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Wired, Optical, and Wireless Communications Book 

Outside Plant Chapter 

What is the Outside Plant 

The first topic to consider is what is the outside plant? In general outside plant connections are 

those exterior to a building. Typically these are used to connect one building to another. This 

type of connection can be completed using wired media or a wireless connection. 

Standards and Codes 

Adherence to applicable standards and codes is required for any network construction project. A 

standard is used to provide guidelines for the type of material to use, as well as suggested 

installation practices. Notice that a standard is not a requirement. A standard is designed to 

achieve a basic level of performance. While it is true that many extant networks function without 

applying these standards, eventually they are overwhelmed by errors when the load on the 

network increases to a level such an ad hoc network cannot sustain. Troubleshooting is then 

very difficult. Time is wasted attempting to determine how the network was constructed. 

Codes were created to protect lives and property. Ignoring codes leads to legal liability at the 

least. Often work must be redone when an inspection reveals lack of compliance. A code is a 

requirement. The authority having jurisdiction or AHJ decides what codes to require. In most 

cases this will be a city government. Some areas, such as rural areas, may not have as many 

codes in their jurisdiction. Nevertheless, the commonly adopted codes should be adhered to, 

even if they are not required. 

An outside plant installation must be done following the applicable codes and standards in case 

of an accident or dispute. Failure to conform to these provisions leaves the organization open to 

a claim for damages due to negligence. 

Project Planning and Management 

Whereas the network manager may install a cable or two inside a building, outside plant 

projects are complex and costly enough to call for outside assistance. If the project is complex 

enough, then a complete network design is called for. In addition to the usual network design 

steps detailed in the top down network design process, outside plant projects require 

coordination with other entities to arrange right of way, locate existing utility lines, and secure 

required permits. 

Once the planning phase is completed the resulting decisions must be rendered on paper in the 

form of lists of material and work prints. Ensure these specifications and drawings include: 

Obstacles, such as existing utilities, traffic, future building construction, landscaping, 

safety during construction, access to the site for heavy equipment, and future 

maintenance requirements 
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Right of way easements 

Detailed plans for structures, conduits, poles, and so forth 

Media specifications 

Keep in mind the expected life of an outside plant installation is 30 years. Much will change in 

that length of time. As discussed below running cable through a set of vaults, manholes, and 

conduits is the most expensive up front option, in the long run it is the most flexible as the media 

may be updated as required. 

Issuing a Request for Proposal 

Once the project planning is complete someone must be hired to perform the work. As 

discussed in the chapter on requests for information, proposals, and quotes this document must 

include detailed statements as to the work expected. The sections typically included are: 

General description of the work to be performed 

List of specific tasks 

Reports required 

Required certifications or qualifications 

Timing 

Security requirements 

Work site restrictions 

Glossary of terms 

More specifically the general statement of the work describes the job in broad terms. For 

example, you might state that two buildings are to be connected to each other using direct burial 

fiber optic cable that requires boring under a city street. This general statement allows 

prospective bidders to judge if they are interested. This type of general statement can be used 

in a Request for Information as well. 

The list of specific tasks provides a detailed description of each separate part of the project. For 

the direct burial fiber optic cable you would specify whether it is singlemode or multimode. If 

multimode cable is called for, then whether it is 50/125 or 62.5/125 in size would be stated. This 

assumes you know what you want to have installed. If not, then you would specify the 

performance requirements such as the ability to carry 55 Mbps of traffic. 

Some projects may be large enough that they call for formal status meetings on a regular 

schedule, then an audit after completion. Others may only require periodic verbal updates. 

Either way you should state what is expected. 
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Some jobs require specific qualifications. For example, engineering work should be done by a 

Professional Engineer licensed by the state. The configuration of the equipment might call for 

someone certified on that equipment. In all cases you should use designers and installers who 

have passed the appropriate BICSI examinations at a minimum. 

Clearly state when work may commence. Also clearly state by what date work must be 

completed. Failure to do so leaves too much discretion in the hands of the contractor who does 

not have to live with the mess an uncompleted project produces. 

Does your facility have any security requirements that would prevent work from being started? 

Must workers undergo a background check? Many governmental permits require someone on 

site at all times who can speak to any governmental inspector who might appear. Anything 

along these lines should be clearly stated to prevent delays and added cost. 

Likewise, any restrictions on access to the site need to be included. For example, using a jack 

hammer to remove concrete during class hours would not work for a school. 

