER/COAX
® WIRELESS
PRIMARY SYSTEM
Transport Options
2-6 AT&T Outside Plant Engineering Handbook, August 1994
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LOCAL EXCHANGE PLANNING

Model Comparisons
Cost Model comparisons are made including:
® Classic Copper both in Primary and Secondary Areas

e ‘A mix of copper and fiber using RISLU or Optical Loop Carrier (OLC)
2000

e A PON Network using Optical Network Unit (ONU) 60
e A PON Network using ONU 4

e Fiber/Coax.

Cost Parameters PON
PON 60 System:

e Cost of concentrated 2 Mb/s (V5.2) on host

e Cost of Optical Line Terminals (OLTs) and ONU 60 inclusive of
installation and local powering of ONUs

e Cost of optical cables in Primary and Secondary areas inclusive of
trenching, installation, OSP material, and 1:3 splitters

e Cost of Secondary copper cable inclusive of trenching and OSP material
o Installation of OSP.

PON 4 System:
e Cost of concentrated 2 Mb/s (V5.2) on host

® Cost of OLTs and ONU 4 inclusive of installation and centralized
powering of ONUs 4

e Cost of optical cables in Primary and Secondary areas inclusive of
trenching, installation, OSP material, and 1:32 splitters

® Cost of Secondary copper cable inclusive of trenching and OSP material
® [nstallation of OSP.

Note: For centralized powering of the ONUs, a combined fiber/copper cable
was used.
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LOCAL EXCHANGE ARCHITECTURE

Examples of loop architectures include:

e (Classic Copper
e Conditioned Copper Primary + DLC Copper Secondary
e Fiber Primary + DLC Copper Secondary
e Fiber Primary + RISLU Copper Secondary
e Fiber to the Curb

— Active Double Star

— Passive Optical Network (PON)

— Star-Bus
o Cable Loop Carrier - 500 (CLC-500)
e Asymmetrical Digital Subscriber Line (ADSL).
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LOCAL EXCHANGE ARCHITECTURE

o " DD
l=T=r =l =T

Load Coils
4————— Primary ————p-a—— Secondary———p

Classic Copper

E or T Carrier bDLC

oy A SR S S

Cu Cable 24 or 30
Channels on 2 pr.

Copper Plant

Conditioned Copper Primary + DLC Copper Secondary

DLC
CcO @4 Copper Plant

Fiber Primary + DLC Copper Secondary

Rislu

cO ¢ _ Copper Plant

Fiber Primary + RISLU Copper Secondary
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LOCAL EXCHANGE ARCHITECTURE

CENTRAL OFFICE

FIBER-TO-THE-CURB NETWORK

DROP
FIBER IN THE

FEEDER

DISTRIBUTION
FIBER

PEDESTAL
(ONU)

|

i

t

1

1

1

1

)

! REMOTE
| TERMINAL
1

]

|

I

i

t

1

1

Fiber-to-the-Curb Network
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LOCAL EXCHANGE ARCRITECTURE

ACTIVE DOUBLE STAR

TWISTED

<516 lines

PASSIVE
SPLITTER

<32 0NUs

STAR-BUS

OPTICAL
NODE
COAX
m % > ' 600-2000 LINES

CO=CENTRAL OFFICE
HDT=HOST DIGITAL TERMINAL (RT)
ONU=OPTICAL NETWORK UNIT
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LOCAL EXCHANGE ARCHITECTURE

SUBSCRIBER
TERMINAL

TOTVOR
CONVERTER

CABLE HEADEND
AND TELCO CO

\J

2-12

N

HUB

SWITCH
INTERFACE (E1)

CATV Lt

16

HEADEND [— ™
TERMINAL je—

Cable Loop Carrier - 500 (CLC-500)

LINE EXTENDER
_—~ ANDSTARTAP
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LOCAL EXCHANGE ARCHITECTURE

NETWORK ARCHITECTURE

DECODER

(SET TOP BOX)

SUBSCRIBER
RESIDENCE

1.54 Mbit/sec VIDEO

ADSL
INTERFACE

DIGITAL

o

ADSL
INTERFACE

ANALOG POTS
SERVICE

LOW SPEED CONTROL !6 OR 64 Kbit/sec

VIDEO

| TELEPHONE

SWITCH

Asymmetrical Digital Subscriber Line (ADSL.)

Examples of Secondary (Distribution) Models include:

® | ow-Density Copper (Sample Solution)

o High-Density Copper (Sample Solution)
e Low-Density PON 64 (Sample Solution)

Hybrid Fiber Optic/Coax Network
Multi-Services Distant Terminal Passive Optical Network (MSDT PON).

AT&T Outside Plant Engineering Handbook, August 1994
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LOCAL EXCHANGE ARCHITECTURE

SECONDARY
SYSTEM

2
P

PRIMARY .. -~
SYSTEM %]

LEGEND
------ MAIN SECONDARY
BOUNDARY
----- SUB-SECONDARY
BOUNDARY
MATERIAL 1200 PAIR
1-1200 PAIR OUTDOOR CABINET S OUTDOOR
2- 20 PAIR WALL DISTRIBUTION POINT CABINET
22 - 10 PAIR PEDESTAL DISTRIBUTION POINT [J 10 PAIR PEDESTAL
4350 M - 50 PAIR CABLE DISTRIBUTION POIN1
1730 M - 100 PAIR CABLE »« CABLE SPLICE
225 M - 300 PAIR CABLE
0 PAIR WAL
33KM - BURIED SERVICE WIRE o é,s';n,sm,o‘,; POIN]

Low-Density Copper
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LOCAL EXCHANGE ARCHITECTURE

SECONDARY
SYSTEM

LEGEND
P MAIN SECONDARY

BOUNDARY
N, L = =" SUB-SECONDARY
. BOUNDARY
MATERIAL R W CROSS CONNECT
3- 1200 PAIR CABINETS /\ ‘1:,2,%";:7
8- 20 PAIR WALL DISTRIBUTION POINT 10 PAR PEDESTAL
. O
62 - 10 PAIR PEDESTAL DISTRIBUTION POINTS AL
1560 M - 50 PAIR CABLE
4790 M - 100 PAIR CABLE »-« CABLE SPLICE
410 M - 200 PAIR CABLE O 20 PAIR WALL
117,000 M - 2 PR BURIED SERVICE WIRE DISTRIBUTION POINT
High-Density Copper

AT&T Outside Plant Engineering Handbook, August 1994 2-15



PLANNING
LOCAL EXCHANGE ARCHITECTURE

SECONDARY
SYSTEM

N " LEGEND
\‘\ o e MAIN SECONDARY
. BOUNDARY
MATERIAL N ~-=*" SUB-SECONDARY
4- OPTICAL NETWORK UNIT 1 X 60 N BOUNDARY
3- 20 PAIR WALL DISTRIBUTION POINT N
27 - 10 PAIR PEDESTAL DISTRIBUTION POINTS a DISTRISUHON FOMNT
1- OPTICAL SPLITTER P OPTICAL NETWORK
1 - OPTICAL LINE UNIT UNIT 1 X 60
36 KM BURIED SERVICE WIRE O WALL DISTRIBUTION
1184M - 2 PAIR FIBER OPTIC CABLE POINT
337 M- 4 PAIR FIBER OPTIC CABLE X oemicaL seuTTER
2295M - 50 PAIR CABLE [s] spuicEBOX

Low-Density PON 64
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SECONDARY
SYSTEM

CENTRAL
OFFICE

LEGEND

COAXIAL SERVICE WIRE
FIBER OPTIC CABLE
COAXIAL CABLE TERMINATION

—e— 4 WAY MULTI-TAP
[> LINE EXTENDER AMPLIFER

P> TRUNK AMPLIFER
@ POWER SUPPLY

2 WAY SPLITTER
3 WAY SPLITTER

00 8]

Hybrid Fiber Optic/Coax Network
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30 Mb/s
192 TIME SLOTS
1:16
PASSIVE
SPLITTER
l ONu <24 LINES
co | HDT ONU :
[-]
sLc®2000 ONU
(-]
(-]
-]
MSDT

Multi-Services Distant Terminal Passive Optical Network (MSDT PON)
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PLANNING
CELLULAR

CELLULAR

The AUTOPLEX® System 1000 Cellular Telecommunications System
embodies the latest radio communication technologies for celluiar radio and
can accommodate analog and digital cellular technologies. The digital cellular
technology, such as Time Division Multiple Access (TDMA) radio technology,
provides increased spectral efficiency, system performance improvements
(high-quality speech in areas of low signal strength), entirely digital
transmission, new and more flexible services, and increased channel privacy
compared to analog technology.

In smaller markets, Rural Service Areas (RSAs), or in muiltiple markets
covering a wide geographic area, the AUTOPLEX System 1000 provides
cellular service with the same ease and economy that it brings in large
metropolitan markets. Service may be started in a remote area with a Digital
Cellular Switch (DCS) and additional cells without the need to purchase an
additional Executive Cellular Processor (ECP). The AUTOPLEX System 1000
permits modular growth from a few hundred subscribers to as many as
135,000 subscribers. To accommodate a growing subscriber base and
increased calling traffic, multiple DCSs can be added to the system with traffic
served by the cell connected to the closest DCS to save facilities costs. Two
or more AUTOPLEX System 1000s can also be networked to provide all the
cellufar service subscribers might need.

A cellular telecommunications system divides a service area into regions,
or cells. Each cell site is responsible for the radio connection between
subscriber units in its area and the rest of the network. The cell site is
equipped with radio and control equipment. The cells are connected to the
Mobile Switching Center (MSC). The MSC is also connected to the telephone
network.

The system locates each subscriber unit (mobile unit or portable unit) in
its area and sets up the call as soon as it is requested. As the subscriber
drives from one cell into another, the system automatically “hands off” the call
from one cell to another cel! without service interruption. An illustration of a

~ cellular telecommunications system is shown on the next page.
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AUTOPLEX® System 1000 — Cellular Telecommunications System
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Because the system uses frequency modulation and low power,
frequencies may be reused in different parts of a city. This increases the
capacity of the system. By the process of “cell splitting,” the capacity can be
increased even more.

AUTOPLEX System 1000 Hardware
The AUTOPLEX System 1000 consists of the following major elements:

e Executive Cellular Processor (ECP)
& Interprocess Message Switch (IMS)
Digital Cellular Switch (DCS)

Cell sites

e Interconnecting trunks and data links

e Network interface trunks.

The ECP, IMS, and DCS are based on use of existing AT&T equipment
which has proven dependable in many different applications. The ECP, IMS,
and DCS equipment is housed in compact and attractive 6-foot (1.83 m) high
cabinets. Two models of cell site equipment are available: Series | Model 2,
packaged in 6-foot (1.83 m) cabinets; and Series !i cell site, packaged in 7-
foot (2.13 m) cabinets.

The DCS may, if desired, be remotely located from the ECP. Muitiple
DCSs may be used, enabling one system to serve several different Cellular
Geographic Service Areas (CGSAs).

The cell sites contain radio and control equipment. The Series | cell sites
may provide up to 96 voice channels, and the Series il cell sites may provide
up to 192 analog voice channels or up to 288 digital voice channels (see
"Series {| TDMA Digital Radio Unit"). Specially designed antenna masts are
available in several heights up to 150 feet (45.7 m) (up to 500 feet [152.4 m]
for RSA). Other antenna-mounting arrangements are also available, such as
roof mounts.
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The ECP, IMS, DCS, and cell sites all have the features of optional
redundant equipment and built-in maintenance equipment.

The following diagrams of AUTOPLEX System 1000 equipment are
included:

o Executive Cellular Processor (ECP)
e Digital Cellular Switch (DCS)

o Model 2 Cell Site Cabinets

e Transportable Cell Site Building

® Series Il Cell Site Cabinet (Radio Channel Frame/Linear Amplifier
Frame [RCF/LAF})

e Primary Radio Channel Frame

o Linear Amplifier Frame

e Antenna Interface Frame

e Series || TDMA Digital Radio Unit.
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AUTOPLEX System 1000 — Digital Cellular Switch (DCS)
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AUTOPLEX System 1000 — Model 2 Cell Site Cabinets
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AUTOPLEX System 1000 — Transportable Cell Site Building
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AUTOPLEX System 1000 — Series |l Cell Site Cabinet
(Radio Channel Frame/Linear Amplifier Frame [RCF/LAF])
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AUTOPLEX System 1000 — Antenna Interface Frame
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Cellular Engineering

in the initial planning phase, the system operator must make some
decisions concerning the area and the population to serve:

e Size of serving area

e Traffic potential in Cellular Geographic Service Area (CGSA) - marke
studies

e Cellular analysis to determine cell type and size

® Determine cell sites, Mobile Switching Center (MSC) site, towe
locations

& File for construction permit with FCC.

Locating Cell Sites and MSC

Cell site antennas may take advantage of existing towers, but take intc
account the shielding effect of mounting the antenna on the side of a tower
Standard AUTOPLEX masts, which provide the best possible mounting fo
antennas, are available. Roof mounts are also available. To maximize
coverage, an RF engineer should be consulted early in the planning process
Planning for cell site antenna installation is covered in AT&T 401-200-300
Cell Site Antenna Equipment Installation Planning Guide.

Celiular engineering service can be provided by AT&T which includes:
@ Assisting in laying out the cell sites
o Determining RF propagation characteristics for each cell site
® Recommending the proper number of channels for each cell

¢ Recommending the right equipment

Planning for future growth of the system.

AT&T will also help you with technical information needed to file the FCC
application for a construction permit.
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System Layout

Basic questions that should be considered concerning laying out a

system include the following:

Will there be more than one CGSA?

How many subscribers will be served at each CGSA?
Will there be more than one DCS?

Will a DCS be collocated with the ECP?

Will a cell site be collocated with the DCS?

How many cell sites will be needed with each DCS?
How many channels will be needed at each cell site?

Will the plan for growth of cell sites include planning for addition of more
channels?

Are there plans for any future cell sites?
Are there plans for any directional cell sites?

Are there plans for any dual (dual omni, dual directional, or dual
omni/directional) cell sites?

Will there be a multimodule DCS?
How many DCS data links are needed?
How many data links are needed between the IMS and cell sites?

How many voice trunks are needed between each cell site and the
DCS?

How many voice trunks are needed between each DCS and the
network?

Are there plans to have redundancy options in the DCS?

Are there plans for redundancy options at the cell sites?
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e Are there plans to use the dynamic power control option?
o What other options are needed at the MSC or cell sites?
e Will existing facilities be used for the MSC or cell sites?

Is it planned to use existing towers or building roofs for cell sit
antennas?

What height towers are needed at each cell?

FCC Application

Filing the FCC application is a critical step in establishing a domesti
cellular system. Although there have been changes in the way the FCC wi
grant construction permits, there is still a great deal of information that i
required on FCC Form 401 and associated exhibits. Much of this informatioi
can be supplied only by the system operator. However, AT&T can help it
supplying the technical information for the application. AT&T is als
experienced in working with FCC applications, and the Cellular Engineerin
group can assist in preparing applications.

Cellular Configurations

Laying out cellular configurations can become rather complicated. Th
foliowing description should be used as a general reference only.

Normally, a CGSA will gradually grow from a low-traffic startup to ai
increasing traffic volume. During its evolution, the celi size, cell site, sety
channels, etc., are configured differently because of the particular needs i
each stage. During transition, however, changes to the existing equipment
channel assignment, cell sites, etc., are kept at a minimum to reduce expenst
and ensure uninterrupted service.

Cochannel Cell Layout

The CGSA is sectionalized into hexagonal shapes to start the cochanne
layout. One cell is chosen as a reference and labeled “A.” Chains ¢
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hexagons are drawn from the reference cell, one from each side, and
terminate in a cochannel cell. These cochannel cells are labeled “A.”

To continue the cellular layout, another cell close to the reference is
chosen and labeled (such as “B”). The six chains emanating from this cell
also terminate in B cochannel cells. This procedure is repeated until a
sufficient number of cells have been labeled.

Determination of Cochannel Cells with 7-Cell Reuse Pattern
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The number of celis per cluster determines how many channel sets must
be formed out of the total allocated spectrum. The ratio of D (the distance
between the centers of the nearest neighboring cochannei celis) to R (the cell
radius) is called the “cochannel! reuse ratio (D/R).” The number of cells per
cluster is governed by the tradeoff cochannel interference and traffic capacity.
As the number of cells per cluster decreases, the traffic capacity per cell
increases. See illustration below, "Cochannel Reuse Ratio (D/R) for 4-Cell
Reuse Pattern" for patterns such as N = 4 and D/R = 3.5.

NOTE:

1. Four-cell repeat pattern; D/R = 3.5
(four channel sets: A-D). Each channel
set is used twice (subscript 1,2). For
example, channel set A is used in cells
A1 and A2. This pattern is used in a
growth configuration.

Cochannel Reuse Ratio (D/R) for 4-Cell Reuse Pattern
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As the number of cells per cluster increases, the relative separation
distance between cochannel cells will increase. The illustration below,
“Cochannel Reuse Ratio (D/R) for 7-Cell Reuse Pattern" shows patterns such
asN=7and D/R =4.6.

NOTE:

1. Seven-cell repeat pattern; D/R = 4.6
(seven channel sets: A-G). Each channel
set is used twice (subscript 1,2). For
example, channel set A is used in cells
A1 and A2. This pattern is used in a
growth configuration.

Cochannel Reuse Ratio (D/R) for 7-Cell Reuse Pattern
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Startup

When an AUTOPLEX system is first planned and installed in a new
service area, the system design goal is to have a startup configuration to
serve the CGSA at minimum initial cost. This implies, in most cases, using a
minimum number of celi sites (that is, using the largest size cell which can still
provide adequate coverage). For a startup cell, the typical celi radius may
range from 8 to 10 miles (12.9 to 16.1 km). Generally, in a startup
configuration, omnidirectional antennas and centrally located cell sites are
used for each cell.

IDEAL COVERAGE
BOUNDARY OF
OMNIDIRECTIONAL
ANTENNA

CELLS
@ CELLSITES

ONE OMNIDIRECTIONAL ANTENNA
FOR EACH CELL SITE

Cells Served by Omnidirectional Antennas
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The cell radius depends on the terrain and environment of the particular
CGSA of interest. It is preferable to use startup cells of uniform size in one
CGSA. The total number of cells required must be sufficient to cover the entire
CGSA.

A typical pattern for voice channels in a startup system is N = 7. Access
channels are assigned in an N = 21 pattern. in areas where there is minimum
cochannel interference, repeat patterns for voice channels (N = 4 or N = 3)
may be used. Where interference is expected to be high, larger repeat
patterns may be used. It is desirable to use the smallest repeat pattern
possible without cochannel interference. As the system matures, pattern N =
7 or N = 4 will require the use of directional antennas in a high-traffic area.
This will maximize frequency reuse and therefore will increase traffic capacity.

Growth

A growth configuration is a pattern developed by using growth schemes
after the capacity offered by the startup configuration is saturated. The
demand for growth can be met by the cell attachment technique when the
demand is to serve new geographical areas outside the existing CGSA or by
the cell-splitting technique when the demand is to serve more subscriber
traffic within the existing service area. Cell spliting can be accomplished in
several ways, including cell overlay, cell addition, or “going directional.”

Going directional can normally be accomplished by replacing an
omnidirectional antenna configuration with a three 120-degree sector antenna
configuration or six 60-degree sector antenna configuration. By using the
120-degree directional antennas, the complete coverage of each cell is
provided by three different antennas at the centrally located cell site. The 60-
degree sectorization concept consists of two control frames (or cabinets).
Each control frame controls its own half-cell with three 60-degree directional
antennas, and therefore the complete cell consists of six 60-degree antennas.
The 60-degree sectorization reduces interference and allows the use of the N
= 4 channel reuse pattern. The use of directional antennas creates celis
whose idealized boundary forms a regular hexagon, as in the omnidirectional
case. llustrations of a cell configuration served by three directional antennas
and six directional antennas are shown on the next two pages.
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© CELL SITE USING DIRECTIONAL ANTENNA

120° BEAMWIDTH ANTENNA

Cells Served by Three Directional Antennas
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@ CELL SITE USING DIRECTIONAL ANTENNA

% 60" BEAMWIDTH ANTENNA

Cells Served by Six Directional Antennas
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When the first cell split is required, the transition from startup to growth
configurations begins. The growth plan requires that, in addition to the use of
directional antennas, the cell radius be reduced by half. This is illustrated
below.

< OMNIDIRECTIONAL
ANTENNA

CELL SITE

o

RADIUS

1/2
~{Re-

CELL SITE

CELL
BOUNDRY

¥ DIRECTIONAL ANTENNAS
— CELL BOUNDRY

'y 120° DIRECTIONAL
+ ANTENNA BEAM

Cell Split (Startup-to-Growth Configurations)
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"Location of Cell Sites in Cell-Splitting Process" below illustrates the details of
locating new cell sites in a cell-splitting process. New cell sites are added
midway between two existing cell sites. The original site will remain in a
smaller coverage area. For all subsequent cell splits, the cell radius is
reduced to one-half of the previous cell radius. Using directional antennas in
this arrangement reduces cochannel interference.

(O ORIGINAL CELL SITE
— ORIGINAL CELLS (RADIUS R)

© NEW CELL SIiTE AT MIDWAY BETWEEN
ORIGINAL SITES

—— NEW CELLS (RADIUS 1/2 R)

Location of Cell Sites in Cell-Splitting Process
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In a realistic growth pattern, traffic demand may be heavy only in a few
cells in part of the CGSA. Cell splitting may, therefore, initially involve only the
few cells that encounter the heaviest traffic in the CGSA. After such a cell
split, the resulting pattern contains larger cells overlaid by a grid of smaller
cells. This is illustrated below.

O OMNIDIRECTIONAL ANTENNA
FOR STARTUP CELLS

DIRECTIONAL ANTENNAS FOR
NEW CELLS

Celi Site Antenna Arrangement After Cell Splitting

Cell Site Location

The actual cell site location will depend upon many factors, including
available real estate, possible locations for antenna towers, etc. AT&T 401-
200-300, Cell Site Antenna Equipment Installation Planning Guide, provides
guidelines for locating antennas.

2-44 AT&T Outside Plant Engineering Handbook, August 1994



PLANNING
BIBLIOGRAPHY

BIBLIOGRAPHY

AT&T

636-299-125

900-200-210
627-400-001

401-200-300

401-300-610

401-610-014
401-610-005

Title

Wire Center Modernization Distribution Systems
Architecture Guide
Lightguide Cable Systems OSP Standards Handbook

CATV Aerial Lightguide Cabie Planning, Engineering,
and Installation

AUTOPLEX Cellular Telecommunications Systems
Cell Site Antenna Equipment Instaliation Planning
Guide

System 1000 - Series |l Digital Celiular Switch
Applications Engineering Manual

System 1000 Growth Procedures

System 1000 Series I, System Requirements and
Pianning Guide

AT&T Outside Plant Engineering Handbook, August 1994 2-45






EXCHANGE NETWORK DESIGN

Section 3

Contents

DETERMINING THE TYPE OF OUTSIDE FACILITIES
DESIGN

Initial First Cost Considerations
Future Reinforcement Requirements
Maintenance Cost Considerations
Potential Service Disruptions
Governmental or Company Policy .
COPPER CABLE—PRIMARY (FEEDER) DESIGN .
Basic Strategies
Sizing Guidelines .

COPPER CABLE—SECONDARY (DISTRIBUTION)
DESIGN e

Urban and Suburban—Paired Cable .
Interfaced Cable Sizing Guidelines
Establish Fill Points
Complete Fill Boxes
New Cable Fill Box
Existing Cable Fill Box

Page

w

[5]

3]

Q| [@
N N (l,J I 0O G o & S
[ O

| || |
| || W



EXCHANGE NETWORK DESIGN

CARRIER SERVING AREA (CSA) DESIGN
Copper Pair Secondary System Cables
FIBER OPTIC CABLE DESIGN

Selecting Areas for Potential Fiber Applications .

Evaluating Growth

Evaluating Cable Support Structures
Underground Construction .
Aerial Construction
Buried Construction

Maintenance Conditions

Company or Government Policy

3-ii

[#5)
1
fary

@
)
(=]

(]

N |-t | = ATy I Y -
Q| [of [© NN [o)]



EXCHANGE NETWORK DESIGN
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Section 3

EXCHANGE NETWORK DESIGN

DETERMINING THE TYPE OF OUTSIDE FACILITIES
DESIGN

The outside facilities engineer is responsible for determining the type of
outside facilities design that will best meet the needs of the company and the
area to be served. There are three basic choices:

e Aerial
e Underground

® Buried.

The engineer shouid evaluate the following for each type of facilities prior
to proposing its construction:

® What is the Initial First Cost?
o When is reinforcement of the facility likely to be required?
e What are the potential maintenance costs and problems?

o Is the potential for service disruption more likely with one type of facility
than another due to storms, dig-ups, etc.?

e [s there a governmental or company policy in place that dictates the
type of facilities that must be constructed?

These considerations apply to both primary (feeder) and secondary
{distribution) cables.

Although the engineer is responsible for making the decision on the type
of facilities to construct, there are a variety of resources that should be used to
assist in the process:

1. The Long-Range Outside Facilities Plan for a central office (CO)
usually contains an economic analysis comparing the cost of each

AT&T Outside Plant Engineering Handbook, August 1994 3-1



EXCHANGE NETWORK DESIGN
DETERMINING THE TYPE OF OUTSIDE FACILITIES DESIGN

type of facility for the main and branch primary routes. Long-range
proposals for these critical routes are often contained within the plan
and are to be implemented when reinforcement on these routes is
required.

Maintenance and trouble history for problem areas may be
documented as part of the plan or may be available from other
sources.

Governmental or company policies on the type of facilities required
in given areas are usually well documented and generally available to
the engineer.

Initial First Cost Considerations

‘The initial first cost can be defined as the cost to build the job without
considering future costs or benefits. The decision to propose one type of
facility over another is often influenced by existing conditions, primarily
because existing conditions influence initial first costs.

The initial first cost, although an important consideration because it
impacts today’s money, should not be the only consideration. Evaluation of
the remaining considerations may indicate a low initial first cost — but
excessive future costs — either due to future reinforcement requirements or
excessive maintenance costs. Consider the following:

1.

I there is an existing structure, such as a pole line, the initial first cost
of an aerial cable will be far less expensive compared to an
underground cable requiring the construction of a conduit structure.
However, consider this same situation with the following additional
information:

a. The long-range plans for the area propose the placement of
conduit and underground cable. All aerial cables and poles are to
be removed when the conduit system is built.

b. In addition to the initial first cost of the aerial cable, consideratior
must also be given to advancing the conduit structure so that the
new cable can be placed underground. This eliminates the cost of
placing a short-term aerial cable, and the associated
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rearrangements of the facilities that would be served by this cable,
in favor of advancing the conduit structure.

2. If there are both an existing pole line and an underground conduit
structure, then the initial first cost of each type of facility, although still
a factor, has less impact. Other factors become more critical, such as:

a. Is it intended to maintain both aerial and underground facilities in
the area? :

b. Is the proposed cable being placed to serve customers in the area’
of the pole line or is it for requirements further out the route? If it is
for requirements further out the route, then the underground
structure should be used, saving the remaining pole line positions
for the local distribution.

3. If there are no existing facilities in an area, then the initial first cost
along with future reinforcement requirements becomes more critical.
An area that is expected to have low growth may be more conducive
to aerial or buried facilities than an area with high growth. High-growth
areas will likely require more cable facilities to meet the demands.
These needs are best met with underground facilities where the
number of ducts in the structure has been sized to accommodate the
anticipated demand.

Future Reinforcement Requirements

Consideration must always be given to the next requirement that will
affect an area currently being evaluated for relief. A job built today must not
eliminate future alternatives; rather, it should be constructed considering the
next relief requirement. Consider the following:

1. If a pole line has been designed to have four usable pole positions for
telephone facilities, and a proposed job will use the last position, then
the engineer must consider alternatives:

a. Can the existing job be changed to accommodate the removal of
an existing aerial cable? For example: Increase the proposed
cable size to permit the removal of a smaller existing cable,
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resulting in a spare pole position available for another future aerial
cable placement.

Note: When a cable is removed specifically to recover its pole
position or the underground conduit that it occupies so that
the space is available for future use (deferring structure
reinforcement), it is referred to as “mining a cable.”

b. If it is not possible to recover a pole position, shouid the next job
be to build conduit and place underground cable?

¢. Should the next job propose buried cable?

2. Ifitis proposed to bury a cable, then consideration must' be given to:
a. How long will the facility last?
b. How many cables can ultimately be buried in the area?

c. If demand increases, how will that impact the existing buriec
facilities as well as the long-range plans for providing facilities to
the area?

d. If the right-of-way is congested, how difficult will it be to place a
conduit with the buried cable?

The point to remember when proposing any job is to consider how it
impacts the next job as well as the long-range plans for the area.

Maintenance Cost Considerations

The ongoing maintenance costs associated with a particular type of
outside facilities construction must be evaluated before deciding to continue to
reinforce with the same type of facilities. Consider the following:

1. Existing aerial cables may experience some or all of the following,
making it advantageous to consider another type of construction:

a. In heavily wooded areas, lengthy service disruptions may resu!
due to fallen trees.
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b. Excessive maintenance problems are sometimes experienced
due to squirrels or other rodents causing sheath damage or
building nests in splice cases.

c. In areas where high winds are known to be a problem, wind-
whipping of the cables causes them to wrap around themselves
resulting in mechanical damage to the cable sheath.

d. In areas where roadways exist, extensive damage to poles and
cables can result from automobile accidents.

e. In areas prone to lightning, damage to poles, cabies, and
hardware can result.

2. An area with a high water table may cause underground or buried

facilities to deteriorate at an accelerated rate. In most cases, this
problem can be alleviated through the use of filled cables or by
maintaining proper air pressure on the cables. Air pressure systems
increase maintenance costs, however, as continuous monitoring is
required to identify leaks that will cause a decrease in the air pressure
and ultimately permit water to enter the cables and splice cases.

Potential Service Disruptions

The <consideration of potential service disruptions differs from
maintenance considerations in that the former tend to be man-made versus
acts of nature. The most common service disruptions are:

1.

Dig-ups — For example, contractors working in areas without first
having existing underground or buried facilities located often dig up the
cables of other utilities. In the worst cases, the result is temporary loss
of service for the customers served by the facility. It is possible,
however, to dig up a cable and only damage the sheath of the cable or
break the duct. In these cases, permanent repairs can be made
without disrupting service. However, this type of situation causes
unscheduled repair work and time required to repair the damage.

Sheath or cable damage — This damage can result from other
construction activities, such as placing signs, posts, or fences. In these
situations, objects can be driven down into the cable, causing service
disruption and the need for repairs.
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If another buried cable is proposed in such an area, consideration should
be given to:

1. Choosing another location less susceptible to construction activity
2. Increasing the depth of the proposed buried cable

3. Placing additional buried cable markers warning individuals of the
presence of buried cable.

If it is decided to place underground or buried facilities, consideration
must be given to locating the facility in an area least likely to be subject to
potential service disruptions.

Governmental or Company Policy

There are often governmental or company policies in place that preclude
any decision that the engineer may make:

1. There may be a government or company policy dictating undergrouna
or buried facilities in certain size residential housing developments.

2. There may be requirements along certain types of roadways. Major
highways often require the construction of underground or buried
facilities for safety as well as aesthetic reasons.

Most policies that dictate type of construction are common knowledge
throughout the telephone industry. Requirements are usually well documented
and generally available to the engineer.

COPPER CABLE—PRIMARY (FEEDER) DESIGN
Basic Strategies

Spare primary facilities should be apportioned along an entire primary
route to defer cable relief as long as possible. This is accomplished by dividing
the primary route into secondary system (distribution) areas during the Long-
Range Outside Plant Planning process. Spare facilities should then be
allocated along the route based on the transmission limitations of eact
secondary system area. Relief intervals (2 to 5 years) can then be established
for various cross sections of the primary route.
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Allocated spare pairs are then committed to laterals along the route
based on identified growth. (Committed means physically spliced to a lateral
and available in the secondary system area or appears on the primary side of
a primary-secondary interface.) These pairs should always be committed in
one or more binder groups (complements). The aliocated spare pair groups
which may remain in a secondary system area after commitment for identified
growth can then be made available for future growth as required.

The methods of administering the primary facilities using paired cable are
as follows: :

Type | — Serving Area Concept (SAC) Dedicated. Primary pairs are
permanently assigned (dedicated) for primary services. All primary pairs are
committed to the interface in binder groups and are multiple-free.

Type Il — SAC Connect-Through (CT). in areas of low penetration,
sufficient nonmultipled primary pairs are committed (in binder groups) to
provide for the requirements. Jumpers are left intact when service is
disconnected, although on idie pairs the CT may be broken as required.

Type HI — Interfaced Plant with Multipled Primary Pairs. Where there
are insufficient primary pairs available for Type | or Il administration, or where
growth is subject to shifts between two contiguous serving areas, binder
groups may be muitipled between two interfaces. The number of pairs
mutltipled should not exceed 15 percent of the committed pairs. Also, binder
groups should not be multipled outside of their secondary system area.
Multipled pairs within a secondary system area must meet the transmission
criteria for the secondary system area.

These methods are covered in AT&T 915-251-200 and 815-251-300.
Sizing Guidelines

Copper primary cable is normally sized to satisfy the growth requirements
on a primary route for a period of 5 to 7 years. However, there are
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many factors to consider that may affect the cable size and the growth period
used to assist in determining cable size. For example:

1.

Economic constraints may necessitate the placement of a less than
optimum size primary cable.

2. Company policy may dictate a shorter or longer growth period.

Changes in anticipated growth patterns for an area may impact the
amount of time a cable lasts, increasing or decreasing the amount of
time the cable is able to satisfy requirements.

. The type of structure being utilized may affect the optimum size cable,
for example:

e Aerial construction — The lack of spare pole positions for

additional aerial cable placement may necessitate the placing of
a larger primary cable to avoid major rearrangements or
structure reinforcement. This type of construction does have
weight limitations, which can restrict the size or number of
cables that can be installed.

Underground construction — Larger underground primary
cables may be placed as the number of available spare ducts
decreases. This practice can defer major conduit reinforcement
for a significant period of time. Also, deployment of fiber optic
cables can defer or eliminate conduit reinforcement.

Buried construction — Larger cables may be placed to avoid
high construction costs associated with burying another cable in
the not-too-distant future.

An economic analysis of the alternatives will assist the engineer in
choosing the best solution. Good engineering judgment, however, is essential
in applying these guidelines to actual field requirements.

3-8
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COPPER CABLE—SECONDARY (DISTRIBUTION)
DESIGN

Urban and Suburban—Paired Cable
AT&T 901-350-250, 915-251-300, -301

Urban and suburban areas are divided into secondary systems during the
Long-Range Outside Plant Planning process. A secondary system is a defined
geographic area in the developed or soon-to-be-developed areas of a wire
center.

Note: In the United States, the primary (feeder) network is typically
addressed by feeder administrators and the secondary
(distribution) system is typically addressed by design
engineers in the planning stages.

A secondary system area may be one of the following:
® A serving area under the Serving Area Concept (AT&T 915-251-300)

e An interfaced area that meets the secondary system criteria given in the
following paragraph but is not administered under the SAC

® An area that meets the secondary system criteria and is administered as
Multiple Outside Plant (MOP).

Each secondary system must have the following characteristics:

® Has defined boundaries, usually corresponding with streets, property
lines, railroads, rivers and creeks, or fence lines.

e Contains a definite number of ultimate living units (or business lines)
based on the proposed land usage (not necessarily what exists today).
A typical size is from 1000 to 3000 living units.
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Note: The ultimate living unit criterion is based on typical customer
demand per unit and size of the primary side of the interface.
In areas where three and four lines per unit are common, a
lower figure may be used. Much of the existing, domestic
secondary (distribution) system design is based on
Distribution Areas (DAs) of 200 to 600 living units. The
ultimate criteria used in the design of a secondary
(distribution) system should be defined and approved by the
customer.

Ali pairs within the area will either require or not require loading.

One secondary system gauge is desirable and is the objective in
establishing the secondary system boundaries. A gauge change in the
secondary system may be an alternative in the administration and
design of the secondary cables. However, the transmission
requirements of the primary pairs should not be mixed for administrative
reasons.

All primary pairs will be interchangeable, and it must be possible to
connect them to any secondary pair without exceeding the resistance
limit for the area. However, it is recommended that the first primary pair
assigned to a living unit or business location be permanently connected
to the secondary pair permanently assigned to the customer address.

Each secondary system will have one documented design point, the
measurement from the CO to the longest ultimate loop in the area.

Each secondary system will have one point of interface between the
primary and secondary plant. During the planning process, the point
may be theoretical. However, when designing the actual secondary
system, this point must be permanently established before designing the
secondary cables within the area.
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Interfaced Cable Sizing Guidelines

Interfaced secondary cables are sized for the ‘“ultimate” pair
requirements. Accepted standards for pair allocations are as follows:

¢ Residential — two pairs per living unit.
There are occasions when fewer than or more than two pairs per living
unit are the optimum choice.

¢ Small business — five pairs per business.
When determining ultimate business lines, it is usually best to be liberal.

Good engineering judgment should be used in determining requirements.
The engineer should also have a knowledge of the land usage and the
existing pair requirements in the area to be served by the interfaced
secondary system cables. A study of the area shouid reveal:

® The number of existing living units
e The ultimate number of living units
e The ultimate business line requirements.

Using this information, the ultimate pair and binder group requirements
can be developed for each lateral. These ultimate requirements for each
lateral are then accumulated, working back toward the Serving Area Interface
(SAl). To develop interfaced secondary cable sizes, the engineer should
create a secondary system chart of the cables in the area being studied. An
example is included on the next page.
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Establish Fill Points

Notice that “Points of Fill” are refiected at specific locations along the
entire secondary system chart. The typical “Point of Fill” locations are:

(1) Field (secondary system) side of each cross-connect box
(2) Major splits or tapers of cables in the secondary system.

“Point of Fill” locations are identified by a “fill’ box. The fills are
cumulative so as 1o reflect totals (pairs or binder groups) required along the
secondary system route back to the interface.

Complete Fill Boxes

Two types of fill boxes are used on the secondary system chart. One type
labeled “New Cable" is used to calculate potential growth on new cable runs,
and the other type labeled “Existing Cable” is used to calculate potential
growth on existing cable runs. Determine the appropriate fill box to use at the
designated fill points on your chart. The following instructions show how to
populate the individual fill box requirements.

New Cable Fili Box

When developing the plan for new cable in existing plant areas, only four
entries will be completed:

(1) Cumulative ultimate living units

(2) Cumulative ultimate business lines

(3) Cumulative ultimate pairs required

(4) Cumulative ultimate binder groups required.

Note that ultimate business locations are not shown in the fill box, only
business line requirements. The block for ultimate business lines is added
only if there are business locations along the cable route involved. If the area
is made up of all residential units, the additional block would not be added.
Once the block is added, it will be carried on all fill boxes in that secondary
system path to the interface.
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The number of binder groups required for each lateral appears in the
diamond shaped box at the bottom of the "fill" box. This number is compared
to available cable sizes to determine the cable size that will accommodate the
required number of binders.

CUMULATIVE ULTIMATE
BUSINESS LINE
REQUIREMENTS

CUMULATIVE 2-YEAR
BINDER GROUP
REQUIREMENTS

(=)

10

41

O

92

&

DCA IDENTITY NUMBER

CUMULATIVE ASSIGNED LINES

CUMULATIVE EXISTING LIVING UNITS
PLUS BUSINESS LINES *

CUMULATIVE ULTIMATE LIVING UNITS

CUMULATIVE 2-YEAR PAIR
REQUIREMENTS

CUMULATIVE ULTIMATE PAIR
REQUIREMENTS

CUMULATIVE ULTIMATE 25-PAIR
BINDER GROUP REQUIREMENTS

* DOES NOT INCLUDE BUSINESS LOCATIONS

3-14
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Existing Cable Fill Box

When designing a cable job in areas involving existing plant, other entries
on the fill box are needed. Cumulative assigned pairs are developed from an
in-service count made on a terminal-by-terminal basis. A suggestion would be
to post individual terminal counts on a copy of the cable records, and then
establish boundaries around the proper groups of terminals to obtain a count
of working lines.

The entry for “cumulative existing living units plus business lines” can be
developed using the secondary system base map (existing living unit count)
and the business line data from the in-service count.

The “cumulative 2-year pair requirements” entry is developed by adding
the expected growth to the working lines. This total will provide the number of
primary (feeder) pairs and secondary (distribution) pairs required for the

* 2-year growth period.
@ DCA IDENTITY NUMBER

36 CUMULATIVE ASSIGNED LINES
31 CUMULATIVE EXISTING LIVING UNITS
PLUS BUSINESS LINES *
CUMULATIVE ULTIMATE
BUSINESS LINE 10 4 CUMULATIVE ULTIMATE LIVING UNITS
REQUIREMENTS
CUMULATIVE 2-YEAR CUMULATIVE 2-YEAR PAIR
BINDER GROUP REQUIREMENTS
REQUIREMENTS
o CUMULATIVE ULTIMATE PAIR
REQUIREMENTS

CUMULATIVE ULTIMATE 25-PAIR
BINDER GROUP REQUIREMENTS
* DOES NOT INCLUDE BUSINESS LOCATIONS

Existing Cable Fill Box
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CARRIER SERVING AREA (CSA) DESIGN
Copper Pair Secondary System Cables

The design and administration of the secondary system network, as
previously discussed, is based on twisted pair copper cable and the
associated resistance design zones as explained in Section 5
“TRANSMISSION.” Demands for sophisticated services are requiring the
outside plant network to support services ranging from low-bit rate
transmission to high-bit rates. To meet this demand, a digital subscriber
carrier is being placed into the network starting at 12,000 feet (3658 m) from
the serving CO or at 9,000 feet (2743 m) if 26-gauge (0.4 mm).

The existing outside plant network beyond 12,000 feet (3658 m) may be
divided into Carrier Serving Areas (CSAs). To meet the 64-kb/s transmission
rate, the secondary system cables within a CSA must not exceed 9,000 feet
(2743 m) in a 26-gauge (0.4 mm) design area and 12,000 feet (3658 m) in a
24/22/19-gauge (0.5/0.6/0.9 mm) area. If there is a concentration of specia'
services in the area, these limitations may have to be reduced. The carrie:
equipment is housed in a Remote Terminal (RT) with an associated interface
between the secondary system and primary network.

The preceding limitations are based on the secondary system cables not
exceeding 900 ohms. In sparsely populated areas, secondary system cables
beyond a remote terminal can be extended to 1,500 ohms by use of range
extension plug-ins at the RT. The boundaries of these areas are called
Expanded Carrier Serving Areas or ECSAs. However, as growth occurs in the
sparsely populated areas, ECSAs should be divided into CSAs.
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FIBER OPTIC CABLE DESIGN
Selecting Areas for Potential Fiber Applications

Factors that should be considered when selecting and prioritizing areas
for fiber applications include:

e Evaluating the growth on a primary route by type, amount, and location
e Evaluating the structures used to support the cables

e Considering existing maintenance conditions.

