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FOREWORD 

This user's manual provides guidance for conducting a site specific analysis 
of roadway sections relative to utility pole accident problems and treat­
ments. 

The user's manual contains a procedure which uses tables, graphs and charts 
to predict traffic accidents involving utility poles. The techniques allow 
State and local agencies and utility companies to: 

o Select the optimal plan for placement of new utility facilities. 

o Analyze roadway sections with a utility pole accident problem and select 
feasible accident countermeasures. 

o Analyze alternative countermeasures and select the optimal project. 

The economic analysis procedures in both manuals refer to accident cost data 
developed by the National Safety Council (1981) and the National Highway 
Traffic Safety Administration (1975). Subsequent research indicates these 
data significantly underestimate the economic loss per fatality based on 
current economic theory. These more current estimates, as reported in an 
article entitled "Accident Costs for lUghway safety Decisionmaking" in the 
June 1986 Public Roads magazine, are $1,156,000 per fatality, $7,100 per 
injury, and $1,800 per property damage accident, expressed in 1984 dollars. 

Copies of the report are ava~lable from the National Technical Information 
Se1"vice, 5285 Port Royal Road, Springfield, Virginia, 22161, (703) 487-4690. 

For copies of the reports with the programs on microcomputer diskettes 
contact the Federal Highway Administration's microcomputer support center; 
the Center for Microcomputers in Transportation, University of Florida, 
512 Weil Hall, Gainesville, Florida, 32611, (904) 392-0378. 

m~· 
R. J. Betsold, Director 
Office of Implementation 

NOTICE 

This document is disseminated under the sponsorship of the Department of 
Transportation in the interest of information exchange. The United States 
Government assumes no liability for its contents or use thereof. 

The contents of this report reflect the views of the contractor who is 
responsible for the facts and the accuracy of the data presented herein. The 
contents do not necessarily reflect the official policy of the Department of 
Transportation. 

This report does not constitute a standard, specification, or regulation. 

The United States Government does not endorse products or manufacturers. 
Trade or manufacturers' names appear herein only because they are considered 
essential to the object of this document. 
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I. INTRODUCTION 

~~~ 
/,,." 

/ 

Considerable emphasis has recently been given to the development of 
countermeasures to reduce or eliminate accidents involving fixed objects. 
Utility poles have been identified as a major roadside hazard. In 1976, 
Graf et al.. [l] estimated that utility pole accidents account for more 
than 5 percent of the nationwide accidents, more than 5 percent of the 
nationwide traffic fatalities, and more than 15 percent of the deaths 
resulting from fixed-object accidents. In 1980, the Nat ion al Highway 
Traffic Safety Administration reported that 1,840 of 10,329 fatal fixed­
object accidents (17.8 percent) involved a utility pole, which was second 
only to trees and shrubbery [2]. In a 1976 evaluation of 19,743 single­
vehicle, fixed-object accidents, Hall [3] found that one of the major 
factors associated with this accident type was the lateral placement of 
roadside obstacles. 

In a study by Jones and Baum in 1980 [4], a total of over 8,000 sin­
gle-vehicle, fixed-object accidents in urban and suburban areas were 
analyzed, and utility poles were found to be involved in 21.1 percent of 
the ace i dents. The authors cone l ud ed that in urban areas, approximately 
2.2 percent of the total accidents involve impacts with utility poles. 
Except for rollover accidents, utility pole accidents had the highest rate 
of injury involvement of all single-vehicle accident types. The density of 
poles was found to be the single most important factor in predicting 
utility pole accidents. Roadway and operational factors, including road 
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width, speed limit, and average daily traffic were also related to utility 
pole accident occurrence [4]. 

Research has been conducted in recent years to develop and test coun­
termeasures for utility pole accidents. Examples of such countermeasures 
include the use of breakaway poles, increasing the lateral distance 
(offset) of the utility poles from the roadway, placement of utility lines 
underground, multiple use of poles (reducing the number of poles), .and. 
installation of guardrail or other protective devices. Modification of the 
physical roadway may also be useful in reducing utility pole accidents by 
reducing the probability of vehicles running off the road. 

The highway or utility engineer must assess the viability of such 
alternative countermeasures for each roadway section and decide which 
approach is best. It becomes necessary to determine the .expected benefits 
and costs which are likely to occur under a variety of traffic and roadway 
conditions. The purpose of this manual is to provide guidance to Federal, 
State, and local agencies and to utility companies for selecting the most 
cost-effective roadway treatment relative to ut i 1 ity po 1 e ace idents. The 
hope is that the use of these procedures will result in an optimal use of 
1 imited safety improvement funding with a maximum reduction in related 
accidents and injuries. 

Background 

Research has been conducted in recent years to develop and test coun­
termeasures relative to utility pole accidents. This research has in­
volved: 

• Crash testing of vehicles with breakaway utility poles. 
• Computer simulation of run-off-road accidents. 
• Studies relative to the frequency and severity of utility pole 

accidents. 

All three types of research are important to gain a full perspective of 
problems and to develop possible solutions to utility pole accidents. The 
latter research, however, is critical to the application of research 
findings. 

A 1983 FHWA study by Zegeer and Parker entitled "Cost-Effectiveness 
of Countermeasures for Utility Pole Accidents" [5] initiated efforts to 
apply the research findings in a cost-effectiveness analysis. An in-depth 
analysis of data was undertaken to determine the effects of implementing 
multiple pole use, reducing pole frequency, undergrounding of utility 
lines, and relocating poles. To accomplish this, accident, traffic, and 
roadway data were collected for over 2,500 miles (4,000 km) of urban and 
rural roads in 4 States. Using a comparative analysis, lateral pole 
offset, traffic volume, and pole density were the factors found to be most 
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highly associated with utility EJOle accidents, and a utility pole accident 
predictive model was developed L5]. • 

Zegeer and Parker also obtained countermeasure cost data from tele­
phone and utility pole companies throughout the U.S. and performed a 
cost-effectiveness analysis [5]. Based on the results of that study, 
general guide l i ne_s were developed for selecting cost-effective counter­
measures. While those general guidelines are very useful in determining 
which countermeasures are likely to be cost-effective under certain condi­
tions, a more site-specific procedure is needed. Any given roadway section 
has its own unique characteristics in terms of utility pole accidents, 
costs for utility pole-related countermeasures, right-of-way costs, and 
other factors. In addition, a user may need to use different assumptions 
for interest rate, project service life, and include the effects of 
future conditions, such as changes in occupant restraint systems, traffic 
volumes, and vehicle designs. 

Scope and Organization of the User's Guide 

This User's Guide was developed to make use of the results of that 
1983 FHWA study and provide guidance for conducting a site specific analy­
sis of roadway sections relative to utility pole accident problems and 
treatments. A cost-effectiveness computer program was developed which 
considers site-specific factors and possible utility pole treatments. A 
similar procedure was programmed for use on an IBM-PC microcomputer. A 
manual cost-effectiveness procedure ·was- also developed using graphs, 
charts, and tables. The User's Manual also contains a sensitivity analysis 
of input variables, methods for establishing project priorities, and· 
appendixes which include needed work forms, four sample case studies, and 
other information. A separate document is also available on program docu­
mentation. 