Finally to be sure everyone is talking about the same thing; define all technical and legal terms 

in a glossary. The less anything is left open to interpretation the better. 

Topologies 

Topology is the method selected for the layout of the connections between points. Possibilities 

include: 

Star 
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Multiple Star 

 

Ring 
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Bus 

 

 For the outside plant a star topology is the most commonly used. In this design all connections 

radiate out from a central site. 

In the multiple star all connections still radiate out from a central site. But in addition one or 

more of these remote sites also serve as the central site for an additional star pattern. This 

design is used when the distance from the first central site to the furthest location exceeds the 

maximum allowable distance. 

For the ring topology the connections form a solid ring connecting all sites in turn. 

In the bus arrangement the connections proceed from the first location to the second then to the 

third and so on. 

Redundancy 
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As the outside plant is often beyond the direct control of the user, redundancy in the connection 

is desirable. This can be accomplished by: 

Using physically diverse routing 

Using alternate technologies 

With physically diverse routing two cables are run between each location. These two cables can 

be in a straight line between the locations, just physically separated, or they can be part of a 

ring topology. 

Alternative technologies can combine a primary link with a redundant link using a completely 

different method. For example, a single fiber optic cable might connect two buildings in a 

campus environment. In case this link were to be cut, then a wireless connection using either 

radio frequency or free space optics could be installed as a backup connection. 

Adding Capacity 

Once the infrastructure is in place changes in the end point equipment can be used to increase 

the capacity of the connection without changing the installed cabling. Multiplexing is the easiest 

way to accomplish this. 

A common method of multiplexing over a fiber optic cable is Coarse Wavelength Division 

Multiplexing (CWDM). Using CWDM eight channels, instead of just one, are transmitted over a 

single cable. These eight, individual channels are created by using a different color or 

wavelength for each channel.  

Grounding and Bonding 

Proper grounding and bonding is required for safety and performance. The National Electrical 

Safety Code (NESC) requires all cable shields, support strands, and other non-current carrying 

metallic parts to be grounded. This applies to end points and each junction point. 

Grounding of a device is done by connecting the device to an effective electrical ground. What 

constitutes an effective electrical ground depends on the installation. For a building it is the 

ground connection for the electrical power supply from the utility company. In the case of a 

tower, as discussed below, a ground field may have to be constructed for the site. 

Bonding refers to the interconnection of the various conductive parts so that they are all at the 

same electrical potential. Devices are not attached to the bonds. The devices are attached to 

the grounding system, which is then attached to the ground field. An effective bond requires a 

cable of sufficient size to maintain less than 40 V along its entire length. The bond between the 

telecommunications ground system and the electrical power ground system must be by at least 

a 6 AWG size conductor. 

In addition to basic grounding, protective devices are required when the line or equipment will 

be exposed to lightning induced currents or be near high voltage sources. High voltage in this 

case is anything more than 300 V. The amount and type of protection is determined by whether 
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the line or device is considered to be exposed or unexposed. Just because something is under 

a cover does not mean it is not exposed. If some other part that connects to it is exposed, then it 

may be as well. Protectors may be fused or fuseless. 

In general each location will have its own ground field. Ground fields should not be connected to 

each other via the media being installed unless the two ground fields are also properly bonded 

to each other. 

Pathways 

In outside plant installations the media can be wired or wireless. In the case of wired media the 

cable can be installed underground or aerially. Wireless media can be radio frequency or 

infrared based. 

Underground Installation Methods 

If the installation is underground there are several alternatives available. To have fiber optic 

cable installed outside a utility contractor is normally used. They will use one of two basic 

methods to run the cable. The two basic methods are: 

Cut and replace or trenching 

Directional boring 

In cut and replace a trench is dug through whatever is in the way between the two points to be 

connected. If just dirt is there, it is a simple process. If concrete or asphalt is there, then it must 

be removed and then replaced. 

Cut and replace can be accomplished using one of three methods: 

Trenching machine 
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Backhoe 

 

Specialized plow 

 

To do cut and replace the surface is removed if required, such as a concrete in a parking lot, 

then a trench is dug using a backhoe or trenching machine. Once the cable is laid and the dirt 

put back in place the dirt must be compacted. Compacting is done by a machine designed for 

this purpose. It just compresses the dirt so a dip in the surface does not develop later on. This is 

especially important when a public street is crossed. Typically, the jurisdiction will have an 

inspector test the compaction to ensure it meets requirements before the concrete or asphalt is 

put back in place. If the test fails the dirt is left to sit or be compacted again, then the test is 

performed again. All of this of course takes time and disrupts traffic. So cities require that 

trenching be done in small sections so as to impede traffic as little as possible. Such a 
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requirement slows the rate of the job and therefore raises the cost. In general cities do not like 

cut and replace. 