Additionally, company or government poficies may be established that will
influence the placement of fiber optic cables.

The engineer must take into account each of these factors individually
and coliectively so that the total impact is considered.

Evaluating Growth

The engineer should evaluate the growth on a primary route by location
and by type and amount. In general, any growth that will cause the engineer to
terminate a new cable at the central office (CO) should be considered for fiber
optic cable deployment.

Location: The location where the growth is occurring is an important
factor in selecting areas for fiber applications. If the growth is occurring near
the CO at a distance less than 9,000 feet (2743 m), provision of facilities using
copper will most likely be less expensive. At these short distances, copper
cables will support most special services without requiring conditioning of
individual pairs. Growth occurring further away from the CO, distances beyond
9,000 feet (2743 m), increases the possibility of conditioning being required to
support certain types of special services. Additionally, growth beyond 18,000
feet (5486 m) requires heavier gauge cables and loading when completely on
copper and also requires conditioning of copper pairs when using copper-fed
digital loop carrier systems. For these reasons, fiber optic cable should be
considered for all growth beyond 9,000 feet (2743 m).
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Type and amount: The type and amount of anticipated growth
determines the priority for considering a primary route for fiber optic cable.
The engineer must determine whether the anticipated growth will be
generated by residential or business customers and how much growth is
expected. Generally, it is more critical to provide fiber optic facilities to areas
with existing business establishments or areas where business growth is
expected. Business customers are more likely to have a greater demand for
the number of facilities as well as the special services avaitable on fiber optic
cable than are residential customers. Fiber-fed digital loop carrier systems
provide the most efficient means of meeting these demands. However, any
concentration of new growth, business or residential, beyond 9,000 feet
(2743 m) should be considered a candidate for fiber optic cable and digital
loop carrier equipment.

Evaluating Cable Support Structures

The engineer must evaluate the structures used to support the outside
plant cables and hardware when designing any new cable instailation. A
structure may not be able to support another large, heavy copper cable but
may be able to accommodate a smaller, lightweight fiber optic cable. In fact,
the small size and light weight of fiber optic cables provide a significant
advantage in all types of structures.

Underground Construction

Underground conduit structures must be evaluated based on the number
of spare ducts available for future cable placement and on manhole
congestion.

Number of spare ducts: Through the use of innerduct in underground
installations, as many as three fiber optic cables can be placed in a 4-inch
(102 mm) duct versus one copper cable. Innerduct is a flexible plastic conduit
that can be placed inside existing rigid ducts in underground conduit
structures. The use of innerduct provides protection for the cable as well as
more efficient use of the ducts available. 1t can also be used in buried
applications to provide additional sheath protection for fiber optic cable.
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Manhole congestion: The size, weight, and lack of flexibility of copper
cables and their associated large splice cases may cause manholes to
become congested. Manhole congestion affects splicing configurations, blocks
access to spare ducts, and prohibits the placement of carrier cases used in
conditioning additional copper facilities serving digital loop carrier equipment.
Manhole congestion can cause conduit structures to be reinforced even
though there may be spare ducts available. Because fiber optic cable is small
in size and lightweight, it can be pulled for longer lengths, avoiding splicing in
congested manholes.

As the fiber network continues to grow and the new growth as well as
existing service is transferred to fiber-fed digital loop carrier systems, the large
copper cables can be removed, thus providing more spare ducts and
eliminating manhole congestion. It is possible, therefore, to indefinitely defer
or eliminate underground structure reinforcement.

Aerial Construction

i the facilities are aerial, the condition of the pole line must be evaluated.
Many telephone companies have guidelines that consider four basic pole
positions for the placement of aerial telephone cables: two on the road side of
the pole and two on the field side of the pole. A pole line may be too
congested for the placement of another large copper cable, but it may be able
to support a small, lightweight fiber optic cable.

Additionally, fiber optic cabies do not require foad coils and apparatus
cases that contribute to congestion on pole iine structures.

Buried Construction

The small size and light weight of fiber optic cables also offer advantages
in buried applications. Fiber optic cables can be buried for fonger distances
without requiring splices, and they do not require apparatus cases or foad coil
cases. Buried dielectric sheathed cable can be used to eliminate potential
problems with stray current or voltage.
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Maintenance Conditions

When conditions warrant replacement of outside plant cables, either due
to old telephone plant or due to deterioration of the plant causing excessive
maintenance time, fiber optic cable should be considered. Many telephone
companies keep records of the maintenance hours spent on cables to assist
in determining when it is no longer economical to maintain a cable, but more
practical to replace it. Although maintenance is not usually the sole reason for
considering cable replacement with fiber optic cable, it is a contributing factor,

Company or Government Policy

To assist in implementing digital loop carrier systems in the subscriber
loop network, many telephone companies established policies that favored the
conditioning of copper cable pairs to serve digital loop carrier systems and
prohibited placement of heavy gauge cables and loading. Thus, the only
option for providing the facilities to areas requiring loading and heavy gauge
cables was conditioned copper serving digital loop carrier equipment.

Some telephone companies have extended this philosophy into the
implementation of the fiber network by prohibiting the conditioning of
additional copper cables to serve digital loop carrier systems. Thus, growth
occurring beyond 9,000 feet (2743 m) must be provided on fiber optic cable
serving digital loop carrier equipment.

To further assist in fiber optic cable deployment, some telephone
companies have implemented a policy of prioritizing CO areas based on
potential for requiring high-bit rate services, such as customer requests for
individual CEPT Level 1 (international) or DS1 (domestic) service. For
information on the digital hierarchy, see Page 5-2 in Section 5,
“TRANSMISSION." In CO areas where significant concentrations of business
customers exist, or where there are universities and hospitals, these
telephone companies have elected to build fiber optic cables in the major
primary cable portions of the network so that the fiber is established on the
route and ready for immediate extension to customers as requests are
received. This “fiber ready” network can be an influencing factor for majo.
businesses considering relocation to an area.
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These references are no longer sufficient methods and procedures for
designing and administering primary and secondary systems. They are
included here for reference only as a guide to the sectionalization process that
was used in much of the existing domestic local exchange network.

AT&T

901-350-200

901-350-201

901-350-250
915-251-100
915-251-200

915-251-300

915-251-301

915-710-110

915-710-111

Title

Long Range Outside Plant Planning (LROPP)
Overview

Development of the Long Range QOutside Plant
Plan (LROPP)

Detailed Distribution Area Planning (DDAP)
Serving Area Concept (SAC) Guidelines

Serving Area Concept (SAC) Primary Cable
Design

Serving Area Concept (SAC) Distribution
Area Design

Serving Area Concept (SAC) Conversion of
Existing Plant to SAC

SLC® 96 Subscriber Loop Carrier System —
Engineering and Impiementation

Fiber SLC® 96 Carrier Systems
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PRESSURIZATION
APPLICATION
RULES FOR JOINING PRESSURIZED AND NONPRESSURIZED CABLES

Section 4

PRESSURIZATION

APPLICATION

In general, pressurization is recommended for the foliowing air-core cable
plant:

e All underground cable
e Buried pulp and air-core fiber optic cable

e All buried air-core trunk/toll polyethylene-insulated conductor (PIC)
cable

¢ Buried exchange or feeder cable, 400 pairs and larger
e Aerial pulp trunk/toll cable

e Aerial pulp cable, 200 pairs and larger, or carrying critical circuits.
The pressurization of aerial PIC cable is no longer recommended.

See AT&T 930-200-010 for specific recommendations as to the proper
upkeep system to be employed.

RULES FOR JOINING PRESSURIZED AND
NONPRESSURIZED CABLES

AT&T 632-410-200

1. (f filled PIC is to be connected to pressurized cable, use a 10- or 12-
type stub (see AT&T 631-020-101).

2. Where pressurized paper- or pulp-insulated conductor cable is to be
extended with air-core PIC that is not to be pressurized, the PIC cable
must be plugged close to the splice that will join them.
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RULES FOR JOINING PRESSURIZED AND NONPRESSURIZED CABLES
SYSTEM DESIGN

3. When air pressure is fed to pulp-insulated conductor cable through

DUCTPIC® cable, moisture may collect in the pulp insulation at the
PIC-pulp junction. PIC absorbs less moisture than pulp insulation. Air
pressure flowing into the pulp cable may cause moisture in the pulp
insulation. Therefore, when splicing DUCTPIC to pulp-insulated cable,
a factory-prepared, 10-type stub should be used (see AT&T 631-020-
101). If air-core PIC cable is spliced to pulp-insulated cable and
circumstances dictate that the PIC cable must be pressurized, then
block (plug) the air-core PIC cable near the splice and install a 3/8-inch
(9.5 mm) bypass, with in-line check valve. This will prevent any
moisture in the PIC cable from backing up into the pulp-insulated cable
in case of a failure before the splice.

SYSTEM DESIGN

The chart on the next page outlines the major steps in designing a

pressure system and gives references.
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DESIGN AIR

SOURCE SPACING |

AT&T 930-210-100

Y

DESIGN PRESSURE
MONITORING
AT&T 930-210-200

PRESSURIZATION SELECTED
AS UPKEEP SYSTEM
AT&T 930-200-010

Y

CABLE PRESSURE
STANDARDS
AT&T 637-020-011 & 930-210-020

Y

TRUNK/
TOLL

EXCHANGE

DESIGN PIPE
SYSTEM

Y

DESIGN PRESSURE

Y

DESIGNC. O.
AIR SOURCE ARRANGEMENTS
AT&T 637-225-201

v

PREPARE WORK PRINTS
& PRESSURE RECORDS
AT&T 928-100-130 & 928-411-519

v

FOLLOW NORMAL PROCEDURES
FOR IMPLEMENTATION
OF PRESSURE FACILITIES

v

INSPECT JOB QUALITY
COMPARE WITH STANDARDS
ATA&T 930-210-020

MONITORING

Y

Bl

REVISE WORK
PRINTS AND
PRESSURE
RECORDS

IF NECESSARY

ROUTINE MAINTENANCE
OF PRESSURE SYSTEM
637 SERIES
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The central office portion of a typical pressure system is shown below.
The outside plant portion is shown on the next page. For details not shown

here, see AT&T 637-225-201.

TO ALARM SYSTEM
OR CPMS 1/2in. (13 mm) 0.D. COPPER TUBING
4 t ( [ ]
M CorD CorD
b AR METER METER
e DRYER PANELS PANELS
(EXCHANGE) (TRUNK/TOLL)
le— CA-3131 PIPE —»
CABLE ENTRANCE ~
FACILITY -
c
PRESSURE i MANIFOLD
PLUG [ g |
COPPER or PLASTIC
TUBING
-/
\ /
PRESSURIZED
CABLES C — c
MANIFOLD MANIFOLD
OO0Oag
PRESSURE
p,_UGS 3/8in. (10 mm) PLASTIC
\ TUBING
~ SPLICE
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The outside plant portions of typical exchange and trunk/toll pressure
systems are shown below. For details not shown here, see AT&T 637-225-
201.
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SEE AT&T 930-210-100
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PRESSURE PRESSURIZED
MONITOR CABLE

TRUNK / TOLL
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DESIGN AND MAINTENANCE STANDARDS

Recommended standards are given below. A monitoring system is
essential for maintaining these standards. The use of the Cable Pressure
Monitoring System (CPMS) on a company or area. basis should be
considered.

RECOMMENDED STANDARDS

Min. |[Max. Avg. Leak Notification Intervalt

Environment |[Cable Pres (Rate Level

Type {Psi) |(Sctd/Mi)* Transducer |Contractor

{Hrs.) (Hrs.)

Exchange 5 20% 24 24
Underground

Trunk, Toll 5 5 3 2

Exchange 3 5% 24 24
Buried

Trunk, Toll 3 2 3 2

Exchange 2 8t 24 24
Aerial

Trunk, Toll 2 5 3 2

* Standard cubic feet per day per mile.

1 The desired maximum time from alarm until maintenance personnel are
notified.

1 The leak rate is provided in AIRPAP, a computer program used to design
an exchange pressure system.
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GAS SOURCES
Commercial Air Dryers
Select commercial air dryers, using guidelines in AT&T 930-210-500.

Nitrogen Cylinders

Nitrogen cylinders are listed below.

AT&T 637-300-100

NITROGEN CYLINDERS
Dimensions
Type Gross
Capacity Length Diameter Weight
Cu ft* (Cum) | Inches {mm) | Inches (mm) Lb. (Kg)
B 24 (.68) 32 (813) 4.5 (114) 30.0 (13.6)
Commercial 112 (3.17) 44 (1118) 7.0 (178) 83.5 (37.9)
Commercial 224 (6.3) 52 (1321) 9.0 (229) 150.0 (68.0)
* At atmospheric pressure and 70° F (21° C).

Liquid Nitrogen
Where a large capacity is required, see AT&T 637-300-102.
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PRESSURE TRANSDUCERS AND CONTACTORS

The following is a list of transducers and contactors and their uses:

PRESSURE TRANSDUCERS AND CONTACTORS
' Range or
Device Type of Location Setting | Resistance | Reference
Cable (Psi) {Megohms)
C Transducer |Aerial sub- [Atornear - {0to8.0in {0.11t00.898 |636-220-110
scriber riser pole 0.5 steps
F,G,orH All under- Inmanhole ]0.109.5in {0.1t03.82 [637-222-101
Transducer *  [ground 0.5 steps
On pole or |Factory-set
wall near at3.
L Contactor Aerial sub-  distribution [Adjustable jlLow =0.27
scriber terminal from1to High = 0.54 [637-214-100
M Contactor On cable 10
In splice or
N Contactor + |All apparatus  [Factory-set 637-213-100
at 6.
All under- In manhole }Adjustable
P Contactor + |ground or or cable fromOto7 {Low=0 637-211-100
buried closure High = inf.
In T1 app. case with WP |20
R Contactor case 637-213-110
W Contactor  |In T1 app. case 20 637-213-112

* G Transducer is F Transducer with mounting for single installation.
H Transducer is F Transducer with adapter plate for use with E Pressure
Transducer System.

T Requires dedicated pair; all others bridged across working pairs.
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PRESSURIZATION
BIBLIOGRAPHY

BIBLIOGRAPHY

AT&T

637-020-011

637-020-020

637-020-200
637-025-010
637-050-100
637-050-200

637-050-300
637-200-100

637-210-100

637-210-300

637-211-100
637-213-100
637-213-110
637-214-100

637-220-100

Title
Cable Pressure Systems — Cable Pressurization
Responsibilities and Standards

Cable Pressure Systems — Pneumatic Resistance of
Cables

Cable Pressure Systems — Reinforcing Lead Sleeves

Cable Pressure Systems — Precautions

Cable Pressure Systems — Pipe Systems — General -

Cable Pressure Systems — Pipe Systems Installation
Cable Pressure Systems — Upkeep

Cable Pressure Systems — 37-Type Cable
Terminals — Description, Mounting, and Wiring
Diagrams

Cable Pressure Systems — Superseded Contactors
and Contactor-Terminals — Description

Cable Pressure Systems — Contactors and
Contactor-Terminal — Replacement of Contactor
Mechanism

P Pressure Contactor — Description and Installation
N Pressure Contactor — Description and Installation
R Pressure Contactor — Description and Use

L and M Pressure Contactors — Description and
Installation

Cable Pressure Systems — C Pressure Transducer
(AT-8311) — Description, Use, and Installation
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BIBLIOGRAPHY

ATET

637-222-101
637-222-103
637-225-050
637-225-105
637-225-201
637-225—205
637-225-215
637-235-100
637-235-201
637-241-011
637-300-100
637-300-102

637-300-102

4-10

Title

F Underground Pressure Transducer System — Use,
Description, and Installation

G Underground Pressure Transducer — Description
and Instalfation

Cable Pressure Systems — Superseded Meter
Panels

Cable Pressure Systems — Air Meter and Air Rate
Indicators — Description and Arrangements

Cable Pressure Systems — C and D Meter Panels —
Description, Use, and Installation

Cable Pressure Systems — Superseded KS-16648
Dual Pressure Kit — Description and Adjustments

Cable Pressure Monitoring System (CPMS) — B
Airflow Transducer (AT-6720)

Cable Pressure Systems — Valves, Tubings, and
Fittings — Description and Use

Flanges and Screw Plugs for Lead or Plastic
Sheathed Cable — Description and Installation

Cable Pressure Systems — Pressure Plugs —
General

Cable Pressure Systems — Nitrogen Gas
Cylinders — Description and Use

Cable Pressure Systems — Liquid Nitrogen
Cylinders — Description and Use

Addendum
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AT&T

637-301-300

637-301-301

637-302-801

637-305-303
637-400-504

637-410-011

637-410-011
637-410-504

637-416-501
637-450-011

637-450-011
637-500-014

637-500-015

637-500-502

920-400-050

Title

Continuous Feed Pressure Systems — B and C Air
Dryers — Maintenance and Replacement Parts

Continuous Feed Pressure Systems — D Air Dryer —
Maintenance and Replacement Parts

E Air Dryer — AT-8670 — Maintenance and
Replacement Parts

Cable Pressure System — Buffering

Cable Pressure Systems — Correction of Pressure
Measurements

Cable Pressure Systems — Leak Location
Procedures — General

Addendum

Cable Pressure Systems -— Gradient Method of

Approximate Leak Location
Cable Leak Location — Helium Method

Cable Pressure Systems — Construction Test —
General

Addendum

Cable Pressure Systems — Continuous Feed —
Maintenance Cable Pressurization Computer

Cable Pressure Systems — Continuous Feed —
Maintenance Contactors and Contactor Terminals —
General

Cable Pressure Systems — Continuous Feed —
Maintenance — Fault Locating

Fiber Optic Cable — Installation Planning
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AT&T Title

928-100-130 OQutside Plant Location Records — Cable Pressure
System

928-411-519  Preparation of Work Prints — Cable Pressurization

930-200-010  Cable Upkeep System Selection
930-210-020 Cable Pressure Standards
930-210-100  Design of Air Sources — Trunk and Toll Cable

930-210-200  Design of Trunk and Toll Cable Monitoring
930-210-500 Guidelines of Selecting Air Dryers
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TRANSMISSION
STANDARDS

Section 5

TRANSMISSION

STANDARDS

Multiple standards evolved over time in the digital telephone hierarchy.
The standard used in Europe is referred to as either CEPT for Conference of
European Postal and Telecommunications Administration or CCITT for
Consultative Commission on Telephone and Telegraph. North American
telephone companies use what is referred to as the North American Standard
originally established by AT&T.

Vendors have developed equipment to meet the transmission rates
specified by each standard. However, equipment manufactured by different
vendors cannot necessarily be mixed within a telecommunications network.

In 1985, Bell Communications Research, commonly referred to as
Bellcore, proposed the development of the Synchronous Optical Network
(SONET) standards to address compatibility problems. Consensus was
achieved in early 1988 on key technical issues concerning standards. These
standards address signal rates and formats, multiplexing schemes, network
element functions, synchronous network operation, and single-mode optical
interface.

Bellcore’s efforts to develop SONET standards gained international
attention, resulting in the jointly developed international SONET specification
referred to as the Synchronous Digital Hierarchy or SDH.

AT&T Outside Plant Engineering Handbook, August 1994 5-1



TRANSMISSION
STANDARDS

The foliowing table provides information on the rates used in the CEPT,
North American, and SONET standards. SONET rates are expressed as
Optical Carrier or OC. The rate for Optical Carrier-1, designated OC-1, is
51.840 megabits per second or 51.840 Mbps. The CEPT or CCITT rates are
expressed as Levels, such as CEPT Level 1, 2, and so on, based on a single-
circuit line rate of 0.064 Mbps. The North American Standard rates are
referred to as Digital Signal (DS), such as DS1, DS2, and so on, also based
on the single-circuit line rate of 0.064 Mbps. These rates are not integral
multiples of lower rates because at each level, bits are added to facilitate
muitiplexing and other functions, such as signaling.

DIGITAL HIERARCHY CHART

SONET

Rate Line Rate Voice

CEPT or CCITT

Rate Line Rate Voice

North American

Rate Line Rate Voice

Name (Mbps) Circuits| Name (Mbps) Circuits] Name (Mbps) Circuits
Single
Circuit 0.064 1 DSO 0.064 1
Ds1 1.544 24
Level 1 2.048 30
' DSs2 6.312 96
Level2  8.448 120
Level 3 34.304 480
DS3 44.736 672
0C-1 51.840 672
DS3C 90 1,344
Level 4 139.264 1,920 [DS4NA 139.264 1,920
0OC-3 155520 2,016
DS4 274 4,032
0OC-9 466.560 6,048
None 560 8,064
Level 5 565.148 7,680
0C-12 622080 8,064
OC-18 933.120 12,096
0C-24 1244.160 16,128
0OC-36 1866.240 24,192
0C-48 2488.320 32,256
5-2
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TRANSMISSION
RESISTANCE DESIGN

RESISTANCE DESIGN
AT&T 901-350-202, 902-115-100, -101

Resistance design is predicated upon controlling transmission losses by
limiting the maximum conductor loop resistance. This design is used with the
traditional twisted-pair copper cable. The demand for high-speed transmission
rates has changed the guidelines for designing outside plant. To meet these
demands, the outside plant network is being conditioned by the use of digital
subscriber carrier systems. These systems are being served via eithera T1 or
E1 carrier with repeaters or fiber optic cable.

Because of these factors and for planning purposes, it is recommended
that the point where resistance design shouid stop and subscriber carrier or
long-route design should begin is at 12,000 feet (3658 m) from the central
office. Under this premise, resistance design rules are as follows:

1. Maximum conductor loop resistance of 1500 ohms without loop
electronics (central office range permitting).

2. Load all loops over 18,000 feet (5486 m), which includes bridged tap.
3. Limit bridged tap on nonloaded foops to 6,000 feet (1829 m) or less.

4. Limit end section plus bridged tap on loaded loops to 12,000 feet
(3658 m) or less. Business loop end sections are limited to 9,000 feet
(2743 m) with no bridged tap.

Design load spacing deviations normally within £120 feet (37 m).
No bridged tap between load points.

N o o

No loaded bridged taps.

8. No stations (Customer Services) are allowed between load points.

These rules are iliustrated on the next page.
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RESISTANCE DESIGN

CENTRAL TAP

OFF ICE -&‘

NONLOADED £.OOP

NO STATIONS
OR BRIDGE

TAP ——Bl |‘=‘—— BRTIE,G .

: l BRIDGE
CENTRAL END TAP
OFFICE LOAD SECTION 4ﬁ\
coILS = i3

L.OADED L.OOP

lilustration of Bridge Tap and End Section
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RESISTANCE DESIGN

Loading Rules

Loading Rules

Load coil inductance
Load spacing
Load spacing deviation

Central office end section
(including office wiring)

Sum of customer end section
and bridge tap (residential)

Sum of customer end section
and bridge tap (business)

Loaded bridge tap
Bridge tap between load coils

Stations between load points

- Cable Gauge Selection

88 mH
6,000 ft (1829 m) nominal
+120 ft (37 m)

equivalent in capacitance
to 3,000 ft (914 m) of cable

3,000 to 12,000 ft (914 to 3658 m)

3,000 to 9,000 ft (914 to 2743 m)

none permitted
none permitted

none permitted

Cable gauge can be selected by using the resistance design charts on
the next two pages.

AT&T Outside Pfant Engineering Handbook, August 1994
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RESISTANCE DESIGN

THEORETICAL
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TRANSMISSION
RESISTANCE DESIGN

Loops up to 15,500 ft (4724 m) can be served by 26-gauge (0.4 mm)
cable. Loops over that length require either a 2-gauge design or a single-
coarser gauge. The most economical 2-gauge design may also be determined
using the following values. .

2-GAUGE DESIGN FORMULAS
Loop Length Gauges Length of Coarser
=L ft.(m) Used * Gauge ft. [m]

15,500 to 18,000 26 and 24 nonloaded | 2.66 x (L — 15,600)
(4,724 to 5,486) 2.66 x (L — [4,755])
18,000 to 24,500 26 and 24 loaded 2.7 x (L — 15,400)
(5,486 to 7,468) 2.7 x (L - [4,694))
24,500 to 38,000 24 and 22 loaded 2.8 x (L — 24,500)
(7,468 to 11,582) 2.8 x (L~ [7,468])
38,000 to 73,000 22 and 19 loaded 2.1 x (L — 38,000)
(11,582 to 22,250) 2.1 x (L-[11,582])
* Metric equivalent for wire gauges: 19 ga. = 0.9 mm,
22 ga. = 0.6 mm, 24 ga. = 0.5 mm, and 26 ga. = 0.4 mm.

Example: A 20,000-foot loop requires a 2-gauge design of 24- and 26-gauge
(0.5 and 0.4 mm) loaded cable consisting of (from the third line in the table
above):

2.7 x (20,000 ~ 15,400) = 2.7 x 4,600 = 12,420 ft. of 24-gauge (0.5 mm)
cable.

The remainder of the loop consists of:
20,000 - 12,420 = 7,580 ft. of 26-gauge (0.4 mm) cable
with the 26-gauge (0.4 mm) cable closer to the central office.

In an actual design, constraints such as existing cable or the location of
possible gauge change points may require deviation from the above
theoretical design. If so, any deviation must increase the amount of
coarser gauge cable used.
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COIN LINES

COIN LINES
AT&T 332-211-100, 506-900-503

Transmission, coin control, and supervision and signaling requirements
impose the following limits on coin lines.

Transmission

Loops over 1600 ohms require an E6 repeater.

Coin Control
e Maximum ground resistance: 50 ohms.
o Maximum DC earth potential: +3 volts.

e Maximum loop resistance as foliows:

Maximum Loop Resistance

(Ohms)
Minimum
Type of Coin | Multislot Sets | Single-Slot Sets
Central Office Voltage With: With:
{Volts)

48-mA[41-mA} 48-mA |41-mA
Relay | Relay ( Relay | Relay
Step-by-Step and Panel 100 1500 | 2200 | 1400 | 1900
No. 1 Crossbar 115 2100 | 3000 | 2000 |2700

No. 5 Crossbar and ESS™| 125 | 2500 | 3400 | 2400 | 3100
Switching Equipment
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Supervision and Signaling

Maximum Loop

Type of Central Office Resistance
(Ohms)
Step-by-Step 1050
Panel 885
No. 1 Crossbar 1200
No. 5 Crossbar and ESS 1300
Switching Equipment
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TRANSMISSION IMPROVEMENT AND RANGE EXTENSION DEVICES

TRANSMISSION IMPROVEMENT AND RANGE
EXTENSION DEVICES

Standard devices for transmission improvement and range extension are
listed below and on the following page.

PASSIVE TRANSMISSION ENHANCEMENT DEVICES

Device Description Reference
Load Coil Series inductance inserted in Section 16 of this
loop to counteract the effect handbook,
of distributed capacitance AT&T 643-020-011,
and thereby to reduce trans- AT&T 643-200-101
mission loss over the voice-
frequency band
Inductor Saturable reactor inserted in Section 16 of this
(Bridge Lifter) loop at bridging point to mini- handbook,

mize transmission loss caused
by bridge tap

AT&T 902-815-150,
AT&T 902-815-151

4B11F Protector

Solid-state bridge lifter com-

AT&T 902-815-153,

Unit-Type bined with 4B-type pro- AT&T 201-200-050
Bridge Lifter tector unit
ACTIVE GAIN DEVICES
Device Description Reference

E6 Repeater

Two-wire adjustable-gain
voice-frequency repeater for
central office or remote
installation

AT&T 332-206-120,
AT&T 852-305-22Z

AT&T OQutside Plant Engineering Handbook, August 1994
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TRANSMISSION IMPROVEMENT AND RANGE EXTENSION DEVICES

RINGER COUPLING DEVICES

Device Description ATA&T
Reference*
426A Gas Tube |Three-element gas tube used in station 500-112-100
sets with grounded ringers to improve line
balance and mitigate inductive interference
425A Gas Tube |Four-element gas tube used when the 500-112-100
induced voltage exceeds the capability
of the 462A gas tube
426N Diode Used in place of 426A gas tube in 500-112-100
PRINCESS® and TRIMLINE® telephones
in 4-party, fully-selective and
8-party, semi-selective ringing service
D180489 Kit Resistor-inductor circuit used to provide 501-376-100
of Parts balanced path-to-ground for tip-party

identification in severe
noise environment

D180036 Ringer
Isolator Kit

Solid-state circuit used in place of gas tubes [501-375-100
when central office ringing
voltage is not compatible with gas tubes

28A Isclator -

Solid-state replacement for any of the above |501-375-101
devices to provide increased ringing range
and ringer isolation for all grounded ringers.
Only one 28A is required per

main station.

603A Ringing
Extender

Solid-state device with switch that provides [501-380-102
a low impedance path to ground during
ringing. For use on long loop individual lines
over 1300 ohms with bridged ringers that
require increased ringer capability.

*See AT&T 500-114-100 for limitations on number of ringers and
AT&T 873-505-109 for ringer isolation.

5-12
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ELECTRICAL CHARACTERISTICS OF CABLES (METALLIC)

ELECTRICAL CHARACTERISTICS OF CABLES
(METALLIC)

Loop Resistance

LOOP RESISTANCE

Loop Resistance
Gauge and Material {Ohms/kft at 68°F (20°C)*
16 ga. (1.3 mm) Copper 8.0
19 ga. (0.9 mm) Copper 16.3
22 ga. (0.6 mm) Copper 32.8
17 ga. (1.1 mm) Aluminum 16.5
20 ga. (0.8 mm) Aluminum 33.0
24 ga. (0.5 mm) Copper 51.9
25 ga. (0.45 mm) Copper 65.5
26 ga. (0.4 mm) Copper 83.3

* For resistance at a temperature (T) other than
68°F (20°C), use the following formula;

RT = R68" + 0.0022 (T — 68" )R68’

Attenuation
AT&T 855-351-101, 902-216-110

The values listed on the next page are engineering losses for T1 carrier
systems. T1 carrier is engineered on the basis of 772-kHz attenuation at the
maximum anticipated temperature.
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ELECTRICAL CHARACTERISTICS OF CABLES (METALLIC)

ATTENUATION OF CABLES
772 kHz
c* - dBfkft
Cable (nFt/ - k$
Mile) | 55°F (13°C) | 100°F (38°C) | 140°F (60°C)
Pulp and Paper
19 ADB 83 39 4.1 4.2 §
ANB,DNB,GNB,TB 66 3.0 3.1 3.2 0.025
BNB,CNB,ENB,FNB 84 38 3.9 4.0 0.028
22 ADA,BDA,CDA 83 52 54 5.5 §
ANA,NA 73 4.6 4.8 4.9 0.040
CSA,DSAESA 82 5.1 53 5.5 0.047
24 ADM,CDM 83 6.3 6.6 6.7 §
ASM,BSM,CSM,ESM 72 5.8 6.1 6.3 0.057
DSM,FSM 84 6.8 7.1 74 0.066
26 ADT.CDT 83 7.8 8.1 8.3 §
BST 79 77 8.1 85 0.093
AST,CST 69 6.8 7.15 75 0.081
DST 83 82 8.6 9.0 0.096
Air-Core PIC
19 BHB,CHB 83 33 3.5 3.6 0.034
22 BHA,CHA,DHA KHA 83 46 4.8 5.0 0.045
24 BKM,DKM 83 58 6.05 6.3 0.055
25 (MAT Cable Type) 64 5.1 5.3 5.6 0.055
26 BKT,DKT,DCT 83 7.3 7.6 7.9 0.068
Filled Solid PIC
19 AJB 83 29 3.0 3.1 0.020
22 AJABJA,CJADHA 83 40 42 43 0.035
24 AJM,DKM 83 5.0 52 54 0.048
26 AJT,DKT 83 6.3 6.6 6.9 0.065
Filled DEPIC
19 ALB 83 3.2 3.3 3.4 0.027
22 ALA 83 44 4.6 4.7 0.040
24 ALM 83 5.5 5.7 5.9 0.052
26 ALT 83 6.9 7.2 7.5 0.067
17 ALC 83 3.2 34 3.5 0.034
20 ALD 83 4.4 4.6 4.8 0.043
* C = capacitance
t nF = nanofarad
$ K = temperature coefficient (dB/kft/10°F)
§ Temperature coefficient varies. Interpolate for lemperatures not given.

5-14 AT&T Outside Plant Engineering Handbook, August 1994



TRANSMISSIOI
ELECTRICAL CHARACTERISTICS OF CABLES (METALLIC

Sheath and Shield Resistance
AT&T 626-020-00°

The resistances of sheaths and steel and aluminum shields are show
below for a temperature of 68°F (20°C). For any other temperature (T), use th
formula:

Ry=Rgg{1 *+ .0023 (T-£8)]
2.0

A

o o
N @
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SHIELD RESISTANCE AT E8°F (OHMS PER 1000 FEET)

D.\
0.4 SON. .
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0.3 -
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0.2
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0.4 0.8 0.8 1.0 1.5 2 3
CABLE OUTSIDE DIAMETER (INCHES)
FORMER ALPETH @ KOT INCLUDING INNER
{WITH UNCORRUGATED SHIELD) ALUNINUM MOISTURE
STALPETH, PASP, ASP, ARPASP* e s 0o e s BARRIER
ALPETH, PAP, ARPAP® cow —m = o v mmn
LEAD SHEATH
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NOISE

NOISE

Induction from power lines may cause noise in customer loops. External
magnetic fields, such as those of nearby power conductors, induce voltages in
telephone loops. The voltages induced on the tip and ring conductors are
nearly equal; however, imbalances in central office equipment, the line facility,
and the station equipment will result in a slight voltage difference between tip
and ring. This voltage difference causes noise currents to flow in the loop, and
transmission is impaired if the currents contain power-frequency harmonies.

Shielding

Shielding can reduce noise induction currents in telephone loops. The
shield conductor is usually part of the cable sheath, but it can also be a
separate wire parallel to the telephone conductor. Current |_ in the power

p
conductor induces a voltage in the shield, which, in turn, causes a current I to
flow in the direction opposite to the flow in the power conductor. These fwo
currents induce opposing voltages in the telephone loop.
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FIBER OPTIC DESIGN

If the opposing voltages were equal, shielding would be perfect. In
practice, shielding is most effective when the total resistance of the shield
circuit (shield resistance and resistance to ground) is as small as possible. It
is important to ensure and maintain cable-sheath continuity and low
resistance to ground.

FIBER OPTIC DESIGN
Loss Calculation Worksheet

The following instructions describe how to fill out and use the “Loss
Calculation Worksheet for Singlemode Fiber.” A worksheet is shown after the
instructions with the corresponding numbers. A blank loss calculation
worksheet is provided on Page 5-22 for personal use.

@ Enter the name of the Engineer.

SYSTEM DATA:

Enter the location where the equipment originates. This is normally
the Central Office; however, it can be a fiber hub or a regenerator site.

Enter the location where the equipment terminates,
normally the remote equipment carrier site.

Enter the cable number.

Enter the span length in kilometers. This is the distance
between the originating location and the termination location.

Enter the span length in miles. (Optional.)
Enter the manufacturer's name of the muitiplexer used.

Enter the transmission rate (bit rate) of the muitiplexer.

CNCONCACONCONCNONC,

Enter the wavelength of the muitiplexer.
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FIBER OPTIC DESIGN

Loss Calculation

1.

5-18

Enter the system gain. This information is available from the
multiplexer manufacturer. The system gain is loss allocated to the
fiber cable and splices. Some equipment manufacturers give a
transmitter output level and a receiver sensitivity instead of a system
gain. The system gain can be calculated by subtracting the receiver
sensitivity from the transmitter output level.

Enter the system margin. The loss, typically 3 dB, is to allow for
equipment degradation due to aging over the life of the system.
Consult the manufacturer’s specifications for this number.

Enter an engineering allowance if appropriate. This allowance may be
for future technology such as Wave Division Multiplexing or other
engineering considerations.

Enter the wavelength variation. This item adds an additional loss to
compensate for variations in the laser's wavelength over the length o
the fiber. To determine this loss, enter the fiber length in kilometers
and muitiply it by 0.1,

Enter the connector loss for the ST® type connectors. If ST
connectors are used at the multiplexer and the fiber distribution shelf,
enter the number of connections made and multiply them by 0.5. The
number of connections is normally four, two at the Central Office and
two at the remote carrier equipment enclosure. However, in a patch
panel arrangement where fibers are extended to other locations, more
connections will be made and must be accounted for.

a. Enter the connector loss for the SC connectors. if SC
connectors are used at the multiplexer and the fiber distribution
shelf, enter the number of connections made and muitiply them
by 1. The number of connections is normally four, two at the
Central Office and two at the remote carrier equipment
enclosure. However, in a patch panel arrangement where
fibers are extended to other locations, more connections will be
made and must be accounted for.
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6. Enter the loss for the planned splices. The planned splices are the
total of all of the splices from the placing drawings. This includes the
splices made at the fiber distribution shelf to join the fiber cable to the
pigtail. Multiply the total planned splices by 0.2 (the average loss per
splice) to calculate the total loss.

7. Enter the loss allocated for maintenance splices. The number of
maintenance splices allocated is generally a local decision based on a
history of maintenance problems. If no local policy exists, then one
maintenance splice per kilometer can be used. To calculate the loss
for maintenance splices, multiply the length of the fiber cable in
kilometers by 1 (the number of splices per kilometer) by 0.2 (the loss
per splice).

8. Enter the maximum fiber loss. The maximum fiber loss is the loss
available for the fiber cable after the calculated loss for all other items
has been subtracted from the system gain. Add items 2 through 7 and
subtract the answer from Item 1.

9. Enter the span length, in kilometers, from the cable placing prints.

10. Enter the maximum loss per span. This is the calculated loss in dB/km
for the fiber cable derived by dividing the maximum fiber loss (Number
8) by the span length (Number 9). This answer, expressed in decibels
per kilometer, is used to select the fiber cable with the proper loss.
The cable loss must fall at or below this figure.

11. This calculation can be used to determine the remaining loss available
after the fiber cable loss has been chosen. In the calculation, Number
8 is multiplied by 0.35. This number (0.35) represents the loss for the
selected fiber cable. If another fiber cable loss is chosen, such as a
0.4, then this number should be changed to reflect the one selected.

Dispersion Calculation

12. Enter the source spectral line width, in root mean square (RMS), of the
transmitter as stated by the multiplexer manufacturer for the specified
wavelength.
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13.

14.

15.

5-20

Enter the chromatic dispersion of the fiber. This information is
available from the fiber cable manufacturer and is expressed in
picoseconds (ps) per nanometer (nm)—kilometer (km).

The end-to-end root mean square (RMS) pulse broadening is the total
span length (Number 9) multiplied by the RMS source spectral line
width (Number 12) multiplied by the chromatic dispersion of the fiber
(Number 13) and the result divided by 1000.

Enter the maximum allowable RMS pulse broadening in nanoseconds
(ns) as stated by the multiplexer manufacturer. This number must
always be greater than the end-to-end RMS pulse broadening as
calculated in Number 14 above.
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SINGLE MODE CABLE

LOSS CALCULATION WORKSHEET

ENGINEER 1 DATE
SYSTEM DATA ' _
Originating Location ____2______ Termination Location ___3__
Cable Number___4_ Span Length: Kilometers 5 Miies i
Equipment Type ___7_ Transmission Rate _8_ Wave Length __9_
LOSS CALCULATION
1. Syster Gain __.gB
2. System Margin .. .aB
3. Engineering Allowance {5 to 7dB) _ . dB
4.  Wavelength Variation (km) ___X 0.1 _dB
5. Connector Loss (ST) __X1.0 &8
(8C) __X1.0 4B
6.  Planned Splices (n __Xxo02 I
7. Repair Splices (km) X 0.2 e .. _.0B
8. Maximum Fiber Loss 1 - (2+3+44546+7) _ __...dB
9. SpanLlength .. km
10. MaximumbLossPerSpan 8 = 9 o_ . dB/km

11, To determine the loss available for additional splices at critical focations
or patch panels substitute in the formula, assuming 0.35 dB/km cable

8 _ -8 X035 - 10 ) = ..

DISPERSION CALCULATION (Systems operating above 500 Mb/s)

12.  Source spectral line width (RMS) ... _nm
13.  Chromatic Dispersion of fiber . _ps/nm-km
14.  End to End RMS pulse broadening

—_ @kmX___(12)X__(13) - 1000= ns
15, Maximum allowabie RMS pulse broadening _ns
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5-22

ENGINEER

SYSTEM DATA

Originating L ion Termination Location -
Cable Number_______ Span Length: Kilometers Miles ______
Equipment Type ____ Transmission Rate Wave Length ___
LOSS CALCULATION
1. System Gain ... .UB
2. System Margin e ..._.._ @B
3. Engineering Allowance (5 to 7d8) Y ¢ -
4. Wavelength Variation (km) ___ X 0.1 e.____4aB
5.  Connector Loss (ST) ___X1.0 [ : 1
(SC) _X1.0 -4
6.  Planned Splices n ___Xo02 . GB
7. Repair Splices (km) X002 _dB
8. Maximum Fiber Loss 1 - (2+3+4+5+6+7) . ._._ . g8
9. SpanLlength e e km
10. Maximum Loss PerSpan 8 =~ 9 ... dBfkm
11. To determine the loss available for additional splices at critical locations

DISPERSION CALCULATION (Systems operating above 500 Mb/s)
12.

13.
14.

15.