The User's Guide is organized into eleven chapters. Chapter I 
provides an introduction and background to the problem of utility pole 
accident analysis and the scope and organization of the User's Manual, 
Chapter II provides a discussion on various utility pole accident counter­
measures. Ch apter I II discusses the inputs necessary to utilize the 
cost-effectiveness procedures for countermeasure selection and Chapter Iv· 
provides guidelines for collecting this data. Various methods of counter­
measure selection can be found in Chapters V and VI. Chapter V outlines 
manual procedure and Chapter VI· describes procedures for countermeasure 
selection using the Utility _Pole Accident Countermeasure Evaluation 
(UPACE) computer program. 

The remainder of the User's Guide provides a sensitivity analyses of 
the various input factors and a discussion of establishing priorities for 
project implementation (Chapters VII and VIII, respectively). Pertinent 
references are given in Chapter IX. The Appendixes (Chapter X) provide 
details on roadside adjustment factors, accident reduction factors, and 
sample work forms. 
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II. TREATMENTS FOR UTILITY POLE ACCIDENTS 

A variety of different types of roadway treatments have been used or 
may be appropriate for reducing the frequency or severity of utility pole 
accidents. These include: 

, Locating utility lines underground 
• Increasing the lateral offset of poles 
• Protective devices 
• Reducing the number of poles 
• Utilizing breakaway poles 
• Other countermeasures 

The following is a discussion of each of these treatments. 

Locating Utility Lines Underground 

This countermeasure involves removing the utility poles and burying 
the utility lines underground. This will theoretically provide an increase 
in the recovery area, assuming that a clear roadside and fl at sideslopes 
exist after pole removal. However, in many cases utility pole removal will 
have little or no effect on the total 111umber of fixed-object accidents, 
due to the existence of other fixed-objects and/or steep roadside slopes. 
Therefore, the effectiveness of the countermeasure depends on the feasi­
bility of removing other roadside obstacles in addition to the utility 
poles. 
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The determination of the effectiveness of underground lines is a rather 
complex problem for the reasons discussed above. It should be remembered 
that even if burying the utility lines results in no reduction in total 
fixed-object accidents (i.e., all run-off-road vehicles now hit sign posts 
or trees instead of utility poles), a change in accident severity could 
result. · · 

The net effect on the overall number of fixed-object accidents is 
unknown, since it is highly dependent on site-specific roadside character­
; sties. However, most of the previous researchers seem to agree that 
burying utility lines will reduce the overall severity of fixed-object 
accidents (particularly in urban areas), based on the assumption that 
other, less rigid objects will be hit instead. 

Possible problems with underground utility lines include the high 
installation costs and the fact that many utility poles also carry 
attached streetlamps. Jones and Baum [4] found that 34 percent of the 
urban utility poles in their sample had attached streetlamps. Under­
grounding of utility lines might necessitate the use of separate luminaire 
supports (which could be struck by vehicles) or the removal of street 
lighting on those highway sections. 

Increasing the Lateral Offset of Poles 

This countermeasure is aimed at reducing utility pole accidents by 
increasing the distance of the poles from the roadway edge. Mak and 
Mason [6] found an overrepresentation of pole accidents within 10 feet 
( 3 m) of the roadway which, according to the authors, was due in part to 
the screening presence of poles which prevent errant vehicles from collid­
ing with more distant obstacles. Fox et al., [7] found poles at the curb 
to be three times more likely to be struck than those located at 10 feet 
( 3 m) from the curb. Based on these and other research studies, it is 
apparent that pole relocation further from the roadway will result in a 
reduction in utility pole accidents. However, one complicating factor is 
the potential for an increase in other fixed-object ace i dent:; after the 
poles are relocated, since utility poles at close offsets often "screen" 
an encroaching vehicle from hitting another fixed object. 

Protective Devices 

This countermeasure involves the use of guardrail or impact attenu­
ating devices around or in front of the utility poles to protect the 
motorist and lessen the severity of the accident. In terms of the acci­
dent severity of striking a utility pole versus guardrail, insufficient 
information was found which could isolate the severity of each accident 
type for similar impact speeds, offsets from the road, roadside slope, and 
roadway alignment. However, evidence from studies by Griffin [8], 
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Glennon [9], and Rinde [10] indicate that the installation of guardrail 
in front of utility poles may increase the accident severity. Also, in­
stallation of guardrails in front of poles will likely increase the fre­
quency of fixed-object ace i dents, s i nee the guardrail would create a con­
tinuous obstacle (instead of a point obstacle) and it must be placed 
closer to the roadway than the poles. 

The use of impact attenuators for utility poles is another possible 
severity reducing countermeasure. In 1979, Wilson [11] reported on the 
development and crash testing of a roadside tree/pole crash barrier by the 
Jet Propulsion Laboratory (JPL) at the California Institute of Technology. 
The barrier is a configuration of empty aluminum beverage cans contained 
in a tear-resistant bag encased in a collapsible plywood and steel con­
tainer. Crash tests have indicated that this device would reduce the 
severity of the impact to the drivers. Although actual costs were not 
given for the device, a design goal of $500 per installation was provided. 
Based on an assessment of various countermeasures, Fox [7] concluded that 
the instal 1 at ion and use of crash barriers or attenuators would not be 
effective in urban areas. 

Reducing the Number of Poles 

Utility pole spacings vary widely based on the type of utility lines. 
For telephone and small electric lines, pole spacings generally range from 
100 to 200 feet (30 to 60 m). For large voltage power lines (more than 
69 KV), spacings are cmnmonly 500 feet (150 m) or more, depending on the 
utility company. 

Theoretically, pole spacings of about 30 feet (9 m), representing 
176 poles per mile (110 poles/km). would approximate a continuous barrier, 
since a 4'-foot (1.2-m) wide vehicle encroaching at an average angle of 
about 10-11 degrees could not encroach beyond the poles without striking 
at least one of them. Although Jones and Baum [4] found pole density was 
the variable most strongly correlated with utility pole accidents, the 
precise effect of reducing poles (i.e., increasing pole spacings) has not 
been quantified. 

Countermeasures involving the reduction in the number of poles 
include: 

• Multiple use of poles (i.e., to carry both telephone, electric 
lines, and luminaires, for example). 

• Placing poles on only one side of the street instead of both 
sides. 

• Increasing pole spacings. 
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One of the practical limitations of these countermeasures listed above is 
that they may require larger, more rigid poles to provide support for 
fewer poles or heavier utility lines. This can be costly, and the larger 
poles could have an adverse effect on utility pole accident severity, 
which could negate some or all of the possible safety benefits. 