Boring then has become a popular alternative. To bore, a backhoe is used to dig a single hole at 

each end of the cable run. The boring machine is then used to bore a small tunnel, about 6 

inches for most fiber runs, from one hole to the other. A pipe is run through the tunnel and the 

cable is threaded inside the pipe. The usual distance between the two holes is a few hundred 

feet, when doing utility work like this. This method is not foolproof. Problems encountered 

include dirt or rock that is difficult to bore through and potholes from shifting of the dirt. 

Directional Boring Machine 

 

Direct Burial Cable 

Regardless of the method used to dig into the earth, the cable must be of a type that can 

withstand the harsh environment. Direct burial cable in particular must be able to resist 

moisture, compression loads, and animal activity. There are several different designs for direct 

burial cable. All of which are suitable for most uses. 

As discussed the burial depth is affected by the requirements of the local jurisdiction, the type of 

cable being buried, the depth of the 50 year frost line, and the presence of any other cables. In 

general direct burial fiber optic cable should be at least 1 meter below ground. 

In addition to the fiber optic cable a tracer wire should be installed along with the fiber cable. 

This is required as direct burial fiber optic cable cannot be easily detected from above ground. 

Underground Cables 

If the cable is run through a conduit installed underground, then it is referred to generally as 

underground cable. In contrast to direct burial cable this type does not require the extensive 
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physical protection. Installing cable in conduit makes it easier to add additional cables, as well 

as change the cable for a new type. There are several types of underground cable. 

Underground cables are run through ducts. These must be large enough for the cable itself, 

additional cables, and most important large enough for a pulling eye attached to the cable. The 

pulling eye on the cable is used to pull the entire bundle of cables through the duct. In general 

this duct should be at least 1.5 times the diameter of the cables. 

Aerial Installation Methods 

Aerial installations are a common site across the country. Replacing aerial installations after a 

storm is also a common occurrence. Therefore, an aerial run must always account for the 

expected wind and ice loads. These loads define the type of pole, the cable and support strands 

to be used, and the way equipment such as access points are mounted to the poles. For the 

poles themselves there is a classification system based on the transverse breaking strength of 

the pole. The size and type of pole then also dictate the depth to which the pole must be placed. 

This can be quite deep. Even though you may have the right to install the poles on the surface, 

keep in mind that you must consider the subsurface even with an aerial installation. 

Clearances from other cables attached to the poles as well as over any objects that the route 

crosses must be accounted for. In some cases this will limit your ability to use an aerial link. 

Aerial cabling must be installed properly since the cable is open to the environment and also 

often shares the pole with other utilities such as telephone or electricity. Most importantly aerial 

cable must have a means of strain relief to support the hanging cable. This is accomplished in 

one of three ways. First by installing a messenger strand, usually a stainless steel cable with 

high weight support strength. The messenger is installed first with the fiber being lashed to it for 

support. Second, the messenger may be built into the fiber optic cable itself to make installation 

easier. This type of cable is sometimes called figure eight cable based on the cross section 

appearance. Lastly, if it is available the cable can be overlashed to an existing support cable. 

Typically poles are 35 feet in length. They are set 10 feet into the ground. At the ends guy wires 

must be installed to balance out the strain the messenger cable introduces. Poles are usually 

225 feet apart. 

Right of Way Issues 

These days right of way can be a major problem. If you own the right of way, then the only 

problem will be the appearance. If you do not own the right of way, you may find the owner is 

reluctant to have their property disturbed. 

In this case public right-of-way will have to be used. Most governmental entities, especially 

cities, will allow the easement area that runs along the edge of the street to be used for a fee. 

This is the same place water and sewer lines run. There will be rules about when and how this 

is done. Most cities have come to prefer boring over cut and replace when you cross their 

property or easements. 
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Dealing with the government can also lead to delays. A permit is typically required. Such a 

permit often must be approved by the city council. This can require several readings to allow for 

public input. All of this can take several months. Further, several sets of detailed engineering 

plans must be submitted for approval at the same time.  