SINGLE MODE CABLE
LOSS CALCULATION WORKSHEET

DATE

or patch panels substitute in the formula, assuming 0.35 dB/km cable
_-t8_  _ X035 - 10 ) =~ dB

Source spectral line width (RMS) . nm
Chromatic Dispersion of fiber _ __ps/inm-km
End to End RMS puise broadening

Manximum aftowable RMS pulse broadening

(9) km X (12)x (13) — 1000= Cms

. ns
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TRANSMISSION ON DIGITAL LOOP CARRIER (DLC)
SYSTEMS

Transmission on Digital Loop Cattier (DLC) systems is covered in Section
13, "DIGITAL LOOP CARRIER SYSTEMS."
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BIBLIOGRAPHY

AT&T

332-206-100
332-210-102
500-112-100
500-114-100
501-320-100
501-375-100
501-375-101
501-376-100
501-380-102
506-900-503
626-020-007
626-XXX-XXX
643-XXX-XXX
801-405-152
855-351-101

8565-355-101

873-800-178

902-115-101

Title

E6 Repeater

8A Coin Range Extender

Reference — Inductive Noise

Ringing Limitations

Electron Tubes 425A and 426A
Ringer Isolator (D180036 Kit of Parts)
28A Ringer Isolator

D18049 Kit of Parts

603A Ringing Extender

Coin Telephone Maintenance Check
Resistance of Cable Shields and Sheaths
Cable, Description and Use

Load Coil Cases

E6 Telephone Repeaters

Transmission and Qutside Plant Design
Features — T1

T1 Digital Line Transmission and Outside
Plant Design Procedures

Fundamental Frequency Electromagnetic
Shielding

Application of Resistance Design
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AT&T

902-815-150
902-815-151
902-815-153

915-710-110

Manual
201-200-050

Training

OE 1800
OE 1908

Title

Bridge Lifters — Characteristics and
Operation

Bridge Lifters — 1574-Type Inductors

4A11C Protector Unit Type — Mini-Bridge
Lifter

SLC 96® Subscriber Loop Carrier System

Distributing Frame Systems Products Manual

Basic Outside Plant Engineering

Outside Plant Fiber Optic Engineering

Refer to the following divisions for transmission topics not included in this

handbook:
Division
103

300

301
302
304

Title

Transmission Test Equipment

Transmission Systems and Testing —
Cross-Reference Lists

Transmission Performance Measurement Plans
Transmission Test Line Directories

Transmission Data
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Division Title

309 Switched Services Networks

310 Nonswitched Special Services Systems

31 Switched Special Services Systems

312 Private Line Data Systems and Services

314 Digital and Analog Data Transmission Systems

318 Television Systems

320 Program Transmission Systems and Services

330 Cable and Open-Wire Testing and Trouble
Location Methods

331 Transmission and Noise Testing, Central Office
PBX Customer Lines and Equipment

333 Overall Signaling Arrangements and Testing

354 Frequency Generating Systems

355 K Carrier

356 J, K, and L Multiplex Terminals

357 Wire Entrance Links and Broadband Entrance
Links and Interconnection

358 L1 Carrier

359 L3 and L4 Carrier

360 Maintenance Center Tests — L Carrier

361 Service Center Tests — N, O, and ON Carrier

362 N, O, and ON Carrier and Associated Equipment
Components

363 Subscriber Pair Gain Systems
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Division
365
371
851
852
853
854
855
857
859
870
873
874
876
877
880
886

Title

Digital Transmission Systems
Broadband Restoration

Special Services

Exchange Area Transmission

Toll Transmission

Telephone Repeaters

Carrier Engineering

Program and Television Engineering
Signal Transmission

Noise Engineering

Inductive Coordination

Supply Systems Data

Protection Practices

Corrosion Practices

Data Communications Engineering

Digital Data Systems
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ELECTRICAL PROTECTION
GENERAL

Section 6

ELECTRICAL PROTECTION

GENERAL

Electrical protection refers to methods and devices used to control or
mitigate potentials and currents of magnitudes that could possibly constitute a
hazard to people, property, and telecommunications equipment. The source of
these abnormal potentials and currents is extraneous to the
telecommunications system and is frequently referred to as "foreign
potentials.” The purpose of electrical protection is twofold:

1. To minimize, as far as practical, electrical hazards to
telecommunication system users and to protect those who are
engaged in construction, operation, and maintenance of the system.

2. To reduce, as far as practical, electrical damage to a'erial, buried, or
underground equipment and plant, central office equipment, and to
buildings or structures associated with such plant.

Where telecommunication system user and plant personnel are
concerned, safety from shock hazard is the prime consideration when
providing protection.

This section describes devices and methods that must be applied to
control or mitigate foreign potentials. These are minimum measures that must
be applied. There are situations where special protection is required as shown
on Page 6-3.

in 1985, AT&T made available a single-volume reference book titled
"TELECOMMUNICATION ELECTRICAL PROTECTION." This comprehensive
resource emphasizes functional and practical application of electrical
protection. #t is available by contacting your AT&T Commercial Sales
Representative or through the AT&T Customer Information Center (under
select code 350-060).
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Determining Exposure to Foreign Potentials
AT&T 918-216-100

Outside plant may be subject to the following sources of foreign
potentials, either singly or in combination: lightning, power contacts, powei
induction, and ground potential rise. The terms exposed and unexposed are
used to define the plant with respect to its vulnerability to these sources of
current and voltage. Outside plant that is subject to electrical disturbances
from any of these sources is exposed. Plant not subject to their effects is
unexposed. A station or central office is exposed or unexposed according to
the classification of the outside plant which serves it.

Exposure to Lightning

Lightning strokes are a very common source of hazardous foreign
potentials. Plant is always classified as exposed to lightning except when
located:

® In areas having 5 or fewer thunderstorm days per year and where the
ground resistivity is less than 100 meter-ohms. Such areas are found
only along the Pacific coast.

® [n metropolitan areas where buildings are close and sufficiently high
(relative to the telephone plant) to provide cone-of-protection shielding
and where extensive underground metallic piping systems exist to
dissipate large currents.

Power Contacts

Since power and telephone companies serve the same customers, their
outside plant facilities are necessarily located close together. Aerial or buried
plant that is subject to possible contact by power conductors operating al
more than 300 volts (rms) to ground is considered to be exposed to power
contacts. All primary power systems operate at more than this voltage, while
most secondaries operate at lower voltages.
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Power Induction

Disturbances from magnetic power induction can occur wherever
telephone and power lines run parallel for long distances. Plant subject to
power induction of more than 300 volts (rms) to ground is considered to be
exposed. Although lower voltages may exist as a result of unbalanced power
line operation, induced voltages exceeding 300 volts (rms) to ground are most
likely to be caused by power line faults.

Ground Potential Rise

Plant subject to a ground potential rise of more than 300 volts (rms) to
ground is considered to be exposed. The danger of a ground potential rise is
greatest in the vicinity of a power generating station or a substation. Ground
potential rises can develop between the power station ground and remote
grounds from a fault anywhere in the power network, and the situation may
persist until the fault is cleared. See box on this page.

Unexposed Plant

Where none of the above conditions for exposed plant exist, the plant is
considered unexposed.

IMPORTANT
SPECIAL PROTECTION IN THE VICINITY OF POWER STATIONS

The plant serving power generating stations, substations, and
switchyards requires special protection methods. The hostile electrical
environment during power fault conditions often requires that special
protection measures be applied at the power station, a remote drainage
location, and the central office. In addition, special protection may be
required to prevent damage to cables in close proximity to the power
station. Unless the measures outlined in AT&T 876-310-100 are
applied, service interruptions, plant damage, and personnel hazards
may result. Non-dielectric fiber optic cables have the same problems
that metallic cables have to dissipate foreign potentials.
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Electrical Protection Devices
AT&T 201-200-050, 918-216-100

Electrical protection is accomplished by bonding, grounding, shielding,
and other appropriate construction methods and also by the use of protection
devices. The types of protection devices used are:

® Air gap discharge protectors

e Qas tube protectors

¢ Solid-state protectors

® Surge arresters

e Current-interrupting (fusing) devices

® Varistors (nonlinear resistors and semiconductor diodes)
e |solating transformers

o Neutralizing transformers

e Mutual drainage reactors

e High-voltage repeaters.
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CENTRAL OFFICE PROTECTION
AT&T 201-200-050, 918-216-100

All exposed interoffice and subscriber cables require protection at the
central office. It is advisable to also provide protective devices on unexposed
subscriber cables, both for administrative reasons and possible
rearrangements causing cables to be exposed.

Fuse Cables
AT&T 918-216-100

Fuse cables are recommended in some situations in the outside plant
network. They are short sections of finer gauge cable than normally required
for transmission purposes. In the event of prolonged current flows caused by
foreign potentials (such as power contacts), the fuse cable will burn open,
protecting terminating equipment or wiring from dangerous overheating. The
application of fuse cables is shown on Page 6-6.

If a central office entrance cable that is exposed to power has 24- or 26-
gauge copper conductors, no fuse cable is necessary provided that the
conductors of the connector stubs (tip cable) are at least two gauges coarser
than those of the entrance cable. Where the length of fine-gauge cable must
be minimized for transmission reasons, a minimum of 2 feet (610 mm) of fine-
gauge cable may be placed.
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GAUBE OF GAUGE OF GAUGE OF TIP
UG CABLE IS | FUSE CABLE | CABLE MUST BE
18 Ok 22 24 22
18 0% 2 2 2008 2
POMER LINE EXCEEDING 300 V(RWS) TD GROUND IN
2 Nowe 22 JOINT USE MITH OR CROSSING TELECOMMUNICATIONS
2t 26 24 _LINE. (A TYPICAL EXPOSURE SITUATION)
% onE 24 M 2 n | o
NOTES 1, 2 AND 4 o) DEAD
| Enp
EXPOSED AERIAL OR BLOCK CABLE
OR BURIED RANDOM CONSTRUCTION
NOMMULTIPLED
(NDTE 3)  yNEXPOSED PAIR COMPLEMENTS
PROTECTION ggs:umb
REQUIRED AT ¥
SNITCHING PROTECT AT ALL
CEWTER (S€E EXPOSED f CUSTOMER TERRINALS
PAIRS
BOTE 21 EXPOSED
PAIRS
PROTECT AT
SNITCHING CUSTOMER TERWINAL
CENTERS FOR PROTECTION NOT
miustaatzve | ] | n€xPosso /  requmen
REASONS UNEXPOSED
- PAIRS
nTES:
1. THE FUSE CABLE IN THIS CASE MAY SERVE 3 PURPOSES: 2. THE GAUGE OF THE SWITCHING CENTER TIP OR
(A) PROVIDES THE REQUIRED FUSE LINK FOR THE MAIN TERMINATING CABLE MUST BE AT LEAST THO SAUGE
FRANE TERNINATING {TIP) CABLE. SIZES LARGER YHAN ANY FINE-GAUGE CONDUCTORS
() TSOLATES EXPOSED AERIAL COWPLENENT FRON USED A5 FUSE CABLE.
UNEXPOSED UNDERSROUMD COMPLEMERT. 3. FOR LIGHTNING PROTECTION COMSIDERATION.

(C) PROVIDES REQUIRED FUSE LIMK BETWEEN THE POVER 4. FUSE CABLE DOES NOT PROVIDE LIGHTNING PROVECTION.
EXPOSURE ANG CUSTOMER TERWINALS SERVED FRON
UNDERGROUNMD COMPLEMENT MHICH ARE MULTIPLED
WITH EXPOSED PAIRS.

Cables Containing Exposed and Unexposed Cable Pairs
Fuse Cable Application
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Cable Terminating Apparatus
AT&T 636-3XX-XXX Series,
640-250-246, 916-559-770, 918-216-100
201-200-050
Connectors

AT&T offers a complete line of central office connectors for terminating
and protecting outside plant cables. The connectors available include units
with cross-connect terminal fields such as the 307D, 311, 310, 310M, 309,
and 303 types and also connectors without cross-connect terminal fields such
as the 307C, 308, 302, and 195 types. The connectors use the 3-, 4-, 5-, or 7-
type protector units (ordered separately) to provide electrical protection. Some
of these connectors may also be used for bulk protection at customer

locations. The table on the next page lists the AT&T connectors and the frame
types they fit.
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CONNECTOR SELECTION GUIDE
Cosmic®
Frames Protector Frames
Arranged
Double- |Low-Profile | Conventional | for Protector
Connector (I, 1A, Sided |Double- Distributing |Units
Type Mini  |Modular | Modular Sided Frames Type
311 X 3,47
310, 310M X 3,47
309 X X 3,4, 7
308 X* X* 3,4,5.7
307 X 3,4,7
305t X 3,4.5.7
303 X 3,.4,5,7
302 X X X 3.4.5.7
ULt 310 X X 3,4,5,7
310M, 311
UL 307 X 3,4,5.7
REA 310 X 3,4,5,7
310M, 311
301t X X None
3001 X X 1A, 1B
444C+ ) X X None
Equipped
C50/C521 X X with coils
) ) and blocks
Note: The 195 protector is mounted on the extra-large
building entrance terminal (XLBET) or also on walls
and backboards.
*  High density
T  Discontinued Availability
1 Registered trademark of UNDERWRITERS LABORATORIES, INC.
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Most connectors (except 307-type) are equipped with a factory-
terminated, CMR-rated, shielded, color-coded, 22- or 24-gauge (0.6- or 0.5
mm) stub cable. Stub cables are ordered separately for use with 3- and 7-type
connectors. The gauge of the connector stub is determined by the gauge of
the feeder or riser cable to be terminated. The connector stub should be at
least two gauges larger (coarser) than the cabie to be terminated; for
example, a 24-gauge (0.5 mm) feeder to a 22-gauge (0.6 mm) stub. Stubless
units for field terminations are also available. UL-listed connectors, 310L- and
311L-types, are equipped with 26-gauge (0.4 mm) stub cables.

STUB CABLE SELECTION GUIDE
. Connector
e
Gauge (mm)
26(0.4) Exposed or unexposed | 22(0.6) or 24(0.5)
24(0.5) Exposed or unexposed 22(0.6)
22(0.6) Exposed 22*(0.6)
19(0.9) Exposed 22%(0.6)
22(0.6) Unexposed 22(0.6)
19(0.9) Unexposed 22(0.6)
* Provide a length of 24- or 26-gauge (0.5 mm or
0.4 mm) protective fusing cable.
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The number of pairs that may be terminated per vertical using the various

type connectors are shown below:
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The various types of connectors and their applications are covered in the

636 series of practices and also in AT&T 201-200-050, Distributing Frame
Systems Products Manual. The types of connectors are so numerous it is
impossible to cover all of them in this handbook. The 307-type is the most
widely used connector and therefore will be expanded on here.

The 307-type connectors are designed for use on the Cosmic il,
Cosmic lIA, Cosmic |l Mini-Distributing Frame Systems, and the wall-
mounted AT-9049 or KA9049 protector frames. They are also used for
SLC® carrier systerh applications in 80- and 51A-type cabinets.

Except for the 307C type, the 307 conneciors consist of two
components, the protector panel and connecting block, which are
interconnected with a 100-pair wiring harness. This harness consists of
200 individual leads of 26-gauge (0.4 mm) wire or four 25-pair, 24-
gauge (0.5 mm) twisted-pair cables.

The 307-type connectors are available with standard 78-type blocks (4-
beam terminals) and 112-type blocks equipped with either 3-beam
terminals (bifurcated quick clips) or new wire-wrap terminals.

The 307C-type connectors are intended for use as a protector panel
only. They are not equipped with a connecting block. Codes available
include the 307C1-100 used for T1 Carrier terminations, for which
cross-connect capability is not required. Special 307C2-C7 connectors
are used with SLC carrier systems.

High density 307F- and 307H-type connectors can be used on Cosmic
A frames to provide 10,200 protected pairs and 1,800 unprotected
pairs per facility module. Ten 307F/H-type connectors can be installed
on a shelf with space for two additional 112H-100 series connecting
blocks. The 307H-type connectors can be used on Cosmic Il frames
with shelf adapters per ED-6C142-30, G3 and G4.

The 307-type connectors have additional backplane wiring which
interconnects the protector pane! to four 710-SD-25 connectors. These
connectors provide for rapid connection to 100-pair cable stubs (11C,
11D, or.11E type) equipped with mating 710-BD-25 connectors.

The 307-type connectors use 3C-, 4C-, etc., type protector units
equipped with access points.
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The following table shows the frame/cabinet applications for the 307-type
connectors.

307-TYPE CONNECTOR FRAME/CABINET APPLICATIONS
Application Shelf |Equipped With |Terminal| Connector | Comcode

Frame/Cabinet Connecting Type Item
Block {Note) Code
Cosmic Il 2-10 78C1B-100 | BQC |307A1-100* {103069985
78C1B-50
Cosmic Il 1or 11 78C2B-50 | BQC |307B1-100* {103069993
Cosmic ll, 1A 2-10 112C1B-100 | BQC |{307D1-100 |103318309
112C1B-50

Cosmic I, 1A 1or11 112C2B-50 | BQC [307E1-100 {103318317
Cosmic ||, 11A 2-10 112H1B-100.| BQC |307F1-1001 j104367768

112H1B-50
Cosmic I, lIA 1ori1 112H2B-50 | BQC {307G1-100t1 [104367776

Cosmic ll, HA 2-10 | 112C1BB-100 | BWW |307D1B-100{104447818
Cosmic Il, A 2-10 112C1BS-100 | SWW |307D1S-100|104447826

112C1BB-50
Cosmic |, IIA 1or11] 112C2BB-50 { BWW |{307E18-100]104447834

112C1BS-50
Cosmic 1, {1A 1ori1] 112C2BS-50 | SWW |307E1S-100 [104447842

Cosmic il, 1A, Mini

Twisted Pair 2-10% 112C1B-100 | BQC |307D2-100 |103554747
Cosmic 1|, llA, Mini
Twisted Pair 2-10% | 112C1BB-100 | BWW |307D2B-100}105571699
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307-TYPE CONNECTOR FRAME/CABINET APPLICATIONS (Contd)

Application Shelf | Equipped With |Terminal{ Connector | Comcode
Frame/Cabinet Connecting Type Item
Block (Note) Code
Cosmic ll, 1A, Mini
Twisted Pair 2-10%#1112C1BS-100 SWW {307D2S-100 105571707
Cosmic I, liA
Twisted Pair 2-10 |112H1BS-100 SWW |307H1S-1001 |105571715
Cosmic |, 1A, Mini j— None§ N/A  {307C1-100% 103334009
SLC 96 on AT-9049 [— None§ N/A  |307C2-1001 103835120
1 SLC 96 on AT9049 |— None N/A  |307C2-100-A25 (106391014
E/W Pnl MTD 710
conn for OE and
25 1t (7.6 m),
24 AWG tip cable
stub for OSP
None§ N/A  |307C3-100% 104179858
SLC 5—Used in — None§ N/A  |307C4-100% 104179866
80-Type Cabinet
None§ N/A  |307C5-1001 104179874
SLC 5—Used in — None§ N/A  }307C6-1009 104387667
51A-Type Cabinet
None§ N/A  1307C7-1009 104387675

Note: BQC = Bifurcated quick clip, SWW = Single wire wrap,
BWW = Bifurcated wire wrap

* Limited Availability (LA).

t Requires shelf adapter for Cosmic Il frames.

1 Shelves 1-10 for Cosmic Il mini frames.

§ This code is equipped with 25

block.

-pair 710-type connectors instead of a connecting

9l Outside plant side is 22 gauge (0.6 mm) and equipment side is 26 gauge (0.4 mm).
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Protector Units
AT&T 201-200-050

AT&T plug-in protector units are used with central office connectors and
customer premises building entrance protectors to safeguard personnel,
equipment, and the network from hazards such as electrical shock, equipment
damage, and fire caused by lightning and AC power faults. Each protector unit
provides protection for one tip-ring subscriber pair. The family of plug-in
protector units is categorized by three types: voltage-only protection, voltage
and sneak-current protection, and continuity-only.

For overvoltage protection, three protection technologies are available
from AT&T:
1. Carbon blocks
2. Gas tubes
3. Solid-state electronics (new).

Note: Fiber optic cables serving SLC carrier systems do not
require protector blocks or heat coils.

The protector types and their comresponding AT&T and Bellcore
designation codes are shown below.

Protector AT&T Bellcore
Type Designation | Designation Description
Code Code Code
Voltage-only 3-Type 7A Provides protection
against abnormal voltage
surges only.
Voltages and 4-Type 7C Includes heat coils for
Sneak Current sneak-current protection,

and devices for over-
voltage protection.

Continuity-only| 5-Type 7AA8  [“Dummy” protector units
N that provide continuity

only; used only where

protection is not required.
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Coding Scheme

Protector units are coded using a sequence of characters that denote the
voltage and/or sneak-current limiting type, the color and intended application
of the unit, and the housing type (that is, with or without test access). The
following diagrams show the coding scheme for 3-, 4-, and 5-type units and for
7-type units.

..r —_— -[
Denotes - VO“age Limitel |ype

A Carbon blocks

o} Carbon blocks

E General purpose gas tubes

E-R REA approved gas tubes

E-W  General purpose gas tubes (wide gap)
F 5ESS® gas tubes

S Balanced Solid-state

FS 5ESS® Balanced Solid-state

—— Denotes - Color/Application

1 =Black Standard Service
2 =Green Denied Service
3 =Red Special Service
4 =Yeliow PBXBattery

9 =White Tip/Ring Reversal
11 = Orange Minibridge Lifter
12 = Gray Continuity Only

L Denotes - Housing Type

A, B = Without test access
C = With test access

——————— Denotes - Type

3-Type = Voltage protection only
4-Type = Voltage and sneak current
5-Type = Continuity only

Note: The end of the housing handle is typically stamped with symbols to further
identify type/application information.

Coding Scheme for 3-, 4-, and 5-Type Protector Units
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EXAMPLE:
7TABOT
AR

L~ Denotes - Test Access

T = With test access
= No test access

Denotes - Color/Application

0 = Black Standard Service (with protection)
1=Brown  High-Exposure Customer Stations
2 =Red Special Service

3=0range Bridge Lifter

4 =Yellow PBX Battery

5 = Green Denied Service

8 = Gray Standard Service (no protection)

————= Denotes - Balanced Voltage Limiting Capabitity
A = Not equiped with balanced voltage limiting capability.
B = Balanced voltage limiting capability for COs, Customer

Stations (including High Exposure Customer Stations),
and T1-carrier with regulated power supply.

+—————+ Denotes - Type of Current Limiting Protection
A = Not equipped with any current limiter.

C = Equipped with non-resetting current limiter.

+——————— Denotes - Intended Service

7 = Basic protection for COs, most customer stations,
and T1-carrier with or without regulated
power supply.

Note: The end of the housing handle is typically stamped with symbols to further
identify type/application information.

Coding Scheme for 7-Type Protector Units
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Stamping and Symbols

The stamping and symbols embossed on the top of the protector housing
handle specify certain characteristics of the protector unit. The protector unit
tables show the stamping and test point holes for each protector unit. The
symbol definitions are shown below:

None (Blank) — Carbon blocks or no carbon blocks or gas tubes
in the case of continuity-only units

H — Resistor connected between tip and ring terminals

O — General purpose gas tubes

@ — Gas tubes for 5ESS switch

X — Polarity (tip and ring) reversing circuit board

S — General purpose solid-state devices

$ -—— BESS range balanced Solid-State Protector (SSP)

R — Rural Electrification Administration (REA) approved
gas tubes _

S-75 — 75-volt balanced solid-state devices

A — Grounding device

. — Basic Telecommunications Line Protector Unit (TLPU),

voltage protection only

. — Basic TLPU with non-resetting current limiter

oo — These are test points; actually holes through the top
of the 3C- and 4C-type protector housings that provide
test access via a P2FL or W2HN test cord.

For many protector unit codes, a combination of the symbols is used.
Protector codes with combination symbols are noted in the tables for the
3- and 4-type protector units.
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3-Type and 7AB-Type Protector Units

The 3-type and 7AB-type plug-in protector units provide voltage
protection only, using carbon blocks, gas tubes, or balanced solid-stat
devices for voltage limiting. If sneak-current protection is a concern, 4-typ:
protector units with heat coils should be considered.
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3-TYPE AND 7AB-TYPE PROTECTOR UNITS—VOLTAGE
PROTECTION ONLY

Carbon Block Protector Units
Circuit Housing Code Product
Application Color | Stamping (Note) Comcode
Standard Black None 3B1A 102381779
Service denied Green 3B2A 102381787
Special Red 3B3A 102381795
PBX battery Yellow 3B4A 102381803
| Check cable fault Green 5 3B13A [103157228
Gas Tube Protector Units
Standard Black o) 3B1E*
R 3B1E-R [105499248
o 3B1E-W (104410147
‘o 3C1E  |104030671
Service denied Green O 3B2E*
3B2E-W 1104410154
o) 3B3E*
Special Red R 3B3E-R 105499255
o 3B3E-W 104410162
‘o’ 3C3E  {104411129
PBX battery Yellow e} 3B4E”
3B4E-W 1104410170
S5ESS switch LNIs White ) 3D1F*
Non-Working OSP-BET Gray I 3B1DT (106209224
Gnd Plug
Note:

3B-type protector units are compatible with AT&T 302-, 303-, 305-, 308-,
310-, 310M-, and 311-type central office connectors and 188-, 189-, 180-,
and 195-type building entrance protectors.

3C-type protector units are intended primarily for AT&T 307- and 309-type
central office connectors that do not have a separate test field. However,
3Cs may also be used with all AT&T 300-series connectors and building
gntr_ané:;a protectors where test access through the protector unit is

esirable.

* Discontinued Availability (DA) 7-1-88. The 3B-Es are replaced by 3B-E-
Ws.

T The 3B1D is for grounding Outside Plant pairs only and does not provide
continuity to building pairs or overvoltage protection.

AT&T Outside Plant Engineering Handbook, August 1994
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3-TYPE AND 7AB-TYPE PROTECTOR UNITS—VOLTAGE
PROTECTION ONLY (Contd)
Solid-State Protector Units
Circuit Housing Product
Application Color Stamping Cade Comcode

Standard Black 3C1S [ 105514756

+Se

Special Red 3C3S 105695969

Bellcore - Standard Black e 7ABO__| 106945066

Bellcore - Standard Black ‘e’ 7ABOT* 1106945074

{with test ports)*

Belicore - Special Red ® 7AB2 | 106945462

Bellcore - Special Red ‘e’ 7AB2T* | 106945470

(with test ports)”

Belicore - PBX Yellow 4 7AB4 | 106945488

Batteryt

Belicore - PBX Yellow ‘e’ 7ABAT® | 106945496

Batteryt (with

test ports)*

Bellcore - Service Green o 7AB5 | 106945504

Denied

Bellcore - Service Green ‘e’ 7AB5T* | 106945512

Denied (with

test ports)”

* Bellcore Specification TR-NWT-000974 does not discuss provision of
circuit test access. This feature is incorporated into the indicated
protector unit codes manufactured by AT&T. We have added a “T" to the
product code to identify protector units with test access.

1 Bellcore Specification TR-NWT-000974 does not address protector codes
for PBX battery circuits, and yellow housing color is listed as “Not in Use”
in Issue 1, dated August 1991. AT&T offers this product in response to
customer interest, and a product code consistent with the Bellcore coding
scheme has been deployed.
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4-Type and 7CB-Type Protector Units

The 4- and 7CB-type plug-in protector units provide both overvoltage and
sneak-current protection. Heat coils are used to protect against sneak current
(abnormal overcurrent conditions too low to cause firing of the voitage-limiting
devices). The 4-type protector unit options for overvoltage protection include

protector units with carbon blocks, gas tubes, or balanced solid-state devices.
The 7CB protectors incorporate balanced solid-state voltage limiting.
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4B-TYPE PROTECTION UNITS—VOLTAGE AND SNEAK-CURRENT PROTECTION

Carbon Block Protector Units

Circuit Housing Code Product
Application Color Stamping (Note) Comcode
Standard Black None 4B1C 102904893
Service denied Green 4B2C 102904901
PBX battery Yeliow 4B4C 102904927
Reverse ring & tip White X 4B9C* DA*
Minibridge lifter Orange None 4B11C* DA*
Continuity only Gray 4B12Ct 103626016
Gas Tube Protector Units
Standard Black O 4B1E* - DA*
4B1E-W 104401856
[ 4B1F DAL
Service denied Green .0 4B2E* DA*
4B2E-W 104401864
¢ 4B2F DA%t
Special Red 0 4B3E* DA*
4B3E-W 104401872
P 4B3F DA*
PBX battery Yellow e} 4B4E* DA*
4B4E-W 104401880
(] 4B4F DA}
Reverse ring & tip White & 4B9E" DA*
% 4BYF DA}
Minibridge lifter Orange o 4B11E* DA”
' o 4B11F DA%

for protection.

pages.

Note: 4B-type protector units are compatible with AT&T 302-, 303-, 305-, 308-, 310-,

310M-, and 311-type central office connectors; and 188-, 189-, 190-, and 195-type

building entrance protectors.

* Discontinued Availability (DA) 4B9C and 4B9E are replaced by 4B9F; 4B11C and
4B11E are replaced by 4B11F; and 4B-Es are replaced by 4B-E-Ws.

T 4B12C is used for continuity only and does not have carbon blocks or gas tubes

1 DA product codes replaced by 4C-F series listed in the tables on the next two

6-22

AT&T Outside Plant Engineering Handbook, August 1994



ELECTRICAL PROTECTION

CENTRAL OFFICE PROTECTION

4C-TYPE PROTECTION UNITS—VOLTAGE AND SNEAK-CURRENT PROTECTION

Carbon Block Protector Units

Circuit Housing Code Product
Application Color Stamping {Note) Comcode
Standard Black LI 4C1C 103051470
Service denied Green 4C2C 103051488
Special Red None 4C3C 103051496
Red L 4C3C-2 104152152
PBX battery Yellow 4C4C 103051504
Reverse ring & tip White X 4C9C” DA
Minibridge lifter Orange .. 4C11C* DA
Continuity only Gray 4C12Ct 103290755

Note: 4C-type protector units are intended primarily for AT&T 307- and 309-type
central office connectors that do not have a separate test field. However, 4Cs
may also be used with all AT&T 300-series connectors and building entrance

protectors where test access through the protector unit is desirable.

* Discontinued Availability (DA) 4C9C and 4C9E are replaced by 4C9F; 4C11C and

4C11E are replaced by 4C11F; and 4C-Es are replaced by 4C-E-Ws.

1 4C12C is used for continuity only and does not have carbon blocks or gas tubes for

protection.
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4C-TYPE PROTECTION UNITS—VOLTAGE AND SNEAK-CURRENT

PROTECTION (Contd)
Gas Tube Protector Units
Circuit Housing _ Cade Product
Application Color Stamping (Note) Comcode
4C1E" DA
Standard Black ‘o’ 4CiE-W | 104401898
‘o* 4C1F 106622707
4C2E* DA
Service Denied Green *0* 4C2E-W 104401906
') 4C2F 106622830
o) 4C3E* DA
4C3E-W | 104401914
Special Red P 4C3F 106622913
el 4C3E-2  |104271093
‘o’ 4C3F-2 DA
il 4C4E* DA
PBX battery Yellow 4C4E-W 104401930
‘e’ 4C4F 106622947
Reverse ring & tip White = 4C9E* DA
; 4CIF 106622970 |
Minibridge lifter Orange ‘o’ 4ctie DA
‘o’ AC11F 106622996

protection.

Note: 4C-type protector units are intended primarily for AT&T 307- and 309-type
central office connectors that do not have a separate test field. However, 4Cs
may also be used with all AT&T 300-series connectors and building entrance
protectors where test access through the protector unit is desirable.

* Discontinued Availability (DA) 4C9C and 4C9E are replaced by 4C9F; 4C11C and
4C11E are replaced by 4C11F; and 4C-Es are replaced by 4C-E-Ws.
T 4C12C is used for continuity only and does not have carbon blocks or gas tubes for
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4C-TYPE PROTECTION UNITS—VOLTAGE AND SNEAK-CURRENT

PROTECTION (Contd)
Solid-State Protector Units

Circuit Housing Product c d

Application Color | Stamping | Code omcode
AT&T Standard Black *Se 4C1S 1104386545
AT&T Special Red 4C3S  {105605596
AT&T - 5ESS switch - Standard Black . $- 4C1FS (105605620
AT&T - S5ESS switch - Special Red . $- 4C3FS [105605646
AT&T - Low Voltage - Special Red * S-75 14C3S-75 1105581086
Bellcore - Standard Black ce 7CBO_[106945520
Belicore - Standard (with test ports)” Black *CO- 7CBOT [106945538
Belicore - Special Red ce 7CB2 (106945546
Bellcore - Special {with test ports)* Red cCo- 7CB2T 1106945553
Bellcore - PBX Batteryt Yellow ce 7CB4  [106945561
Bellcore - PBX Batteryt (with test ports)* |Yellow| e C@ -~ 7CB4T {106945579
Bellcore - Service Denied Green ce 7CB5 106945587
Bellcore - Service Denied (with test ports)” | Green | < C®e | 7CB5T 106945595

* Bellcore Specification TR-NWT-000974 does not discuss provision of circuit test
access. This feature is incorporated into the indicated protector unit codes
manufactured by AT&T. We have added a “T” to the product code to identify

protector units with test access.

1 Bellcore Specification TR-NWT-000974 does not address protector codes for PBX
battery circuits, and yellow housing color is listed as “Not in Use” in Issue 1, dated
August 1991. AT&T offers this product in response to customer interest, and a
product code consistent with the Belicore coding scheme has been depioyed.
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5-Type Units

The 5-type protector units provide no electrical protection and contain no
carbon blocks, gas tubes, or heat coils. They are used to maintain circuit
continuity between outside plant and central office equipment.

e The S5A2D protector unit, used to deny service, does not provide
continuity to the central office equipment.

e The 5A8D protector unit contains a polarity-reversing circuit board. Tip
and ring out is reversed from tip and ring in.

e The 5AGND protector unit is a grounding device used to ground unused
feeder pairs for customer premises applications.

5-TYPE PROTECTOR UNITS—CONTINUITY ONLY-—NO PROTECTION
Circuit Connector Housing Product | o e
Application Application Color | Stamping | Code -
Standard 302, 303, 305, & 308 {Gray None 5A1D |100828268
Service denied Green 5A2D 100828276
Special ) Red 5A3D 100828284
PBX battery Yellow 5A4D [100828292
Reverse ring & tip White X 5A9D 102234481
Grounding tip & ring | 188, 189, 190, & 195 |Gray A 5AGND*
building entrance
protectors
* Discontinued Availability (DA) 11-1-93. The 3B1D listed on Page 6-19 provides this
function.
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Bonding and Grounding

AT&T 627-020-005, 631-400-102, 633-010-208

The purpose of bonding and grounding in a communication system is to:

1.

6.

Reduce the hazard of electrical shock from AC and DC voltages and
from lightning surges.

Mitigate the destructive effects of lightning and power surge voltages
and currents in communication facilities.

Facilitate the rapid de-energization of power lines that contact com-
munication plant, thereby reducing shock hazard to personnel and the
general public as well as reducing damage to telephone facilities.

Provide paths to ground for longitudinal shield currents in metaflic
cable shields, thereby reducing voltages induced in cable conduc- tors.

Reduce noise voltages in sensitive circuitry by providing an effective
common reference point for circuit potentials to which extraneously
induced currents can drain without disturbing circuit operation.

Minimize damage to structures when they are struck by lightning.

Bonding between telephone and power grounds

Note:- For more information, see Section H, Article 250, of the

National Electrical Code (NEC).*

e Telephone and power ground electrodes that consist of driven rods or

pipes should be bonded together.

® Telephone and power grounds connected to the same metallic water

piping system close enough to assure continuity need no additional
bonding.

e A bond between power and telephone plant should be less than 20 feet

(6.1 m) in length.

* Registered trademark of National Fire Protection Association, Inc.
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Bonding and grounding of cables

® |n a noncorrosion (low-risk) area, bond together the sheaths or shields
of all outside plant cables with No. 6 copper wire or bonding ribbon and
tie to the central office ground with No. 0 copper wire.

e |n a corrosion (high-risk) area:

install insulating joints on all cables as outlined in Section 7,
“CABLE ENTRANCE FACILITIES.”

Bridge insulating joints on exposed cables (and on unexposed
cables if required because of noise conditions) with KS-14595
capacitors.

Bond together the outside plant sides of shields or sheaths and
isolate from the central office ground.

Bond together the central office sides of shields or sheaths with No.
6 copper wire or bonding ribbon and tie to the central office grouna
with No. O copper wire.

Bonding and Grounding — Special Situations

Central office located near power right-of-way

¢ Inductive exposure should be evaluated for both normal and power fault
conditions, as outlined in Practice Division 873.

e Cable should be underground or buried beyond range of possible
contact with a broken phase wire.

e Administrative procedures should be established to ensure maintenance
of shield continuity and grounds.

Central offices located near, or serving, a power station
See box on Page 6-3.

Central offices combined with radio stations
See AT&T 876-210-100 for special protective measures required.
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CABLE PROTECTION

Aerial, buried, and underground cable should be recognized as being
exposed and requiring consideration for protective measures when subject to
the following:

a.
b.

c.
d.

Disturbances from lightning

Contact with power conductors operating at more than 300 volts (rms)
to ground

Rise in ground potential exceeding 300 volts (rms)

60-Hz induction exceeding 300 volts (rms).

Protection considerations for a specific cable installation should include
all the exposures encountered, whatever the source, and the protective
measures should be coordinated to mitigate these exposures.

The engineer must specify the exposures and required protective
measures on all work prints.

Aerial Plant Bonding Requirements for Exposed Aerial
Plant (Copper Conductor Cable)

AT&T 918-216-100

Establish and maintain shield continuity in the cable, in terminals, and in

splices.
Bond the strands of separate cables or wires together:

— Every 1/4 mile (0.40 Km) accomplished automatically if both
strands are mounted on the same through-bolt

— At each crossover

— At each branch.
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e If copper conductor cable is exposed to lightning, bond the cable shield
at all splice locations and all access points, but do not exceed 1-1/4
miles (2.01 km) between bonds. Where additional bonds are required
between these points, install splice cases.

Aerial Plant Bonding Requirements — Joint Crossing Pole

e Bond copper conductor cable shield and strand to multi-grounded
neutral (MGN) vertical grounding conductor if one exists; if not, use a
driven ground rod or a noninsulated guy.

Note: For more information, see Section H, Article 250, of the
National Electrical Code (NEC).

® |nstall 118A protectors on C rural wire if power is MGN and exceeds 2.9
kV to ground.

Aerial-Underground Junctions

If an aerial cable exposed to lightning is connected to a single under-
ground cable which extends for 1000 feet (304.8 m) or more before paralleling
other cables, ground the shield of the aerial cable at the last pole. Bond the
shield and supporting strand to an MGN vertical ground lead, if one exists.
Otherwise, use a grounded guy or a driven ground rod.

Aerial Plant - Joint Use Copper Conductor Cable
AT&T 627-020-005

Protection recommendations for aerial plant that is in joint use with muiti-
grounded neutral power are given in the table on the next page for cable and
on Page 6-35 for wire. Joint use with delta or unigrounded systems operating
at more than 2.9 kV to ground is not recommended.
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PROTECTION RECOMMENDATIONS FOR AERIAL CABLE
PLANT IN JOINT USE WITH MGN POWER

Minimum Power Voltage to Ground (kV)

Recommendation 0.3-29/2.9-11.6[11.6 -34.6|34.6 - 86.6

Bonding interval (strand to MGN) |Both ends of section Every pole
and at 1/4 mile intervals

Ampacity (12t) of strand must No | VYes Yes Yes

be verified*

118 protectors or 10-mif blocks No Yes Yes Wire branches

required on wire branches not permitted

to pulp cable

Strand must be bonded to MGN No No Yest Yes

at every terminal

Bénding between protector and No No Yes Yes
power ground must be verified

Metallic shield construction No No No Yes
required on branches (no wire)

Lower voltage power conductors No No No Yes
required between cable and power

* The fault current and time must not exceed the values given below. “I" is the
total current delivered from the power system. Where maximum | 2 t values
cannot be met, bonds must be placed at every terminal.

Strand size: 6M 6.6M 10M 16M
12t (kiloamps 2 x seconds) 32 8 48 64

t May be omitted if there is a bond at an adjacent pole.
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Bonding Requirements for Aerial Fiber Optic Cable
AT&T 920-400-300

Because the sag of an aerial fiber optic cable is small, the strand to
support the cable should occupy the uppermost communication space on a
pole. Construction of these cables on jointly used poles creates a problem of
mid-span vertical clearance from the power wires. Therefore, placing fiber
optic cables on jointly used poles is not recommended unless proper
clearances can be maintained.

Steel reinforcing wires and any metallic sheath components of fiber optic
cables must be bonded and grounded. In addition, the continuity of these
components should be maintained throughout the cable run. All metallic
components of the cable must be bonded to the strand at all splice
locations and all access points, but do not exceed 3 miles (4.8 km)
between bonds. The metallic strand must be grounded every 1/4 mile
(0.40 km).

Buried Plant Bonding Requirements
AT&T 918-216-100

Less Than 3-Foot (314 mm) Separation From Power. Bond telephone
cable shield to power neutral wire or power apparatus at the following
locations:

® At the telephone terminal nearest to each transformer. Bond either to
the transformer itself or to the primary neutral, secondary neutral, or
secondary pedestal served from the transformer.

e At least every other terminal, including pedestal-type cable closures and
buried closures supplying service wires or cables. The bond shall not be
omitted on any two adjacent terminals.

e At ail aboveground telephone terminals, apparatus cases, and cable
closures which are located within 10 feet (3.05 m) of any abovegrounc
power apparatus. Such bonds shall be made directly to the
aboveground power apparatus.
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¢ Not more than 1000 feet (304.8 m) apart (no point on the telephone
cable shall be more than 500 feet [152.4 m] from a bond).

More Than 3-Foot (914 mm) Separation From Power. Bond all
aboveground telephone terminals, apparatus cases, or cable closures to
aboveground power apparatus located within 10 feet (3.05 m).

In Same Right-of-Way With Aerial Power. Where the overhead power
is less than 34.6 kV to ground (60 kV phase-to-phase), bond the cable shield
to the MGN at or near both ends of the exposure and at least once every mile
(1.61 km). Bond aboveground telephone apparatus cases and terminals to
any MGN down-leads that are located within 10 feet (3.05 m) of them. Where
the overhead power is greater than 34.6 kV to ground, the telephone plant
may not be capable of safely carrying fault currents and an engineering
evaluation should be made to determine whether bonding or isolation is
preferable.

Types of Sheaths Required for High Lightning Areas
Aerial
AT&T 918-216-100, 940-400-200

Polyethylene-Insulated Conductor (PIC) Cable: PAP or PASP sheath
is recommended. Bond cable shield and strand at 1/4-mile (0.40 km) intervals.
Use cable protectors in terminals at aerial drop or wire branches where
specified by the protection engineer.

Pulp Cable: PASP sheath is recommended. Bond cable shield and strand at
1/4-mile (0.40 km) intervals. Use cable protectors in terminals at aerial drop or
wire branches.

Fiber Optic Cable: Rodentlightning sheath is recommended. When fiber
optic cable contains conductive elements such as steel reinforcing wires,
metaliic shield, or tape armor, it is necessary to bond 1o the strand at alt splice
- locations and all access points, but do not exceed 3 miles (4.8 km) between
bonds. Ground at Line Repeater Stations (LRS) and remote terminal
locations.
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Buried
AT&T 918-216-100, 940-400-200

PIC Cable: PAP or PASP sheath is recommended. Bond cable shield at
all splice locations and access points, not to exceed 1-1/4 miles (2.01 km).
Use cable protectors at wire branches where specified by the protection
engineer. '

Fiber Optic Cable: Rodent/lightning sheath is recommended. When fiber
optic cable contains conductive elements such as steel reinforcing wires,
metallic shield, or tape armor, it is necessary to ground these conductive
elements. Grounding requirements differ depending upon the type of fiber
optic plant under consideration. For long-haul fiber trunk plant, metallic
members shall be grounded at repeater locations. A path to ground shall be
provided at access points (for example, splices) either by direct connection,
protective device, or passive circuit. For distribution plant, where there is more
maintenance activity, metallic members shall be grounded at splice points, but
do not exceed 3 miles (4.8 km) between grounds.