Removing or relocating a selected number of poles in particularly 
hazardous locations is already a common practice among many, utility com­
panies, and is recommended particularly after one or more hits have been 
sustain~d. This countermeasure requires no formal economic analysis and 
may Qe particularly appropriate in rural areas, since utility pole acci­
dents are overrepresented on curves. However, such selective relocation 
is only applicable for a small percentage of poles, even if such hazardous 
poles could all be identified and replaced. 

Utilizing Breakaway Poles 

The use of breakaway pol es is a countermeasure directed at reducing 
utility pole accident severity, not accident frequency. Studies of non­
breakaway pole accidents indicate that only about 31 percent of the poles 
are knocked down or severely damaged upon impact [6]. Since the rapid 
vehicle deceleration is a major contributing factor to high severity in 
vehicle-pole accidents, the use of poles designed to break away upon 
impact is envisioned to be much safer. 

The best breakaway pole design is one that will· fail due to a 
shearing stress (such as caused by a vehicular impact) but will retain its 
bending strength at its base to resist environmental loads [12,13]. Other 
performance criteria include designs that break away without subjecting 
vehicle occupants to undue hazard and designs that are economical and 
cost-effective. 

Several designs of breakaway poles have been developed and evaluated. 
These concepts include: · 

• The Retrofix concept which involves retrofitting existing poles 
with a series of saw cuts or drill holes (figure 1). 

• The breakaway stub, where an eight foot (2.4-m) section of pole 
near the base is designed to break away upon impact (figure 2). 

• The slipbase hardware design, which can also be utilized with an 
upper release mechanism to leave the upper portion of the pole or 
part of the crossarm attached to the wires (figure 3). 

• Frangible bases, usually cast aluminum for metal poles that 
fracture on impact (figure 4). 

Of these, the most promising concept is the steel slippase, based on crash 
testing. 
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The use of the breakaway pole has potential as a cost-effective 
countermeasure, particularly for poles with a high probability of impact. 
Numerous possible problems still remain with the use of a breakaway pole, 
such as [6,12,13,14]: 

• The weakening of poles could affect the utility lines and possibly 
cause multiple pole knockdowns. 

• The possible added loss of service due to increased chance of pole 
knockdowns. 

• The possible added. risk of a vehicle rolling over on a steep side­
slope after striking a breakaway pole. 

• The non-uniform knockdown potential of some breakaway devices when 
hit at different angles. 

• The need to develop a breakaway pole to resist bending stress due 
to environmental loads, such as ice and wind loads and loads from 
transformers, and multiple crossanns. 

Of these five potential problems mentioned above, the steel sl ipbase 
concept eliminates the problems of multiple pole knockdowns, non-uniform 
knockdown potential, and weakened bending stress. The increased risk of 
vehicle rollover is not just a problem with breakaway poles, but may also 
be a problem with other countermeasures which involve moving the utility 
poles [12]. 

The breakaway device is considered as one possible countermeasure for 
utility pole accidents, although its performance still has to be validated 
by in-service experience. 

Other Countermeasures 

Safety programs in general wi 11 also directly or indirectly reduce 
utility pole accident frequency or severity. For example, Jones and Baum 
[4] suggested that the use of occupant restraints (seat belts and shoulder 
harnesses) is probably the most cost-effective countermeasure for reducing 
the utility pole accident severity. Fox et al., [7] recommended pavement 
resurfacing with a "shellgrip" surface to provide increased skid values 
and to reduce road surf ace defects. The authors al so recommend that hor i­
zonta l curves should have a radius exceeding ,650 feet (200 m) along with 
appropriate superelevation. 

A review of the 1 iterature was conducted by Zegeer and Parker [ 5] on 
accident countermeasures which could have an effect on utility pole acci­
dents without moving or otherwise affecting the existing utility poles. 
These indirect methods include: 
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• Improved roadway delineation 
• Advance warning signs · 
• Skid resistant pavement overlays 
• Widened travel lanes and shoulders 
• Increased highway lighting 
• Improved. roadway alignment through reconstruction. 

These countermeasures may logically reduce utility pole accidents by 
reducing the probability of a vehicle leaving the roadway. 

Based on a review of the literature related to these countermeasures, 
it does not seem likely that any of these treatments are justified based 
on utility po le accidents alone. Minor accident reductions may occur in 
utility pole accidents where these countermeasures are implemented. How­
ever, these reductions are likely to be quite small, except possibly at a 
few isolated spots such as horizontal curves where present delineation, 
warning signs, and/or skid resistance is clearly inadequate, and other 
roadside hazards do not bloc,k the utility poles [5]. 

Based on the above discussions, the cost-effectiveness analysis in 
the remainder of this manual deals only with the following five counter­
measures: 

• Undergrounding of utility lines 

• Increasing the lateral offset of poles 

• Reducing the number of poles (multiple pole use, increased pole 
spacings, and/or pla~ing poles on only one side of the road). 

• Utilizing breakaway poles 

• Utilizing combinations of increased lateral offset and reduced 
pole density. 
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The procedures outlined in this manual are designed to evaluate the 
cost-effectiveness of utility pole ace id ent countermeasures. The metho­
dology requires that certain information is known or can be assumed for 
the analysis of each roadway section relative to traffic and roadway 
conditions, countermeasure effectiveness and costs, economic inputs, and 
others. Details of each of these inputs are discussed in this chapter for 
use in the manual and computer procedures. 

Basic Assumptions for the Model 

When choosing roadway sections for analysis purposes, several points 
should be remembered: 

• The section should have utility poles within about 30 feet (9 m) 
of the roadway on either one or both sides of the road. For 
utility poles beyond 30 feet (9 m), the procedures are not valid. 

• The section under study must b€ cl ass i fi ed as either urban (in­
cluding urban fringe or suburban) or rural and either divided or 
undivided roadways. However, the procedures do not apply to 
freeways or other facilities with full access control or to 
sections with utility poles in the median. 
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• This procedure is not applicable to sections with continuous 
barriers between the moving vehicles and the utility poles. A 
continuous barrier may be a steep ditch, a barrier guardrail or 
parked vehicles along the roadside. 

• The methodology is most applicable for roadways with average pole 
offsets of 2 to 30 feet (0.6 to 9.0 m) on either one or both sides 
of the roadway. Sections with average pole offsets of less than 
2 feet (0.6 m) may be used in the methodology, although less 
certainty exists in the prediction of utility pole accidents. 
Thus, for average pole offsets of Oto 2 feet (0 to 0.6 m), it is 
recommended that site specific utility pole accident experience be 
used instead of the predictive model. 

• The procedures are valid for roadways with average daily traffic 
volumes of 500 to 60,000 and for pole densities of 10 to 90 poles 
per mile (6 to 56 poles/km). For sections outside of these ranges, 
the analysis may lead to erroneous results. 