Regardless of where the cables are placed clearances must be maintained from other pipes and 

cables. For gas, water, and oil the clearance is at least 6 inches when crossing and 12 inches 

when parallel. 

Conduit depth is typically specified by the government entity that has jurisdiction over the site. 

These depths may be required even if the right-of-way is privately owned. The frost line must be 

considered in all cases. Burial depth of cable whether in conduit or as direct burial should be 

below the 50 year frost line. Common depths are 24 to 30 inches. When the right-of-way goes 

under an area subject to vehicular traffic more depth is desirable to handle the compressive 

loads vehicles produce. The general guideline is 6 feet for this purpose. 

Wired Media 

The term recognized media means the current standards call for the use of this type of media. 

In most cases once the standard evolves an older type of media does not have to be removed 

as long as it still serves the purpose for which it was installed. 

At the time of this writing the recognized wired media for outside plant use are: 

Fiber Optic Cable 

Singlemode fiber optic cable 

Multimode fiber optic cable, both 50 and 62.5 micron sizes 

Copper Cable 

100 ohm balanced twisted pair copper cable 

75 ohm coaxial cable 

Letôs briefly review each of these cable types. 

Fiber Optic Cable 

Singlemode fiber optic cable is the best choice for outside plant installations. It has the 

bandwidth and distance ability to connect any two points to each other. 

The main disadvantage to singlemode fiber optic cable is the cost of the devices to which this 

cable connects. A singlemode capable GBIC of SFF connector in a switch is much higher on a 

per port basis than a RJ-45 copper port. Nevertheless as the cost of installation is the highest 

single cost encountered on a campus, even if the end devices are only multimode capable, 

singlemode fiber should also be installed to future proof the installation. 
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Multimode Fiber Optic Cable 

In the United States of America 62.5 um multimode cable has been the most common size. In 

Europe, and now in the US, 50 um multimode cable is seeing increased use. This has been 

common in Europe for some time, but it is new in the US. 

There are two basic types of construction for fiber optic cable; loose tube and tight buffer. Loose 

tube construction is more common in outside plant installation due to its ability to deal with the 

harsher environment seen outside. Tight buffer cables are more appropriate inside of a building. 

Loose Tube Fiber Optic Cable 

 

The layout of the strands in the fiber optic cable has typically been a central core design, just 

like UTP cable. Increasing use is being made of ribbon style cables. The main interest in the 

ribbon style is the comparative ease of mass splicing a ribbon style cable.  

Balanced Twisted Pair Cable 

This type of cable is the common copper LAN cable, such as Category 5E or 6 UTP cable. The 

proper name for the cable is balanced twisted pair cable. By balanced it is meant that the 

signals on each of the conductors of a pair of cables are of equal value, but they have opposite 

polarity or phase. 

In general copper cable is a poor choice for the outside plant due to the limitations it has. These 

include limited distance, limited capacity, and problems in balancing ground fields. 

75 ohm Coaxial Cable 
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Coaxial cable is commonly used for audio video applications in the outside plant. It is unusual 

for a data connection. Although it is a recognized type, it is unlikely to be encountered carrying 

data unless it is for a surveillance camera managed as part of the data network. 

Wireless Media 

Towers 

When wireless is the media of choice to connect two points in the outside plant line of sight is 

typically required between the two antennas. To achieve line of sight this will often require a 

tower or other elevated point to which the antenna can be mounted. 

The easiest way to achieve this height is to use a short pole mounted on the roof of a building. 

In this case it achieves most of its height by being installed on the top or side of a building. This 

is a common way of avoiding the cost and trouble of a standalone tower. The attachment to the 

structure can be made using one of two methods: 

Penetrating mount 

Non-Penetrating mount 

In a penetrating type of mount the unit or the unitôs mount is bolted to the building one place or 

the other. For a non-penetrating mount, weight of some type is used to keep the unit still. Sand, 

water, and concrete blocks are commonly used for this. 

If a tower is required, the size will determine the complexity of the installation. In general, towers 

are undesirable in urban areas. The neighbors do not like them due to their effect on the view. 

There are also safety and liability issues if the tower falls down. Therefore, the smallest tower 

possible is the best choice. Letôs look at several sizes and types of towers. 

As these examples show there are three basic styles of towers: 

Self supporting 

Guyed 

Monopoles 

The requirements of the location, aesthetics, and local regulations will determine the type to 

use. 

Medium Size Base Tower Self Supporting 
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