In extremely high lightning areas, buried non-dielectric fiber optic cables
may require grounding points at 1-1/4 mile (2.01 km) intervals.

Underground .
AT&T 918-216-100, 920-400-100

Bond together apparatus cases and cable sheaths or shields, and
connect to manhole bonding ribbon. Plastic sheath cables need not be
bonded at pull-through manholes.

Some fiber optic cables have metallic strength members (steel wires)
and/or metallic tape armor incorporated into them. Due to the presence of
these conductive members, it is necessary to bond at the manhole
splices and ground at the Controlled Environment Vaults (CEV) and line
repeater stations to maintain electrical continuity between the metallic
members throughout the length of the fiber optic cable span.
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AERIAL WIRE PROTECTION

PROTECTION RECOMMENDATIONS FOR AERIAL WIRE
PLANT IN JOINT USE WITH MGN POWER
Documents 876, Division 918-216-100

Wire Power Voltage to Ground (kV)
Type 03—29 29116 11.6 — 34.6*
Protectors required at: | Protectors required at:
Both ends of sectiont {Both ends of sectiont
and each drop
C Ruralt§ | No protection|Each drop or at Bonding between
required least 1.2-mile station protector
intervals and power ground

must be verified

* Joint use with MGN power exceeding
recommended.

T Where protector is required, use 118-type protectors and connect
ground wire to MGN vertical ground lead.

1 Only one end if five spans or less.

§ Block wire fuse is required on all station drops connected in
fuseless protectors.

34.6 kV is not

Rural Wire: If the station served is highly exposed, use protectors with 6-mil
gaps at aerial drop or rural wire junctions.
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STATION PROTECTION
Fusing Requirements
AT&T 918-216-100

A fusible link is required in each conductor between plant exposed to
power and the station protector. Frequently a 24-gauge (0.5 mm) stub cable of
a terminal, terminal block, or the 26-gauge (0.4 mm) stub of a building
protector serves as the fusible fink. The fusible link may be located within the
premises, provided that it is under the metal sheath of a grounded cable.

When ready-access terminals are installed within a building or on an
exterior combustible wall, conductors terminated on the terminal must be two
gauge sizes larger than the fuse cable. This terminating cable must, therefore,
be located between the fusible link and the ready-access terminal. Fusible
link requirements are listed below.

Exposed Plant Fusible Link

Cable 19 or 22 ga 24 or26 ga
(0.90r0.6 mm) (0.5 0r 0.4 mm)
24 or26 ga Not required
(0.5 or 0.4 mm)

C Rural Wire Block wire

Fused Protectors

AT&T 918-216-100
A 106C fused protector must be installed under any of the following
conditions.
1. Where no fusible link is provided, for example, where:

® Drop wire is directly connected to a 107-type wire terminal
mounted on C rural wire.

® Drop wire is run for one or more spans on joint-use poles with no
grounded cable strand between the drop wire and the primary
power conductor.
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e Buried service wire is connected to 19- or 22-gauge (0.9 mm or
0.6 mm) conductors of joint random buried distribution cable in
an encapsulated splice closure and the protector is located on or
within a building. Exception: 9A1 terminal block in a closure
may be used when mounted on the building wall.

2. Where the station has battery feed from two or more drop wires.

Note: Where a fused protector is required, it should be specified on
the service order.

Fuseless Protectors
AT&T 462-005-100, 918-216-100

A fuseless protector, protected cable terminal, or protected terminal block
should be installed, except where a fused protector is required. Most of these
are used at customer building entrances. The types are shown in the following
table.
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FUSELESS STATION PROTECTORS
Protector Code Pairs Indoor Outdoor Document
116 Type 6 No Yes 623-195-205
117 Type 6 Yes No )
123 Type* 1
125 Type 1-6 Yes Use Customer | 462-005-100
128 Type” 2 Service
142 Type 1-5 Yes Closure
100 NIUt 1 Yes Yes 462-005-160
200 NIUT 2 Yes Yes 462-005-165
400 NIUT and 401 2 Yes Yes 462-005-171
MC 10/48
500 NiUt 5 Yes MC 12/25 ~462-005-172
MC 12/50

600 NIUt 6, 12 Yes Yes 462-005-173
134 Type 16, 25 Yes MC 10/48 631-460-111

50, 100 Closure
188 Type 50, 100 Yes No 631-460-130
189 Type 25, 50, 100 Yes No 631-460-114
189F Type 50, 100 Yes No 631-460-123
189M Type 50, 100 Yes No 631-460-117
189P Type 25, 50, 100 Yes No 631-460-116
190 Type 50, 100 Yes No 631-460-115
195 Type 100 Yes No 631-460-118
* Discontinued availability (DA)
1 Network interface unit

6-38 AT&T Outside Plant Engineering Handbook, August 1994



ELECTRICAL PROTECTION
STATION PROTECTION

FUSELESS STATION PROTECTORS (Contd)
Protector Code Pairs | Indoor Outdoor Document
199 Type 10, 25 No |MC 10/48 Closure |631-470-204,
50 MC 12/40 Closure -205
199 E6A Type 100 | Yes |Yes 631-460-119
1A4A Terminal 10,16 | Yes |No 631-440-211
Block 25, 50
9A1-Type Terminal 5,10 PC-6, -12, -85 631-604-210,
Blocks 25 No [Closures -215
MC 12/25 631-470-206
MC 12/50
NH Terminal 16,25 | Yes |Yes 631-210-101
300-Type Terminal 50| Yes {No 631-460-120
1500 Type 50| Yes |Yes 631-460-122
1990-Type Terminal | 50,100 | Yes |Yes 631-460-125
Note: 300-type connectors which are used for protecting exposed
cables at the central office may also be used on customer
premises where large numbers of pairs are terminated.

Sneak-Current Protection
AT&T 918-216-100

All circuits exposed to power and serving PBXs require either heat coils
or 60-type fuses in addition to regular station protection. These devices must
be provided for exposed central office trunks, tie trunks, off-premises
extensions, and ringing feeders. For DIMENSION® PBX, only exposed
central office trunks require heat coils or fuses.
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Bonding and Grounding for Station Protection

Buildings Served by Exposed Cable

AT&T 462-005-100, 918-216-100

Ground cable shield as close to entrance point as possible and not more
than 50 feet (15.2 m) from entrance point. .

Use metallic splice case or 2000-type fire-resistant closure for all splices
on the central office side of the protector in entrance cables smaller than
400 pairs. The 189-type protectors equipped with internal splice cham-
bers meet this requirement.

Where insulating joints are installed inside the building, ground the cable
on the building side of the insulating joint. Where there is more than one
entering cable, bond cables together on the central office side of
insulating joint and isolate from building ground.

Ground the protector or protected cable terminal in accordance with the
guide on Page 6-27, using a No. 6 copper ground wire. The protector
ground, power ground, and interior metallic water pipe system must be
bonded together. ’

Buildings Served by Drop or Buried Wires

6-40

AT&T 460-300-143, 462-005-100
Connect the service wire shield to the protector ground terminal.

Ground the protector in accordance with the guide on Page 6-43. The
protector ground, power ground, and interior metallic water pipe system
must be bonded together.

It fed from buried cable, bond the service wire shield at the distribution
terminal.

If fed from aerial cable:

— And the length of the service wire exceeds 700 feet (213.4 m), bonc
the service wire shield at the distribution terminal.

AT&T Outside Plant Engineering Handbook, August 1994



ELECTRICAL PROTECTION
STATION PROTECTION

— And the length of service wire is less than or equal to 700 feet
{213.4 m), do not bond the shield at the distribution terminal.

Ground Wire

The proper size ground wire must be used for a given number of
protected circuits, as shown in the following table.

Ground Wire | Maximum No. of Protected
Size Circuits
Fuseless Fused
No. 12 2 6
No. 10 6 7
No. 6 7 or more 8 or more

High-Rise Buildings Containing Electronic Equipment
AT&T 918-216-100

® Use shielded entrance and riser cables, if feasible. Where unshielded
cables are used as risers, run a No. 6 ground wire along each
unshielded riser cable route and treat it as described below for the riser
cable shield.

. Grodnd the shield of the entrance cable to an approved ground (see
Page 6-43) not more than 50 feet (15.2 m) from the entrance.

e Bond together the shields of the entrance and riser cables.
e Maintain shield continuity over the entire cable length.

® Run riser cables in the central part of the building, if possible, and as
close as possible to building steel, water lines, power conduits, or
grounded conductors.
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6-42

Ground the riser cable in the riser closet, using No. 6 ground wire at
every point where pairs enter or leave the cable. The shields of cables
which do not have pairs entering or leaving on a floor need not be
grounded on that floor. Approved grounds for building riser cables are:

— Building steel
— Metallic water pipes
— Power feed conduit that supplies a panel board on the floor

— The grounding conductor for the secondary side of the power
transformer feeding the floor

— Power ground risers.

Where unshielded cable is used between a riser (backbone) closet and
an equipment room or apparatus closet, run a No. 10 ground wire along
the cable route, preferably strapped to the cable(s). Bond the equipment
ground to this ground wire, or to the cable shield if shielded cable is
used. Provide a terminal such as a 2A ground strip to facilitate bonding.

Equipment located one floor above or below the riser (backbone) closet
from which it is served may be grounded as described above.
Equipment more than one fioor removed from its associated closet must
be connected to an approved ground on its own floor.
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Selection of Approved Grounds
AT&T 462-005-100

SELECTION OF APPROVED GROUND

( START ’

PONER SERVICE \
GROUND ON PREMISES \ NO

OR PLANNED BUT NOT
YET INSTALLED
YES
POMER N0
SERVICE GROUND c:g;g:;n
ACCESSIBLE
YES
"CONNECT PROTECTOR CONNECT PROTECTOR GROUND
GROUND TO TO TELEPHONE GROUND ROD
NEAREST ACCESSIBLE AND BOND TO NEAREST
LOCATION ON POMER ACCESSIBLE LOCATION ON
GROUNDING SYSTEM - METALLIC WATER PIPE OR
SERVICE ENTRAKCE BUILDING STEEL. SEE
CONDUIT, POWER NEXT PAGE.
SERVICE GROUND WIRE,

GROUNDING ELECTRODE,
ACCESSIBLE CONNECTOR
ON SERVICE BOX.

OR
NEAREST ACCESSIBLE
LOCATION ON BUILDING * WATER PIPES ARE TO BE

AVOIDED WHEN POSSIBLE DUé 10
STEEL OR INTERIOR

METALLIC WATER PIPE* THE INCREASED USE OF PLASTIC
THAT IS BONDED TO COMPONENTS IN PIPING SYSTEMS.
POWER GROUND. SEE

NEXT PAGE.
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NEUTRAL { CONNECTED TO POWER GROUND
WIRE WITHIN SERVICE ENTRANCE BOX)

FROM Py
v PROTECTOR
SERVICE /BUILDING
ENTRANCE CABLE STEEL
(!N CONDUIT) | S +

CONNECT
PROTECTOR
GROUND WIRE
TO NEAREST )

GROUND POINT

METER BOX A,B,C,ORD
METER B ©
SERVICE
SERVICE ENTRANCE|
ENTRANCE 80X
CABLE (CONTAINS
BREAKERS
OR FUSES)

POWER
GROUND WIRE —__2 =

EARTH
Teo et 4 5
L SR ACCEPTABLE
POWER GROUND WIRE CONNECTED TO COLD WATER
COLD WATER PIPE AND PIPE

BUILDING STEEL . STEEL PILING OR

CONCRETE ELECTRODE

Acceptable Protector Grounding Connections to the Power Ground
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FROM
PROTECTOR ' BUILDING STEEL

METALLIC
COLD WATER PIPE

___________ % BUILDING

""""""" “‘\ FOOTING
TELECOMMUNICATION “NO. 6 GROUND ‘WNI%SRWND
CO. GROUND ROD WIRE BOND

Acceptable Protector Grounding Connections when Power
Service is not Grounded, Power Service Grounds not
Accessible, or there is no Power Service at the Premises
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CABLE ENTRANCE FACILITIES
GENERAL
UTILIZATION PLANNING

Section 7

CABLE ENTRANCE FACILITIES

GENERAL

The Cable Entrance Facility (CEF) is the interface between outside plant
(OSP) cables and the facilities for terminating toll, trunk, and subscriber cables
in the central offices {COs). The CEF requires space for proposed and future
cables and safe conditions for persons performing the cable pulling and
splicing operations.

This section describes the utilization, planning, cable placement
procedures, and protection measures applied in the Cable Entrance Facility.
This information applies to all three types of central office CEFs:

1. Above-surface (in “vaultless” offices)
2. Subsurface (in cable vaults)

3. Duplex (in multistory offices).

UTILIZATION PLANNING
AT&T 620-100-001, -105, 919-240-610

A comprehensive plan for the utilization of the CEF should be prepared
showing the location of existing and future cables, connector stubs, and
splices. The plan should include input from departments responsible for the
planning and placing of future toll, trunk, and subscriber-type cables. The CEF
utilization plan should be followed and kept up-to-date. The plan should
consider the following.

Work and Egress.Space

Work clearances, aisle dimensions, and means of access and egress
must satisfy the National Fire Protection Association (NFPA) Life Safety Code,
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OSHA requirements, and local regulations. Minimum recommended
clearances for splicing operations are:

e Overhead splice

—27 inches (686 mm) between closure and nearest overhead
obstruction, 32 inches (813 mm) in hard hat areas.

— 25 inches (635 mm) between closures where positioning does not
permit closure to be iowered.

e Horizontal splice

— 25 inches (635 mm) above the floor (can be a temporary position
used only for splicing).

e Vertical splice

— Limited by space required to position cable, closure, and supporting
structure.

Gas Protection

Prevent gas seepage into the CEF by routing all underground telephone
ducts through a gas venting chamber before terminating and plugging them in
the CEF. Test for lighter- and heavier-than-air gases before removal of the
conduit plugs. Purge chambers containing gas with a standard blower.
Remove mud, dirt, silt, and other sediment by forcing high-pressure water into
the chamber through a 10-inch (254 mm) purge port and pumping until the
water is clear.

Lighting

if the CEF utilization plan is observed, the lighting layout should not be
obstructed by the addition of cable or racking structure. Portable lighting units
should be used during work periods if needed. Emergency lighting should be-
tested periodically.
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Security

Appropriate security measures should be instituted in CEFs located
beyond the visual control of CO supervision to prevent unauthorized entry and
to provide for emergency access and egress.

CABLE PLACEMENT
Pulling

In above-surface CEFs, the cable is installed by pulling toward the first
manhole. In subsurface or duplex CEFs, the cable may be pulled in either
direction. For information on pulling tensions, see Section 8 “CONDUIT.”

Bending Radius

The recommended bending radius without mechanical assistance is 12 to
15 times the cable diameter. Paired cables can be bent tc a smaller radius, if
necessary, but the potential for damage increases as the bend radius
decreases. The minimum bending radius for fiber optic cable is:

e 10 times the cable diameter for a cable under no-foad

e 20 times the cable diameter for a cable under load.

The no-load condition is defined as up to 30 percent of the 600 Ib/ft (2.7 kN)
maximum load rating and the under load condition is defined as any load
over 30 percent of the 600 ib/ft (2.7 kN) load rating.

Slack Storage

In general, slack cable should be coiled in loops that are as large as
practical for the given storage area. For instance, cable that is placed in a
handhole is typically coiled about the periphery of the handhole. The
handhole should be sized such that a closure, for example, can be placed in
the handhole without exceeding the cables’ minimum bend radius.

AT&T Outside Plant Engineering Handbook, August 1994 7-3



CABLE ENTRANCE FACILITIES
CABLE PLACEMENT
RISER CABLES

Racking

Select rack positions in keeping with the averall CEF design specified in
the utilization plan to avoid blocking empty rack space and ducts. Generally,
the preferred order of duct utilization in the OSP network is from the bottom up
and from the outside in. This strategy should be used in the CEF only if
compatible with both inside and underground cable routing. For more
information on racking, see Section 8, “CONDUIT.”

RISER CABLES
AT&T 627-610-225

Placing

The riser cable may be pulled up to the top floor using an electric winch or
lowered by hand from the top floor using a cable shoe or cable sheave. The
method used depends on cable type, cable weight, and building construction.

Supporting

e Strand method—After the strand has been placed and tensioned, start
at the top floor and secure the cable to the strand using tie wires that
were inserted into the lay of the strand at 3-foot intervals before
tensioning.

o Non-strand method—Install split cable grips on the riser cable at every
third floor or at every 35 feet (10.7 m) in open shaft construction so the
weight of the cable and tension on the cable sheath is distributed
equally on each of the split grip supports.
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FIRESTOPPING
AT&T 620-100-001, -005, 622-700-102

Fire-stop all penetrations of floors and walls, including riser cable
openings and underframe openings. Floor fire-stops must have at least a 2-
hour rating and wall fire-stops at least a 1-hour rating. Fire-stops must satisfy
the National Fire Protection Association (NFPA) Life Saving Code.

CABLE PROTECTION

Corrosion, electrical, and moisture protection measures applied to outside
plant cables entering a CEF include the following.

Isolation Gaps (Insulating Joints) _
AT&T 918-216-100

Direct current flowing in a cable shield or sheath contributes to corrosion
of the shield or sheath and associated hardware. Where the severity of the
problem warrants, place isolation gaps in the cable sheath or shield to
interrupt the direct current path.

All areas are subject to some degree of corrosion. The local environment
can be classified as either high-risk or low-risk, depending on the number and
magnitude of direct-current sources, the amount of lead sheath in the OSP,
and the type of soil. Since the degree of risk may change with time, it should
be evaluated periodically, preferably by the Distribution Transmission
Engineering Center (DTEC).

Isolation gaps should be installed on all cables in the CEF if any portion of
the OSP feeder network is in a high-risk area and contains any lead-sheath
cables. To be effective, isolation gaps must be installed on all cables.

Isolation must also be maintained between the metal racking framework
and the cable sheath, either by placing hardwood insulating members
between the cable racks and the framing structure or by placing insulators
between the cables and the cable hooks. A metallic air pipe system must also
be properly isolated.
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Pressurization

The design of air pressure systems is covered in Section 4
“PRESSURIZATION.” The preferred location for pressure injection is between
the duct entrance and the isolation gap. An alternate location, if space in the
CEF is limited, is in the centra! office manhole. The construction of pressure
dams (pressure plugs) is covered in AT&T 637-241-011 and 637-243-200.

Bonding and Grounding

Cables that are exposed to lightning, inductive interference, or power
contact must be bonded and grounded as outlined in Section 6 “ELECTRICAL
PROTECTION.” Isolation gaps on exposed cables must be bypassed by
capacitors to restore the path to ground for the alternating currents resulting
from exposure, under the following conditions:

® On aerial cables that are exposed to lightning, or cables that are
connected to aerial cables within 500 feet (152.4 m) of the CEF, install a
1000 pF capacitor, with no additional lead length, on each cable.

e For all other exposed cables, provide two 10,000 uF capacitors per aisle
side, with no more than 25 feet (7.6 m) of additional lead length.

e Where impulse noise on carrier cables is a problem, install a 1000 uF
capacitor on each cable, with leads as short as possibie.

To facilitate future testing, at least one lead of each capacitor should be
joined mechanically. Recommended bonding and grounding arrangements
are illustrated on the next two pages.
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NO. 0 WIRE TO
1 C. 0. GROUND

NO. 6 BOND WIRE
(NOT GROUNDED)

ISOLATION
GAP

CAPACITOR

VERTICAL ENTRY CEF

Bonding and Grounding Arrangements
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CABLE ENTRANCE FACILITIES
CABLE PROTECTION

NO. O WIRE
CAPACITOR ¥ 10 C.0. GROUND
N. B
WIRE ND. 6
WIRE
ISOLATION

GAP

MULTI-CABLE BONDING AND GROUNDING

NO. O MIRE -

70 C.0. GROUND |

R

3 !
P s

p /
e
_ _J

3 FT. )(/
CAPACITOR

4 FT, NO. 6 BOND WIRE

(NOT GROUNDED)

CAPACITOR INSTALLATION (CABLES NOT SHOWN)

Horizontal Entry CEF Bonding and Grounding Arrangements

7-8 ATA&T Outside Plant Engineering Handbook, August 1994



CABLE ENTRANCE FACILITIES
CABLE REARRANGEMENT FACILITY

CABLE REARRANGEMENT FACILITY
AT&T 636-211-101

The Cable Rearrangement Facility (CRF) is a noncompartmentalized
splicing interface designed for inside use. It provides a secure, fire-resistant,
steel enclosure for up to 5,000 spliced pairs. The CRF cabinet is 15 inches
(381 mm) wide, 12 inches (305 mm) deep, and 48 inches (1219 mm) high.
The cabinet will accept up to four 4-inch (102 mm) feeder or riser cables. The
CRF cabinet is illustrated below.

SIDE GROUND
COVER BRACKET SECURITY DOOR

/ A\ LOCKS ASSEMBLY
\‘ ~

IS pssREASESESRARINgRERERLY

CABINET
ASSEMBLY

N

WIRE =
RETAINER /

BRACKET

SIDE
COVER
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CABLE ENTRANCE FACILITIES
OPTICAL CABLE ENTRANCE FACILITY (OCEF)

OPTICAL CABLE ENTRANCE FACILITY (OCEF)

The Optical Cable Entrance Facility (OCEF) cabinets are water-resistant
enclosures intended for storing a large number of fiber splices between OSP
and building-type cables in vault locations. The cabinets accommodate AT&T
Lightpack®, riser, and building cable sizes from 0.25-inch (6 mm) to 1.0-inch
(25 mm) OD.

The cabinet is designed to accommodate multiple cable sheaths through
ports in the bottom, sides, and top. Cable entry ports are sealed, resulting in a
National Electrical Manufacturers Association (NEMA} 4/12/13 rating — which
means this unit provides protection against dust and water spray. Each
cabinet incorporates a hinged, removable, lockable door that provides
additional security.

The cabinet accepts the standard AT&T splice organizer tray, allowing
complete access to any splice without disturbing other splices. The splice tray
provides integrated strain relief for all types of fiber cable and buffer
construction. Splice trays are designed for mechanical or fusion splices. The
OCEF accepts a standard work shelf to provide a convenient work area
immediately outside the cabinet.

The OCEF enclosures are provided in two sizes. Each size OCEF may be
ordered for either side entry or top and bottom entry. An OCEF is illustrated
on the next page.
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CABLE ENTRANCE FACILITIES
OPTICAL CABLE ENTRANCE FACILITY (OCEF)
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Optical Cable Entrance Facility (OCEF1-720/42)

OCEF DIMENSIONS AND CAPACITIES

Model Height Width Depth Weight | No.of | No. of

In. (mm) |{In.(mm)|In.{(mm)| Lb.(kg) |Splices|Cables
OCEF1-288/22| 22 (559) {30 (762)|12 (305)|100 (45.4)| 288 48
OCEF2-288/22] 22 (559) |30 (762)]12 (305)| 100 (45.4)| 288 24
OCEF1-720/42 {42 (1067) |30 (762) |12 (305)| 175 (79.4)| 720 84
OCEF2-720/42|42 (1067) 130 (762) |12 (305)|175 (79.4)| 720 24
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CABLE ENTRANCE FACILITIES
BIBLIOGRAPHY

BIBLIOGRAPHY
AT&T Title

620-100-001 Fire Safety Considerations of Cable in Buildings
620-100-005 Fire Stops — General

622-700-102 KS-21947 Cable Penetration Module
627-610-225 Placing Riser Cable

636-211-101 Cable Rearrangement Facility

637-241-011 Pressure Plugs — General

637-243-200 Installing 3A Pressure Plug

877-XXX-XXX  Insulated Joints in Cable Sheaths

918-216-100 Electrical Protection of Subscriber Outside Plant
919-240-610 CEF System Design
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CONDUIT
PLANNING AND DESIGN GUIDELINES

Section 8

CONDUIT

PLANNING AND DESIGN GUIDELINES

AT&T 919-240-001, -100

e Obtain information from other utilities and governmental agencies
regarding their existing and proposed underground facilities.

e Check with construction forces for information on possible special
construction problems.

e Conduct field survey of proposed route(s).

® Select permanent locations for underground structures, taking into
account:

Long-range outside plant planning
Future requirements for growth

Present and future requirements for subsidiary and branch conduit

"Future road developments

Plans of other utilities
Kinds of road paving used along possible conduit routes

Special problems, such as bridge, railway, and submarine
crossings

Need to avoid unstable soil conditions, foreign underground
structures, and liquid and gas storage facilities

Safety and convenience of workers and general public.
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CONDUIT
PLANNING AND DESIGN GUIDELINES
SIZING

® Size conduit structure based on customer requirements.

e Select conduit material on basis of minimum total cost. Size manholes
and conduit for ultimate number of ducts (40-year growth period).

¢ Locate manholes away from road intersections.
® Plan cable racking in manholes for maximum utilization of ducts.
& Pitch conduit toward manhole.

® Avoid drainage patterns that could physically expose underground
structure by soil erosion.

® Avoid interference with present drainage patterns.

e Schedule job to avoid cold weather and periods of peak demand on
contractors.

o Obtain all necessary permits before starting construction.

SIZING
AT&T 919-240-200

Customer demands for high-speed transmission and the introduction of
technology to meet those service demands greatly affect the sizing of future
conduit. Some of these changes are:

® The positioning of the loop network to support 64 kb/sec service with the
introduction of digital carrier systems. The transmission media for
serving these carrier systems being T1 digital lines or fiber optic cable
will greatly reduce the requirement for future large, twisted-pair, copper
cables.

® The introduction of fiber optic cable(s) to serve the trunk and toll network
will also reduce duct requirements.

The curves on Pages 8-3 and 8-4 are for sizing conduit based on
twisted-pair copper cables. The gauge of the cables is determined by
resistance design limitations covered in Section 5, “TRANSMISSION.”
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CONDUIT
SIZING

The technology of the digital transmission media is continually changing
the service capacity for fiber optic cables. Therefore, it is difficult to arrive at
sizing curves for conduit based on the fiber optic cables. The engineer must
use sound judgment when sizing conduit in these situations. The size must be
based on service requirements along the feeder route, using the latest
techniques available.

Determine duct growth rate for each gauge separately, using the curves
on the following chart. (These curves assume one cable per duct and average
costs.) Use the curves only for rough estimating.
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CONDUIT
SIZING

Add the duct growth rates for all gauges from the chart shown on Page
8-3; then, add the growth rates for trunk, toll, and other services. On the
following chart, find the number of ducts for growth from the curves, using
local “A” and “B" costs. (“A” cost is the getting started cost per trench foot
and includes such items as permits and engineering. “B" cost is the cost per
duct foot and includes such items as material and labor.)

Add to this result the number of ducts required immediately; this is the
required conduit size.
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CONDUIT
SECTION LENGTHS
PULLING TENSION

SECTION LENGTHS
Factors Affecting Section Lengths of Conduit
AT&T 919-240-100

Section lengths of conduit are from manhole to manhole or cable
entrance facility (CEF) to a manhole. Factors which affect these section
lengths are:

e | ocation of intersecting main, subsidiary, and branch conduit

¢ | ocation where the distribution network is to interface with feeder cables
¢ Location of loading coils, build-out capacitors, or carrier equipment

o Maximum size cable reel lengths

¢ Pulling tension

® Physical obstructions to manholes

e Safe manhole environment.

PULLING TENSION
AT&T 919-240-100

There is a limit to the amount of tension that can be used to puil cables
into a length of conduit.

Pulling tension is determined by the weight of the cable, the coefficient of
friction of the conduit, and the geometry of the duct run. Cable weights are
listed in Section 14, “CABLE AND WIRE.” Design coefficients of friction for
types of conduit material are listed on the following page.
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CONDUIT
PULLING TENSION

DESIGN COEFFICIENTS OF FRICTION
Polyethylene Cable Sheath
Duct No BorC D
Material Lubricant | Lubricant | Lubricant
Concrete 0.60 0.42 0.25
Fiber 0.47 0.44 0.25
Fiber-cement 0.50 0.50 0.25
Plastic 0.43 0.38 0.18

Copper and Aluminum Conductor Cable

Calculate the pulling tension for both directions of pull by the method on
the foliowing pages. The calculated tension for either direction must not
exceed either (1) the cable strength or (2) 6500 pounds (29 kilonewtons [kN]).
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CONDUIT
PULLING TENSION

Cable strengths for copper and aluminum conductor cables less than
6500 pounds (29 kN) are given below.

MAXIMUM CABLE PULLING TENSIONS
Pulling Tension Ib (kN)

Cable Size
(Pairs) 26-Ga 24-Ga 22-Ga 19-Ga 20-Ga | 17-Ga
Copper | Copper | Copper | Copper Alum Alum
100 400 600 1000 2000 900 1800
(1.8) (2.7) (4.4) (8.9) (4) (8)
150 600 900 1500 3000 1350 2700
2.7) (4) (6.7) (13) (6) (12)
200 800 1200 2000 4000 1800 3600
(3.6) (5.3) (8.9) (18) (8) (16)

The parameters which determine pulling tension are:
T = pulling tension (Ib)
To = back tension (ib)
f = design coefficient of friction
w = weight of cable (Ib/ft)
s = length of segment (ft)
r = radius of curvature (ft)
6 = angle of curvature (degrees).

The pulling tension in a straight segment of duct is given by:
T= To + fws
The metric equivalent of associated wire gauges are:
17-Ga=1.15mm 19-Ga=0.9 mm 20-Ga = 0.8 mm 22-Ga = 0.6 mm
24-Ga =0.5mm 26-Ga = 0.4 mm
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CONDUIT
PULLING TENSION

MAXIMUM CABLE PULLING TENSIONS (CONTD)

Pulling Tension ib (kN)
Cable Size
(Pairs) 26-Ga 24-Ga 22-Ga 19-Ga 20-Ga | 17-Ga
Copper | Copper | Copper | Copper Alum Alum
300 1200 1800 3000 6000 2700 5400
(53) | (® (13 @) |12 |@4
400 1600 2400 4000 3600
(7.1) (11) (18) (16)
600 2400 3600 6000 5400
(11) (16) (27) (24)
900 3600 5400
(16) (24)
1200 4800
(21)
1500 6000
(27)

The parameters which determine pulling tension are:

T = pulling tension (Ib)

T, = back tension (Ib)

f = design coefficient of friction .

w = weight of cable (Ib/ft)

s = length of segment (ft)

r = radius of curvature (ft)

6 = angle of curvature (degrees).

The pulling tension in a straight segment of duct is given by:
T= TO + fws
The metric equivalent of associated wire gauges are:
17-Ga = 1.15 mm 19-Ga=0.9 mm 20-Ga = 0.8 mm 22-Ga = 0.6 mm
24-Ga = 0.5 mm 26-Ga=0.4 mm

For pulling tension of fiber optic cables, see Page 8-12.

Use the alignment chart on the next page to find the pulling tension in a
curved section.
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CONDUIT
PULLING TENSION

To find the pulling tension for a conduit section containing both straight
and curved segments, calculate the tension segment by segment, starting at
the feed (or reel) end. T is the tail load on the cable entering the duct. Use
the calculated value of T?ound for the first segment by applying it as T_ for the
second segment, and so on, until the pulling tension on the cable at the winch
is obtained. A pulling tension problem is illustrated below.

CABLE
REEL Ty Ty

* = ane TRUCK-MOUNTED
LB B8 =30 WINCH

NOTE-ASSUMED VALUES:
*TENSION AT DUCT ENTRANCE
CABLE WT = 8.9 LB/FT
COEFFICIENT OF FRICTION = 0.7

Solve the problem in three steps:

1. Calculate pulling tension T_ at the end of the first (straight) section,
using the formula at the bottom of the tables on Pages 8-7 and 8-8.

2. Using this result as T , use the alignment chart on Page 8-9 to find the
pulling tension T at t?le end of the second (curved) section.

3. Using the second result as T, caiculate the pulling tension T at the
end of the third (straight) section.

The above calculations are shown on the sample worksheet on Page 8-11.
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CONDUIT

CABLE PULLING TENSION WORK SHEEY

PULLING TENSION
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r = RADIUS (FT.)
To/wr = BACK TENSION RATIO
T/wr = PULLING TENSION RATIO

FROM ALIGNMENT CHART
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" CONDUIT
PULLING TENSION
PULLING DISTANCE AND CABLE TENSION

Fiber Optic Cable
AT&T 628-200-215, -216, 920-400-100, 900-200-210

Fiber optic cable will usually be pulled into a duct liner which may be a
smooth bore or a corrugated liner. The coefficient of friction for pulling
lubricated cable into smooth bore is 0.25 and 0.20 for corrugated duct liner.
The use of suitable liners is recommended to maximize the length of fiber
optic cable that can be placed in a single pull.

It is recommended that three duct liners be the maximum placed in a 3%-
and 4-inch (89 mm and 102 mm) duct where long cable pulls are to be made.

The maximum rated pulling tension for all cables except the self-support
cables is 600 Ib/it (2.7 kN). The maximum rated cable tension for figure-eight
self-support cables is 3300 Ib/ft (14.7 kN). The dielectric circular self-support
cable has a maximum rated cabie tension of 1300 Ib/ft (5.8 kN). These aerial
cables would only experience such tension under storm loading. The
maximum pulling tension, cable diameter, and cable weight should be
obtained from the cable manufacturer.

PULLING DISTANCE AND CABLE TENSION

The tensile load rating specified for fiber optic cable is the limiting tensile
force to which the cable can be subjected without risking fiber damage.
Although the tensile force in a cable being installed cannot be predicted
exactly, an estimate must be made in order to plan the location of each cable
splice and maximum pulling distances.

Maximum pulling distance varies in inverse proportion to the friction
coefficient. The actual bends and changes of direction of a conduit run
(excluding manhole transitions) can be modeled by assuming a continuous
large radius curve. Studies by AT&T Bell Laboratories have specified this duct
curvature to be 160 degrees per 1000 feet (305 m). This constant accounts for
plan and profile bends as well as construction irregularities and is built into the
algorithm for pulling tensions as presented in this section.
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CONDUIT
PULLING DISTANCE AND CABLE TENSION

The charts on Pages 8-15 and 8-16 (one for English measurements and
one for metric) shows relationships between cable tension and pulling
distance. The ratio "T/W" is the peak tensile force in the cable divided by the
unit weight per foot. "L" is the pulling distance in feet, and "f" is the coefficient
of friction.

When using the curves in the chart, a coefficient of friction of 0.20 can be
used for corrugated polyvinyl chloride (PVC) duct liner and corrugated
polyethylene duct liner, assuming that the cable and pulling line are well
lubricated during the placing operation. For new smooth wall PVC pipe
(lubricated), 0.20 should be used as a coefficient of friction.

When pulling into shorter sections of unlubricated new PVC duct or duct
liner or polyethylene duct liner, such as for building entrance back-feeds, a
0.30 coefficient of friction should be used. If cable must be pulled into an
existing older duct without an innerduct, for any reason, a 0.45 coefficient of
friction should be used.

Note: Back-feeding is a term used to describe a procedure in which
the cable is spooled off a partially empty cable reel (after the
leading end of the cable has been pulled into the
underground plant), stored on the ground in a figure-eight
coil at the cable feed point, and pulled into the underground
plant in a direction opposite to the initial pull.

To engineer underground pulling lengths, use one of the charts on Pages
8.15 and 8.16 (English or metric) as described below:

o Given the cable’s tensile rating and unit weight per foot, "T/W" can be
calculated and a horizontal line drawn at that level on the chart.

e Where the line intersects the proper coefficient of friction curve, the
limiting pulling distance can be read directly below on the horizontal
scale. If the planned pulling length in question is shorter than the limited
pulling distance, it would be acceptable.

A second method would be to select a desired pulling distance, draw a
vertical line to the coefficient of friction curve, and then move horizontally to a
“T/W" ratio on the vertical scale. By multiplying this ratio by the weight per
foot of the cable, a pulling tension estimate can be obtained. The pulling
tension estimate calculated by this method must be less than 600 pounds.
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CONDUIT
PULLING DISTANCE AND CABLE TENSION

Length and tension obtained from using the chart include any puliing
restrictions resulting from the 160 degree/1000-foot (305 m) duct curvature
constant. To arrive at a final pulling distance estimate, restrictions due to
severe manhole bends and transitions must also be considered. Each time the
cable is to be pulled through a severe transition curve, such as a 90-degree
turn at a "T" or "J" manhole, 500 feet (152 m) should be subtracted from the
pulling distance. in addition, where duct offset distances on pull-throughs are
greater than one-half the manhole length, an additional 500 feet (152 m)
should be subtracted for each case. Cable feed points should be located at
manholes with severe transitions, where possible, to minimize these penalties.

As an example, to further illustrate these concepts, if the maximum pulling
distance from the figure was 9000 feet (2743 m) and the course of the pull
involved a midspan 90-degree "J" manhole and two pull-throughs with severe
duct offset, the pulling distance should be reduced to 7500 feet (2286 m). In
this case, a figure-eight back-feed would be needed in order to successfully
place a 3-kilometer reel.
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CONDUIT

PULLING DISTANCE AND CABLE TENSION
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CONDUIT

PULLING DISTANCE AND CABLE TENSION
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CONDUIT
PULLING DISTANCE AND CABLE TENSION

The following example illustrates how the English measurement chart
may be used:
Primary R/L (rodent/llightning) cable:

weight (w) = 0.085 Ib/ft
tensile fimit (T) = 600 Ib

using the equation T/W

600
0.085

(round off to 7000 ft)

= 70591t

20000

‘onuo B L T ITT ST OER-)

7000

5000
4000

™. 1

1000
700

500
400
300

: 5800
100 1.1 4.1 [ [ S U R T " T 0 A 1 O N 0 S I O N WK

0 1000 2000 3000 4000 5000 6000 7000 8000 8000 10000

Length, ft

From the chart (if f = 0.20), then L = 5900 ft.
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CONDUIT
PULLING DISTANCE AND CABLE TENSION

The following example illustrates how the metric version of the chart may
be used. One difference in the use of the metric version is that cable mass
must be converted to cable weight.

Primary RL cable:

mass (m) = 127 kg/km

tensile limit (T) = 2700 N

Use the following equation to find cable weight.

W =m x a (a = 9.81 n/s?, acceleration of gravity)

W = 127 kgkm x 9.81 m/s>
W = 1246 -K0=
km-~s
W = 1246Nkm (1N = 1kg-m/s?)

Convert weight to N/m

W

1246 N/km (1 km/1000 my)

W 1.246 N/m

Then, using the equation T/W

2700N
T2a6N/m - 2167Tm
(round off to 2200 m)
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CONDUIT
PULLING DISTANCE AND CABLE TENSION
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Length, meters

From the chart (if f = 0.20), then L = 1850 m.
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CONDUIT
CURVE DESIGN

CURVE DESIGN
AT&T 919-240-100

The length of a curve can be found using the following formula.

_ angle in degrees
L=2nr [ 360"

r = radius of bend in feet

For example: to find the length of a 64-degree, 35-foot (10.7 m) radius curve

64
360°

L =39.1t(11.9m)

L = 2n(35)

Subsidiary Conduit

Plastic Conduit. Curves are formed using rigid bends (Pages 8-24 and
8-25).

Steel Pipe. Bends are formed on the job site using a portable pipe
bender (AT&T 622-315-200).

Single-Bore Conduit
Curve Radius 40 Feet (12 m) or More

Plastic Conduit — Manually bend straight conduit. Conduit must be
firmly anchored in trench.

8-20 AT&T Outside Plant Engineering Handbook, August 1994



CONDUIT
CURVE DESIGN

Curve Radius Less Than 40 Feet (12 m)

Construct curve in one continuous arc, if possible, using rigid bends
without interspersed straight sections, as illustrated below.

LI

CONTINUOQUS ARC
(NO STRAIGHT SECTIONS)

For plastic conduit, use 15-foot (4.6 m) radius bends (7 or 30 degrees, as
required). Rigid bends are described on Pages 8-24 and 8-25.

If an obstacle prevents construction of the curve in a single arc, use two
arcs connected by a single straight section, as illustrated on the next page.
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PREFERRED ROUTE IF OBSTACLE WAS
NOT PRESENT

OBSTACLE / e ——
-
y -~

-~

b

CONTINUOUS ARC

STRAIGHT SECTION

e ow ——— o e A

CONTINUQUS ARC
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CONDUIT AND PIPE
' AT&T 919-240-400
Factors to Consider in Selecting Type of Conduit
e Material cost and local availability
e Ease of handling
e Ease of joining

e Concrete encasement and backfill requirements

Soil conditions

Special conditions (for example, heat, gas, heavy loads, limited cover).

Advantages of Single-Bore Conduit
e Lightweight: mechanical handling equipment not required
o Good joint integrity
e Strong, stable structure (if concrete-encased)
e Easily rearranged to avoid obstacles

e Can be pneumatically rodded.

Advantages of Multiple-Bore Conduit

e Long trench openings not required
o Select backfill not required

e Ready-mixed concrete not required.
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Single-Bore Conduit
AT&T 622-020-100, 919-240-400

Straight lengths of single-bore conduit are available as follows:

Weight Ib/ft (kg/m}

Material| Length
ft (m) Type B Type C Type D

Plastic |20* (6.1)]0.6-1.0 (.3-.6)]1.0-1.5 (.6-.7) [1.2-1.7 (.5-.8)

* Longer and shorter lengths available from manufacturer.

e Type B (thin wall) requires concrete encasement.
e Type C (thick walf) may be buried with selected backfill in straight runs.

o Type D is ultraviolet (sunlight) and flame-resistant.
Rigid bends for single-bore conduit are illustrated below and listed on the

next page.
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RIGID BENDS FOR 4-INCH (102 mm) SINGLE-BORE CONDUIT

Material Angle Radius Length
(Degrees) ft (m) in. (mm)

7 15 (4.6) 28 (711)

30 15 (4.6) 100 (2540)

30 12 (3.7) 81 (2057)

B, C, or D Plastic 45 9(2.7) 91 (2311)

45 9(2.7) 63 (1600)

45 3(0.9) 34 (864)

90 3(0.9) 63 (1600)

E Plastic* 90t 3(0.9) 72 (1829)

64 3(0.9)

* Replaces cast iron for subsidiary conduit.
1 Also available in split form for repairs.

46 (1168)

For adapters and couplings, see AT&T 622-020-100 and 919-240-400.

Steel Pipe

available in the sizes shown in the table on the next page.