• The methodologies apply to either wood or metal poles. For a 
section with concrete poles, the accident frequency relationships 
should be valid (i.e., similar to wood or metal), although the 
accident severity is likely to be higher with concrete poles. 
Thus, if the methodology is applied to a section witn concrete 
poles, the computed benefits from a given countermeasure are 
likely to be conservative. 

Roadway sections chosen for analysis should be relatively homoge­
neous in terms of traffic volume, pole offset from the roadway, pole 
spacings, and predominant roadside features (number of lanes, roadside 
conditions, etc.). If conditions along a section change considerably, the 
section should be divided, and a separate analysis should be conducted on 
each section. For example, assume that the average pole offset is about 
2 feet (0.6 m) for the first 2 miles (3.2 km) of a 5-mile (8-km) section, 
and the average pole offset is about 10 feet (3 m) for the next 3-mile 
(4.8-km) section. In that case, a separate analysis should be conducted 
for the 2-mile and 3-mile (3.2 and 4.8-km) sections. However, minor 
fluctuations in traffic volume, pole offset, and other roadway conditions 
may be tolerated within a section witnout sacrificing much accuracy. 

When sections must be broken up for analysis purposes, section 
lengths must not be too small. A minimum section length of 0.5 to 
1.0 miles (0.8 to 1.6 km) is recommended. Longer sections are preferable 
up to approximately 10 miles (16 km) as long as roadway conditions are 
relatively constant, to avoid inaccuracies in matching accidents to the 
section. 
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Required Inputs Into the Model 

The cost-effectiveness analysis requires that several basic inputs be 
known or assumed: 

• Highway features 
• Utility pole features 
• Utility pole accident experience 
• Estimated utility pole accident experience 
• Effectiveness information 
1 Roadside adjustment factors 
• Adjustments for future conditions 
• Unit accident costs 
• Countermeasure costs 
• Other economic factors 

The following is a discussion of each of these inputs. 

Highway Features 

A number of 
ation are used 
highway features 

highway features for each roadway section under consider­
as inputs into the cost-effectiveness procedure. The 
include: 

Route Location - Roadway descriptor. 

Route Number or Name - Route descriptor. 

Beginning Milepoint - Coded to the nearest tenth of a mile (0.16 km). 

Ending Milepoint - Coded to the nearest tenth of a mile (0.16 km). 

Section Length - The length of the section in miles measured to the 
nearest tenth of a mile (0.16 km). 

Area Type - A description of the roads·ide environment. A two-level 
classification is used to describe area txpe. 

• Urban - The central business district, an outlying business 
district or suburbanized area. Generally characterized by a 
moderate to high level of business activity, industrial, com­
mercial or residential land uses, ··moderate to high pedestrian 
volumes, curbs and sidewalks, and a moderate to high number 
of driveways. · 

• Rural - Low oopu lat ion area characterized by sparse or no 
1 and development or farm 1 and along the road way. 
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Traffic Volume - The average duily volume of traffic (ADT) in both 
directions on the facility. This procedure is only applicable for 
facilities with daily traffic volumes of 500 to 60,000. 

Maximum Projected Traffic Volume - The maximum expected daily traffic 
volume in the design year for the section based on agency planning 
studies. This value is only used as an input to the computer roodel 
when the logrithmic traffic growth model is used. 

, 
Traffic Flow - Defined as one-way or two-way. This information is 
used for display purposes only. 

Number of Lanes - The total number of continuous lanes. This value 
is for display purposes only. 

Road Width - Paved width of the road in feet. Curb to curb width for 
curbed section, total paved width (excluding shoulders) for uncurbed 
sections. This informat'ion is used for display purposes only. 

Terrain - A descriptor of the predominant vertical curvature along 
the roadway. Three levels of terrain are used: 

• Flat - level roadway with little or no vertical curvature. 

• Rolling - gentle vertical curvature. 

• Hilly - high degree of vertical curvature such as in rooun-
tainous area. 

This information is used for display purposes only. 

Road Alignment - The degree of horizontal curvature of the sharpest 
curve in the roadway segment. The three levels of horizontal 
curvature are described as: 

• Tangent - no horizontal curvature 
• Gentle - less th an 3 • horizontal curvature 
• Sharp - greater than 3" horizontal curvature 

This information is used for display purposes only. 

Speed Limit - The posted speed limit in miles per hour. 

Pavement - The type of pavement surface material is described as: 

• Concrete. 
• Asphalt (bituminuous concrete). 
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This information is used for display purposes only. This procedure, 
however, is not applicable to gravel or dirt roads. 

Shoulder Type - A description of the shoulder treatment and shoulder 
width along the roadway. The roadway is either classified as curbed 
or having a shoulder of a specified width. 

Sideslope - The predominant sideslope 
the pavement and the ut i l i ty pol es. 
(defined as the ratio of horizontal 
this analysis are as follows: 

1 NoSlope-(Flat) 

• Fill Slope - :o:l 
6:1 
4:1 
3:1 

conditions between the edge of 
The categories of sidesl ope 

to vertical distance) used in 

1 Cut Slope - 6:1 
4:1 
3:1 
2:1 

A 10:1 slope defines a gentle sideslope and 2:1 is a steep sideslope. 
A cut section (a positive value) indicates there is an upward slope 

· from the edge of the roadway. A fill sec ti on (a negative value) 
indicates there is a down slope from the edge of the roadway. Figure 5 
shows a typical cross section illustrating a cut and fill slope. 

Roadside Envelope - The area between the edge of pavement or curb 
face and 30 feet {9 m) in rural areas or 20 feet (6 m) in urban areas 
representing the predominate location for fixed-object, run-off-road 
accidents. 

Fixed Object - Rigid fixed objects along the roadway within 30 feet 
(9 m) of the edge of pavement. Fixed objects can be counted as point 
or continuous objects. Any object over 10 feet (3 m) in width is 
classified as a continuous fixed object. 

Roadside Coverage Factor (C1) - An estimate of the coverage of 
fixed objects within 30 feet -g m) from the edge of pavement or curb 
face. The coverage factor is estimated using a 200-foot (60-m) 
section as shown in table 1. The rules in counting objects are as 
fo 11 ows: 

1. Two point objects within 10 feet (3 m) of each other are 
counted as one point object. 

2. Continuous objects are represented by their cumulative 
length along the 20~-foot (60-m) section. 

3. If an object is screened by another point or continuous 
object and cannot be struck, it should not be counted. 
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4. When both point and continuous fixed-objects are present the 
coverage factors are added. 