AT&T Outside Plant Engineering Handbook, August 1994

AT&T 919-240-400

Steel pipe is used where conduit must be pushed or jacked, where
environment is too severe for other conduit, and for submarine crossings.
When using steel pipe for fiber optic cable, proper measures must be taken to
prevent the pipe from filling with water and freezing. Standard weight pipe is
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CONDUIT AND PIPE

PLACEMENT
Plain End Bell End
Nominal
Size 0D in. (mm) ID in. (mm) OD in. (mm) | ID in. (mm)
1 11.315(33.4) |1.048 (26.6) - —_
1-1/2 11.900 (48.3) (1.610 (41.0) - —
2 |2.375 (60.3) [2.068 (52.5) —_ -—
3 |3.500 (89) 3.068 (77.9) 3.50 (89) 3.06 (77.7)
3-1/2 }4.000 (101.6){3.548 (90.1) 4.00 (101.6)3.54 (90.0)
4 14.500 (114.3)14.026 (102.3) 4.50 (114.3)[4.02 (102.1)
PLACEMENT

Duct Arrangements

Duct arrangements are subject to trench width and/or depth constraints
imposed by terrain, the presence of other structures, required working space,
etc. The arrangement of ducts in a conduit run should be compatible with the
manhole cable racking arrangement. (Refer to “MANHOLES” later in this
section.) Generally, 2-, 3-, or 4-wide arrangements are preferred for single- or
double-wall racking. Where a large number of ducts or other circumstances
require center racking as well as wall racking, wider duct arrangements may
be appropriate.-

Separation From Other Structures
AT&T 622-100-010, 622-300-205, NESC Rule 320, 919-000-100
The following separations are required for safety of personnel and for

protection of telephone equipment:

Structure Minimum Separation

Power or other
foreign conduit

3-in. (76 mm) concrete
4-in. (102 mm) masonry
12-in. (305 mm) of well tamped earth
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PLACEMENT
Pipes (gas, oil, 6 in. (152 mm) when crossing,
water, etc.) 12 in. (305 mm) when parallel.
Power conduit  Separate poles, if possible. If same pole,
terminated on  preferably 180°, but not less than 90",
poles
Railroads Crossing 50 in. (1270 mm) below top of rail.*
(except street  Terminating on poles; 12 ft (3658 mm)
railways) from nearest rail, except 7 ft (2134 mm) at sidings.

Street railways 3 ft (914 mm) below top of rail.*

*Exception: Where impractical, or for other reasons, these clearances
may be reduced; however, the top of the conduit or conduit protection shall in
no case extend above the bottom of the ballast section which is subject to
working or cleaning.

Spacing and Backfill Requirements
AT&T 919-240-400

The next three pages show spacing and backfill requirements for single-
bore conduit. The volume of concrete or granular backfill will vary with the
trench width and the degree of irregularity of the trench surfaces. Volumes
given for each arrangement are for the minimum trench width consistent with
the specified clearances. Volumes for sand or granular backfill include an
allowance of about 1/12 for compaction.
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GROUND L.INE
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*18 IN. PERMITTED UNDER DRIVEWAYS, SIDEWALKS

CUBIC YARDS OF CONCRETE PER 10080 FEET OF TRENCH

B PLASTIC B PLASTIC
- 4 3= 4
WIDE WIDE WIDE WIDE
2-HIGH| 3.8 4.9 2-HIGH [ 3.4 4.3
3-HIGH|S5.2 6.6 9-HIGH| 4.2 5.4
4-HIGH| 6.5 8.3 4-HIGH|5.1 6.5
FOR LARGER FORMATIONG USE: FOR LARGER FORMATIONS USE:
PLASTIC: .35WH *+ .35W + .28H PLASTIC: .22WH *+ .48W + .23H

(W = NO. OF DUCTS WIDE, H = NO. OF DUCTS HIGH)

NOTE-OPTIONAL FOR NOTE-LIMITED TO 3 TIERS
STRAIGHT RUNS OF PER POUR. REQUIRES LESS
B PLASTIC. CONCRETE THAN METHOD
USING VERT. SEPARATIONS
SINGLE-BORE CONDUIT OPTIONAL ARRANGEMENT FOR
(ALL TYPES) ON CURVES B PLASTIC CONDUIT
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SELECTED MATERIAL
FREE OF LARGE
STONES, FROZEN

_ - MATERIAL, ETC. - -

12 IN. MIN® Y
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CUBIC YARDS OF SAND OR GRANULAR BACKFILL PER 100 FEET OF TRENCH

C PLASTIC C PLASTIC
3- 4- a3- 4-
WIDE WIDE WIDE WIDE

2-HIGH| 10 12 2-HIGH| 10 13

3-HIGH [ 1 14 3-HIGH| 12 15

4-HIGH [ 13 16

4-HIGH i3 16

FOR LARGER FORMATIONS USE: FOR LARGER FORMATIONS USE:

PLASTIC: .38WH + 1.8W + 4H + | PLASTIC: .36WH + 2.83W + 2H + 7

(W = NO. OF DUCTS WIDE, H = NO. OF DUCTS HIGH)

C PLASTIC CONDUIT,
STRAIGHT RUNS, ANY
NUMBER OF TIERS

C PLASTIC CONDUIT,
STRAIGHT RUNS,
UP TO 4 TIERS
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Subsidiary Conduit
AT&T 919-240-400

e Coordinate with builder regarding termination of conduit in a building.
® Use steel pipe or plastic conduit.

e Place in same trench with main conduit, if practicable, and on top of
main formation.

Conduit Casings
AT&T 919-000-100, 919-240-510

Steel casing pipe is recommended for housing underground conduit
under railway and highway crossings. The casings are bored under the
crossing to eliminate interference with traffic. Steel casings are also
recommended as a supporting structure for conduit placed in unstable soil.
Typical installations under a highway and railroad are shown on the foliowing
two pages.
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ROADWAY STRUCTURE B

lg— 5°* ol ROADWAY

SHOULDER  PAVEMENT

T
TSV
o XX

sps a0 )80, 0
UNPAVED
DITCH

BASE SUBBASE

CASING

NOTE: MINIMUM DIMENSIONS ARE SHOWN

Conduit Casings Under Highways
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25 r.____asv____.

I DITCH r— 33—
ROADBED
¢ ¢

TRACK TRACK

5-1/2" OR 4-1/2'

/ NOTE:
CASING MINIMUM DIMENSIONS ARE SHOWN ;ghgﬁ??“

Conduit Casings Under Railroads

Note: Design runs to avoid conduit failure due to shearing at
junction between casing and regular conduit run, which may
result from a difference in settlement rates between casing
and regular conduit.
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The table below lists the duct capacity of standard size casings.

STEEL CASING PIPE — DUCT CAPACITY

Duct Capacity (Max)
Standard
Casing Bundled Spaced
0D in. {mm) (Note 1) Formation (Note 2) Formation
12 (305) 3 3
16 (406) 4 4
18 (457) 7 4
20 (508) 7 7
24 (610) 10 10
30 (762) 19 19
36 (914) —_ 24
42 (1067) - 37
48 (1219) -_ 44

Notes: .
1. Casings with 22-, 26-, 28-, 34-, and 38-inch (559, 660, 711, 864,
and 965 mm) diameters are nonstandard sizes and should be avoided.

2. More than 19 ducts in the bundled formation are not recommended
and may result in severe deflection of the bottom ducts when top ducts
are filled.

The wall thickness of the casing pipe is dependent on several factors
such as the live or dynamic load from vehicular traffic, the dead or earth load,
and the diameter of the casing used. (See table on the next page.) The
dynamic load is dependent on the type and weight of the vehicle, the type of
roadbed, and the depth of the casing. The earth load is dependent on the
composition of the soil and the depth of the casing. Dynamic loads decrease
and earth loads increase with casing depth.
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TRENCH WORK

STEEL CASING WALL THICKNESS
Nominal Nominal
Wall Casing
Thickness Diameter
in. (mm) in. (mm)

0.188 (4.8) Under 14 (356)

0.219 (5.6) 14 to 16 (356 to 406)

0.250 (6.4) 18 (457)

0.281 (7.1) 20 (508)

0.312 (7.9) 22 (559)

0.344 (8.7) 24 (610)

0.375 (9.5) 26 (660)
0.406 (10.3) 2810 30 (711 to 762)
0.438 (11.1) 32 (813)
0.469 (11.9) 34 to 36 (864 to 914)
0.500 (12.7) 38 to 48 (965 to 1219)

Bridge Crossings
AT&T 919-240-520

The diversity of bridge designs makes it impractical to prescribe a
standard method of designing conduit on bridges. However, there are certain
fundamentals which must be considered. These are covered in the document
referenced above.

TRENCH WORK

AT&T 622-020-020

The Occupational Safety and Health Act (OSHA) requires that ali
excavations deeper than 5 feet (1524 mm), wherein a craft person is required
to enter and work, shall have walls shored, sheeted, braced, or otherwise
supported unless the excavation is in solid rock, hard shale, hard slag, or

where the sidewalls are cut to a slope of 1 foot (305 mm) horizontally for each
2 feet (610 mm) of rise.
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Typical shoring arrangements are shown below and on the next page.

NOTE:
LEAVE 4 IN T0 6 IN. WORKING SPACE
BETWEEN BRACE AND CONDUIT.
‘ 6 Fifv
NG
'AF RN \ M
2 IN. X 81 — p= gnggé énzcénion
— ‘/
UPRIGHTS T FFFTE; 7] & TRENCH JACK)
v 2 IN. X 6 IN.
< UPRIGHTS
4 F1 HARD, COMPACT
SOIL
M el 4 IN. X 4 IN.
= - --'-// gngss BRAgE (OR
v s ! .. RENCH JACK
) B e ’
TRENCH DEPTH 153
10 FT. — —
OR LESS r,: i3 z "'11 (NOTE)
= =
CLEAT £ <,
QHIF—‘Y//& //‘QQ =Ty A
- Yy o
O i D /! Oé
3 S v

.
TRENCH WIDTH
6 FT. OR LESS
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NOTE:
LEAVE 4 TO 6 IN. WORKING SPACE
BETWEER BRACE AND COMDUIT.

2 IN. X 8 IN.
TIGHT
N FT SPACED
7fw Y |a/UPRIGHTS
} | CLEAT
CLEAT ! ! L
4IN. X 6 IN. ;i:-!
CROSS-BRACE -
(DR TREMCH STRINGER
JACK) 4 F1
LOOSE SOIL 4 IN. X
s IN.
STRINGER STRINGER
TRENCH DEPTH
10 FT. OR LESS
4 IN. X B IN. y
CROSS-BRACE
(OR TRENCH {MOTE)
JACX)
SHARPENR
TOE OF
UPRIGHTS SHARPEN
TO0E OF
I A UPRIGHTS

TRENCH WIDTH
6 FT. OR LESS

Trenches less than 5 feet (1524 mm) deep should be shored if they
constitute a hazardous work location. Someone shall be stationed on the
surface to keep the persons in the excavation in sight at all times.
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Minimum shoring requirements are listed below:

TRENCH SHORING — MINIMUM REQUIREMENTS
{Wood Member Dimensions in Inches)

Cross-Braces for Trench
Trench Uprights Width up to (Note 3)
Depth Soil Stringers
(ft) (Note 1) | Size |Spacing | (Note2) | 6ft | 9ft 121t 15 ft
(ft)
5t0 10 A |3x4 6 None
or 4x4|4x6 |6x6 |6x8
B 3 4x6
2x6
C Tight 4x6 |4x61i6x6 |[6x8 [8x8
D Tight 6x8
10to 15 A 4 4x6
3x4 4x6|6x6 |6x8 |8x8
B or 2 4x6
C |(2x6]| Tight 4x6
6x6]6x8 [8x8 [8x10
D |3x6} Tight | 8x10
15t020f Al [3x6]| Tight | 4x12 |6x8 (8Bx8 |8x10 [10x 10
>20 All |3x6| Tight 6x8 |8x8|8x10{10x10|10x 12
Notes:

1. Soil type or condition; A — Hard, compact
B — Likely to crack
C — Soft, sandy, or filled
D — Hydrostatic pressure.
2. Stringer spacing = 4 ft.
3. Cross-braces spaced 4 ft vertically, 6 ft horizontally.

Trench jacks may be used in lieu of, or in combination with, cross-braces.
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MANHOLES
AT&T 622-500-011, 919-240-300
Planning and Design Considerations

e Locate manhole to make optimum use of the connecting conduit
structure for cable-placing operations.

e Use precast manholes wherever possible for economy, uniformity,
quality control, and quick installation.

® Use cast-in-place construction when: (a) required manhole size exceeds
range of precast manholes, (b} obstructions prevent use of precast
manholes, (c) manhole is to be rebuilt, or (d) nonstandard designs are
required.

- & Size manhole for ultimate duct requirements.
® Plug all ducts to minimize entry of water into manholes.

Sizes and Types of Manholes
Basic Manholes

Basic manholes are designated A, J-3, J-4, L, and T, according to the
directions in which ducts enter and leave the manhole, as illustrated below.

o e
o G
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Sizes

Recommended dimensions of basic manholes are shown below. These
sizes allow racking space to accommodate one stub for every four main
cables. The ultimate number of main cables must be distributed equally
among all racking positions.

BASIC MANHOLE INSIDE DIMENSIONS

Ultimate No.
Type of |of Main Cables | Width | Length Headroom
Racking (Note) ft(m) | ft(m) ft (m)

Single Upto10 |5(1.5)|12(3.7)|7 (2.1) plus one for every two
cables in excess of 20

Upto20 [6(1.8)[12(3.7)|7 (2.1)

Double
>20 6 (1.8){12 (3.7)|7 (2.1) plus one for every tier of
ducts in excess of 20

[ Note: The ultimate number of main cables shown are for

copper paired cables. The capacity would be increased with fiber

optic cables.
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SINGLE- DOUBLE~
DIMENSION RACK RACK
] i0-1/2" 12"
W S' 8'
H See Table on Page 8-40
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Center Rack Manholes

When the planned cable capacity calls for a manhole of impractical or
uneconomical depth, a wider and shallower cast-in-place manhole may be
built and arranged for center racking as well as wall racking. A center rack
manhole is essentially a double-width manhole with a center cable racking
frame.

O
O

For the same depth and type of racking, a center rack manhole is twice
as wide as a basic manhole and can accommodate twice as many main
cables.
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Precast Manhole
AT&T 622-506-100, 919-240-300

Precast manholes are available with cast-in single or multiple plastic duct
terminators to accept single-bore conduit. Thin concrete knockout sections
may also be provided for terminating muitiple-bore concrete conduit. The top
section contains knockouts for subsidiary or lateral ducts.

Precast manholes for general use are listed below. Manholes for loading
and carrier apparatus are listed below and on the next two pages.

PRECAST GENERAL-USE MANHOLES
Inside Capacity
Basic Number Dimensions |[{(Number
Manhole | Midsection |{Config- of ft (m) of Main
Designation | Designation | uration { Sections Cables)
w L H | (Notes)
38Y-4046-1 —_ A 2 6 12 { 7 20
38Y-4046-3 — J LT (1.8){(3.7)|(2.1)
38Y-4046-1|38Y-4049-1] A 3" 6 |12 |10 28
38Y-4046-3|38Y-4049-3|J, L, T (1.8)](3.7)1(3.0)
38Y-4046-1{38Y-4050-1] A 3* 6 | 12 |12 36
38Y-4046-3{38Y-4050-3{J, L, T (1.8)1(3.7) {(3.7)
38Y-4052 - A 2 4 81 6 41
(1.2){(2.4)](1.8)
Note: Based on copper paired cables.
* Including midsection.
1 For splicing on light, secondary conduit runs or buried cable runs.
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PRECAST CARRIER APPARATUS MANHOLES
Inside
Basic Midsection [Config-| Number | Dimensions | Carrier
Manhole |Designation | uration of (ft) System Capacity
Designation Sections
WiLj| H
38Y-436-6 _ A 2 dual-cable systems
using 52-pair cables, or
38Y-4036-7 —_ Single- 2 6 11216-1/2] T2 |1 dual-cable system
ended using 104-pair cables
38Y-4046-1 — A 2 6 |12} 7 |T1, T1C{Dual 600-pair cables
38Y-4046-1 | 38Y-4049-1 A 3 6 {12{ 10" {T1, T1C | Dual 900-pair cables
38Y-4046-1 | 38Y-4050-1 A 3 6 12| 10* |T1, T1C|Dual 1200-pair cables
38Y-4046-4 - A ‘2 6|12] 7 T4M | One 22-tube coaxial
cable
38Y-4046-4 | 38Y-4049-4 A 3 6 §12] 10* | T4M |Two 22-tube coaxial
cables
38Y-4052 — A 2* 4|18} 6 |T1, T1C|Four475-or 479-type

apparatus cases

* Including midsection.
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PRECAST LOADING MANHOLES
Inside Capacity
Basic Number Dimensions (Number
Manhole | Midsection |Config- of ft(m) of Coil
Designation | Designation | uration | Sections Cases)
w L H {(See Note)
38Y-4046-1 —_— 2 6 | 12 7 4

(1.8){(3.7)12.1)
3 6 | 12 [12*] 10
(1.8)[3.7|(3.7)
3 6 |15] 9 20
(1.8)|(4.6){(2.7)
4 6 |15 |12*| 28
(1.8)|(4.6)|(3.7)

Note: Can vary depending on local practice.
* Including midsection.

38Y-4046-1|38Y-4050-1

38Y-4048 —

> » > P

38Y-4048 | 36Y-4051

Separation From Other Structures
AT&T 622-100-010

Minimum recommended separations between telephone manholes and
outside surfaces of foreign structures are as follows:

Structure Separation
Electric light, power, or 3 inches (76 mm)
other conduits

Pipes such as gas, water, 6 inches (152 mm) when crossing;
oil mains 12 inches (305 mm) when parallel

AT&T Outside Plant Engineering Handbook, August 1994 8-45



CONDUIT
FRAMES, COVERS, AND COLLARS

FRAMES, COVERS, AND COLLARS
AT&T 622-520-100, 919-240-300

For frames and covers, the 30-inch (762 mm) size is recommended for all
applications and should be specified for use with precast manholes. Although
27-inch (686 mm) frames and covers are available, their use is not generally
recommended, particularly where only one manhole opening is provided. It is
easier to get into and out of the 30-inch (762 mm) size, especially with a
blower or pump hose in the opening, and there is more room for placing
apparatus into the manhole. The 24-inch (610 mm) frame and cover should
not be used in new construction. Available frames and covers are listed in
the following table.
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MANHOLE FRAMES AND COVERS

Opening Height of
Type Dia. Frame Remarks
in. (mm) in. (mm)
A 27,30 11 (279) Has inner cover and sealing gasket;
(686, 762) recommended for central office,
carrier-equipped, loading, and
critical junction manholes or
wherever a watertight or secured
cover is required
SA 27,30 5-5/8 (143) |Shallow version of A type
(686, 762)
G .27, 30 10 (254) Has 4 equally spaced 1-in. (25 mm)
(686, 762) diameter holes in the frame flange
to permit securing the frame to
concrete collars and to 38Y
manhole roofs. Used with both the
G (nonlocking) and H (locking)
covers
SG 27,30 5-5/8 (143) |Shallow version of G type. Same
. (686, 762) remarks as G type
R 27,30 1-1/2 (38) |Used where not subject to vehicular
(686, 762) traffic
D 30 (762) 1-1/2 (38) [Modified R with pentagonal head
locking bolts
H 30 (762) — Covers only are equipped with two

captive bolts with attached locking
plates that engage the rim of either
the G or the SG frame

Caution: For safety, use only one size frame on manholes with more
than one opening.
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A manhole collar provides a means for raising the manhole frame and
cover to grade. Brick-and-mortar collars and concrete collars may be
constructed to any height. Alternatively, the following precast concrete collars
can be used, either alone or in combination, to attain the desired height for up
to 10 feet (3.1 m) of cover.

38Y PRECAST MANHOLE COLLARS
Type Height Use
in. {(mm)
38Y-4039-1 5-1/2 (140) |Not a normal collar, but an apron designed to fit
around the manhole cover at grade in unpaved
areas to provide a solid, ground-leve! woik area
38Y-4039-3 3 (76) |Used with any of the frames listed in table on
38Y-4039-9 9 (229) |Page 8-47 except for D and R types. Can also
38Y-4039-15 | 15(381) |be used under 38Y-4039-15R collar
38Y-4039-15R| 15(381) |[Includes a 30-inch R-type frame fabricated into
collar. For use with R and D covers

The above collars can be used with precast or cast-in-place manholes. At
least one opening should be provided for manholes up to 12 feet (3.7 m) in
length, two openings beyond 12 feet (3.7 m) in length, and three openings
beyond 20 feet (6.1 m) in length. The number of manhole openings required is
doubled for center-racked manholes.

Manhole Extension Rings
AT&T 622-520-201

Pavement resurfacing operations sometimes necessitate the raising of
manhole covers. This may be conveniently accomplished with manhole
extension rings, which are described in the AT&T document referenced
above.
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DUCT ASSIGNMENT AND CABLE RACKING
AT&T 632-305-215, 919-240-300

Cable rack space should be used in the specified sequence to permit
work on cables after placement and to preserve work space for splicing
additional cables. With double-racking arrangements, it is better to use all the
outer (against the wall) rack spaces before using any inner (toward the center
of the manhole) spaces. With either single or double racking, spaces shouid
be used from the bottom up.

Ducts should be selected to avoid:
1. Cable crossovers between the duct entrance and the cable rack

2. Blockage of future access to vacant ducts.
Racking arrangements and order of duct selection for line manholes are
shown on the next two pages. For A-, L-, and T-type manholes, see

referenced practices. Single-racked manholes are shown on Page 8-50.
Double-racked manholes are shown on Page 8-51.
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RACKING ARRANGEMENT AND ORDER OF DUCT
SELECTION FOR SINGLE-RACKED MANMOLES
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TO CENTRAL OFFICE
3-WIDE DUCT CONFIGURATION

T0 CENTRAL OFFICE
4-NIDE DUCT CONFIGURATION

RACKING ARRANGEMENT AND ORDER OF DUCT
SELECTION FOR DOUBLE-RACKED MANHOLES
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CONTROLLED ENVIRONMENT VAULT (CEV)
AT&T 622-506-225 to -228, 919-240-302

The Controlled Environment Vault (CEV) is designed to provide an
underground facility suitable to house electronic equipment such as subscriber
loop carrier systems or FT3/FT3C lightwave digital transmission system
regenerators. The CEV is not equipped to support through underground
cable, as are regular manholes. They are generally placed in proximity to
a manhole on a main underground route.

The CEV is a precast concrete structure consisting of a top and bottom
section. CEVs are available in 16- and 24-foot (4.9 and 7.3 m) length sizes,
depending on the amount of electronics equipment to be housed. They have
an inside dimension of 6 feet (1829 mm) wide and 9 feet (2743 mm) of
headroom.

A CEV equipped with subscriber loop carrier equipment is shown on the
following page. CEVs are equipped with AC power, lights, sump pump,
dehumidifier, ventilation blower, heater, and atmospheric monitor. Air
conditioning is optional depending on where they are being installed. The
engineer must use caution when choosing a site for a CEV. The bottom
of the exhaust air vent must be above the 100-year flood level. This
information is available from insurance companies or local government
agencies. Some of the equipment is above ground, which may be hazardous
to the public. This aboveground equipment will be exposed to moisture such
as snow.
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CONTROLLED ENVIRONMENT VAULT (CEV)

Controlled Environment Vault (CEV) Equipped With
Subscriber Carrier Equipment
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BIBLIOGRAPHY

AT&T Title

622-020-020  Conduit and Manhole Construction — General

622-020-100  Conduit Types and Uses

622-100-010  Conduit and Manholes — Precautions

622-300-205 Conduit — Special Construction

622-315-200  Steel Pipe — Laying

622-340-200 B Plastic Conduit

622-340-201  C Plastic Conduit

622-500-011  Manholes — General

622-505-210  Cast-in-Place Construction of Manholes

622-506-100  Precast Concrete Manholes — 38Y-Types

622-506-225 16-Foot (4.9 m) Controlied Environment Vault (CEV) Installation

622-506-227  24-Foot (7.3 m) Controlled Environment Vault (CEV) Installation

622-506-236  KS-23038 (CEV) Controlied Environment Vault Installation

622-520-100 Manholes — Equipping

622-520-111 - Loading Manhole Racking

622-520-201  Extension Rings

628-200-215  Innerduct Placing — Underground

628-200-216  Fiber Optic Cable Placing — Underground

632-305-215 Cable Racking in Manholes

640-527-230  T1C System Manhole Layout

640-530-230 T2 Manhole Layout and Equipping

640-540-230  T4M Manhole Layout and Equipping

900-200-210  Fiber Optic Cable Systems Outside Plant Standards
Handbook (Note: This document is AT&T Proprietary.)

919-000-100  Design of Communication Lines Crossing Railroads
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919-240-100
919-240-200
919-240-300
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919-240-520
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BURIED PLANT
PLANNING AND DESIGN GUIDELINES

Section 9

BURIED PLANT

PLANNING AND DESIGN GUIDELINES
AT&T 917-356-001

Buried plant is recommended as the first choice of providing outside plant
(OSP}) tacilities beyond the underground network.

Selecting Placing Locations

e Select a permanent location for all buried plant, considering such factors
as right-of-way limitations, soil type, natural obstacles (that is, rocks and
trees), other underground utilities, and possible future excavation, such
as that involved in road widening, fences, or ditching.

e Comply with all ordinances and regulations. Where required, secure
permits before placing, excavating on private property, crossing
streams, pushing pipe, or boring under streets and railways.

e Determine location of existing underground utilities.

Urban and Suburban Residential Areas
AT&T 917-356-100

Place distribution cables along the front property line or in a utility
easement along the rear propenty line. Factors to be considered in selecting
cable location are:

e Soil and subsurface conditions
¢ Natural obstacles such as rocks, trees, and unfavorable terrain

e location of other utilities and the possibility of joint construction
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e Existing or future obstructions such as topsoil storage, fences,
swimming pools, and road paving

s Ease of locating plant: The front curb provides a convenient reference
for locating cables and closures; electronic markers are used to locate
out of sight closures where subsequent reentry is expected.

Low-Density (Rural) Areas
AT&T 917-356-201

When planning 1o bury cable in low-density areas, consider these factors:
e Protection from damage due to future road construction
® Adequate right-of-way for future cables
o Greater potential customer density from either side of road
e Highway authority requirements.
Possible locations are:
e Private property paraliel to road
e Between ditch and property line
® Road shoulder.

Mobile Home Parks
AT&T 917-352-310

Cable should be buried along the rear lot line, with the distribution
terminal located to serve homes. Protector mounting may be on a joint
pedestal with power, a Telco-provided steel post, or a wood post provided by
the park operator. If the protector is within 12 inches (305 mm) of the mobile
home, station wire may span the space between them.

9-2 AT&T Outside Plant Engineering Handbook, August 1994



BURIED PLANT
PLANNING AND DESIGN GUIDELINES
CABLE SIZING

Cable and Sheath Selection—Copper
AT&T 626-101-010

Filled polyethylene insulated conductor (PIC) cable is the only cable
recommended for direct burial in the ground. This cable is available in pair
sizes from 6 to 3000, depending on the gauge. See Section 14, “CABLE AND
WIRE” for a complete listing of AT&T copper cabies.

Cable and Sheath Selection—Fiber Optic

There are also several fiber optic cables which are available for direct
buried application. See Section 14, “CABLE AND WIRE" for a complete listing
of AT&T fiber optic cables.

CABLE SIZING
AT&T 917-152-200
Distribution Cables—Copper
Urban and Suburban Areas
AT&T 901-350-250, 915-251-300

Buried distribution cables should be sized for the ultimate requirements of
the living units and business locations within the area served by the cable. A
minimum of one to two pairs per ultimate living unit is standard. However, the
number of pairs provided should be consistent with customer requirements.
The number of pairs required for business locations in an area is variable,
depending on the type of business. Therefore, the number of pairs required for
each business location is left to the judgment of the engineer.

The recommended design in predominantly residential areas is the
Secondary system distribution concept. This is where the geographical area of
a wire center is divided into discrete areas. An interface is placed between the
Primary (feeder) system and the Secondary (distribution) system. The
distribution cables are sized for the ultimate requirements in each block or
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cable area and then extended back to the interface multiple free. Therefore, it
is important that the site for the interface be finalized before sizing the
distribution cables to serve the various blocks or cable areas within the
Secondary system.

In business office complexes or industrial areas, buried distribution cables
should be sized for the ultimate based on known service requirements and
sound engineering judgment.

Low-Density (Rural) Areas

Sizing of buried distribution cables in rural areas is generally difficult due
to the following:

e Difficulty in identifying the ultimate service requirements.

® The majority of the cables in rural areas contain both feeder and
distribution facilities.

e Services beyond 18 kilofeet (5.5 km) of the central office (CO) must be
on loaded facilities (resistance design). Therefore, the distribution pairs
within a cable must be tailored to serve customers within each load
section (6000 feet [1.8 Km] plus end section). Hence, the engineer must
forecast the number of pairs required in each load section.

The engineer should consider the extent of the area to be served by the
buried cable, the number and type of customers served, and the forecasted
growth when sizing cables in rural areas.

Feeder Cables—Fiber Optic

Bellcore has defined the elements of a FITL system in TR909, as
illustrated on the next page. Optical network units (ONUs) are generally
located to serve multiple subscribers; for example, at curbside in residential
applications. These ONUs connect a host digital terminal (HDT) over a fiber
optic link. The HDT then interfaces to the switch. For short loop applications.
the HDT may be located in a central office building; for long loops, the HD1
may be remotely located in a cabinet, hut, or controlled environment vault
(CEV).
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ONU ONU

HDT -2 MUX}| {HDT
RN
Central
ONU Long office Short ONU
loop loop

“PDN - Passive Distribution Network

The SLC®-2000 muitiservices distant terminal (MSDT) is AT&T's ONU
product. The HDT may be either a SLC Series 5 or a SLC-2000 remote
terminal. The SLC-2000 MSDT feature uses one singlemode fiber along with
1310 nm optical components to provide a bidirectional transmission link
between each SLC-2000 MSDT and the HDT. Telephone and data
distribution from the SLC-2000 MSDT to the subscriber is accomplished with
standard twisted-pair metallic drops. The distribution of video services,
including Video Dial Tone, may also be accomplished through the SLC-2000
MSDT with the installation of the optional SLC-2000 Broadband Video
Channel Unit. Using a separate fiber from a video head-end, high quality
analog and/or digitally compressed video signals are delivered to the SLC-
2000 MSDT for distribution to subscribers over coax drops.

Buried fiber optic feeder cables will generally be sized on the number of
digital subscriber carrier systems they will serve and the number of fibers
required for each system.

AT&T Outside Plant Engineering Handbook, August 1994 9-5



BURIED PLANT
CABLE SIZING
JOINT CONSTRUCTION

Distribution Cables—Fiber In The Loop (FITL)

The size of the distribution cable is based on the number of MSDTs rather
than on pairs per customer as with copper facilities. In some situations it may
be economical to place paralleling single-fiber cables in the same trench to
each MSDT rather than place a multifiber cable and introduce numerous
branch splices into the network. A more detailed explanation and illustrations
showing FITL with the AT&T SLC-2000 MSDT is located in Section 13,
“DIGITAL LOOP CARRIER SYSTEMS.”

Feeder Cables—Copper
Urban and Suburban Areas

Buried feeder cables in urban areas should be sized for an economical
period. Caution must be taken when determining the location of a buried
feeder cable so that it will not interfere with the placing of future feeder cables
or underground conduit.

Low-Density (Rural) Areas

Feeder pairs and distribution pairs in rural areas are generally contained
in the same cable. Therefore sizing of feeder cables in rural areas should
include the pairs required in each distribution section.

JOINT CONSTRUCTION
AT&T 629-020-100

In areas where both power and telephone utilities plan to bury their
facilities, a joint trench is usually advantageous. Besides saving in installation
cost, there is less likelihood of damage during construction. Successtul joint
operations require advance planning and close coordination with the utilities
involved. Joint trenching with power facilities should be employed only
for distribution cables and service wires, not for feeder or trunk cables.
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IMPORTANT

Do not use joint construction for dedicated cables
serving power stations. See Page 6-3 in this handbook.

Random Separation Between Power and Telephone
Facilities

NESC Rule 354

Power and telephone conductors may be buried in the same trench,
without deliberate separation. The following requirements must be met.

Random Separation—Additional Requirements

General

e These rules apply to cables or conductors when the radial separation
between them will be less than 12 inches (305 mm).

e Supply circuits operating above 300 volts to ground or 600 volts
between conductors shall be so constructed, operated, and maintained
that when faulted they shall be promptly deenergized initially or following
subsequent protective device operation (phase-to-ground faults for
grounded circuits, phase-to-phase faults for ungrounded circuits).

e Communication cables and conductors, and supply cables and
conductors, buried in random separation may be treated as one system
when considering separation from other underground structures or
facilities. '
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Supply Cables or Conductors

The cables or conductors of a supply circuit and those of another supply
circuit may be buried together at the same depth with no deliberate separation
between facilities, provided all parties involved are in agreement.

Communication Cables or Conductors

The cables or conductors of a communication circuit and those of another
communication circuit may be buried together and at the same depth with no
deliberate separation between facilities, provided all parties involved are in
agreement.

Supply and Communication Cables or Conductors

Supply cables or conductors and communication cables or conductors may be
buried together at the same depth with no deliberate separation between
facilities, provided all parties involved are in agreement and the applicable
rules in 354D1 are met and either Rule 354D2 or 354D3 is met.

® General ‘
— Grounded supply systems shall not be operated in excess of
22,000 volts to ground.
— Ungrounded supply systems shall not be operated in excess of
5300 volts phase to phase.

— Cables of an ungrounded supply system operating above 300 volts
shall be of effectively grounded concentric shield construction. Such
cables shall be maintained in close proximity to each other.

— Ungrounded supply circuits operating above 300 volts between
conductors and in random separation with communication
conductors shall be equipped with a ground-fault indication system.

— Communications-protective devices shall be adequate for the
voltage and currents expected to be impressed on them in the
event of contact with the supply conductors.

— Adequate bonding shall be provided between the effectivel
grounded supply conductor or conductors and the communication
cable shield or sheath at intervals not exceeding 1000 feet (305 m).
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— In the vicinity of supply stations where large ground currents may
flow, the effect of these currents on communication circuits should
be evaluated before communication cables are placed in random
separation with supply cables.

¢ Grounded Bare or Semiconducting Jacketed Neutral Supply Cables

— A supply facility operating above 300 volts to ground shall include a
bare or semiconducting jacketed grounded conductor in continuous
contact with the earth. This conductor, adequate for the expected
magnitude and duration of the fault current that may be imposed,
shall be one of the following:

a. A sheath, an insulation shield, or both

b. Multiple  concentric  conductors  closely  spaced
circumferentially

c. A separate conductor in contact with the earth and in close
proximity to the cable, where such cable or cables also have
a grounded sheath or shield not necessarily in contact with
the earth. The sheath, shield, or both, as well as the
separate conductor, shall be adequate for the expected
magnitude and duration of the fault currents that may be
imposed.

Note: This is applicable when a cable in
nonmetallic duct is considered as a direct-
buried cable installation and random
separation is desired.

Exception: Where buried cabie passes through a short
section of conduit such as under a roadway, the grounded
conductor's contact with earth can be omitted, provided the
grounded conductor is continuous through the conduit.

— The bare conductor or conductors in contact with the earth shall be
of suitable corrosion-resistant material. The conductor covered by a
semiconducting jacket shall be compatible with the jacketing
compound.
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Note: Experience has shown that in many geographic
areas, bare concentric copper neutral conductors
experience severe corrosion.

— The radial resistivity of the semiconducting jacket shall be not more
than 100 Qm and shall remain essentially stable in service. The
radial resistivity of the jacket material is that value calculated from
measurements on a unit length of cable, of the resistance between
the concentric neutral and a surrounding conducting medium.
Radial resistivity is equal to the resistance of a unit iength times the
surface area of the jacket divided by the average thickness of the
jacket over the neutral conductors. All dimensions are to be
expressed in meters.

® Insulating Jacketed Grounded Neutral Supply Cables

— Each phase conductor of a multigrounded supply system operating
above 300 volts to ground and having an overall insulating jackei
shall have an effectively grounded copper concentric conductor
meeting all of the following requirements:

a. A conductance not less than one half that of the phase
conductor.

b. Adequate for the expected magnitude and duration of fault
current that may be imposed.

c. Grounded in accordance with Rule 314 except that the
grounding interval required by Rule 96C shall be not less
than eight in each mile of the random buried section, not
including grounds at individual services.

¢ Insulating Jacketed Grounded Neutral Supply Cables in Nonmetallic
Duct

— Insulating jacketed grounded neutral supply cables meeting the
rules of 354D3, when installed in a nonmetallic duct, may be-
random-laid with communication cables.
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CABLE PLACING
Placing PIC Cable—Copper
AT&T 629-200-206

e Show existing subsurface structure on the work prints with the name of
the person to contact for exact locations (by test pit) after construction
has started.

e Stake the locations of closures.
e When specifying reel lengths, allow for looping cable through closures.

e Obstructions may vary the reel lengths that can be employed; plan reel
lengths to minimize the number of splices.

® Avoid having reel ends fall in the center of roads or streams or in other
undesirable locations.

e Show on work plans all foreign objects that are in close proximity to the
cable path.

® For record purposes, refer the cable location to some permanent
reference, such as road right-of-way, curb, or centerline.

® When crossing a buried power cable or duct, provide earth or concrete
separation as indicated on Page 9-8.

® Piace cable at the recommended depths listed in the table on the next
page.
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RECOMMENDED DEPTHS FOR PLACING PIC CABLE

Depth of Cover in. (mm)
Facility Normal (Note 1)
Toll, trunk cable 30 (762)
Feeder, distribution cable 24 (610)
Service wire 12 (305)
Fiber optic cable 36-48 (914-1219) (Note 2)

Notes:

1. Minimum required depth is listed. Greater
depth will reduce risk of trouble due to dig-ups
and should be provided wherever future digging
is likely to occur, for example, under ditches.
Trench depth is governed by the National Electrical
Safety Code (NESC) (Rule 353D) requirements for

power cables:
Depth of Burial
Voltage
Phase-to-Phase (in) (mm)
0 to 600 24 610
601 to 50,000 30 762

50,001 and above 42 1067

This requirement exceeds ANSI/EIA/TIA-590, -591
standards.

2. Actual depth of cover for fiber optic cable will depend
upon customer requirements and local field conditions.
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Placing Fiber Optic Cable
AT&T 629-200-205, -206, 629-240-001, 900-200-210, 920-406-200

Designing a buried fiber optic cable is similar to conventional exchange
cable. Due to the large circuit-carrying capacity of fiber optic cable and the
class of service being transmitted, it is important that the cable be placed in a
safe location.

For buried fiber optic cable routes, some of the requirements that are
different from those in metallic conductor exchange cable routes are as
follows:

1.

The minimum depth of cover below final grade for buried fiber
optic cable is 36 inches (914 mm). In locations where frequent digging
operations are likely (ditches, public roads, etc.), the depth of cover

" should be increased appropriately or some kind of protection placed.

9-14

When existing subsurface facilities are encountered which cross the
fiber optic cable route, the cable should cross underneath the existing
facility, with at least 1 foot (305 mm) of vertical separation, if possible.

At major subsurface intersections as well as at all intersections with
permanent surface obstacles such as roads, railroads, stream
crossings, etc., a separate, empty, capped duct extending at least 10
feet (3.1 m) on either side of the obstruction shall be considered at the
time of construction. The duct may be metal or rigid plastic. If fiber optic
cable is installed in direct-buried duct liner, the recommended duct liner
is smooth bore polyethylene with a minimum L.D. of 1-1/2 inches (38
mm).

Fiber optic cables which contain conductive elements are susceptible to
lightning. In high lightning areas, consideration should be given to the
use of all dielectric cable or rodentlightning (R/L) cable. Some high
lightning areas may require the use of "B" oversheath type cable.
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It is recommended that the design engineer and construction supervisor field-
survey the route prior to design to determine:

e The safest location for the cable
e Optimum splice locations
e Method of placement (plowing versus trenching)

e Surface and subsurface conditions requiring special attention or
construction

o Hazardous locations.

See Section 14, "CABLE AND WIRE" for a complete listing of AT&T fiber
optic cables.

Plowing

Plowing fiber optic cable with static or vibratory plows is permissible. The
minimum bending radius should not be violated when plowing. A ripping pass,
or passes, if more than one is necessary to obtain the full depth, should be
made in the same direction as the cable being installed. Ripping makes the
installation of the cable easier and and ensures that all obstacles below the
surface have been located.

A starting (finishing) pit should be dug at the location of each buried
splice. At road crossings, both ends of the casing must also be exposed. Pits
shouid be opened before plowing begins.

Trenching

Trenching is preferred over plowing for installation in rocky soil, in urban
or suburban environments with many obstacles, or in areas with difficult
access.
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Note: Under normal conditions with stable soil, shoring is not
required unless trenches, pits, or excavations are 5 feet
(1524 mm) or more in depth and employees have occasion
to enter them. This 5-foot (1524 mm) guide should be
modified to shallower depths if unstable soil conditions or
rainy weather exists or if heavy equipment or traffic is in
proximity to the trench, excavation, or pit.

The trench should be as straight as possible to assist in future cable
location. If the conduit is placed in the trench, it should be aligned so that it is
as straight and level as possible. Joint-use trenching should not be considered
or used as co-occupants present future cable damage hazards.

During open trench construction, large rocks should be removed from the
soil before it is used for backfilling. The bottom of the trench should be rock-
free and smooth. When backfill contains little soil {for example, in areas where
blasting was required), the cable should be surrounded with at least 6 inches
(152 mm) of select fill prior to backfilling. Slurry should not be used with direct
buried cable.

CABLE INSTALLATION

Do not exceed cable puilling tensions when placing cables through
innerduct, conduits, or casings. Do not violate the minimum bending radius for
fiber optic cable (20 times the cable diameter) when plowing or installing cable
in trenches. This requirement should be enforced by the construction
supervisor on the job.

A pit should be dug at the location of the splice for each reel of cable. Pits
should be opened before trenching of the cable section begins.

Splices. should be made in belowground closures whenever possible.
Where a buried splice is required, it will be necessary to provide an excavation
sufficient in size for the splicing operations specified on the detailed plans. It is
important when installing buried cable to make proper arrangement for ar
adequate extra length of cable at both ends of a section for testing and
splicing. This length must be sufficient to enable construction of splices and
sheath closures at a convenient work position. Enclosures used to house
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BURIED PLANT
CABLE INSTALLATION
BURIED SERVICE WIRES

splices shall be capable of withstanding American Association of State
Highway and Transportation Officials (AASHTO) H-20 loading when placed in
traveled ways. This loading requirement also applies to handholes and
manholes placed in traveled ways. Electronic markers should be placed to
facilitate subsequent locating of buried splices.