5. The maximum roadside coverage factor is 100 percent. 

6. Minor fixed objects l'klich do not usually result in a re­
ported ace ident I-Alen struck are not counted. The guidelines 
on l'klich object to count and not to count are as follows: 

Count 

Most signs (see exceptions at 
right) 

Luminaire supports 
Trees greater than 4 inches 

( 10 cm) diameter 
Mutliple or massive mailboxes 
Culvert headwalls 
Bridge columns and abutments 
Fences 
Rock outcroppings 
Rock cuts 
Guardrail 
Concrete barriers 

Do Not Count 

Del ineators 
Small signs on single metal 

channels 
Breakaway signs 
Small single-post mailboxes 
Trees less than 4 inches 

( 10 cm) diameter 
Brush 
Objects shadowed by guardrail 
Utility poles 

Table 1. Estimation of fixed-object cover,age factor from fixed-object 
frequency in a 200-foot (60-m) interval. 

Number of 
Point Objects 

0 
1 
2 
3 
4 
5 
6 

7 or more 

Note: 1 foot= 0.3 m 

Total Length 
of Continuous 
Objects (Ft.) 

0 
0-10 

11-50 
51-80 
81-100 

101-125 
126-150 

151 or more 

Source: Reference 15 
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Roadside Coverage 
Factor 

Percent (Cf) 

0 
19 
35 
50 
64 
77 
89 

100 



For more details, refer to NCHRP Report 247 [15]. 

Utility Pole Coverage Factor (C11) - An estimation of the roadside 
coverage by utility poles. This Tactor is used as an input to the 
roadside adjustment process in the computer model, and is calculated 
using the following table: 

Number of Utility Poles Pole Coverage 
Per Mile (1.6 km) Factor (C11) 

Poles on Poles on 
One Side Both Sides Urban Rural 

10 20 0.103 0.065 
20 40 0.206 0 .130 
30 60 0.309 0.195 
40 80 0.412 0.260 

For further details, refer to Appendix A. 

Roadside Hinge Line - The distance from the roadway where the side­
s lope changes. 

Obstructed Zone - The zone of closely spaced fixed objects along the 
roadway wh1 ch can be struck by a run-off-road vehicle. An obstructed 
zone can be in the form of a wall, a dense forest or other group of 
closely spaced fixed objects. The distance to an obstructed zone is 
used as an input in calculating the roadside adjustment factor. If a 
obstructed zot1e does not exist, the di stance to the obstructed zone is 
assumed to be 30 feet (9 m) in rural areas and 20 feet ( 6 m) in urban 
areas. 

Roadside Fixed-Objects Line - The weighted averaqe lateral offset of 
fixed-objects (excluding those objects in the Obstructed Zone) from 
the roadway. This is assumed to be 12 feet (3.6 m) in rural areas 
and 7 feet (2.1 m) in urban areas. 

Right-of-Way - The total width of land owned by the highway agency 
for purposes of locating the roadway features including public utili­
ties. This information is used for display purposes only. 

Reporting level Factors (R) - The probability of a reported accident 
based on the type of object struck. This may also vary by jurisdic­
tion. The model in this procedure assumes the following reporting 
levels: 

19 



Fixed-Object Rf = 0.90 
Utility Poles Ru = 0.90 
Curbs RK = 0.10 

Obstructed Zone RN = 0.50 
Sidesl ope Rs = Based on degree of slope 

Fi 11 Slope Cut Slope ~ 

10: 1 6:1 0.05 
6:1 4:1 0.20 
4:1 3:1 0.30 
3:1 2:1 0.60 

A value of 1.0 would indicate that all collisions result in a 
reported accident. 

Utility Pole Features 

Several variables related to the utility poles are defined, since 
they are important inputs into the cost-effectiveness model, as given 
below: 

Utility Pole - A wood, concrete or metal pole ·supporting electrical 
or telephone lines which occupy a portion of the highway right-of-way 
and is the responsibility of utility companies. Only poles within 
30 feet ( 9 m) of the roadway edge are used in the ana 1 ys is. 

Pole Configuration - The location of the line(s) of utility poles 
with respect to the highway or highway median. Figure 6 illustrates 
the types of utility pole configurations. This procedure is not 
applicable to sections with poles in the median. 

Pole Type - The pole material, classified as wood, metal or concrete. 

Pole Diameter - The thickness of the pole near its base, classified 
as: 

• Small - less then 9 inches in diameter (23 cm) 
• Medium - 9-12 inches in diameter (23-30 cm) 
• Large - greater than 12 inches in diameter (30 cm) 

Partially Obstructed Pole - A pole which is blocked by another rigid 
fixed object within the encroachment envelope which would prevent a 
vehicle-pole collision by a run-off-the-road vehicle from at least 
one _point, but would not pri.!vent all vehicle-pole. collisions. An 
example of a partially obstructed pole is shown in figure 7. 
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on both sides and in median. 

Figure 6. Possible utility pole configurations. 

Source: Reference 5 
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Totally Obstructed Pole - A pole which is blocked by one or more 
other r1g1d fixed obJects (i.e., a guardrail} within the encroachment 
envelope that would prohibit a vehicle-pole collision. An example of 
a totally obstructed po le is shown in figure 7. 

Unobstructed Pole - A pole in which no rigid fixed objects exist 
within the encroachment envelope which would prevent a vehicle-pole 
collision. 

Lateral Pole Offset - The distance measured perpendicularly from the 
edge of the pavement ( or curb face) to the ut i 1 ity po 1 e, to the 
nearest foot. 

Pole Density - The number of utility poles within 30 feet (9 m} from 
the edge of pavement divided by the section length expressed as poles 
per mile. Density values are to be calculated using the total number 
of unobstructed poles on the section. 

Average Pole Offset - The mean lateral pole offset in feet defined 
as: 

N 

L X· 1 x = i=l 
N 

Where: 

X = mean lateral pole offset 
Xi = the lateral pole offset for pole i 
N = the number of poles on the section 

(1) 

Due to practical considerations, the average pole offset may be 
calculated based on a measurement of the off set of a representative 
number of poles on the section and estimate the average offset of the 
entire section using these measurements. 

Utility Line Type - The purpose or type of 
utility pole line can have a significant 
costs. General utility line categories 
i nc 1 ud e: 

power 1 i ne. The type of 
impact on countermeasure 
used in this analysis 

• Telephone (i.e., communication) lines 
• Electric distribution lines, less than 69 KV 
• Electric transmission lines, equal to or greater than 69 KV 
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~tility Pole Accident Experience 

Accidents involving a vehicle striking a utility pole must be pro­
perly analyzed for use in determining expected benefits· ( accident savings) 
which will result from one or more countermeasures. Utility pole accident 
experience is generally expressed in one of the three units given below: 

Utility Pole Ace i dent Frequency (Ace/Mi/Yr) - The number of ut il ity 
pole accidents per mile per year. fhe accident frequency is given as 

,follows: 

Ace/Mi /Yr = Ace 
TLJTT) 

Ace/Mi/Yr= Utility pole accidents per mile per year 

(2) 

Ace= Number of utility pole accidents occurring on the 
secti9n during the analysis period. 