Where cable placement parallels high-tension power lines, the stationary
end of the cable should be temporarily grounded to prevent induced voltages
from being a hazard to cable placement personnel.

BURIED SERVICE WIRES
‘ AT&T 631-600-214, 928-411-513

It is recommended that buried service wires be placed at the same time
as the buried distribution cable. In urban and suburban areas, this takes
cooperation between the telephone company and a subdivider or builder.
Property lines have to be marked, building locations known, and semifinal
grade completed. The following guidelines apply:

a. When a building or its foundation is present, the service wire should be
placed at the same time as the distribution cable.

b. When the structure has not yet been built, the following options are
available:

® Aboveground or Flush-With-Ground Closures. Wait untit building
foundation is completed before installing service wire.

® Belowground Encapsulated Closures. Service connection can be made
according to one of the following procedures:

— Using a sufficient length of service wire to reach the future structure,
connect to the distribution cable. Store the wire either aboveground on
a stake or in a temporary closure (such as a B wire storage closure), or
belowground in a plastic bag or other suitable protective enclosure.
Encapsulate the end of the service wire if it is stored below ground.

— Connect the service wire to the cable, stub out to a readily identifiable
location, and store as above. An electronic marker may be used.
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BIBLIOGRAPHY

AT&T

626-101-010
626-108-101
626-108-102
626-108-103
629-020-009
629-020-100

629-200-205

629-200-206
629-200-215
629-240-001
901-350-250
915-251-300
917-152-200
917-300-100

917-352-310
917-356-001
917-356-100
917-356-101
917-356-201
920-400-200

9-18

Title

Filled Plastic Insulated Cables

Ribbon Type — Multimode Fiber Optic Cables
Stranded Single and Multimode Fiber Optic Cables
LIGHTPACK® Fiber Optic Cable

B Wire Storage Closure

Buried Cable — Urban Installation — Power and
Telephone in Same Trench

Guidelines for Trenching, Backfilling and Ground
Restoration

Buried Plant — Placing

Buried Plant — Plowing

Plowing Guidelines for Placing Fiber Optic Cable
Detailed Distribution Area Planning

Serving Area Concept — Distribution Cable Design
Distribution Cable — Sizing and Transmission

Preterminated Cable — Engineering and Design
Guidelines

Distribution Cable Design — Serving Mobile Homes
EISM for New Buried Distribution Facilities

Buried Urban Distribution Systems

Joint Random Separation

Buried Nonurban Cable Systems

Fiber Optic Cable — Installation Planning — Buried
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AT&T Title

928-411-510  Preparation of Work Prints — General
928-411-513  Preparation of Work Prints — Buried Cable

937-217-150  Joint Agreements With Power Companies —
Random Buried Installations

National Electric Safety Code

Rule 353D Direct Buried Cable — Depth of Burial
Rule 354 Direct Buried Cable — Random Separation

Manual

363-205-002 SLC® Series 5 Carrier Fiber-to-the-Home
Feature
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AERIAL PLANT
PLANNING AND DESIGN GUIDELINES

Section 10

AERIAL PLANT

PLANNING AND DESIGN GUIDELINES
AT&T 919-120-100

o Consider aerial design only if buried design is significantly more
expensive or is not feasible.

e Select permanent locations for pole lines considering:
— Future road widening or realignment
— Expansion of other utilities
— Special problems such as road, railway, and power line crossings
— Safety and convenience of workers and the general public.
® Obtain necessary permits for:

— Building and maintaining pole lines on private property and public
_right-of-way

— Crossing railroads
— Crossing over navigable waterways.
e Coordinate with other utilities with respect to:
— Possible joint use
- Minimizing inductive interference.

e Design pole line for ultimate needs, considering pole line classification,
storm loading, and clearance requirements.

® Use the most economical span length within the constraints imposed by
the design guidelines herein.
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AERIAL PLANT
PLANNING AND DESIGN GUIDELINES
POLES

e When adding cable to an existing line or when establishing a joint-use
line, check that the pole strength and clearances are adequate.

e Use self-supporting cable rather than lashed cable if it is available in the
required size and if (1) there is no existing strand or (2) new cable
cannot be lashed to an existing cable.

POLES
Pole Classes
AT&T 621-020-111, 919-120-700

The strength of a pole is indicated by a class number, with the strongest
rated at 1 and the least strong rated at 10. All poles of the same class,
regardiess of length and timber species, must be able to withstand the same
horizontal load, applied 2 feet (610 mm) from the top of the pole. The
minimum breaking loads are given below. These loads are computed with the
assumption that the break would occur at the ground line.

The pole class for a given installation is based on the expected loading
and a safety factor that is determined by the pole line classification (see Page
10-6).
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AERIAL PLANT

POLES
CHARACTERISTICS OF POLES
Pole Breaking Load Longest Available Weight of Langest
Class | 2 ft From Top (lb) Pole (ft) Pole (Ib) (Note) .
1 4500 125* 10850
2 3700 125* 9510
3 3000 110* 6610
4 2400 80* 3430
5 1900 70" 2400
6 1500 60 1620
7 1200 50 1040
8 (This is not a standard class.)
9 740 30 340
10 370 25 210

Note: Weight is for the heaviest species (Southern Pine); the lightest

species (Western Red Cedar) is 30 to 40 percent lighter.

* The longest Jack Pine, Lodgepole Pine, or Red Pine pole is 60 feet
(18.3 m).

Markings on Poles and Stubs

AT&T 621-020-013, 919-120-400

Since 1974, poles and stubs have been marked as illustrated on Page
10-4. Between 1964 and 1974, the markings were the same except that the
AT and AT-R designations were not used. Prior to 1964, only poles (not stubs)
were marked. Codes used in these markings are listed on Page 10-5.

AT&T Outside Plant Engineering Handbook, August 1984
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AERIAL PLANT

POLES
AT* e SysTEM DESIGNATION
/ SUPPLIER'S CODE OR TRADEMARK
/ PLANT LOCATION AND YEAR OF TREATMENT
5/8 IN. HIN 0-74 AS OLDTOWN 1974
s/8 N TN SPP < SPECIES AND PRESERVATIVE, AS SOUTHERN

PINE-PENTA-PETROLEU SOLUTION

S/8 IN. MIN 5_35 a— SIZE, AS CLASS 5 35-FT POLE

5

<—— |F DESIRED, SIZE MAY BE SHOWN THUS:

35

*AT R FOR RE-TREATED OR RECONDITIONED POLES

NOTE LOCATION OF LOWEST PART OF MARKINGS 1S 10 FEET FROM
BUTT, EXCEPT:

10-FOOT STUBS 9-1/2 FEET FROM BUTT
S5S-FOOT AND LONGER POLES SINCE 1964 14-FEET FROM BUTT

80-FOOT AND LONGER POLES FROM 1955 TO 1964 1S FEET FROM
BUTT

POLES PURCHASED AND PLACED BY OTHER COMPANIES

SPECIES AND PRESERVATIVE, AS
SOUTHERN-P INE -PENTA-PETROLEUM
SOLUTION AND YEAR OF TREATMENT,
AS 18971

/2 IN. MIN

{
1/2 IN. MIN 5-35 ?
SIZE, AS CLASS 5 85-FOOT POLE
OUTER EDGE OF BUTT

NOTE THE BUTT MARKING SHOULD BE LOCATED WITH RESPECT TQ
OUTER EDGE OF BUTT, APPROXIMATELY AS SHOWN

MARKINGS MAY ALSO BE BRANDED
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AERIAL PLANT
POLES

Timber Species Codes

WC Western Red Cedar
WP Ponderosa Pine

JP
LP
NP
DF
SP
WL

Jack Pine
Lodgepole Pine
Red Pine
Douglas Fir
Southern Pine
Western Larch

Preservative Treatment Used on
Codes Timber Species

Copper Naphthenate

no>

{Cellon Process)

Creosote Pentachlorophenol (Discontinued code) SP
Creosote* (Discontinued code) SpP
Pentachlorophenol in LP Gas WP, LP, DF, SP

P  Pentachlorophenol in Petroleum All
S CHEMONITETY or greensalt (Discontinued code) —
SB Ammoniacal Copper Arsenite All

(ACA-CHEMONITE)
SC Chromated Copper Arsenate (CCA) Type A All

SK CCATypeC

All

* Furnished only on specific authorization of operating company.
1 Registered trademark of the J. H. Baxter Company.

For a description of preservative treatments, see AT&T 919-120-400.

In 1946-47, poles treated with a preservative other than creosote were marked
with symbols that are now obsolete and do not correspond to the codes listed

above.
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AERIAL PLANT
POLE LINE DESIGN

POLE LINE DESIGN
Pole Line Classification

AT&T 919-120-200

Pole lines are classified according to their service value. Those carrying
more critical services are designed with a higher strength-to-load ratio.
Classifications are as follows:

or lesser strand, two multiple line wires,
or one crossarm of open wire

DESIGN STRESS FOR
CLass DESCRIPTION TRANSVERSE STORM
SIZE (NOTE) LOADING (% OF MAX STRENGTH)
AT INSTALLATION |AT REPLACEMENT
AA More than 180 toll circuits or 1800 25 37.5
exchange pairs, Priority | defense
circuits
JB Both communication circuits and power 25 37.5
circuits of NESC Grade B construction
A 100-180 toll circuits or 1000-1800 40 60
exchange pairs, Priority 1l defense
circuits
Jc Both communication circuits and power 50" 75
circuits of NESC Grade C construction
B Fewer than 100 toll circuits or 400-1000 60 90
exchange pairs, Priority I defense
circuits
(o} 25-400 exchange pairs only 70 105
R Fewer than 25 exchange pairs, one 6M 80 120

* 37.5 at raiiroad crossings.

Note: One toll circuit is equivalent to ten exchange pairs. For broadband circuits, 4 kHz is
equivalent to one toll circuit, for example, one 50-kHz circuit equals 12-1/2 toll circuits.

10-6
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AERIAL PLANT
POLE LINE DESIGN

Storm Loading Areas
AT&T 919-120-200, 1993 NESC Section 25

The National Electric Safety Code (NESC) divides the United States into
three storm loading areas based on the frequency, severity, and damaging
effects of ice and wind storms. These areas and the design load data for each
are defined below.

HAWAII - LIGHT
ALASKA - HEAVY
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AERIAL PLANT

POLE LINE DESIGN
POLE LINE DESIGN LOADS
Storm Radial Thickness* | Transverse Wind Minimum Additive
Loading of ce Coating Pressure* Ib/ft® | Temperature |Constant
Area on Conductors and | of Projected Area ('F) (Ib/ft)
Messengers (in.)
Heavy 12 4 0 0.30
Medium 1/4 4 15 0.20
Light None 9 30 0.05

* When computing transverse wind loading, ignore ice coating on potes and towers.

Pole Loading

AT&T 919-120-200, -700

Poles are subjected to three types of loading:

1. Transverse storm loading due to wind pressure on the attachments
and on the aboveground portion of the pole itself. (In heavy and
medium storm loading areas, loading includes the wind force on the
ice-coated attachments but not on the ice coating of the pole itself.)

2. Vertical loading due to the weight of the attachments and, on guyed
poles, the vertical component of the tensions in the guys. (In heavy
and medium storm loading areas, loading includes the weight of the
ice coating on the attachments.)

3. Bending moments due to eccentric loads or to unbalanced tensions at
unguyed corners and dead ends.

For most poles, transverse storm loading determines the required pole
class. Vertical loads may be controliing factors for poles carrying large cables
or transformers, while bending moments are usually controlling at unguyed
corners and dead ends.

10-8
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AERIAL PLANT
POLE LINE DESIGN

Transverse Storm Loading
AT&T 919-120-700
To determine transverse loading on the pole:
e Find the storm load of each pole attachment.

e Translate that load to an equivalent load 2 feet (610 mm) from the
top of the pole.

Storm loads for some common attachments are given on the next two pages.
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AERIAL PLANT

POLE LINE DESIGN
TRANSVERSE STORM LOADS FOR
POWER ATTACHMENTS
AT&T 919-120-200
Storm Loading Area
Diameter
Without | Heavy Medium |Light
Power Company Attachment Ice (in.)
Transverse Storm Load (Ib/ft)
Covered Wire: #8 AWG or smaller 0.26 0.42 0.25 0.20
#6 AWG 0.32 0.44 0.27 0.24
#4 AWG 0.38 0.46 0.29 0.29
#0000 AWG 0.65 0.55 0.38 0.49
500,000 circular mils 1.11 0.70 0.54 0.83
1,000,000 circular mils 1.53 0.84 0.68 1.15
2,000,000 circular mils 2.15 1.05 0.88 1.61
Power Cable on Strand 2.56 1.19 1.01 1.92
Spacer Cables: Consider each
conductor separately.

Suspension wire extending transversely
between two poles and supporting

trolley wires —
One contact wire 2.21 2.01 1.95
Two contact wires 4.42 4.02 3.90
Four contact wires 6.62 6.03 5.85
Bracket and one trofley contact wire on 0.74 0.40 0.62
one side of pole line
Brackets and two trolley contact wires, 1.10 0.60 0.70
one on each side of pole line
Bracket and two trolley contact wires, 1.84 1.21 1.48
over tracks on same side of pole line
Transformers, 37.5 kVA or less 0.37 0.20 047
Transformers, over 37.5 kVA 0.37 0.40 0.70
Transverse clearance attachment for 0.37 0.40 0.31

service drop above  telephone
attachments, per wire

Service drops, per unbalanced drop wire 0.37 0.20 0.23
Street lamp supported by mast arm (not 0.37 0.20 0.23
bracket)
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TRANSVERSE STORM LOADS FOR
TELEPHONE ATTACHMENTS

AT&T 915-120-200

Approx. Storm Loading Area
Diameter
Without Heavy Medium |Light
Telephone Plant Attachment Ice (in.)
Transverse Storm Load
(tbrtt)
Bare Open Wire*: 80, 83 0.08 0.36 0.20 0.06
{per wire) 104, 109 0.10 0.37 0.20 0.08
128, 134, 0.13 0.38 0.21 0.10
165 0.16 0.39 0.22 0.12
C Drop Wire 0.33 0.44 0.28 0.25
F Drop Wire 0.30 0.43 0.27 0.23
C, E, or F Multiple Drop Wire 0.56 0.52 0.35 0.42
C Rural Wire 0.28 0.43 0.26 0.21
Strand: 2.2M 0.17 0.39 0.22 0.13
6M 0.31 0.44 0.27 0.23
6.6M 0.25 0.42 0.25 0.19
10M 0.37 0.46 0.28 0.28
16M 0.44 0.48 0.3t 0.32
25M 0.50 0.50 0.33 0.38
Cables (see next page)
Cable Terminal—202-pair or less 0.37 0.20 0.31
Cable Terminal—More than 202-pair 0.37 0.20 0.47
Loading Coil Case 0.37 0.20 0.09
Unbalanced Service Drops—Per drop 0.37 0.20 0.16

railroad crossings.

* In heavy and medium storm loading areas, the larger diameter of ice-covered wires
shields adjacent wires. Where there are more than ten wires on a crossarm, at a
pin spacing not greater than 15 inches, calculate transverse storm loading using
two-thirds the actual number of wires (but not less than ten) to compensate for this
shielding effect. This reduction in effective number of wires does not apply at

AT&T Outside Plant Engineering Handbook, August 1934
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AERIAL PLANT
POLE LINE DESIGN

Transverse Storm Loads for Telephone Cables

Lashed cable:

Self-supporting cable:

Cable in rings:

Fibe.r optic cables:

10-12

Add the diameter. of the cable to the diameter of
the strand. Use this diameter in the chart on the
following page. Diameters of cables are covered in
Section 14, “CABLE AND WIRE.”

Add 0.46 inch (11.7 mm) to the cable diameter.
Use this diameter in the chart on the following

page.

Determine loads for the strand and cable
separately. Obtain the strand load from the
previous page and the cable load from the chart on
the fallowing page.

Storm loads for fiber optic cables are covered in
AT&T 627-400-001, Construction Reference
Guide.
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DIAMETER OF CABLE OR STRAND (INCHES)

Equivalent Storm Load of Attachments

Convert the actual storm load of attachments to the equivalent load 2 feet
(610 mm) from the top of the pole by:

Actual Load (Ib/ft) x Height of Attachment (ft)
Height To 2 ft From Top Of Pole

Equivalent Load (Ib/ft) =

AT&T Outside Plant Engineering Handbook, August 1994 10-13



AERIAL PLANT
POLE LINE DESIGN

Pole Class Based on Transverse Storm Loading

AT&T 919-120-700

To determine the pole class:

1.

Find the combined equivalent storm load per foot of span length at a
point 2 feet (610 mm) from the top of the pole for all attachments.

. Multiply by the average length of the two adjacent spans to get the

total load of attachments.

Using this load, tentatively determine the pole class from the table
below (note that the load used does not include the load of the pole
itself).

Determine the wind load on this class of pole from the table on the
next page and add to the result of (2) to determine the total storm load.

Using the result of (4), return to the table below and redetermine the
pole class.

If (5) results in a different pole class, repeat (4) and (5), using the pole
class determined in (5).

See example on Page 10-16.

10-14

MAXIMUM ALLOWABLE TRANSVERSE STORM LOAD
Class of Pole

*Class
ofLine | 1 2 3 4 5 6 7 9 10
Transverse storm load 2 feet below top of pole

AAordB{1125 925 750 600 475 375 300 185 93
A 1800 1480 1200 960 760 600 480 296 148
JC |2250 1850 1500 1200 950 750 600 370 185
B 2700 2220 1800 1440 1140 900 720 444 222
o] 3150 2590 2100 1680 1330 1050 840 518 259
R 3600 2960 2400 1920 1520 1200 960 592 296

* For class of pole line, see table on Page 10-6.
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WIND MOMENT ON POLES
Maximum Equivalent Load 2 Feet From Top (Ib)
Class of Pole
lengthi 1 2 3 4 5 6 7 9 10
Timber jof Pole
Species| (ft} [Heavy and Medium Storm Loading Access
WC, 20 31 29 27 25 23 21 18 17 16
WP, 25 38 36 33 31 28 26 24 21 20
JP, 30 47 44 41 38 35 32 29 27
NP, 35 56 53 50 46 42 39 35
or 40 67 63 53 55 50 46 42
LP 45 79 74 69 64 59 54 49
50 87 82 77 71 65 60 54
SP, 20 30 28 26 24 22 20 18 16 155
DF, 25 37 34 32 30 27 25 23 20 19
or 30 46 43 40 37 34 31 28 25
WL 35 55 51 48 44 40 37 34
40 65 61 57 52 48 44 40
45 7% 71 66 61 56 52 47
50 84 79 73 68 64 57 52
Light Storm Loading Area
WC, 20 69 64 60 55 51 46 42 38 36
WP, 25 86 81 75 70 64 59 53 48 45
JP, 30 106 100 93 86 79 72 66 60
NP, 35 127 120 112 104 95 87 79
or 40 1151 142 133 123 113 104 94
LP 45 1177 167 156 144 132 122 110
50 |196 185 172 160 146 135 122
SP, 20 67 62 58 54 49 45 40 37 35
DF, 25 83 78 72 67 62 56 51 46 44
or 30 (102 96 89 83 76 70 63 57
wL 35 {123 115 107 99 91 83 76
40 (1145 137 127 118 109 99 90
45 |170 160 149 138 127 116 105
50 189 178 165 152 144 129 117

AT&T Outside Plant Engineering Handbook, August 1994
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POLE LINE DESIGN

Example of Pole Class Based on Transverse Storm Loading

e Class AA line in the light storm loading area
e 35-foot (10.6 m) Southern Pine pole
e 180-foot (54.9 m) and 220-foot (67 m) adjacent spans

1.

2.

Assume 1.5 Ib/ft equivalent storm load for attachments.

Total load of attachments = 1.5 (180 + 220) = 300 ib
2

Table on Page 10-14 indicates class 7 pole.

Table on Page 10-15 indicates 76-Ib wind load on class 7 pole.
Total load = 76 + 300 = 376 Ib.

For a 376-1b ioad, table on Page 10-14 indicates a class 5 pole.

(Repeat 4) Table on Page 10-15 indicates 91-lb wind load on
class 5 pole.

Total load = 91 + 300 = 391 Ib.

(Repeat 5) For a 391-Ib load, table on Page 10-14 indicates a
class 5 pole.

For class of unguyed corner and dead-end poles, see Pages 10-21 to 10-

24.

For class of poles for slack spans, see Page 10-26.

10-16

AT&T Qutside Plant Engineering Handbook, August 1994



AERIAL PLANT
POLE LINE DESIGN

Eccentric Loads
AT&T 919-120-700

A bending moment is caused by eccentric loads, such as a cable on an
extension arm or a transformer mounted at right angies to the direction of the
line. Any such bending moment should be included in the transverse load
when determining the pole class. To convert eccentric load to the equivalent
transverse load 2 feet (610 mm) from the top of the pole, see below.

= ECCENTRIC LOAD
R = DISTANCE FROM POLE

H = DISTANCE FROM GROUND TO 2 FEET
BELOW TOP OF POLE

= EQUIVALENT TRANSVERSE LOAD
2 FEET FROM TOP

W, = RW,

H

If the attachment is a conductor subject to ice coating, see AT&T
919-370-200 for the method of computing weight.
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POLE LINE DESIGN

Recommendations:

¢ When eccentric loads are present, use one class larger pole than the
minimum required.

o Guy the poles that have unusually heavy eccentric loads.

Vertical Loading
AT&T 919-120-200, -700

When the class of pole is being determined, the vertical load on an
unguyed pole due to the weight of its attachments and ice is usually not
significant compared to the transverse storm loading. For treatment of
unusually heavy attachments, see the referenced practices.

Vertical loading, however, is usually the controlling factor in determining
the class of guyed poles. Size poles to withstand the vertical component of the
total force of all guys attached to the pole when the guys are stressed to their
breaking strength.

The total vertical load depends on the number and size of guys and their
lead-to-height ratios. (For the definition of lead and height, see Page 10-28.)

The table on the next page gives the pole class required when all guys
are attached 2 feet (610 mm) from the top of the pole and all have
approximately the same lead/height ratio. If the guys are attached at a lower
point, a lower pole strength is required. For this and other special cases, see
the referenced practices.
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) CLASS OF GUYED POLES OR STUBS

FOR VERTICAL LOADING

AT&T 919-120-700

Lead/
Height
Ratio

Length
of
Pole

()

6.6M 12M 18M 25M 30M 40M 50M

Maximum Sum of Guys

Class of Pole

Less
Than

20
25
30
35
40
45
50
55
60
65
70

7

1
or
Greater

20
25
30
35
40
45
50
55
60
65
70

-—
QOO OONNNNOCOO|IMTUOOOONNNNOOO
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WWhRhAL,ONUONOONINMNWLWWWRDAAONOOD
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AERIAL PLANT
POLE LINE DESIGN

Depth of Setting Poles
AT&T 919-120-600, -700

Length Depth of Set (ft)
of Pole
(ft)  |Firm Earth|Solid Rock
20 4 3
25 5 3
30 5-1/2 3-1/2
35-40 6 4
45 6-1/2 4-1/2
50 7 4-1/2
55 7-1/2 5
60 8 5
65 8-1/2 6
70 9 6
75 9-1/2 6
80 10 7
85| 10-1/2 7
90-100 1 7
105-125 12 8

In sloping ground, increase the depth of set by amount A, as shown on the
next page.

For depth of setting unguyed corner and dead-end poles, see Page 10-25.
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Unguyed Corner and Dead-End Poles
AT&T 919-120-200, -700
Determining Pole Class

Wherever possible, corner and dead-end poles should be guyed or
braced. Where this is not practical, determine the pole class based on (1)
storm loading and (2) everyday unbalanced tensions for which the pole should
not be stressed beyond one-third of its rated breaking strength. Use the larger
class pole.
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Storm loading has two components:
e Transverse loading on the pole and its attachments
® Unbalanced storm-loaded tensions in the wires or strands resulting from
the change in direction of the line.

These two components (as shown below) have different design safety
factors which must be applied to each component separately before they are
combined.

Safety Factor

Class of
Pole Line* | Transverse |Unbalanced
Loading | Tensions
AA or JB 4.0 2.0
A 25 1.33
JC 2.0 1.33
B 1.67 1.33
C 1.43 1.0
R 1.25 1.0

* See Page 10-6 for class of pole line.

Transverse storm loading is determined as shown on Pages 10-9 through
10-16 for line poles and is expressed in equivalent load (in pounds) 2 feet
(610 mm) from the top of the pole. The unbalanced tension is calculated
using the following formula.

[pull ()] x [line tension (Ib)]
50

Unbalanced tension (Ib) =

For line tension, use 60 percent of the breaking strength of the wire or
strand. For tension of power attachments, consult the power company. For
pull on a pole, see the next page. Use a pull finder to find the pull on a corner
pole (see AT&T 621-400-011).
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CORNER
POLE

NOTE: PULL IS MEASURED IN FEET. IT 1S USED TO CONVERT
LINE TENSION TO UNBALANCED TENSION.

PULL OF A DEAD END IS 50 FEET.

lllustration of Pull on Pole
Convert each unbalanced tension to the equivalent load 2 feet (610 mm) from
the top of the pole by using the following formula:

[Unbalanced Tension] x [Height Of Attachment]
{Distance From Ground To 2 Feet From Top]

Equivalent Load (Ib) =

To determine the pole class based on storm loading:

1. Compute the total equivalent load 2 feet (610 mm) from the top of the
pole due to the transverse load of all attachments and multiply by the
appropriate safety factor from Page 10-22.

2. Compute the total equivalent load 2 feet (610 mm) from the top of the
pole due to the unbalanced tensions of all wires and cables and
multiply by the appropriate safety factor from Page 10-22.
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3.

Add the results of (1) and (2), and determine the pole class from the
table on Page 10-3.

To determine the pole class based on everyday unbalanced tensions:

1.

10-24

Using stringing tension of wire or tension of strand with the cable in
piace, compute the unbalanced tension for each wire and cable by the
method outlined on the previous page for storm-loaded tensions.

Convert to the equivalent load 2 feet (610 mm) from the top of the
pole.

Combine the equivalent loads for all attachments and find the pole
class from the chart below. The pole class thus determined will have a
safety factor of 3 for the breaking strength and a deflection of not more
than 1/2 inch (12.7 mm) per foot (305 mm) of pole height.

1500 RN
CLASS 1 N
: AN \\
% [ |cLAsS 2 N
® 1000 ~ \\ \\\
g 900 CLASS 3 \\ \\ \\
., oo N N
E ~ AN
§ 700 CLASS 4 \\ \\
2 oo \ AL N
CLASS 5 \ \ \
500 \\ \
15 20 25 30 40 50

HEIGHT OF ATTACHMENT (FT)

(2 FEET BELOW TOP OF POLE)
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POLE LINE DESIGN

Depth of Setting Unguyed Corner and Dead-End Poles

AT&T 919-120-700

Unguyed corner and dead-end poles should be set at a greater-than-
normal depth to limit tilting. The depth of set depends on the maximum

ground-line moment under storm-loading conditions.

To determine ground-line moment, add the equivalent loads determined
in steps (1) and (2) under storm loading on Page 10-22 before applying safety
factors. Muitiply this sum by the distance from the ground line to 2 feet (610
mm) below the top of the pole. The result is the ground-line moment in foot-
pounds. Recommended setting depths are indicated below.

Frost | Corner |Maximum Ground-Line Moment (1000 ft-ib)
Depth| Pull |20 40 50 70 90 110 130 150 200
{fty | (f) Depth of Pole Set (1)
0 |02% |5 |5 |5%]6|6%]|7|7%| 8] 8Y%
to | 205 |6%16%] 7 {7%| 8 |8%]| 9 |9%]| 9%
1 5-16 (6|7 |7 |8 (8% 9|9 (9% 10
>15. | 7 |7%| 8 |8%| 9 |9£{9% | 10 |10%
1 0-2%. 5% |5%| 6 |6%| 7 (7% | 8 | 8% 9
to (2%-617 |7 7% 8|8 (849 |9%]| 9%
2 5-15 | 7 17%| 8 |8%| 9 |92]|9%| 10| 10
>15 |7/} 8 |8%] 9 | 9 |9% (9% | 10 [10%
2 (0241616 |[6%7 7%{7%| 8 |8%| 9
to |2%-5|7 7% 8 |B%|B%| 9 |9 |9%] 9%
3 5-15 |7'2] 8 18'2{8% ) 9 9% 19%| 10 |10%
>15 | 8 |8%(8%]| 9| 9 [9%[9% ]| 10 |10%
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POLE LINE DESIGN

Slack Span Design
AT&T 627-240-225, 919-120-700

With normal stringing tensions, the unbalanced load on an unguyed
dead-end pole may exceed the strength of the largest available pole. This
limitation may be overcome by using less-than-normal stringing tension in the
dead-end span. Obtain the line tension from the table below; then determine
the pole class from the chart on Page 10-24.

LOWER STRINGING TENSION FOR DEAD-END SPAN
Size | String | Span |Tension with Cable in Place at 60°F (Ib)
of |Tension| Length Cable Weight (Ib/ft)
Strand| (lb) (ft) 0.5 1 2 3 4 5

50 510 | 675 | 960 | 1200 | 1425
300 75 580 | 800 | 1160
100 645 | 940 | 1390
50 645 | 800 | 1080 | 1320
6M 500 75 720 | 925 | 1290
100 840 | 1090
50 900 | 1000 | 1220 | 1460
800 75 925 | 1075 | 1420
100 {1030 | 1265
50 460 | 590 | 845 | 1065 | 1265 [ 1430
300 75 510 | 710 | 1030 | 1300
100 610 | 875 | 1255

6.6M
50 605 { 710 | 935 | 1150 [ 1345
500 75 660 | 815 | 1120 | 1380 | .
100 715 | 955 | 1340
50 6§20 | 700 | 1040 | 1300 | 1500
300 75 580 | 850 | 1250 | 1400
100 670 | 1025 | 1450
50 670 | 825 | 1125 | 1380
10M 500 75 750 | 970 | 1350
100 840 | 1150
50 910 {1035 | 1280
800 75 975 { 1150 | 1500
100 1050 | 1310
16M

25M Do not use slack span design
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POLE LINE GUYING

Push Braces

AT&T 621-205-211

A pole used as a push brace should be of the same class as the pole it
supports. .

POLE LINE GUYING

AT&T 621-400-011, -013

Dead ends and corners in pole lines usually require guying to support the

cable or wire facility. The size of the guy is based on the size of the
suspension strand or type of wire, the lead and height of the guy, and the pull
on the pole.

Lead and height are defined on the next page.

If the lead/height ratio is 3/4 or greater, head guys for cables can be the
same size as the suspension strand.

If the lead/height ratio is between 1/2 and 3/4 and only two or three
spans are involved, head guys for cables should be one size larger than
the suspension strand.

For all other guys, use the Guy Rule (AT&T 621-400-013) to determine
guy size. Where 6M guy is indicated, 6.6M guy may be used.

At corner poles use a pull finder to determine the pull on a pole (see
AT&T 621-400-011).

If the pull on a corner pole is less than 50 feet, a guy can be placed at a
bisecting angle (see AT&T 621-400-011).

if the pull is greater than 50 feet, two head guys are required as shown
in AT&T 621-410-206.
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HEIGHT

‘i LEAD

LEAD AT AN

HEIGHT

HEIGHT

HEIGHT
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Definition of “Lead” and “‘Height”
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Guying Cable Lines
AT&T 621-410-206

Where a pole supports more than one suspension strand, each strand
should be guyed separately. Where this is not practical, see the practice
referenced above.

All corner poles should be guyed where the pull exceeds the following:

Maximum Allowabile Pull for Unguyed Corners
Size of Maximum Allowable

Suspension Strand Pull (ft)

6M or 6.6M 3

10M 2

16M or farger Any detectable amount

Al unguyed corner poles must be set 1 foot (305 mm) inside the line of
the pole fead and ground-braced. The rake of unguyed corner poles is 1 foot
(305 mm). In some cases, the stabilization of unguyed poles will require
heavier class poles and increased depth of setting. Such cases will be
detailed by the design engineer.

TOP OF CORNER
LINE OF THE LEAD POLE IN LINE WITH
ADJACENT SECTIONS
POLE TOP OUT v WHEN CONSTRUCTION ,
OF LINE BEFORE HAS SETTLED
STRAIN IS APPLIED / ,I
-
- e
! /

LINE OF
THE LEAD

POLE BUTT
"SET IN" FROM
LINE 12 INCHES (305 mm)

Unguyed Corner Pole Raked
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POLE LINE GUYING

Suspension Strand Diminishing Points

At suspension strand diminishing points (for example, 16M to 10M), place
a head guy away from the heavier strand. The size of guy would be equal to
the difference in the strand sizes. In the case above, a 6M or 6.6M guy would
be used.

Guying Insulated Wires
AT&T 621-400-015

Guying of insulated wires at corners and dead ends is not required if the
pull multiplied by the number of wires is less than the values given below.
Where these values are exceeded, see the practice referenced above for the
method of determining the size of guy. See Page 10-23 for the definition of
pull.

MAXIMUM (WIRES x PULL) PRODUCT
FOR UNGUYED INSULATED WIRES
. Wires x Pull

Type of Wire Sag Span (ft) Product

' 100-250 50
C Rural Minimum 250-450 40
Wire 450-600 35
CorF Recommended| Any 250
Drop Wire Minimum Any 150
C,E,orF Recommended{ Any 75
Multiple Drop
Wire Minimum Any 50
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Sidewalk Anchor Guys
AT&T 621-410-220

Sidewalk anchor guys are used in guying over sidewalks or other
pathways where the right-of-way is insufficient to permit placing a guy with the
required clearance above the sidewalk.

b A X
HEIGHT (M)
LEAD (L)—p»
4——¥
p;[pg/ HEIGHT OF
GUY ATTACHMENT
# SIDENALK
A 4
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The strand size required for fabricating a sidewalk anchor guy must be
larger than that required for an anchor guy of the usual type having the same
lead/height ratio.

To determine the proper size of strand for a sidewalk guy, first determine
from the guy rule the size sirand that would be required if a usual type having
the same lead and height were to be placed. Then, select the size of strand to
be used for the sidewalk guy from the table below.

STRAND SIZE FOR SIDEWALK GUYS

SIZE OF ANCHOR GUY AS DETERMINED BY GUY
HEIGHT OF GUY RULE
ATTACHMENT 6M OR
FEET (M) 2.2M 660 10M 12M | 1eM
SIZE OF STRAND FOR SIDEWALK ANCHOR GUY
26 (7.9) &M or 6.6M 10M 16M 20M  |26M*
25 (7.6) 6M or 6.6M 10M 16M 20M | 26M
24 (7.3) 6M or 6.6M 10M 16M 20M | 26M
23 (7.0) 6M or 6.6M 10M 16M 20M | 26M
22 (6.7) 6M or 6.6M 10M 16M 20M | 26M
21(6.4) 6M or 6.6M 10M 16M 20M | 26M
20 (6.1) 6M or 6.6M 10M 20M 20M | 26M
19 (5.8) 6M or 6.6M 10M 20M 20M
18 (5.5) 6M or 6.6M 10M 20M 20M

Note: Where two guy strands are to be attached to the same fixture at
different levels, use the height of attachment of the iower guy in
determining the size of strand for the guys.

* Where 26M guying is required, place either a 25M guy or a combination of
one 16M and one 10M guy.
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After this has been determined, the next step is to select the pipe size.
The pipe size is dependent upon the length of the pipe and the size of the guy
used. The pipe size table below reflects a 2-tier matrix that may be used in
pipe sizing.

PIPE SIZE FOR SIDEWALK GUYS
SIZE OF SIDEWALK ANCHOR GUY
LENGTH [ oo
OF PIPE |° " | 10M | 12M | 16M | 20M | 25M
(FEET) |-
SIZE OF PIPE (INCHES)
6 2 |22 ]2}|2]:2
7 2 222 |2]2
8 2 [ 2|2 |2} 2 |22
9 2 | 2|2 2 |22
10 2 | 2| 2 j2/2|2-1/2|2-1/2
1 2 | 2 |2-2|2-1/2{2-1/2|2-1/2
12 2 |2-1/2]|2-1/2{2-1/2{2-1/2|2-1/2
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Pole Size for Use with Sidewalk Anchor Guy

In most cases, placing a sidewalk guy will necessitate placing a larger
class pole. This is due to a bowing action caused by the sidewalk guy. The
size of the pole required is dependent upon the lead-to-height ratio and the

size of the guy.

The size of pole used with a sidewalk guy depends on the size of the guy
and the lead/height ratio. The critical pole dimension is the ground-tine
circumference. The table below provides a 2-tier matrix to determine the class
of a 30-foot (9.1 m) Southern Pine (SP) pole.

POLE SIZE TABLE
Lead/ Size of Sidewalk Anchor Guy
Height | 6M 10M  12M  16M  20M 25M
Class of 30-ft SP Pole
2/5 7 5 4 3 2 2
1/2 6 4 4 3 2 1
3/5 5 4 3 2 1 1
4/5 5 3 2 1 1 1
11 5 3 2 1 1 1

Note: Poles of other lengths may aiso be used, provided
their circumferences 6 feet from the butt are not
less than that of the 30-foot (9.1 m) Southern Pine
poles indicated above.
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Guy Rods and Anchors
AT&T 621-415-200 Through -221

Sizes of guy rods and the types and sizes of anchors that can be used
with each are given below.

SIZES OF GUY RODS AND ANCHORS
Guy Rods Markings *
and Anchors 6M 12M 18M 26M 32M

Guy Rods

Diameter (in.) 1/2 5/8 3/4 1 1-1/4

Length (ft) 7 8 9 10 10

Type(s) availablet S D DT DT DT
Expanding Anchor

Diameter (in.) 6 8 10 12 12
B Guy Anchor (Screw Type)

Size No. and 13

Nominal Diameter (in.) 9 11 or 15 —_ _
Plate Anchor

Type 617 622 827 10408 | —

Dimensions (in.) 6x17 | 6x22 | 8x27 | 10x40 | —
Plank Anchor 20 20 20

Size or 24 or24 or24 24 —
* Indicates maximum size guy or combination of guys. For example, 18M

rod can take three 6M guys, or one 10M and one 6M, or one 16M.

(Consider 6.6M guy to be the same as 6M.)
1 S = single-thimbie eye, D = double-thimble eye, T = triple-thimble eye.

B Rock Anchor
See ATA&T 621-415-215.
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POLE LINE GUYING
€ Guy Anchors
AT&T 621-415-204
POWER-INSTALLED SCREW ANCHOR
Soil Anchor Rod Size | Eye Guying
Grade | Size and Type | Marking | Nut Load

1 5-Twin 4 1" 32M | Triple {Up to 32M
2 3-Twin 8 1" 32M | Triple {Up to 32M
2 6-Single 8 ]3/4" 18M|Double|Up to 18M
5 1-Twin 10 | 1" 32M | Triple {Up to 32M
5 4-Twin 8 ]3/4" 18M|Double|Up to 18M
5 7-Single 8 {5/8" 12M|Double|Up to 12M
7 2-Twin 10 {3/4" 18M|Double {Up to 18M

Grounding or Insulating Guys

Grounding Guys (Rule 215C2)

1993 NESC, Section 21

Guys shall be effectively grounded if attached to a supporting structure
carrying any supply conductor of more than 300 V or if exposed to such

conductors.

A guy is exposed if:

e |t is attached to the same pole as open power conductors or spacer
cable of any voltage.

® |t crosses such power conductors.

® |t is within 10 feet (3.05 m) horizontaily (and any distance vertically) of
such power conductors.

® [tis attached to the same pole as an exposed guy.
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Grounding Exceptions to Rule 215C2

1. This rule does not apply to guys containing an insulator or insulators
installed in accordance with and meeting the requirements of Rule
279A (NESC, Section 27).

2. This rule does not apply to guys attached to supporting structures if all
supply conductors are in cable conforming to the requirements of
Rules 230C1, 230C2, or 230C3 (NESC, Section 23).

3. This rule does not apply if the guy is attached to a supporting structure
on private right-of-way if all the supply circuits exceeding 300 V meet
the requirements of Rule 220B2 (NESC, Section 22).

Insulating Guys

Grounding is the preferred treatment for exposed guys, except for the
following cases in which they must be insulated:

¢ Where exposed to trolley facilities.
e Within 1/2 mile (0.80 km) of a power station (see AT&T 919-120-560).

e Where electrolytic corrosion of anchors has occurred {unexposed guys,
in this case, must be separated from the cable strand at the pole, and
. electrical connection through hardware must be avoided).

Grounding Methods (1993 NESC, Section 9)

A single anchor or ground rod ordinarily is not an adequate ground. Adequate
grounding for telephone guys may be obtained through connection to any of
the following:

e Vertical grounding conductor of power system multigrounded neutral
(with permission of the power company).

® Suspension strand of grounded telephone cable.

® Common anchor rod with a power guy that is connected to the
multigrounded neutral.
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SAGS AND TENSIONS — COPPER CABLE

Unexposed guys need not be grounded for protection reasons; however,
connecting anchor guys to a grounded telephone cable strand is
recommended, as it will lower the cable-to-ground impedance. This helps to
reduce cable damage caused by lightning. It also helps to reduce telephone
noise by increasing the effectiveness of the cable shield.

SAGS AND TENSIONS — COPPER CABLE
Suspension Strand

AT&T 627-200-015

Galvanized suspension strand is available in two types. Class A is for
general use under normal field conditions. Class C is for use where severe
corrosion problems exist, for exampie, in industrial or coastal areas.

The 6.6M strand is made of extra high-strength steel and is smaller,
lighter, and less expensive than 6M strand. For guying, they are
interchangeable. As suspension strands, however, they are limited to different
span lengths, as shown on Page 10-39.

The 2.2M strand should not be used to support aerial cable, except
small cables in pole-to-building or building-to-building construction.

Dimensions and breaking strengths of strand are shown below.

GALVANIZED STRAND

Breaking
Size | Strength |Diameter | Weight
(ib) {(in.) (ib/ft)
22M| 2400 3/16 | 0.077
6M| 6000 516 |0.225
6.6M| 6650 1/4 0.121
10M| 11500 3/8 0.270
16M!{ 18000 7/16 | 0.390
25M| 25000 1/2 0.510
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Stringing Tension for Strand
AT&T 627-210-018, 919-565-400

The proper stringing tension is a compromise between high tension
{which causes cable bowing and creeping) and low tension (which resuits in
excessive sag and requires taller poles to obtain clearances). Recommended
stringing tensions for supporting strand are shown in the following table.