T = The analysis time period in years. 

L = The section length in miles. 

Utility Pole Accident Rate (Acc/HMVM) - Defined as the number of 
utility pole accidents per hundred million vehicle miles. The acci­
dent rate is calculated using the following equation: 

Acc/HMVM = Ace (100,000,000) 
(ADT)(365)(T}(L) 

(3) 

Acc/HMVM· = Utility pole accidents per 100 million vehicle miles. 

Ace= Number of utility pole accidents occurring on the 
section during the analysis period. 

ADT = The average annual daily traffic on the section over 
the analysis period. 

T = The analysis time period in years. 

L = The section length in miles. 

Utility Pole Accident Rate (Acc/BVPI) - Utility pole accidents per 
billion vehicle-pole interactions. This is the total number of util­
ity pole accidents expressed as a function of the number of clear 
(unobstructed) poles times the ADT. This expression is as follows: 

Acc/BVPI = Ace (l,000,000,000) 
( ADT) ( N) ( 365) ( T) 
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Acc/BVPI = Utility pole accidents per billion vehicle-pole in­
te.ract ions 

N = The number of unobstructed poles on the section. 

T = The analysis time period in years 

For use in the cost-effectiveness model in this manual, the basic 
unit,s of accidents are the utility pole accident frequency (Ace/Mi/Yr), 
since Zegeer and Parker found this to be the best measure to use for 
accident modeling purposes [SJ. However, measures of utility pole acci­
dent rate may be computed for a section for comparison purposes with other 
sections. 

Estimating Utility Pole Accident Experience 

Based on the s~udy by Zegeer and Parker, a model was developed for 
use in predicting utility pole accidents as a function of daily traffic 
volume, average pole offset, and pole density. A nomograph can be used to 
obtain the approximate utility pole accident frequency that would be ex­
pected using the model as shown in Figure 8. For example, to estimate the 
utility· pole accidents on a roadway with a daily traffic volume of 
10,000, a pole density of 60 poles per mile (37 poles/km) and pole offsets 
of 5 feet (1.5 m); enter the nomograph at the 10,000 ADT scale, proceed up 
and turn horizontally at the 60 poles per mile curve (37 poles/km) and 
cross the 5-foot (1. 5 m) offset line. Then proceed down and read 
1.14 utility pole accidents per mile per year (0.71 accidents/km/year). 

For use in the cost-effectiveness model, the actual utility pole 
accident experience on a roadway section should be obtained from historic 
accident files for three or more years. However, for some highway agen­
cies, reliable utility pole accident experience may not be available due 
to: 

• Less than three years of data available. 

• High accident reporting threshold (i.e., only injury and fatal 
accidents are reported). 

• The location information of accidents is poor, so accidents cannot 
be accurately tied to the roadway section of interest. 

• The accident report form only designates "fixed-object" accident 
but does not specify whether a utility pole was struck. 

• Utility pole accidents on a section were atypical for the past 
years due to unusual weather (fog, ice or snow storm) or other 
random events. 
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In such cases, the actual utility pole accident experience for a site 
will be inappropriate for use in the cost-effectiveness model. The predic­
tive nomograph can then be used to determine the base accident experience 
for the section. 

Effectiveness Information 

Effectiveness information (i.e., accident reduction factors) are 
needed for use in the cost-effectiveness analysis for the following coun­
termeasures: 

1 Undergrounding utility lines. 

• Increasing the lateral offset of utility poles. 

• Reducing the number of pol es. 

- Increasing pole spacing 
- Use of poles only on one side of road 
- Multiple use of poles 

• Combination of increasing lateral pole offset and reducing pole 
density. 

• Utilizing breakaway poles. 

Underground Utility Lines - Placing utility lines underground and remov-
1 ng the poles wi 11 eliminate future accidents involving those poles. 
Thus, the accident reduction factor may be assumed to be approximately 
100 percent ,for utility pole accidents. However, when the poles are 
removed and no other roadway improvements are made (i.e., removing otner 
fixed obstacles or improving horizontal alignment, etc.), some of the 
expected reduction in utility pole accidents will be negated by an in­
crease in other fixed-object accidents. This is because some of the 
encroaching vehicles will- hit trees and other objects instead of the 
ut i l i ty pol es.The net effect of underground lines on fixed-object ace i dents 
was determined based on a modification of Glennon's roadside hazard rrodel 
for NCHRP Report 247 [15Ja as described later. 

It should also be mentioned that 
require above ground appurtenances such 
switching equipment;· and sectional izers. 
placed on the highway right-of-way due to 
from owners of adjoining~ property,'. 

underground utility lines 
as cabinets for transformers, 
Such facilities must often be 

space restrictions or objections 

For those accidents that are merely changed from utility pole acci­
dents to other fixed-object accidents, there is expected to be a reduction 
in severity for urban areas, but not for rural areas, as documented in 
previous research studies. Other run-off-road accidents in urban areas 
are less severe than utility pole accidents, since roadside objects in 
urban areas typically consist of small sign posts, frangible light poles, 
small trees, as well as some more rigid objects. 
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For example, Jones and Baum [4] co11ected severity data in urb_an and 
suburban areas for utility pole accidents and other_run-off-:oad accidents. 
A summary of accidents where severities were known 1s shown in table 2. 

Table 2. Summary of Run-Off-Road and Utility Pole Accidents. 

Utility Pole Accidents Run-Off-Road 

Accident Severity Number Percent Number Percent 

Property Damage 664 49.4 2,886 70.2 
Injury (A,B, & C) 667 49. 7 1,207 29.3 
Fatality 12 0 .9 . 19 0.5 

Total 1,343 100.0 4,112 100.0 

This data indicates that rnJ ury and fatal accidents account for 
50.6 percent of uti 1 ity po le accidents, compared to ?.9 .8 percent for other 
run-off-road ace i dents. Injury and fatal ace idents were grouped together, 
because of the small sample size of fatal accidents. The severity data in 
the Jones and Baum study is similar to the severity data involving the 
analysis of 9,583 utility pole accidents by Zegeer and Parker [5]. For 
example, fatal accidents were 0.9 percent in the Jones and Baum study and 
1.0 percent in the Zegeer study. Injuries occurred in 49. 7 percent of 
utility pole accidents reported by Jones and Baum and 46.3 percent in the 
Zegeer study. Thus, for estimating purposes, it is assumed that the 
severity (percent injury and fatal accidents) of other run-off-road acci­
dents would be 30 percent. Therefore, converting utility pole accidents to 
run-off-road accidents wi 11 cause a reduction in injury and fatal acci­
dents from 47.3 percent to 30 percent in urban areas which have speeds of 
less than 45 mph (12 km/hr). For the cost-effectiveness procedure, the 
user has the option of selecting an expected accident severity of other 
run-off-road accidents in urban and rural areas based on the predominant 
types of roadside obstacles and vehicle operating speeds. No change in 
severity is expected in rural areas between uti 1 ity po le accidents and 
other obstacles, as found from previous research, due to the prevalence of 
culverts, large trees, bridge piers, and other rigid obstacles in rural 
areas. 

Increasing Lateral Offset of Utility Poles - Relocating poles further from 
the roadway will generally reduce the frequency of utility pole accidents. 
The precise relationships between pole offset and accidents was determined 
by Zegeer and Parker [5], and corresponding accident reduction factors are 
illustrated in Figure 9 for various pole densities. The accident reduc­
tion factor due to relocating utility- poles can also be found from the 
predictive nomograph, as illustrated in Figure 8. For example, assume a 
5-foot (1.5-m) average utility pole offset currently exists on a section 
with a daily traffic volume of 10,000 and 60 poles per mile (38 poles/km). 
As discussed earlier, this would correspond to 1.14 utility pole accidents 
per mile per year (0.71 accidents/km/year) using the nomograph. Relocat­
ing the poles to 15 feet (4.5 m), with the same traffic volume and pole 
density would result in a reduction in accident frequency to 0.57 utility 
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Figure 9. Utility pole accident reduction factors for increasing 
lateral pole offset. 

Expected Percent Reduction in Utility Pole Accidents 

Pole Offset After Relocation (Feet) 

6 7 8 9 10 11 12 13 14 

30 42 49 55 60 63 69 70 72 

36 43 50 56 59 65 67 69 

27 36 43 48 55 57 60 

22 31 37 46 48 52 

22 29 39 42 45 

18 30 33 37 

22 25 30 

18 24 

11 

Note: 1 foot• 0.3 m 

Source: Reference 5. 
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pole accidents per mile per year (0.34 accidents/km/year), as illustrated 
in figure 8. 

The accident reduction factor (AR factor) for this pole relocation 
project would be expressed as the following ratio: 

f (Before) - f (After) = 

AR factor= f (Before) 
1 .14-0 .57 = 0.50 

1.14 ( 6) 

Or a 50 percent reduction in accidents is expected. In the same way, 
accident reduction factors can be determined for other pole relocation 
projects for a range of traffic volumes and pole densities. A series of 
accident reduction factor tables was developed based on the predictive 
model as given in Appendix B. A summary of the number of accidents 
reduced based on relocating poles is shown in Appendix C. 

_ Based on a review of literature and the analysis of data in this 
study, there is no conclusive evidence to suggest that pole relocation 
away from the roadway will significantly affect the severity of utility 
pole accidents. However, as with other utility pole accident counter­
measures, those utility pole ace idents converted to other run-off-road 
fixed-object accidents may have a lower severity in urban areas based on 
the predominate types of fixed-objects and prevailing vehicle speeds. 

Reducing the Number of Poles - The accident reduction factor due to 
reducing the number of poles by increasing pole spacing or multiple pole 
use (one line of utility poles in place of two lines of poles) can also be 
found using the nomograph shown in Figure 8. The accident reduction 
factor can be determined by entering the nomograph with the two different 
pole densities and the given traffic volume and pole offset, as discussed 
for pole relocation. The predictive model was also used to determine 
relationships between pole density and utility pole accidents. 

The shape of the curve for accidents versus pole density differs for 
pole offsets of less than 20 feet and greater than 20 feet (6.0 m). Thus, 
more than one accident reduction factor must be_' used for this counter­
measure and accident reduction factors for reducing pole density must be 
given separately for various ranges of traffic volume and pole offset. 
A series of accident reduction factor tables for reducing pole density is 
given in Appendix B for various combinations of traffic volume and pole 
offset. These accident reduction factors only apply to utility pole 
accidents and do not account for any increases in other run-off-road acci­
dents which may result. A series of tables showing the number of acci­
den.ts reduced for pole reduction projects is provided in Appendix C. 

Combinations of Increasing Lateral Offset and Reducing Pole Density - Ex­
pected accident reduction factors can also be determined from the predic­
tive model for countermeasures involving· both increasing lateral pole 
offset and reducing pole density. Values of traffic volume, pole offset, 
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and pole density during the "before" condition can be input into the rrodel 
to produce expected utility pole accidents. Then, inputing the appropri­
ate values for the after condition will result in another expected level 
of accidents. The accident reduction factor can then be computed as the 
percent difference in utility pole accidents. The accident reduction fac­
tor can also be obtained from the nomograph as shown in figure 8 or tables 
provided in Appendix B. Pole offset was found in an earlier analysis to 
have no significant effect on accident severity [5]. Thus, it will be 
assumed that increasing lateral pole offset will not result in any change 
in accident severity. 

Utilizing Breakaway Poles - The effectiveness of breakaway poles was ob­
tained from the literature, since; (1) no vehicle-pole crash testing was 
conducted as a part of this study; and (2) the lack of past use of break­
away utility poles along roadsides prevented any field accident evaluation 
of this countermeasure. A review of literature produced some indications 
of effectiveness data for various types of breakaway poles. For example, 
Mak and Mason [6] reported that the retrofix breakaway pole might be ex­
pected to reduce accident severities to a similar level to those of 
frangible luminaire supports. However, specific estimates of the changes 
in accident severity have not been determined for all types of breakaway 
poles, although work is expected to continue in that area. 

For use in the cost-effectiveness model, a range of possible effect­
iveness levels has been used. The two assumptions are; (1) a conservative 
assumption of a 30 percent reduction in injury and fatal utility pole 
accidents; and (2) a less conservative assumption of a 60 percent reduc­
t ion in injury and fatal utility pole accidents. Based on these hypothe­
tical reductions in injury and fatal accidents after installation of the 
breakaway pol es, a reduction in cost per ace i dent can be computed, as 
discussed later. No reduction in utility pole accident frequency is 
expected due to the breakaway device. 

It should be stressed that these two values of 30 and 60 percent 
reduction in injury and fatal accidents were chosen only to illustrate the 
feasibility of breakaway poles under two hypothetical levels of effective­
ness. No judgments can accurately be made on the cost-effectiveness of 
breakaway utility poles until more conclusive data are available. A 
summary is given in table 3 showing effectiveness information for each 
countermeasure which will be used in the cost-effectiveness analysis. 

Roadside Adjustment Factor 

Roadside conditions vary widely in terms of fixed-objects, shoulder 
width, curbs, and sideslopes. Therefore, when applying a countermeasure to 
a site the net reduction in roadside accidents will be less than the 
reduction in utility pole accidents. For example, when utility poles are 
removed, the out-of-control vehicles that would have had a reported 
utility pole accident may instead have: (1) no collision at all (the 
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2. 

3. 

4. 

5. 

Table 3. Summary of effectiveness information to be used in the 
cost-effectiveness model. 