Span |Stringing Tension (Ib) at Temperature {'F)
Strand| Length
(ft) 0 20" | 40° 60" | 80" | 100
Up to 250] 1550 | 140011250 | 1100 | 900 | 825
6M| 250-450 ) 1475|1350 } 1225 | 1100 ) 1000 | 900
Over 4501|1375 (12751175 ] 1100 { 1025 950
Upto250| 900 | 800| 700| 600| 500 | 425
6.6M| 250-4560 | 850 | 750! 675| 600| 525 475
Over450f 775 700| 650| 600} 550 | 525
Up to 400 2675 | 2475 | 2275 | 2100 | 1900 | 1725
10M | Over 400 | 2600 | 2425 | 2250 | 2100 | 1925 | 1800

16M| Any 4425|4150 3875 | 3600 | 3325 |3075
25M| Any |9125 8800 | 8400 | 8000 | 7625 |7250

The proper stringing tension for self-supporting cable depends not only on
temperature and span lengths, but also on cable weight. The tables for self-
supporting cables are too voluminous to be included here. See AT&T 627-
700-011.
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Cable Sags
AT&T 627-210-018

Significant changes concerning vertical clearances were made in the
1990 edition of the National Electrical Safety Code (NESC). Primarily, rather
than specify the minimum vertical clearance under nominal operating
conditions, that is, no load conditions at 60°F (15.5°C), NESC Rule 232
specifies that vertical clearances apply during maximum sag conditions. For
telephone cable, maximum sag may occur at either the high-temperature
condition of 120°F (48.9°C) or at 32°F (0°C) with an ice load. The condition
that results in the largest cable sag must be used with the minimum clearance
requirements {o determine the required pole attachment height.

The expected worse-case sag for copper cable supported by 6M, 6.6M,
10M, 16M, and 25M strand in the light, medium, and heavy storm-load region
is shown in the following graphs. The sag is based on the recommended
stringing-tension shown in the table on page 10-39.

To use the graphs, first select the one that applies to the particular strand
and storm-load region of interest. Next, select the curve on the graph that
corresponds to the proper cable weight. Cable weights are shown in AT&T
626-101-005 and 626-xxx-xxx and in Section 14, “CABLE AND WIRE" of this
document. Locate the span length of interest on the horizontal axis, and draw
a vertical line from that point to the appropriate cable-weight curve. From that
point, draw a horizontal line that intersects with the vertical axis. This point on
the vertical axis corresponds to the worse-case sag condition.

This worse-case sag must be added to the minimum required vertical
ciearance (see Section ‘11, “CLEARANCES FOR AERIAL PLANT") to
determine the minimum pole-attachment height for that particular combination
of cable weight, span length, strand, and storm-load region.
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6M Strand - Light Loading Region
(Based on NESC Rule 232)
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SAGS AND TENSIONS — COPPER CABLE

6M Strand - Medium Loading Region
(Based on NESC Rule 232)
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6M Strand - Heavy Loading Region
(Based on NESC Rule 232)
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6.6 M Strand - Light Loading Region
{Based on NESC Rule 232)
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SAGS AND TENSIONS — COPPER CABLE

6.6 M Strand - Medium Loading Region

(Based on NESC Rule 232)
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6.6 M Strand - Heavy Loading Region
{Based on NESC Rule 232)
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10M Strand - Light Loading Region

(Based on NESC Rule 232)
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AERIAL PLANT
SAGS AND TENSIONS — COPPER CABLE

10M Strand - Medium Loading Region
(Based on NESC Rule 232)
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AERIAL PLANT
SAGS AND TENSIONS — COPPER CABLE

10M Strand - Heavy Loading Region
(Based on NESC Rule 232)
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AERIAL PLANT
SAGS AND TENSIONS — COPPER CABLE

16M Strand - Light Loading Region
(Based on NESC Rule 232)
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AERIAL PLANT
SAGS AND TENSIONS — COPPER CABLE

16M Strand - Medium Loading Region
(Based on NESC Rule 232)
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AERIAL PLANT
SAGS AND TENSIONS — COPPER CABLE

16M Strand - Heavy Loading Region

(Based on NESC Rule 232)
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AERIAL PLANT
SAGS AND TENSIONS — COPPER CABLE

25M Strand - Light Loading Region

(Based on NESC Rule 232)
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AERIAL PLANT
SAGS AND TENSIONS — COPPER CABLE

25M Strand - Medium Loading Region

(Based on NESC Rule 232)
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AERIAL PLANT
SAGS AND TENSIONS — COPPER CABLE

25M Strand - Heavy l.oading Region
(Based on NESC Rule 232)
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AERIAL PLANT
SAGS AND TENSIONS — COPPER CABLE

6M Strand - Light Loading Region
(Based on NESC Rule 232)
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AERIAL PLANT
SAGS AND TENSIONS — COPPER CABLE

6M Strand - Medium Loading Region

(Based on NESC Rule 232)
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AERIAL PLANT
SAGS AND TENSIONS — COPPER CABLE

6M Strand - Heavy Loading Region

(Based on NESC Rule 232)
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AERIAL PLANT
SAGS AND TENSIONS — COPPER CABLE

6.6M Strand - Light Loading Region

(Based on NESC Rule 232)
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AERIAL PLANT
SAGS AND TENSIONS — COPPER CABLE

6.6M Strand - Medium Loading Region
{Based on NESC Rule 232)
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AERIAL PLANT
SAGS AND TENSIONS — COPPER CABLE

6.6M Strand - Heavy Loading Region
(Based on NESC Rule 232)
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AERIAL PLANT
SAGS AND TENSIONS — COPPER CABLE

10M Strand - Light Loading Region

(Based on NESC Rule 232)
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AERIAL PLANT
SAGS AND TENSIONS — COPPER CABLE

10M Strand - Medium Loading Region

(Based on NESC Rule 232)
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AERIAL PLANT
SAGS AND TENSIONS — COPPER CABLE

10M Strand - Heavy Loading Region

{Based on NESC Rule 232)
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AERIAL PLANT
SAGS AND TENSIONS — COPPER CABLE

16M Strand - Light Loading Region

{Based on NESC Rule 232)
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AERIAL PLANT
SAGS AND TENSIONS — COPPER CABLE

16M Strand - Medium Loading Region

(Based on NESC Rule 232)
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AERIAL PLANT
SAGS AND TENSIONS — COPPER CABLE
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AERIAL PLANT
SAGS AND TENSIONS — COPPER CABLE

25M Strand - Light Loading Region

(Based on NESC Rule 232)
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AERIAL PLANT
SAGS AND TENSIONS — COPPER CABLE

25M Strand - Medium Loading Region

(Based on NESC Rule 232)
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AERIAL PLANT
SAGS AND TENSIONS -— COPPER CABLE

25M Strand - Heavy Loading Region

(Based on NESC Rule 232)
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AERIAL PLANT
MAXIMUM SPAN LENGTHS

MAXIMUM SPAN LENGTHS

Copper Cable
AT&T 627-200-015

Span lengths are limited by the following factors:

1. Strand tension shall not exceed 60 percent of breaking strength under
storm loading conditions.

2. Strand tension shall not exceed 70 percent of breaking strength with
the cable in place and a 300-pound load concentrated at midspan.

3. Sag shall not exceed 10 feet (3.05 m) at 60°F (15.5°C) with no wind.

4. The 6.6M strand tension shall not exceed 1400 pounds with the cable
in place at 60°F (15.5°C).

5. For self-supporting cable, the span length is limited by the
simultaneous application of items (3) and (4) above.

Maximum span lengths using recommended stringing tensions are shown on
the next four pages.
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AERIAL PLANT
MAXIMUM SPAN LENGTHS

MAXIMUM SPAN LENGTHS FOR
SELF-SUPPORTING CABLE

Maximum Span Length (Feet)
Alpeth Sheath | Reinforced Sheath
Pairs Gauge / Code

19 22 24 26 19 22 24 26
BHBS |BHAS |BKMS | BKTS | BHBP |BHAP | BKMP | BKTP

6 | 650 475
111 600 475
16 | 500 | 600 425 | 475

25| 475 | 550 | 600 | 650 | 400 | 475 | 475 | 500
50| 375 | 475 | 550 | 600 | 350 | 400 | 425 | 475

75 425 | 475 | 550 350 | 400
100 375 | 425 | 500 330 | 375 | 425
150 375 | 425 340 | 375
200 350 | 400 310 | 350
300 350 315
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AERIAL PLANT

MAXIMUM SPAN LENGTHS

MAXIMUM ALLOWABLE SPAN LENGTHS—
ALPETH AND STALPETH SHEATH, COPPER
CONDUCTORS, LIGHT LOADING AREA

Cable Weight Maximum Span Length (Feet)

(Pounds/Foot) | 6M | 6.6M | 10M | 16M |25M
0.1 580 { 660 | — —_ | —
0.2 540 | 515 | 650 | 750 |950
0.3 520 | 485 | 650 | 705 |885
0.4 500 | 460 | 600 | 675 |850
0.5 485 | 380 | 575 | 645 [825
0.6 465 { 330 | 550 | 625 {795
0.7 445 { 270 | 525 | 600 [770
0.8 415 | 250 { 500 | 580 {750
09 380 { 210 | 490 | 565 |725
1.0 370 | 200 | 475 | 550 |710
1.2 320 } 160 | 450 | 520 {675
1.4 290 | 140 { 435 | 500 {645
1.6 260 | 120 | 420 | 485 |620
1.8 2351 110 | 410 | 470 |595
2.0 215 { 105 | 400 | 455 (575
2.2 195 90 | 390 | 445 555
2.4 175 80 | 380 | 435 |535
2.6 160 | — | 370 | 425 |525
2.8 150 | — | 365 | 415 |510
3.0 1401 — | 355 | 410 (500
3.5 -— — | 8345 | 390 |475
4.0 _— — | 830 | 375 {455
4.5 -— — 1315 | 360 {435
5.0 — — | 295 | 350 |425
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AERIAL PLANT
MAXIMUM SPAN LENGTHS

MAXIMUM ALLOWABLE SPAN LENGTHS—
ALPETH AND STALPETH SHEATH, COPPER
CONDUCTORS, MEDIUM LOADING AREA

Cable Weight Maximum Span Length (Feet)
(Pounds/Foot) | 6m | 6.6M | 10M | 16M {25M
0.1 580 | 560 { — —_ | —
0.2 540 | 515 | 650 | 750 |950
0.3 520 | 485 | 650 | 705 |885
0.4 505 | 460 | 600 | 675 850
0.5 485 | 380 | 575 | 645 |825
0.6 415 | 330 | 550 | 625 |795
0.7 390 | 270 | 525 | 600 [770
0.8 350 | 250 | 500 | 580 {750
0.9 335 | 210 | 490 | 565 {725
1.0 320 | 200 | 475 | 550 |710
1.2 280 | 160 | 450 | 520 {675
1.4 260 | 140 | 435 | 500 |645
1.6 235 | 120 | 420 | 485 {620
1.8 215 | 110 | 410 | 470 |595
2.0 200 | 105 | 400 | 455 {575
2.2 190 | 90 | 390 | 445 {555
2.4 175 | 80 | 380 | 435 |535
2.6 160 | — | 370 | 425 |525
2.8 150 | — | 365 | 415 |510
3.0 140 | — | 355 | 410 |500
3.5 — | — ]340 ] 390 {475
4.0 — — 1305 | 375 {455
45 — | — 1275 ] 360 |435
5.0 — | — | 255 | 350 [425
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AERIAL PLANT

MAXIMUM SPAN LENGTHS

MAXIMUM ALLOWABLE SPAN LENGTHS—
ALPETH AND STALPETH SHEATH, COPPER
CONDUCTORS, HEAVY LOADING AREA
Cable Weight Maximum Span Length (Feet)
(Pounds/Foot) | 6M | 6.6M | 10M | 16M |25M
0.1 400 | 560 | — —_ | =
0.2 375 | 515 | 650 | 750 {950
0.3 335 | 485 | 650 | 705 {885
04 320 | 460 | 600 | 675 {850
0.5 290 | 380 | 575 | 645 |825
0.6 280 | 330 | 550 | 625 {795
0.7 260 | 270 | 525 | 600 |770
0.8 250 | 250 | 500 | 580 |750
0.9 230 | 210 | 490 | 565 {725
1.0 220 | 200 | 475 | 550 {710
1.2 200 | 160 | 450 | 520 |675
1.4 185 | 140 | 435 | 500 |645
1.6 175 | 120 | 420 | 485 |620
1.8 160 | 110 | 405 | 470 1595
20 150 | 105 | 385 | 455 |575
22 145 90 | 360 | 445 555
2.4 135 80 | 345 | 435 |535
2.6 130 | — | 325 | 425 |525
2.8 126 | — | 315 | 415 |510
3.0 115 ] — | 300 | 410 |500
3.5 — — 1270 | 380 1475
4.0 - — 1245 | 345 |435
45 — — | 230 | 320 {405
5.0 —_ — | 215 | 300 {375
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AERIAL PLANT
MAXIMUM SPAN LENGTHS

Lashed Fiber Optic Cables
AT&T 627-320-011, -205, -206, 920-400-300
AT&T 627-400-001

There are a number of construction methods to consider when planning
an aerial fiber optic cable route. Three methods will be covered in this
section.

e Standard Method
e Matched Sag Method
® Overlashing Method

Standard Method

in the standard method, the support strand is installed at the stringing
tension given on page 10-39. Because the fiber optic cable weighs very little,
the sag in the cable is relatively small. To avoid mid-span clearance problems
with heavy copper-pair cables, fiber optic cable should occupy the uppermost
permissible position in the communication space on the pole.

The table on the next page shows the maximum span lengths for fiber
optic cable installed using the standard method.
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AERIAL PLANT

MAXIMUM SPAN LENGTHS

Maximum Permissible Span Lengths (ft)

for Fiber Optic Cable

AccuRibbon® Cable

Suspension Strand *

Storm Load
Region 6.6M 6M 10M 16M 25M
Heavy 225 350 450 675 1100
Medium 375 575 775 1225 2050
Light 375 575 775 1225 2050
Lightpack® Cable
Suspension Strand *
Storm Load
Region 6.6M 6M 10M 16M 25M
Heavy 275 400 525 775 1250
Medium 450 725 925 1475 2425
| Light 450 725 925 1475 2425
Self-Support Cable
Cable Type
Storm Load
Region Dielectric Circular 1 Figure-8 £
Heavy 400 550
Medium 550 600
| Light 650 650

permissible.

* Strand placed at standard tension. Suspension strand and stringing
tension are covered in AT&T 627-210-018.
1 The maximum recommended installation tension for the dielectric circular-
self-support cable is 560 Ib. Lower values of installation tension are

1 The recommended installation tensions for the figure-8, self-support cable
are given in AT&T 627-700-011.
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Matched Sag Method

If there is insufficient clearance below power lines on joint-use poles, or if
the fiber optic cable must be installed below existing copper-pair or CATV
cable, then additional mid-span clearance can be obtained by reducing the
strand stringing tension. The tension can be reduced until the sag in the fiber
optic cable matches the sag in the other cables on the pole line. This is called
the “matched sag construction method.” When using this method, the
maximum permissible span length shown in the previous table must be
reduced by 15 percent to ensure fiber stress stays within acceptable levels
under storm-load conditions.

Overlashing Method

Overlashing a fiber optic cable onto an existing aerial fiber optic cable
requires special consideration. The presence of a second cable increases the
environmental load the existing cable and strand must support without adding
much strength to it. It is the siresses in the first existing cable that must be
taken into consideration, not the stresses in the second cable being lashed to
it.

If a fiber optic cable is overiashed onto an existing fiber optic cable, the
strand should be one size larger than required for a single fiber optic cable, or
the maximum permissible span given in the table should be reduced by 50
percent.

The criteria for overlashing a fiber optic cable onto an existing copper-pair
cable are the same as those for lashing to a strand alone, that is, the span
length must be less than the maximum permissible span given in the tables
and the strand must be in good condition.

Suspension strand and stringing tensions are covered in AT&T 627-210-018.
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Special Long-Span Design
AT&T 627-370-200, -205, 919-565-450

Where the required span length for aerial cable exceeds the limits
indicated on the preceding pages, the following alternatives are possible:

1. Where the span length is sag-limited, place the strand at the
recommended stringing tension and violate the 10-foot (3.05 m) sag
limitation.

2. Where the span is storm load tension-limited, place the strand at a
lower stringing tension.

3. Place a catenary suspension strand (see below) above the regular
cable suspension strand.

CATENARY SUSPENSION STRAND
. " u L
CABLE AND SUPPORTING STRAND

Sags and tensions for these special designs must be calculated since
they are not tabulated.
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WIRE

WIRE

The maximum span lengths, sag, and tension of wire are shown in the
following documents.

AT&T 917-534-200  C Rural Wire

AT&T 621-400-015  Guying — Insulated Wires
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BIBLIOGRAPHY

AT&T Title

621-020-013  Ordering, Delivery, and Markings on Poles and Stubs
621-020-111  Dimensions and Weights of Poles and Stubs
621-205-200 Erecting Poles and Stubs

621-205-211  Placing Pole Braces and H Fixtures
621-400-011  Guying — Definitions

621-400-013  Guying — Sizes of Guys

621-400-015  Guying — Insulated Wires

621-405-201  Guying — Methoads of Insulating
621-410-206  Guying — Aerial Cable Lines

621-410-220  Guying — Sidewalk Anchor Guys
621-415-200 Patent Guy Anchors — Expanding Anchors
621-415-201  Patent Guy Anchors — Screw Type
621-415-202  Patent Guy Anchors — Swamp Anchors
621-415-203  Patent Guy Anchors — Plate Anchors
621-415-204  "C" Guy Anchors — Power Installation
621-415-211  Plank Anchors

621-415-215  Rock Anchors

626-101-005  Air Core PIC Cables — Description and Use
626-101-010  Filled PIC Cables — Description and Use
627-020-005 Bonding and Grounding Aerial Plant

AT&T Outside Plant Engineering Handbook, August 1994
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BIBLIOGRAPHY

AT&T Title

627-200-015  Suspension Strand Selection — Copper Conductor
Cables — All Loading Areas

627-210-018  Suspension Strand Tensions and Sags

627-240-225  Slack Span Construction

627-370-XXX  Long Span Construction

627-400-001  LXE — Aerial Fiber Optic Cable

627-700-011 Self-Supporting Cable Sags and Tensions

917-534-100  Multiple Line Wire

917-534-200  C Rural Wire

919-000-100  Design of Communication Lines Crossing Railroads

919-120-100  Pole Line Planning

919-120-200  Pole Line Classifications and Loading

919-120-400  Pole Timber Species and Preservative Treatments

919-120-560  Grounding or Insulating Guys

919-120-600  Pole Lines — Detail Design

919-120-700  Pole Lines — Design Data

919-370-200 Wire and Cable Spans — Effects of Ice, Wind and
Temperature

919-565-400  Aerial Cable — Selection of Type and Size of Suspension
Strand

919-565-401  Aerial Cable — Resuiltant Storm Loads
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AT&T Title

919-565-450  Special Span Aerial Design
920-400-300 Fiber Optic Cable — Installation and Planning — Aerial
928-411-514  Preparation of Work Prints — Aerial Cable

National Electrical
Safety Code

Section 25 General Loading Requirements and Maps
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CLEARANCES FOR AERIAL PLANT
GENERAL
BASIC CLEARANCES

Section 11

CLEARANCES FOR AERIAL PLANT

GENERAL

The recommendations on this section are based on the 1993 Edition of
the National Electric Safety Code (NESC). This section contains only a brief
summary of the common clearance requirements. The reader is referred to
the NESC for requirements, exceptions, and ioading conditions not covered
herein. This section should only be used as a guideline—the NESC, state,
municipality, and/or local company practices shall govern the actual
requirements.

BASIC CLEARANCES

Telephone Conductors From Power Wires on Different Pole
Lines

The NESC specifies both horizontal and vertical clearance between any
two crossing or adjacent cables that are carried on different supporting
structures. Based on the horizontal and vertical clearances, a clearance
envelope is developed. The clearance envelope must be maintained under all
conditions of conductor loading.
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11-2

Horizontal Clearance (Rule 233B1)

Voltage Clearance Ft (mm)
Up to 129 kV 5 (1500}
Over 129 kV 5 (1500) plus 0.4 in.(10)

per kV over 129 kV

Vertical Clearance (Rule 233C1)

Voltage

Clearance Ft (mm)

Supply cables meeting
Rule 230C1 and supply
cables of 0 up to 750 V
meeting rule 230C2 or
230C3*

Upto 750V

750 V to 22 kV

22 kV to 470 kV

Qver 470 kV

2 (600 mm)

4 (1200)

6 (1800)

6 (1800) plus 0.4 in.(10)
per kV over 22 kV

See NESC Rule 233C3

* For example, insulated cables supported on a bare,
grounded messenger. See NESC for details.
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CLOSEST ALLOWABLE POSITION

OF CONDUCTOR No. 2 X—__\

CONDUCTOR
No. t

\«;
N
v V\
IF IF IF
H>V H=V H<V

CONDUCTOR No. 1

Clearance Envelope

H = Horizontal
V = Vertical

Telephone Conductors From Power Poles

For telephone conductors, clearance from power poles is the same
as between telephone poles and power conductors (see next page).

AT&T Outside Plant Engineering Handbook, August 1894 11-3



CLEARANCES FOR AERIAL PLANT
BASIC CLEARANCES

Telephone Poles and Stubs From Power Conductors and
Other Objects

NESC Rule 231

TELEPHONE
POLE

FIRE HYDRANT,
SIGNAL PEDESTAL,
OR CALL BOX

Clearances

Notes are shown on next page.
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Notes associated with Page 11-4
Object

. Fire hydrants, signal pedestals,
and call boxes.

. Curbs (from street side of curb
to nearest part of pole and
attachments within 15 ft
[4.6 m] above the road
surface).

Streets and roads without curbs.

. Railroad tracks (from nearest
rail to nearest part of pole
and attachments within 22 ft
[6.7 m] above rails).

. Power wires

Power wires up to 50 kV

Power cable up to 750 V

Power wires 750 V to 22 kV

AT&T Outside Plant Engineering Handbook, August 1994

Clearance

3 ft (900 mm) minimum, 4 ft (1200
mm) recommended (Rule 231A)

6 in. (150 mm) minimum. (Rule 231B)
Shall be located a sufficient distance
from the street side of the curbs to
avoid contact by ordinary vehicles
using and located on the traveled

. way.

As near as practical to the edge of the
right-of-way

12 ft (3.7 m) Rule 231C

Not less than the following horizontal
clearance (Rule 234B1)

5 ft (1500 mm) min., no wind condition
OR

3.5 ft (1100 mm) when displaced by a
6 psf (287 pascals) wind force at 60°F
(15.5°C)

4.5 ft (1400 mm) when displaced by a
6 psf (287 pascals) wind force at 60°F
(15.5°C)
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Vertical Clearances Above Ground, Roads, Rails, Roofs,
Water, Etc.

NESC Rule 232—Tables 232-1 and 234-1

The vertical clearances shown in the following table apply under the
following temperature and loading conditions, whichever produces the larges
final sag. '

1. 120°F (48.8°C), no wind displacement

2. The maximum conductor temperature for which the line is designec
to operate, if greater than 120°F (48.8°C), with no wind displacement
(Not applicable to telephony cable.)

3. 32°F (0°C), no wind displacement, with radial ice thickness specifiec
in Rule 250B for the loading district concerned.

Maximum expected sags that correspond to the above conditions fo
copper-pair cables are given in Section 10, “AERIAL PLANT.”
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BASIC CLEARANCES

Crossing Over: Clearance Ft. (m)
Railroad tracks (except electrified railroads using 23.5(7.2) a
overhead trolley conductors)
Roads, streets, and other areas subject to truck 15.5 (4.7) d
traffic
Driveways, parking lots, and alleys 15.5(4.7) b d
Other land traversed by vehicles such as 15.5 (4.7)
cultivated, grazing, forest, orchard, etc.
Roots accessible to vehicular traffic, but not 10.5 (3.2)
subject to truck traffic
Roofs accessible to truck traffic 15.5 (4.7)
Balconies and roofs, accessible to pedestrians only 10.5 (3.2)
Roofs not accessible via doorways, ramps, 3.0(.9)
stairways, or permanently-mounted ladders
Spaces and ways subject to pedestrians only 9.5 (2.9)
Roofs not readily accessible to pedestrians 3.0(.9)
Water areas not subject o saiiboating f 14 (4.3)
Other water areas with unobstructed area
— less than 20 acres 17.5 (5.3)
— 20 to 200 acres 25.5(7.8)
— 200 to 2000 acres 31.5 (9.6)
— over 2000 acres 37.5(11.4)
Sailboat rigging and launching areas serving water 5 (1.5) more
areas listed above than above
Running Along (But Not Overhanging):
Roads, streets, or alleys 155(47) % 9
Rural roads 13 (4.0) "
Note: See next page for letter references, for example, a

AT&T Outside Plant Engineering Handbook, August 1994
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Letter references from table on previous page.

a. May be reduced by an amount equal to the difference between the

highest loaded car and 20 feet (6.1 m).

1. For railroads, such as mining or logging railroads, which handle
only cars lower than standard freight cars. In this case
clearance must be at least 15.5 feet (4.7 m).

2. Adjacent to tunnels and overhead bridges which restrict ca
height, if mutually agreed by parties concerned.

if the height of attachment to a building does not permit this clearance
the clearance may be reduced to 11.5 feet (3.5 m).

¢. Atruckis defined as any vehicle over 8 feet (2.4 m) high.

11-8

May be reduced to 15 feet (4.6 m) running along or crossing ove
alleys, driveways, and parking lots.

For guys and service drops insulated against the highest voltage
which they are exposed (up to 8700 volts), clearance may be reducet
to 16 feet (4.9 m) at the side of the traveled way, provided that 18 fee
(5.5 m) is maintained at the center. This reduction does not apply tc
arterial streets and highways.

. i uncontrolled, the surface area is based on annual high water mark:

and clearances are based on normal flood level. If controlled, the
surface area and clearances are based on the design high-water level
For rivers, streams, and canals, clearance is based on the larges
one-mile-long segment which includes the crossing. Clearance over :
waterway providing access for sailboats to a larger body of water shal
be that required for the larger body. Where vessel height is restrictec
by an overwater obstruction, clearances may be reduced to 1.5 feet (.t
m) higher than the obstruction. Where the U.S. Army Corps o
Engineers has issued a permit, the clearances of that permit shal
govern. ' :

May be reduced to 15 feet (4.6 m) where poles are located beyond the
cars or other deterrent to vehicular traffic.
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CLEARANCES FOR AERIAL PLANT
BASIC CLEARANCES

h. May be reduced to 9.5 feet (2.9 m) if the cable line is located relative
to fences, ditches, embankments, etc., so that vehicular traffic is not
expected.

Pole Attachment Height Formula

The following formula can be used to obtain pole attachment height for
copper cable.

Pole attachment height = minimum clearance required + maximum cable
sag

To use the above formula:
e Determine minimum clearance required from previous table.

e Determine storm loading area from Page 10-7 in Section 10, “AERIAL
PLANT.”

e Obtain weight of cable from tables in Section 14, "CABLE AND WIRE."

e Obtain maximum cable sag from chars beginning on Page 10-41 in
Section 10, "AERIAL PLANT."

For example:

What is the pole attachment height for a BKMA-200 type cable on 6.6M strand
spanning 150 ft (45.7 m) crossing over a public road in a medium storm
loading area?

Minimum Clearance =15.5 ft (4.7 m)
Maximum Sag = 2.5ft(0.8 m)

Pole Attachment Height = 18.0ft (5.5 m)
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CLEARANCES FOR AERIAL PLANT
BASIC CLEARANCES

Swimming Areas
NESC (Rule 234E

Crossing over a swimming pool or area within 22 feet (6.7 m) of the edge
of a pool should be avoided. If such a crossing is necessary, the following
clearances are required:

e 22 feet (6.7 m) in any direction from the water level, edge of pool, base
of diving platform, or anchored raft.

e 14 feet (4.3 m) in any direction from a diving platform or tower.

Reduced Ground Clearance When Crossing Is Not at
Midspan

A saving in pole height may be realized by placing a pole near the point o
crossing a road or railroad so that the critical crossing point does not occur a
midspan. Attachment height may be reduced an amount equal to the
reduction in sag by using the chart shown on the next page.

e SPAN o
200° (61 m
| QR T I
e MIDSPAN SAG 6' (1829 mm)
ATTACHMENT 2
HEIGHT 610
2’ (610 mm) (610 mm)
40
(12.2 m)
'—\J’-—ﬁ\—f—_—w .
ROAD BED OR RAIL FAR EDGE OF ROAD, OR FAR RAIL

OF RAILROAD
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.7 %

FACTOR
o

0 10 20 30 40 50
DISTANCE FROM NEARER SUPPORT AS X OF SPAN

Percentage of Sag at Far Edge of Road or Railroad

For example: In the illustration, the span length is 200 feet (61 m). The
distance to the far edge of the road is 40 feet (12.2 m) or 20 percent of the
span length. Using the chart, the sag at 20 percent would equal about two-
thirds (0.63) of the sag at midspan or 4 feet (1.2 m). The attachment height
could then be reduced by 2 feet (0.6 m).
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Vertical Clearances Between Conductors — Jaint-Use Pole
Line

NESC Rule 235C and 23¢

Vertical clearance must be maintained between power and telephone

conductors at the attachment points on joint-use poles. The minimum vertica
clearance at the attachment point is shown in the following table.

Vertical Clearances Between Conductors
at Supports (Rule 235 and 238)

Description Clearance in. (mm)

Grounded metal sheath power cables, 40* (1000)
nonmetallic sheath power cables on
grounded messenger, as power cables
consisting of insulated conductors lashed to
or spiraled around a grounded strand

Open supply conductors
010 8.7 kV 40 (1000)
8.7 to 50 kV 40 (1000)
plus 0.4 (10) per
kV over 8.7 kV

Drip loops for luminaires or traffic signal 12 (300)
brackets

Grounded supply equipment (transformers, 30 (760)
etc)

* May be reduced to 30 inches (760 mm) for supply neutrals
meeting Rule 230E1 and cables meeting Rule 230C1 where the
supply neutral or messenger is banded to the communications
messenger (see NESC for details).

11-12 AT&T Outside Plant Engineering Handbook, August 199



CLEARANCES FOR AERIAL PLANT
BASIC CLEARANCES

Midspan vertical clearance between power and telephone conductors
should be at least 75 percent of the clearance required at the pole. The
midspan clearance may be reduced to 12 inches (300 mm) for insulated
supply service-drops between 0 and 750 V. For spans longer than 150 feet
(45.7 m), additional constraints apply for open supply conductors. Speciically,
the sag of the open supply conductor at 60°F (15.5°C) shall not dip below the
line-of-sight between the attachment portion of the communications cable. The
line-of-sight is illustrated below.

POMER CONDUCTOR

CLEARANCE ~__|

—— e — ——— e — — —— — — —

TELEPHONE CONDUCTOR
LINE OF SIGHT

Note: For spans greater than 150 feet (45.7 m), the sag of open-
supply conductors shall not dip below the line-of-sight
between the telephone-conductor attachment-points at 60°F
(15.5°C) with no wind displacement.
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VERTICAL CLEARANCES AT THE POLE FOR SPAN WIRES AND
BRACKETS FOR LUMINAIRES AND TROLLEY CONDUCTORS
(Rule 238C)
Clearance Inches (mm)

If Not Effectively Grounded

Type of Clearance If Effectively For Luminaires For Troliey
Grounded Conductors

Up to Over

150 V 150 V

Above telephone cables | 4 (100) 120 (510) *{ 20 (510) *| 12 (300)
Below telephone cables | 4 (100) |20 (510) {40 (1000) | 12 (300)

From telephone terminal; 4 (100) |20 (510) *| 20 (510) *{ 12 (300)
boxes .

From telephone| 4(100) [16(410)*| 16(410)*| 4 (100)
brackets, bridle wire
rings, and drive hooks

* May be reduced to 12 inches (300 mm) for wires or parts of brackets
40 in. (1000 mm) or more from surface of pole.

1 !f obtainable; if not, maximum obtainable.
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CLEARANCES FROM OTHER OBJECTS

Community Antenna Television (CATV) Distribution
Systems

No clearances are required by the National Eiectric Safety Code between
CATV and telephone facilities. It is recommended, however, that nonowned
CATV cable be placed preferably 2 feet (600 mm) above telephone cabie, but
not less than 1 foot (300 mm). If a 1-foot (300 mm) vertical clearance is not
possible, the nonowned cable may be placed on the opposite side of the pole
so as to obtain 1 foot (300 mm) of diagonal clearance. Telephone company-
owned CATV cables may be lashed to the same strand as telephone cable.

Police and Fire Alarm Facilities

Like CATV, police and fire alarm systems are considered to be
communications facilities and the same comments and recommendations
apply as for CATV.

Signs, Chimneys, Tanks, and Other Installations
NESC (Rule 234C3) requires 3 feet (900 mm) in any direction.
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CLIMBING SPACE ON JOINTLY USED POLES
NESC (Rule 236

Climbing space is provided to allow workers to climb above telephone
space on a pole and to permit raising and lowering equipment and materia
past telephone attachments. Generally, climbing space is defined as a space
30 inches (760 mm) square along the side of the pole and extending 4(
inches (1000 mm) above and below the telephone attachments.

The following may be included in climbing space:
® Portions of the pole when included in one side or corner of the space

¢ Vertical runs securely fastened to the pole and covered by molding o
conduit.

The -following may not be included in climbing space:
e Unprotected vertical runs

e Drive hooks and pole steps.

The horizontal dimensions of the climbing space may be reduced as follows:

® To 24 by 24 inches (610 by 610 mm) if the pole carries only conductor:
of not more than 750 volis to ground.

® To 30 inches (760 mm) along the line and 16 inches (410 mm) across i
the only power conductors above are secondaries of less than 750 volts
supplying airway marker lights or crossing over the telephone line anc
attached to the pole top or to a pole-top extension.
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Plenum 2061 LAN Cable
ARMM Riser Cable

Aerial Self- Supportlng Air Core Cable, Aluminum
Shield

Aerial Self-Supporting Cable, Reinforced .
Lashed Aerial Air Core Cable, ALPETH ‘
Lashed Aerial Air Core Cable, PASP
ASP-Filled Core Cable

Inside Composite Cable .

OUTSIDE COPPER WIRE CABLE
FIBER OPTIC CABLES

Design Guidelines (Fiber Optic Cables)

FIBER OPTIC BUILDING CABLES

Accumax Building Cable, Robust LGBC Series
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Multibundle Fiber Optic High Fiber Count Buuldmg
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Heavy Duty Building Cable, HDBC Series
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OUTSIDE FIBER OPTIC CABLE
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3DUX Nonarmored LXE Lightpack Cable
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3GFX Dielectric Crossply AccuRibbon Cable
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3GSX Metallic Armored LXE AccuRibbon Cable
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Protection Devices .
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Protector Panel, 190-Type Multipair
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110 Disconnect Terminal Block
110 Cross-Connect System Terminal Blocks
3A/4A Cable Terminal Sections
110 Patch Panel System Terminal Blocks
110 Patch Panel System Backboard
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110 Jack Panel System .
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PREMISES NETWORKS
GENERAL

Section 12

PREMISES NETWORKS

GENERAL

Premises networks are interconnected groups of telecommunications
nodes such as controllers, workstations, private branch exchanges (PBXs),
phones, etc., that link users to system-common applications. Examples of
premises networks are voice to voice, workstation to controlier, and voice to
voice mailbox.

sysTiMAX® Structured Cabling Systems (SCS)

AT&T SYSTIMAX Structured Cabling Systems (SCS) are a group of
integrated communications distribution systems for voice, data, and video
networks within a building, factory, or campus of buildings. SYSTIMAX SCS
are modular systems based on the “star” topology. SYSTIMAX SCS currently
supports the Premises Distribution System (PDS), intelligent Building System
(IBS), as well as applications in the industrial market and educational markets
using 24 AWG unshielded twisted-pair (UTP) cable and 62.5/125- multimode,
graded-index fiber optic cable.

The SYSTIMAX SCS is designed to be a complete system solution.
SYSTIMAX SCS can handle analog and digital voice signals, high- and low-
speed data transmission, or images produced by facsimile machines, graphic
terminals, and plotters. It can also handle video signals for a variety of
applications. SYSTIMAX SCS have the components to connect controllers,
PBXs, and local area networks (LANs) from the building entrance to the
workstation via untwisted pair (UTP) or fiber optic cable. Components of the
SYSTIMAX SCS include:

¢ Media (UTP and fiber optic)
® Cross-connect hardware (110 and fiber optic)
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Connectors and plugs (cable and fiber optic)
Information outlets (I0s)

Adapters

Multiplexers.

AT&T’s HIGH-5™ family of products exceeds the Electronic Industries
Association/Telecommunications  Industry Association (EIA/TIA)-T568-A
“Commercial Building Telecommunications Cabling Standards.” The HIGH-5
family of products supports transmission speeds of up to 155 Mbs.

The following six subsystems comprise the SYSTIMAX SCS:

12-2

Equipment Subsystem — consists of shared (common) electronic
communications  equipment in the equipment room or
telecommunications closet and the transmission media required to
terminate this equipment on distribution hardware.

Riser Backbone Subsystem — is the main cable route within a
building. It links the main cross connect in the equipment room to
intermediate cross connects and horizontal cross connects in the
telecommunications closets. It consists of the backbone transmission
media between these locations and the associated connecting hardware
terminating this media. It is normally installed in a star topology, with

first-level backbone cables beginning at the main cross connect. If

needed, second-level backbone cables begin at intermediate cross
connects.

Campus Backbone Subsystem — is a distribution system that
encompasses more than one building and the components that provide
the link between the buildings. This subsystem includes the backbone
transmission media, associated connecting hardware terminating this
media, and electrical protection devices to mitigate harmful voltages
when the media is exposed to lightning and/or power surges. It is
normally a first-level backbone cable beginning at the main cross .
connect in the equipment room of the hub building and extending to the
intermediate cross connect in the equipment room of a satellite building.
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e Horizontal Subsystem — provides connections from the horizontal
cross connect to the information outlets (I0s) in the work areas. It
consists of the horizontal transmission media, the associated connecting
hardware terminating this media, and 10s in the work area. Each floor
of a building is served by its own Horizontal Subsystem.

e Work Area Subsystem — provides the connection between the 10 and
the station equipment in the work area. It consists of cords, adapters,
and other transmission electronics. In SYSTIMAX IBS, this subsystem is
called the Coverage Area.

e Administration Subsystem — links all of the previous subsystems
together. It consists of labeling hardware for providing circuit
identification and patch cords and jumper wire used for creating circuit
connections at cross connects.

The diagram on the next page shows a typical SYSTIMAX subsystem
breakdown.
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Local Area Networks (LANs)

A LAN is a data communications system that enables users to share
common data and peripheral equipment, such as printers, fax machines, and
computers. A LAN can be as simple as connecting a few workstations, or it
can link a complete floor, building, or campus. A LAN consists of the network
operating systems (software), adapter cards, adapters, and cable that
connects individual users’ workstations to the shared controllers and
peripheral equipment. SYSTIMAX SCS LANs can be wired with cable, fiber
optic cable, or a combination of both.

The LAN architecture defines how the LAN equipment is interconnected
on the transmission media. Three LAN architectures are possible: star, bus,
and ring. The topology of the wiring system defines how the media is laid out
in a building. The SYSTIMAX SCS star topology accommodates the star, bus,
and ring architectures and provides centralized administration at the
equipment room or telecommunication closet.

in a bus topology, all of the workstations are attached (via the
information outlet) to a single cable that carries the signal in both directions
through the network. A bus network can be centered by connecting several
segments together using bridges, repeaters, and routers. Ethernet (institute of
Electrical and Electronics Engineers Inc. [IEEE] Standard 802.3) is an
example of a bus topology.
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in a star topology, all of the nodes or workstations are connected with
UTP or fiber optic cable to a centrally located common conirolier or
concentrator. The central control point permits centralized network
administration, management, and troubleshooting. StarLAN is an example of a
star topology, as is IEEE 802.3

in a ring topology, the network forms a ring. A token carries data
through the network. Workstations are connected as in a star topology to a
central administration point, such as a multistation access unit (MAU). Token
Ring (IEEE 802.5) is an example of a ring topology.
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NETWORK INTERFACES

The Federal Communications Commission (FCC) has ruled that the
interface between the telephone company equipment and customer-owned
equipment would be through a miniature ribbon connector or jack. The RJ11
jack is designed as an NIU (North American 1ISDN Users) where individual
connections are required. See page 12-8 for an illustration of a network
interface in an equipment room. The 700-type jacks listed below are also used
as network interfaces.

700-Type Jacks
AT&T 461-604-106

The 700-type jacks are intended to serve as network interfaces between
the telephone company entrance facility and the PDS as required by the FCC.
They are equipped to accept the required miniature ribbon connector. The
700-type jacks are not designed to provide electrical protection where
exposed cables are involved. They are available as shown in the following
table.

700-TYPE NETWORK INTERFACE JACKS

No input Output |Connect| Back-

Code Pair.s Connector |Connector | Through | Board
Option Option* | Option |included

Bridging
Clip
* 50-position miniature ribbon connector (RJ21X).

700A-110-B1-25| 25 110 RJ21X No
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COLOR CODING

Color-coded backboard, designation strips, and labels are used to identify
the various parts of the Premises Network. This provides a means of
administering the physical terminations of wire and other media at the cross-
connection location. It also aids in instaliation and troubleshooting by
identifying the various cross-connection fields as illustrated on Page 12-8.

The following color codes are used:

COLOR CODES
Color Termination Type Comments
Orange | Demarcation point Central office terminations
Green |Network connections Network connections or auxiliary
circuit termination

Purple |Common equipment Used for all major switching

PBX, Host, LANs, Muxes jand data equipment terminations
White |First level backbone Multicontroller (MC) to intercloset

(IC) cable terminations

Gray |Second level backbone |intercloset (IC) to Telecommunications
closet (TC) cable terminations

Blue |Station Horizontal cable terminations
Brown {interbuilding backbone [Campus cable terminations

Yellow {Miscellaneous Auxiliary, maintenance alarms,
security, etc.

Red Key telephone systems —

The illustration on Page 12-8 does not include all the color codes
available. They are not involved in the particular situation illustrated.
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BUILDING ENTRANCE AREA

The location where telephone company facilities are terminated on a
customer’s premise is called the building entrance area. Telephone company
entrance cables are generally considered as exposed requiring electrical
protection devices to protect people, buildings, and telecommunication
equipment from hazardous foreign potentials (see section 6, “ELECTRICAL
PROTECTION”). Space must be provided on the customer’s premises for
these terminating devices and interconnection to the Premises Distribution
System. The amount of space required depends on the number of cable pairs
to be terminated and the hardware used.

An illustration of the space required for terminating 150 entrance cable
pairs using 188-type protectors and 110-type connecting blocks is shown on
the next page. From this location the facilitiecs must be connected to the
network interface such as a 700-series jack. In this situation, space must also
be provided for connecting the stub cables of the protectors to the Telco
entrance cable(s).

The illustration referenced above only shows the requirements for the
telephone company equipment. Generally, there will also be customer
premises equipment in the building entrance area as illustrated on Page
12-8.

Protection devices to be used on exposed entrance cables are covered
later in this section.
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CABLE LISTINGS

The 1993 NEC requires that communication and signaling wires and
cables in a building be listed according to their suitability for a given use.
Article 800 of the 1993 NEC lists the following categories that apply to wire
cable.

CMP — Use in Plenums

CMR — Use in Risers

CM — General purpose use {except Plenums and Risers)
CMX — Residential and restricted commercial use

MPP — Multipurpose Plenum

MPR — Muttipurpose Riser

Cables for telephone (voice) communications within customer premises
(commercial and residential) must be tested and listed as satisfying the fire-
resistance, mechanical, and electrical standards of the independent testing
laboratory (Underwriters Laboratory).

The exception is that outside plant type cables which are not fire-
resistant may be used as a building entrance cable. However, they can
only be used up to 50 feet (15.2 m) beyond the point of entry.

Note: Underwriters Laboratories (UL) is the most prominent
organization that tests and lists electrical equipment and
cables.
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GUIDELINES FOR DESIGNING AT&T SYSTIMAX
STRUCTURED CABLING SYSTEMS (SCS)

Guidelines for designing SYSTIMAX SCS are covered in the AT&T
SYSTIMAX 555-4XX-XXX series of documents.
AT&T Title
555-400-601  Requirements Survey
555-400-603 Components Guide
555-401-100  Administration Manual

3726C SYSTIMAX® Structured Cabling Systems (SCS)
Product Guide
3824B SYSTIMAX® Premises Distribution Systerm —

Integrated Comprehensive Systems Structure

The balance of this section will cover the AT&T products available for
AT&T SYSTIMAX SCS designs. Refer to the AT&T SYSTIMAX Structured
Cabling Systems (SCS) Product Guide (3726C) for additional and more
detailed information on the products.

INSIDE COPPER WIRE CABLE

Inside wire cable includes nonplenum- and plenum-type cables for use in
Horizontal and Riser Backbone applications.

The most common type of inside wire used in SYSTIMAX SCS is
unshielded twisted-pair (UTP). For limited distances, generally 500 to 1000
feet (152 to 305 m), UTP cable can often replace much more expensive and
inconvenient coaxial, twinaxial, and shielded twisted-pair cables. SYSTIMAX
SCS currently support data applications, via UTP cables, at up to 100 Mbps.
Network Communications Cable (NCC) supports data applications up to 10
Mbps.

AT&T Outside Plant Engineering Handbook, August 1994 12-13



PREMISES NETWORKS
INSIDE COPPER WIRE CABLE

Nonplenum 1010 LAN Cable

1010 Nonplenum LAN Cable consists of 24-gauge (0.5 mm) solid-copper
conductors insulated with color-coded PVC. 1010 Nonplenum LAN Cable is a
general-purpose cable to be used in many SYSTIMAX SCS voice and 16-
Mbps data applications to interconnect services from the workstation to the
wiring closet. When used in local area network applications, error-free
transmission rates of 10 Mbps can be obtained up to 328 feet (100 m) and of
16 Mbps up to 164 feet (50 m) for networks consisting of up to 72
workstations.

Subsystem: Horizontal, Riser Backbone

Physical Specifications:
Gauge: 24 AWG (0.5 mm)
Pair Size: 4 pair is UL certified to EIA/TIA 568 for Category 3

NONPLENUM 1010 LAN CABLE

Product Number Length Packaging Comcode
1010004AGY W1000 1,000 ft.(305 m) | WE TOTE™ Wire | 106 062 524
1010004AGY R1000 1,000 ft (305 m) | Reel 106 062 532

1010004ABE W1000 1,000 ft (305 m) | WE TOTE Wire 106 300 10€
1010004ABL W1000 1,000 ft (305 m) | WE TOTE Wire 106 300 09€

1010025AGY R1000 1,000 ft (305 m) | Reel 106 824 328
1010050AGY R1000 1,000 ft (305 m) | Reel 106 824 378
1010075AGY R1000 1,000 §t (305 m) | Reel 106 824 394
10100100AGY R1000 | 1,000 ft (305 m) | Reel 106 824 46€
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1041 LAN Cable

1041 LAN Cable is a high-speed, 100 £, high-performance LAN cable for
use in AT&T's SYSTIMAX SCS Premises Wiring Plan. 1041 LAN Cable is
composed of 24-gauge (0.5 mm) bare, solid-copper conductors insulated with
polyolefin. The insulated conductors are twisted into pairs and jacketed with
grey PVC. This cable is available in 4 pairs only.

1041 LAN Cable will transmit 16-Mbps token ring signals for 328 feet (100
m) while supporting up to 72 workstations. This cable complies with EIA/TIA
TSB-36 standards.

Subsystem: Horizontal, Riser Backbone

Physical Specifications:
Length: 1,000 ft (305 m)
Gauge: 24 AWG (0.5 mm)
Pair Size: 4
Weight: 21.3 ib/1,000 ft (31.7 kg/km)
Outside Diameter: 0.21 in. (0.53 cm)

1041 LAN CABLE
Product Number Packaging Comcode
1041004AGy R1000 | Ree! 106 821 390
1041004AGy W1000 | WE TOTE Wire | 106 821 408
1041ABL W1000 WE TOTE Wire | 106 905 987

1061 Nonplenum LAN Cable

1061 Nonplenum LAN Cable is a high-speed, high-performance, 100 Q
cable for use in AT&T's SYSTIMAX SCS Wiring Plan. 1061B Cable is CSA
approved for the Canadian market and has a low-smoke halogen jacket.
1061C Cable is composed of 24-gauge (0.5 mm) solid-copper conductors,
insulated with high-density polyethylene (HDPE).
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1061 Nonplenum LAN Cable is capable of carrying high-bit-rate signaling
for extended distances in building distribution systems. Local area network
applications include a 4/16-Mbps token ring which links multiple workstations.
Signal amplifiers are not required for lobe lengths up to 328 feet (100 m).
Transmission rates of 10 Mbps can be obtained up to 492 feet (150 m).

Subsystem: Horizontal, Riser Backbone (only when enclosed in a conduit)

Physical Specifications:

Length: 1,000 ft (305 m)

Gauge: 24 AWG (0.5 mm)

Pair Size: 4

Weight: 1061C - 23.2 1b/1,000 ft (34.5 kg/1,000 m)
10618 - 20.8 Ib/1,000 ft (30.9 kg/1,000 m)

Qutside Diameter: 1061C - 0.22 in. (0.56 cm)

1061B - 0.21 in. (0.53 cm)

12-16

NONPLENUM 1061 LAN CABLE

Product Number Packaging Comcode
1061004CSL W1000 | WE TOTE Wire | 106 836 950
1061004CSL W1000 | WE TOTE Wire | 106 836 943
1061004CSL R4000 | Reel 106 836 968
1061004CSL R5000 | Reel 107 014 078
1061004BSL R1000* | Reel 106 657 653
1061004CBL R1000 | Reel 107 057 853
1061004CBL W1000 | WE TOTE Wire | 106 871 809
1061004CIV R1000 Reel 107 076 192
1061004CIV W1000 | WE TOTE Wire { 106 871 817
1061004CSL Custom Length | 106 836 976
1061004CYL R1000 | Reel 106 999 071
1061004CYL W1000 | WE TOTE Wire | 107 001 687
1061004CRD W1000 | WE TOTE Wire | 106 926 363
*CSA
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2001 Plenum Cable

This 2001 Plenum Cable (ECTFE/ECTFE) has 24-gauge (0.5 mm)
twisted-pair copper conductors individually insulated with ECTFE and
sheathed with a white ECTFE outer jacket. This type of plenum cable is used
for cable runs between the equipment room and the riser/satellite ciosets. It
conforms to the low-flame, low-smoke requirements of the NEC. It can be
used in air-handling plenums or above suspended ceilings without the use of
conduits. 2001 Plenum Cable can be connectorized in the field or terminated
on 110 Wiring Blocks.

Subsystem: Riser Backbone

Physical Specifications:
Length: 1,000 ft (305 m)
Gauge: 24 AWG (0.5 mm)
Pair Size: 25, 50, 75, 100
Insulation Thickness: 0.005 in. (0.0127 cm)
Packaging: Reel

PLENUM 2001 CABLE

Weight
Ib/1,000 ft
(kg/100 m)

Outside
Diameter

Pair
Size

Product

Number Comcode

2001 025D R1000

25

0.33 in. (0.838 cm)

82 (12.2)

105 296 545

2001 050D R1000

50

0.49in. (1.24 cm)

180 (26.8)

105 296 552

2001 075D R1000

75

0.60 in. (1.52 cm)

240 (35.7)

105 296 560

2001 100D R1000

100

0.69 in. (1.75 cm)

315 (46.9)

105 296 578
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Plenum 2010 LAN Cable

2010 Plenum LAN Cable (ECTFE/LSPVC) has 24-gauge (0.5 mm)
twisted-pair copper conductors individually insulated with ECTFE and
sheathed with a white LSPVC outer jacket. This type of plenum cable is used
for cable runs between an information outlet and a telecommunications closet
or between the equipment room and the telecommunications closet. It
conforms to the low-flame, low-smoke requirements of the NEC. It can be
used in air-handling plenums or above suspended ceilings without the use of
conduits. 2010 Plenum LAN Cable can be connectorized in the field or
terminated on 110 Wiring Blocks.

2010 Plenum LAN Cable supports 16-Mbps data transmission up to 164 {t
{50 m) in an office environment.

Subsystem: Riser Backbone, Horizontal

Physical Specifications:
Length: 1,000 ft (305 m)
Gauge: 24 AWG (0.5 mm)
Pair Size: 4
Weight: 14.5 1b/1,000 ft (2.16 kg/100 m)
Outside Diameter: 0.17 in. (0.43 cm)
Insulation Thickness: 0.006 in. (0.015 cm)

PLENUM 2010 LAN CABLE
Product Number Packaging Comcode
2010 004A R1000 | Reel 106 063 498
2010 004AW1000 | WE TOTE Wire | 106 063 480
2010 004C R1000 | Reel 106 445 901
2010 004C W1000 | WE TOTE Wire | 106 445919
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Plenum 2041 LAN Cable

2041 Plenum LAN Cable consists of 24-gauge (0.5 mm) solid-copper
conductors with TEFLON' insulation. The outer jacket is low-smoke PVC. The
insulated conductors are color-coded with solid colors and twisted into four
pairs. The color coding is the same as standard PIC Cable.

2041 Plenum LAN Cable is a 100 Q, high-performance, unshielded
twisted-pair data cable capable of carrying high-bit-rate signaling for hundreds

of feet.
Subsystem: Horizontal

Physical Specifications:
Length: 1,000 ft (305 m)
Gauge: 24 AWG (0.5 mm)
Pair Size: 4

Weight: 17.5 Ib/1,000 ft (26.04 kg/km)
Outside Diameter: 0.16 in. (0.41 cm)

PLENUM 2041 LAN CABLE

Product Number Packaging Comcode
2041 004BWH R1000 | Reel 107 068 041
2041 004BWH W1000 | WE TOTE 107 187 239

1. Registered trademark of E. 1. Du Pont De Nemours and Company.
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Plenum 2061 LAN Cable

2061 Plenum LAN Cable is a high-speed, high-performance, 100 2 cable
for use in the AT&T SYSTIMAX SCS wiring plan. The cable is composed of
24-gauge (0.5 mm) bare, solid-copper conductors, insulated with TEFLON.
The insulated conductors are twisted into pairs and sheathed with a low-
smoke PVC outer jacket.

2061 Plenum LAN Cable is capable of carrying high-bit-rate signaling for
extended distances in building distribution systems. Local area network
applications include a 4/16-Mbps token ring which links muitiple workstations.
Signal amplifiers are not required for lobe lengths up to 328 ft (100 m).
Transmission rates of 10 Mbps can be obtained up to 492 ft (150 m).

Subsystem: Horizontal, Riser Backbone

Physical Specifications:
Length: 1,000 ft (305 m)
Gauge: 24 AWG (0.5 mm)
Pair Size: 4
Weight: 23.2 Ib/1,000 ft (34.5 kg/km)
Outside Diameter: 0.22 in. (0.56 cm)
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PLENUM 2061 LAN CABLE

Product Number Packaging Comcode
2061004BWH W1000 | WE TOTE Wire | 106 939 325
2061004BWH R1000 Reel 106 939 317
2061004BWH Custom | Custom Length | 106 946 833
2061004BWH R5000 Reel 107 014 052

2061004BBL W1000 WE TOTE Wire | 106 946 825
2061004BBL Custom Custom Length | 106 946 817

2061004BBL R1000 Reel 106 946 809
2061004BYL W1000 WE TOTE Wire | 106 965 379
2061004BYL R1000 Reel 106 965 387
2061004BYL Custom Custom Length | 106 965 395
2061004BOR R1000 Reel 106 974 348
2061004BOR Custom Length | 107 078 891

ARMM Riser Cable

ARMM Riser Cable consists of a core of 24-gauge (0.5 mm), solid-copper
conductors insulated with centered polyethylene covered by a PVC skin. The
core is covered by a layer of plastic tape and overlaid with a corrugated
aluminum shield, which is adhesively bonded to an outer jacket of PVC plastic
to form an ALVYN sheath. ARMM Riser Cable is used in riser shafts where a
fire-retardant sheath is necessary to meet NEC low-flame requirements. It can
be used without conduit.

Subsystem: Riser Backbone

Physical Specifications:
Gauge: 24 AWG )
Pair Size: 25, 50, 100, 150, 200, 300, 400, 600, 900, 1200, 1500, 1800
Weight: See Chant
Outside Diameter: See Chart
Insulation Thickness: 0.006 in. (0.015 cm)
Jacket Thickness: 0.045 in. (0.114 cm) (100-pair) to 0.100 in. (0.254
cm) (1,800-pair)
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ARMM RISER CABLE

. . Weight

(kg/m)
ARMM [25 [0.53in. (1.35cm)| 140 (208.35) | 105 462 287
ARMM |50 10.65in.(1.65cm)| 230 (342.3) {105 462 295
ARMM [100 ]0.89in. (2.26 cm)| 430 (640) 103 562 609
ABMM [150 |0.96in. (2.44 cm)| 590 (878) 103 562 617
ARMM ]200 [1.09in.{2.77 cm)| 750 (1,116) |103 562 625
ARMM }300 11.30in. (3.30 cm)|1,090 (1,622) |103 562 633
ARMM 1400 [1.48in. (3.76 cm)|{1,430(2,128) |103 562 641
ARMM (600 |1.80in. (4.57 cm){2,100 (3,125) |103 562 658
ARMM (900 |2.15in. (5.46 cm}|3,070 (4,568.7)| 103 562 666
ARMM [1,200{2.42 in. (6.15 cm) {4,050 (6,027) |103 562 674
ARMM }1,500{2.75 in. (6.99 cm)|5,030 (7,485.6)| 103 730 198
ARMM [1,800(2.94 in. (7.47 cm)|5,960 (8,869.6) | 103 562 682

Aerial Self-Supporting Air Core Cable, Aluminum Shield

Aerial Self-Supporting Air Core Cable with Aluminum Shield consists of a
supporting strand and a cable core of plastic-insulated, 24-gauge (0.5 mm)
copper conductors. The supporting strand is 6.6 M, high-strength, galvanized
steel. The conductors are encased in a plastic core wrap surrounded by an
aluminum shield covered by a polyethylene outer jacket. This cable has an
undulated core that limits shrinkback. It is used for pole-to-pole and pole-to-
building spans.

Subsystem: Campus Backbone

Physical Specifications:
Gauge: 24 AWG (0.5 mm)
Pair Size: 25, 50, 100, 200
Weight: See Chart
Outside Diameter: See Chart
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AERIAL SELF-SUPPORTING AIR CORE
CABLE, ALUMINUM SHIELD

. . Weight

(kg/m)
BKMS |25 |0.59in. (1.50cm)|0.28 (0.42)|100 023 944
BKMS 150 ]0.77in. {1.96 cm)|0.37 (0.55)|100 023 951
BKMS {100 10.99 in. (2.51 cm) [0.56 (0.83)|101 452 100
BKMS 200 {1.23in. (3.12 cm)|0.89 (1.32)|{101 452 126

Aerial Self-Supporting Cable, Reinforced

Self-Supporting Cable with Reinforced Sheath consists of a supporting
strand and a cable core of plastic-insulated, 24-gauge (0.5 mm) copper
conductors covered with a tough outer jacket. The supporting strand is 6.6 M,
high-strength, galvanized steel. The cable conductors are encased in an
aluminum core wrap, surrounded by a layer of polyethylene, which is covered
by a fayer of steel, followed by a polyethylene outer jacket. This cable is used
for pole-to-pole and pole-to-building spans in areas prone to high sheath-
related maintenance costs due to abrasion and/or wildlife damage.

Subsystem: Campus Backbone

Physical Specifications:
Gauge: 24 AWG (0.5 mm)
Pair Size: 25, 50, 100, 200
Weight: See Chart
Outside Diameter: See Chart
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AERIAL SELF-SUPPORTING CABLE, REINFORCED

. . Weight
Product | Pair Outside Ib/tt Comcode

Number|Size Diameter
(kg/m)

BKMP (256 [0.90in. (2.29 cm) |0.45 (0.67) |102 857 174
BKMP |50 }1.02in. (2.59 cm) |0.56 (0.83) | 102 857 182
)
)

BKMP 1100 |1.28 in. (3.25 cm) {0.80 (1.19) |102 857 208
BKMP 1200 [1.52in. (3.86 cm) [1.18 (1.76) [102 857 224

Lashed Aerial Air Core Cable, ALPETH

ALPETH Sheath Aerial Air Core Cable is a lashed cable consisting of
plastic-insulated, 24-gauge (0.5 mm), solid copper conductors covered by a
plastic core wrap, surrounded by a corrugated aluminum shield. A nylon
binder and tape overlay are applied longitudinally between the shield and a
seamless outer jacket of extruded polyethylene. This cable is intended for
outdoor use or pole or building runs. It should not be used in direct-buried
applications or in areas susceptible to lightning.

Note: Unsoldered mechanical (UM) outer protection consisting of a
longitudinal steel tape and polyethylene jacket is factory
installed. Designate -UM after sheath name when ordering.

Subsystem: Campus Backbone

Physical Specifications:
Gauge: 24 AWG (0.5 mm)
Pair Size: 25 to 1,800
Weight: See Chart
Qutside Diameter: See Chant
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LASHED AERIAL AIR CORE CABLE, ALPETH
. . Weight
(kg/m) '
BKMA 25 0.54in. (1.37 cm) | 0.13 (0.19) {100 023 043
BKMA 50 0.68in. (1.73cm) | 0.22 (0.33) |100 023 076
BKMA 100 0.86in. (2.18 cm) | 0.39 (0.58) {100 023 134
BKMA 200" 1.17in. (297 cm) | 0.73 (1.09) |100 023 191
BKMA 300" 1.39in. (3.53cm) | 1.06 (1.58) {100 023 225
BKMA 400" 1.61 in. (4.09 cm) 1.41 (2.10) 1100 023 258
BKMA 600* 1.92 in. (4.88cm) | 2.06 (3.07) |100 023 282
BKMA 900" 2.291in. (5.82cm) | 3.03 (4.51) 1100023 316
BKMA 1,200* |2.61in. (6.63cm) | 4.00(5.95) {103 711 313
BKMA 1,500* {2.89in. (7.34cm) | 4.95(7.37) {103 711 305
BKMA 1,800" |3.15in. (8 cm) 5.92 (8.81) |103 711 297
* A pulling eye is available on these pair sizes; please specify
when ordering.

Lashed Aerial Air Core Cable, PASP

PASP Sheath Aerial Air Core Cable is a lashed cable consisting of
plastic-insulated, 24-gauge (0.5 mm), solid-copper conductors covered by a
plastic core wrap and surrounded by an inner polyethylene jacket, a
corrugated aluminum shield, a corrugated stee!l wrap, and a bonded
polyethylene jacket. The cable is used in outdoor areas susceptible to
mechanical damage, lightning, or damage from wildlife. It can also be used in
underground ducts and direct-buried applications.

Note: Unsoldered mechanical (UM) outer protection consisting of a
longitudinal steel tape and polyethylene jacket is factory

installed. Designate -UM after sheath name when ordering.
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Subsystem: Campus Backbone

Physical Specifications:
Gauge: 24 AWG (0.5 mm)
Pair Size: 25to 1,800
Weight: See Chart
Outside Diameter: See Chart

LASHED AERIAL AIR CORE CABLE, PASP

. . Weight
Number | Size | Diameter | b | Comeode
(kg/m)
BKMH 25 0.851in. {2.16 cm) | 0.22 (0.33) {100 023 746
BKMH 50 0.93in. (2.36 cm) | 0.33 (0.49) {100 023 761

BKMH 100 1.13in. (2.87 cm) | 0.53 (0.78) {100 023 803
BKMH 200" 1.351in. (3.43cm) | 0.94 (1.40) {100 023 845
BKMH 300* 1.57in. (3.99 cm) | 1.31 (1.95) |100 023 860
BKMH 400* 1.74in. (4.42cm) | 1.70(2.53) |100 023 886
BKMH 600" 2.03in. (5.16 cm) | 2.42(3.6) |100 023 902
BKMH 900" 2.48in. (6.30 cm) | 3.47 (5.16) {100 023 928
BKMH 1,200* |2.78in. (7.06 cm) | 4.51 (6.71) |103 711 289
BKMH 1,500* 13.121in. (7.92cm) | 5.31(7.90) {103 711 271
BKMH 1,800* 13.28in. (8.33cm) | 6.55(9.75) {103 711 263

* A pulling eye is available on these pair sizes; please specify
when ordering.

ASP-Filled Core Cable

ASP-Filled Core Cable has an aluminum steel polyethylene (ASP) sheath
and a core of 24-gauge (0.5 mm) solid-copper conductars, dual insulated wit!
foam skin and plastic, and surrounded by FLEXGEL® m filling compound.
The core is surrounded by a plastic core wrap and shielded with corrugated
aluminum and steel. Additional filling compound is found between the core
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wrap and the shielding. The outer jacket is polyethylene. ASP cable is used
for direct-buried applications where wet or moist soil conditions threaten
electrical performance. ASP is also the preferred sheath for mechanical and

wildlife protection.

Note:

Unsoldered mechanical (UM) outer protection is available. it

consists of a longitudinal steel tape and polyethylene jacket.
Designate -UM after sheath name when ordering.

Subsystem: Campus Backbone

Physical Specifications:

Gauge: 24 AWG (0.5 mm)
Pair Size: 25to 1,800

Weight: See Chart

Outside Diameter: See Chart

ASP-FILLED CORE CABLE

Product | Pair Outside Weight Comcode

Number Size Diameter Ib/tt (kg/m)
GFMW 125 0.61 in. (1.55 cm) 0.22 (0.33) [ 106 583 909
GFMW |50 0.77 in. (1.96 cm) 0.35 (0.52) {106 583 917
GFMW 1100 0.95in. (2.41 cm) 0.59 (0.88) (106 583 933
GFMW  |200* 1.27 in. (3.23 cm) 1.05 (1.56) }106 583 958
GFMW  |300" 1.57 in. (3.99 cm) 1.45 (2.16) | 106 583 966
GFMW 1400 1.66 in. (4.22 cm) 1.86 (2.77) | 106 583 974
GFMW {600 2.01in. (5.11 cm) 2.71(4.03) {106 583 982
GFMW  |900* 2.42in. (6.15 cm) 3.90 (5.80) | 106 584 154
GFMW  11,200* [2.78 in. (7.06 cm) 5.05 (7.51) {106 684 162
GFMW  [1,600* |3.05in. (7.75 cm) 6.18 (9.20) {106 584 170
GFMW ]1,800" [3.38in.(8.59cm) | 7.29 (10.85) {106 584 188
* A pulling eye is available on these pair sizes; please specify

when ordering.
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inside Composite Cable

The new 1090 and 2090 composite cables have been introduced. The
1090 cable is a composite of 1010 and 1061 LAN cables and is intended for
nonplenum applications. The 2090 cable is a composite of 2010 and 2061
LAN cables and is intended for plenum applications. For more detailed
information, see the AT&T SYSTIMAX Structured Cabling Systems (SCS)
Product Guide (3726C).

OUTSIDE COPPER WIRE CABLE

AT&T's outside copper wire cable can be custom ordered in any length
desired. For more information and ordering codes, see the tables in section
14, “CABLE AND WIRE.” The selection of outside cable is governed by
conditions at the installation site and economic considerations.

FIBER OPTIC CABLES

Fiber optic cables and apparatus designed for use in premises
applications may be used in many applications such as:

Local Area Networks (LANSs)
Building Distribution Networks (BDNs)
Wideband Premises Networks (WPNs)
Loop electronics in buildings.

A fiber optic premises network may include a combination of several of
the above applications. AT&T SYSTIMAX SCS was designed to
accommodate the above applications.

Premises applications .of fiber optic systems (cable and apparatus)
generally involve the same configurations as copper-based systems. Vertical
distribution requires riser cables and horizontal distribution requires cabling to -
satellite closets and directly to workstations. The main equipment (terminal,
room is generally located in the basement or on one of the lower floors, but
may be located on any floor of the building. Apparatus closets or rooms may
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be spaced several floors apart or there may be one on each floor. The building
may have adequate conduit or may have little or none available. Equipment
rooms may house Private Branch Exchanges (PBXs), electronic equipment,
computer main frames, and metallic splice points. They are the focal points for
the building communications systems. A fiber optic premises network may be
located in one building or a group of buildings (such as a campus
environment).

A SYSTIMAX structured cable system for fiber optic cable is illustrated on the
next page. :
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Design Guidelines (Fiber Optic Cables)

Following are recommendations for installing fiber optic cables in

buildings.

If possible, dedicate a conduit to the use of fiber optic cables.

if cables are to be pulled through more than four 90-degree bends
{minimum radius of 4.5 inches {114 mm]), intermediate pull points
should be provided.

The cable should never be pulled around sharp corners such as those
found at junction box connections.

When Fiber Optic Building Cable (LGBC) Accumax® or AccuRibbon®
risers have to be placed in the same conduit with copper cables, a duct
liner may be placed to segregate the two types of cable.

Guidelines for placing fiber optic cables on customer premises are
covered in AT&T 627-610-230.

FIBER OPTIC BUILDING CABLES

The 1993 NEC requires that communication and signaling wires and
cables in a building be listed according to their suitability for a given use.

* Artic

with
requ

le 770 of the NEC applies to the installation of fiber optic cables along
electrical conductors. For ease of identification, each cable bears the
ired NEC cable marking. The required markings are listed below.

OFC — Conductive Fiber Optic Cable

OFCP — Conductive Plenum Cable

OFCR — Conductive Riser Cable

OFN — Nonconductive Fiber Optic Cable

OFNP — Nonconductive Plenum Cable

OFNR — Nonconductive Riser Cable

AT&T fiber optic cables jacketed with PVC are UL listed for use in riser

backbone applications. Cables with fluoropolymer or PVC jackets meet UL
listings for plenum applications. Each fiber optic cable bears the appropriate
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UL listing as required by the NEC. Additional limitations on wire and fiber
cable are covered by the 1993 National Elec{rical Code Handbook.

AT&T has two types of fiber optic cable for use in buildings, AccuRibbon
riser cable (3FLX) and Accumax fiber optic building cable. Both are used
primarily in the riser backbone and horizontal subsystems. All fiber optic cable
is UL listed and rated OFNR or OFNP per 1993 NEC.

SYSTIMAX SCS have five indoor fiber optic cable designs:

e Accumax Cables are robust fiber optic building cables and are
available in 1, 2, 4, 6, 8, and 12 fibers.

¢ Fiber Optic Building Cable (LGBC) is available in fiber counts of 2, 4,
6, 12, 24, 36, 48, and 72.

e AccuRibbon Riser Cables are available in multiples of 12 fiber ribbons
from 12 to 144 fibers per cable.

¢ Heavy Duty Building Cables (HDBCs) are available in 12-fiber count.

e Patch cords and jumper cordage are available in single-fiber, duplex,
or quad design.
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Accumax Building Cable, Robust LGBC Series

Accumax Building Cable consists of 1, 2, 4, 6, 8, and 12 individual
62.5/125-um fibers, each with a color-coded PVC buffer. Accumax cable is
reinforced with Aramid yarn for superior strength and contains no metallic
elements. Accumax cables are designed for fiber-to-the-workstation
applications. Accumax cables provide premises distribution systems with one
cable that directly connects the building entrance splice to the user's desk-top
equipment in both the horizontal distribution and the vertical riser backbone.

Subsystem: Riser Backbone, Horizontal, Work Area Administrative, Campus
Backbone, Equipment

Maximum Length: 14,000 ft (approximately 4.2 km)

Accumax BUILDING CABLE
ROBUST LGBC SERIES

Outside | Weight | Tension
No. of | Diameter | Ib/100 ft. Rating
Product Number |Fibers| in.{mm) (kg/km) Ib (N) Comcode

LGBC-001D-LRX*| 1 [0.116(2.9){0.5 (7.4) [100 (444) {106 290 927
LGBC-002D-LRX 0.180 (4.6) [ 1.1 (16.4)|200 (888) |106 290 943
LGBC-004D-LRX 0.185 (4.7) 1.3 (19.3)| 200 (888) [106 291 008
LGBC-006D-LRX 0.210(5.3) 1.8 (26.8)|250 (1110) | 106 291 024
LGBC-008D-LRX 0.230 (5.8){1.9 (28.3) {250 (1110) | 106 998 529
LGBC-012D-LRX | 12 {0.275(7.0)|3.3 (49.1)|300 (1332)|106 291 073
*Designed for twist-lock connectors.

[o- B[R0 § V]
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Accumax Plenum Cable, Robust LGBC Plenum Series

Accumax Plenum Cable consists of 1, 2, 4, 6, 8, and 12 individual
62.5/125-um fibers, each with a color-coded buffer. Accumax cable is
reinforced with Aramid yarn for superior strength, contains no metallic
elements, and meets the requirements of the NEC for OFNP.

Accumax cables are designed and engineered for fiber-to-desk
workstation applications. Accumax cables provide premises distribution
plenum systems with one cable that directly connects the building entrance
splice to the user's desk-top equipment in both the horizontal and vertical
riser.

Subsystem: Riser Backbone, Horizontal, Work Area, Equipment,
Administration, Campus Backbone

Maximum Length: 14,000 ft (4.2 km)

Accumax PLENUM CABLE
ROBUST LGBC PLENUM SERIES

Weight | Tension
No. of | Outside Dia. | Ib/100 ft.| Rating
Product Code |Fibers| in.{(mm) | (kg/km) | in.(N) Comcode

LGBC-001D-LPX| 1 | 0.116 (3.0) }0.6 (8.93)|100 (445) {106 914 955
LGBC-002D-LPX 0.150 (3.8) |0.9 (13.4)]275 (1224) 106 914 963
LGBC-004D-LPX 0.180 (4.6) |1.3 (19.3)]275 (1224) (106 914 971
LGBC-006D-LPX 0.185 (4.7) |1.5 (22.3)]|275 (1224)|106 914 989
LGBC-008D-LPX 0.200 (5.1) |1.7 (25.3)|275 (1224)[106 915 127
LGBC-012D-LPX| 1 0.225 (5.7) |2.0 (29.8)|300 (1335) 106 914 997

NN
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Fiber Optic Plenum Cable

Fiber Optic Plenum Cable consists of 2, 4, 6, and 12 individual 62.5/125-
pum fibers, each with a color-coded PVC buffer. Fiber Optic Plenum Cable is
reinforced with Aramid yarn for superior strength and contains no metaliic
elements. Fiber Optic Plenum Cable is used for both vertical and horizontal
applications in buildings and meets the requirements of the NEC for OFNP.,

Subsystem: Riser Backbone, Horizontal

Maximum Length: 14,000 ft (approximately 4.2 km)

FIBER OPTIC PLENUM CABLE
Fluoropolymer Jacket (Plenum Classified — OFNP)
No. of | Outside Tension
Product Code |Fibers|Diameter Weight Rating Comcode

LGBC-002B-LPX| 2 [0.190in.|1.4 lbs/100 ft{ 200 ibs |106 524 390
(4.8 mm){(20.8 kg/km) | (888 N)

LGBC-004B-LPX| 4 [0.190in.{1.4 Ibs/100 ft] 200 Ibs |106 524 424
(4.8 mm)|{(20.8 kg/km) | (888 N)

LGBC-006B-LPX| 6 [0.215in.{2.81bs/100 ft| 200 Ibs {106 524 440
' (5.5 mm)|{(41.7 kg/km) | (888 N)

LGBC-012B-LPX| 12 [0.290in.]3.01bs/100 ft{ 300 Ibs |106 524 465
(7.4 mm)|(44.6 kg/km) |(1,332 N)
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Muitibundle Fiber Optic High Fiber Count Building Cable—

Riser Rated

Multibundle Fiber Optic Building Cable (high fiber count) consists of 24,
36, 48, and 72 individual 62.5/125-um fibers, each with a color-coded PVC
buffer. Fiber Optic Building Cable is reinforced with Aramid yarn for superior
strength and contains no metallic elements. Fiber Optic Building Cable is
used for both vertical and horizontal applications in buildings and meets the
requirements of the NEC for OFNR.

Subsystem: Riser Backbone, Horizontal, Equipment, Administration

HIGH FIBER COUNT MULTIBUNDLE

FIBER OPTIC BUILDING CABLE — RISER RATED

PVC Jacket (Riser Classified — OFNR)

Product Code

No. of
Fibers

Outside
Diameter
in. (mm)

Weight
1bs/100 ft
(kg/km)

Tension
Rating
ibs (N}

Maximum
Length
ft. (km)

Comcode

LGBC-024A-LRX

24

0.492 (12.5)

8.7 (129.5)

150 (666)

10,000 (3.0)

106058142

LGBC-036A-LRX

36

0.492 (12.5)

8.7 (129.5)

150 (666)

10,000 (3.0)

106058158

LGBC-048A-LRX

48

0.551 (14.0)

12.0 (178.5)

150 (666)

6,500 (2.3)

106748775

LGBC-072A-LRX

72

0.630 (16.0)

13.0 (193.5)

150 (666)

6,500 (2.3)

106748791
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Heavy Duty Building Cable, HDBC Series

Heavy Duty Building Cable (HDBC) consists of 12 individual 62.5/125-um
fibers, each with a color-coded PVC jacket. HDBC Series Cable is reinforced
with Aramid yarn for superior strength and contains no metallic elements.
HDBC Breakout Cable is used for both vertical and horizontal applications in
buildings and meets the requirements of the NEC.

Subsystem: Riser Backbone, Horizontal
Maximum Length: 6,560 ft (2.0 km)

HDBC SERIES HEAVY DUTY BUILDING CABLE
Outside | Weight |Tension

Product No. of | Diameter {1bs/100 ft| Rating

Number Fibers| in. (mm) | (ka/km) | 1b.(N) |Rating] Comcode
Riser:
HDBC-012A-LRX} 12 [0.59 (14.9)] 12 (178) | 65 (289) | OFNR |106 057 946
Plenum:
HDBC-012A-LPX| 12 [0.59 (14.9)| 12 (178) |65 (289) | OFNP {106 058 050
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3FLX AccuRibbon Riser Cable

Note: A description of AccuRibbon make-up, color code, and
marking code identification can be found in section 14,
“CABLE AND WIRE.”

3FLX AccuRibbon Riser Cable has a core consisting of multimode
62.5/125-um fibers. The fibers are set side by side in groups of 12 in a matrix
material to form an AccuRibbon. 3FLX AccuRibbon Riser Cable is a non-filled
ribbon structure with a nonmetaliic crossply PVC sheath. The ribbons are in
an orange PVC core tube. The core tube is covered by an inner layer of
strands of spirally wound impregnated fiberglass roving, covered by a layer of
impregnated fiberglass rods spirally wound in the opposite direction. An
orange PVC outer sheath covers the fiberglass strength members. 3FLX
AccuRibbon Riser Cable is used in the Riser Backbone Subsystem and meets
the NEC requirements for OFNR.

Subsystem: Riser Backbone, Horizontal, Campus Backbone, Administration

Physical Specifications:

Tension Rating: 600 Ib (2,669 N)

Number of Fibers: 12 to 144

Cable Diameter: 0.49 in. (12.4 mm) for 96 fiber or less;
~0.59in. (15 mm) for 144 fiber
Weight: 9.6 Ib/100 ft (14.3 kg/km)

AccuRibbon RISER CABLE
Product Number | No. of Fibers Comcode
3FLX-012 12 106 222 144
3FLX-024 24 106 222 151
3FLX-036 36 106 222 169
3FLX-048 48 106 222 177
3FLX-060 60 106 222 185
3FLX-072 72 106 222 193
3FLX-084 84 106 222 201
3FLX-096 96 106 222 219
3FLX-144 144 106 222 250
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OUTSIDE FIBER OPTIC CABLE

Used in underground, direct-buried, and aerial applications between
buildings, outside fiber optic cable is filled with a compound formulated to
protect the fibers from environmental damage such as moisture. The high-
density polyethylene sheath of outside cable, reinforced with steel or
fiberglass, provides additional protection from the elements. This category
encompasses AccuRibbon cable and Lightpack® cable. Lighipack cable is
used when fewer than 96 fibers are needed, while AccuRibbon cable is
generally used when a higher fiber count is required.

SYSTIMAX SCS include five outside sheath designs to meet the specific
requirements of underground, direct-buried, aerial, and building applications:

e A nonarmored fiber optic express entry (LXE) sheath
e A metaliic LXE sheath

® A dielectric LXE sheath

o A crossply metallic sheath

® A crossply dielectric sheath using fiberglass strength members.

SYSTIMAX SCS fiber optic cable consists of two core designs for outside
use:

® The Lightpack cable core design consists of up to eight bundles, each
containing a maximum of 12 fibers held together with color-coded yarn
binders.

e The AccuRibbon core design offers large fiber counts within small cable
diameters by packaging 12 parallel fibers together in a ribbon matrix.
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3DAX Metallic Crossply Lightpack Cable

3DAX is the standard Lightpack cable. It consists of a core containing 4
to 96 muiltimode 62.5/125-um fibers. The fibers are separated into color-
coded binder groups surrounded by a polyethylene core tube filled with
water-blocking compound. The metallic crossply sheath includes an inner
jacket and an outer high-density polyethylene jacket with steel strength
strands embedded in each jacket layer. 3DAX Lightpack cable is used in

underground conduit, direct-buried, or aerial applications.

Subsystem: Campus Backbone

Physical Specifications:

Fibers Diameter

Weight

41048 | 0.42in. (10.7 mm)

0.08 Ib/ft (0.12 kg/m)

501096 | 0.49in. (12.4 mm)

0.09 Ib/ft (0.13 kg/m)

Tension Rating: 600 Ib (2,669 N)

METALLIC CROSSPLY Lightpack CABLE

Product Number | No. of Fibers Comcode

3DAX-004-HXM 4 105 829 253
3DAX-006-HXM 6 105 829 261
3DAX-008-HXM 8 105 829 279
3DAX-012-HXM 12 105 829 295
3DAX-018-HXM 18 105 829 329
3DAX-024-HXM 24 105 829 352
3DAX-036-HXM 36 105 829 410
3DAX-048-HXM 48 105 829 477
3DAX-060-HXM 60 105 829 535
3DAX-072-HXM 72 105 829 592
3DAX-084-HXM 84 105 829 659
3DAX-096-HXM 96 105829 717
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3DFX Nonmetallic Crossply Lightpack Cable

3DFX Lightpack cable has a core containing 4 to 96 multimode 62.5/125-
um fibers. The fibers are separated into color-coded binder groups
surrounded by a core tube. The core is filled with water-blocking compound
and covered by a nonmetallic crossply sheath that consists of fiberglass
strength strands embedded in high-density polyethylene. 3DFX Lightpack
cable is used in underground conduit, direct-buried, or aerial applications. its
nonmetallic, fiberglass-reinforced sheath provides adequate lightning
resistance even in high lightning areas.

Subsystem: Campus Backbone
Physical Specifications:

Fibers Diameter Weight
41048 0.42 in. (1.06 cm) | 0.07 Ib/ft {0.10 kg/m)
501096 | 0.49in. (1.24 cm) [ 0.09 Ib/it (0.13 kg/m)

Tension Rating: 600 Ib (2,663 N)

NONMETALLIC CROSSPLY Lightpack CABLE
Product Number | No. of Fibers Comcode
3DFX-004-HXM 4 105 842 454
3DFX-006-HXM 6 105 842 462
3DFX-008-HXM 8 105 842 470
3DFX-012-HXM 12 105 842 496
3DFX-018-HXM 18 105 842 520
3DFX-024-HXM 24 105 842 553
3DFX-036-HXM - 36 105842 611
3DFX-048-HXM 48 105 842 678
3DFX-060-HXM 60 105 842 736
3DFX-072-HXM 72 105 842 793
3DFX-084-HXM 84 105 842 850
3DFX-096-HXM 96 105 842 918
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3DNX Nonmetallic LXE Lightpack Cable

3DNX Nonmetallic Fiber Optic Express (LXE) Lightpack Cable has a core
containing 4 to 96 multimode 62.5/125-um fibers. The fibers are separated
into color-coded binder groups surrounded by a core tube. The core is filled
with water-blocking compound. 3DNX Nonmetallic LXE Lightpack Cable is

used in underground conduit, direct-buried, or aerial applications.

The LXE sheath has nonmetallic strength members parallel to the core
and outside the core. The sheath jacket material is high-density polyethylene

for maximum environmental protection.

Subsystem: Campus Backbone

Physical Specifications:

Fibers Diameter

Weight

41048 | 0.49in. (1.24 cm)

0.09 Ib/t (0.13 kg/m)

50t0 96 | 0.59in. (1.50 cm)

0.12 Ib/it (0.18 kg/m)

Tension Rating: 600 Ib (2,669 N)
NONMETALLIC LXE Lightpack CABLE

12-42

Product Number | No. of Fibers Comcode

3DNX-004-HXM 4 106 331 358
3DNX-006-HXM 6 106 331 366
3DNX-008-HXM 8 106 331 374
3DNX-012-HXM 12 106 331 390
3DNX-018-HXM 18 106 331 424
3DNX-024-HXM 24 106 331 457
3DNX-036-HXM 36 106 331 515
3DNX-048-HXM 48 106 331 572
3DNX-060-HXM 60 106 331 630
3DNX-072-HXM 72 106 331 697
3DNX-084-HXM 84 106 331 754
3DNX-096-HXM 96 106 331 812
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3DSX LXE Metallic Lightpack Cable

3DSX is the standard Fiber Optic Express Entry (LXE) Lightpack Cable,
containing