Effect on Utility Pole Effect on Utility 
Countermeasure Accident Frequency Pole Accident Severity 

Increase Lateral Causes a reduction in utility pole Assu'lled to have no effect on 
Po 1 e Offset accidents as computed from predictive uti 1 ity pole accident severity. 

model. Some increase in other run-off- However, a reduction in over al 1 
road accidents may occur (as computed severity from 47.3\ to 30.0I 
from roadside hazard roodel). (l+F) may be e,.pected in urban 

areas for the utility pole acci-
dents converted to run-off-road 
accidents due to lower severity 
of ROR ace i dents. 

Underground Eliminates utility pole accidents. but Reduces average percent of 
Utility Lines may cause an increase in other run-off- injury and fatal accidents of 

road accidents (as computed from road- these accidents converted to 
side hazard roodel). run-off-road from 47.3% to 

30.0% in urban areas. 

Reduce Pole Causes a reduction in utility pole Assumed to have no effect on 
Density accidents, as computed from the pre- utility pole accidents severity. 
(Multiple Pole dictive model. Some increase in other However, a reduction in overal 1 
Use) run-off-road accidents may occur (as severity from 47.3% to 30.0% 

computed fr001 the roadside hazard ( l+F) may be expected in urban 
model). areas for the ut i 1 i ty po 1 e acci -

dents converted to run-off-road 
accidents due to lower severity 
of ROR accidents. 

Combinations of Causes a reduction in utility pole Assumed to have no effect on 
Increase Lateral ace i dents, as computed from the pre- utility rx>le accidents severity. 
Pole Offset and dictive model. Some increase in other However, a reduction in overall 
Reduce Pole Density run-off-road accidents may occur (as severity from 47.3% to 30.01 

computed from the roadside hazard ( l+F) may be expected in urban 
model). areas for the utility pole acci-

dents converted to run-off-road 
accidents due to lower severity 
of ROR accidents. 

Breakaway Pole Assumed to have no effect. Effect on severity has not been 
Feature properly quantified in prior 

research, since new breakaway 
devices are being developed and 
tested. The expected percent 
reduct ion in 1 njury and fatal 
accidents is selected by the user. 

Source: Reference 5. 
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vehicle may recover); (2) hit some other fixed object; or (3) roll over 
down the s1deslope. 

The increases in other run-off-road ace i dents due to utility JXl 1 e 
accident countermeasures is dependent on the roadside characteristics. 
Work was conducted by Glennon in previous studies for NCHRP, vtlich in­
volved the development of a roadside hazard model fQr comparison of road­
side improvements [15]. In a later study on roadside accidents for vari­
ous roadside clear zones, Glennon found that the model over-predicts the 
roadside hazard by a factor of from 2 to 8, depending on the magnitude of 
road sideslopes and the coverage of fixed objects. The roodel was refined 
to more accurately predict general roadside hazard. In a later study [5] 
additional modifications were made to the roadside hazard ,mdel to al low 
for predicting the net effectiveness of utility pole accident countermea­
sures. 

The roadside adjustment factor developed for this procedure is quite 
complex and involves computing the probability of run-off-road accidents 
and utility pole accidents before and after a countermeasure. However, the 
model is not dependent on encroachment rates. Combinations of 16 equations 
are the basis of the calculations, depending on the specific roadside 
conditions. For example, assume a line of utility poles at 5-foot (1.5-m) 
lateral offset and a dense row of trees at a6-foot (1.8-m) offset behind 
the poles. The roadside adjustment for moving only the utility poles back 
to 30 feet (9 m) would be nearly zero, since virtually al 1 of the reduc­
t ion in utility pole accidents would be negated by an incr~ase in vehicle­
tree accidents. A similar pole relocation project on a totally clear 
roadside with a 10:l sideslope would result in a roadside oojustment of 
nearly 1.0. This implies that virtually all of the reduction in utility 
pole accidents would be a net reduction in run-off-road accidents. 

The roadside adjustment factor is multiplied by the computed reduc­
tion in utility pole accidents. Assume that a reduction of 10 utility 
pole accidents per year are expected due to undergrounding a utility line 
on a roadway section. Due to trees and other objects along the road, the 
roadside adjustment factor is 0.60. Thus, the net reduction in roadside 
ace i dents is 10 x O. 6 = 6 ace i dents per year. The UP ACE computer program 
is able to compute roadside adjustment factors for various combinations of 
roadside characteristics and utility pole treatments. The inputs into the 
roadside adjustment model include: 

• Coverage of fixed objects along the road (0 to 100 percent). 

• Lateral offset of fixed objects, O to 30 feet (0 to 9 m) in rural 
areas, 0 to 20 feet (0 to 6 m) -Pn urban areas. 

• Spacing and lateral offset of utility poles before and after the 
countermeasure implementation. 
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• The distribution of lateral displacement of encroaching vehicles 
(values based on previous studies). 

• The offset of the break in slope (rural areas) or existence of a 
curb (urban areas). 

• The general order of obstacles from the edge of roadway. 

• The assumed percent of reported run-off-road accidents. 

Example summary tables are given of roadside adjustment factors for under­
grounding (table 4). increasing lateral pole offsets, (table 5), and re­
ducing pole density through increasing pole spacing or multiple pole use 
(table 6), and a combination of reducing pole density and increasing pole 
offset ( table 7). These tables can be used for determining. the roadside 
adjustment factor when utilizing the manual cost-effectiveness procedure. 

To simplify the roadside adjustment factor for use in the manual 
procedure, several basic assumptions were made, including the following: 

• Rural areas have sideslopes of 6:1 and 4:1. 

• Where fixed objects exist in rural areas, they are generally 
scattered within 30 feet (9 m) of the roadway, and their average 
offset is 12 feet (3.6 m). 

• Sections in urban areas are curbed, and fixed objects are 
scattered within 20 feet (6 m) of the roadway, and their average 
offset is 7 feet (2.1 m). 

Other assumptions for the roadside adjustment factors are discussed in 
Appendix A. 

To utilize the adjustment factor in this study, the percent coverage 
of fixed objects must be known for a given roadway section. In their 
study on clear recovery zones, Graham and· Harwood [15] have developed 
guidelines for determining coverage factors. Their procedure involves 
counting rigid fixed objects in 200-foot (60-m) increments along the 
roadway back to specified increments of lateral offset. A list of the 
types of fixed objects to be counted (and not counted) is given in the 
discussion of the roadside coverage factor. presented earlier in this 
chapter. Then. the coverage factor in percent is determined from Table 1 
based on the number of point objects within the 200-foot (60-m) roadway 
segment. Thus. any length of roadway section can be analyzed in terms of 
the average percent coverage factor for the 200-foot (60-m) segments in 
the section. 

Considering a 2 ,000-foot (600-m) roadway section with an average of 
2 point objects per 200-foot (60-m) increment, corresponds to a 35 percent 
coverage factor of fixed objects. When counting fixed objects for deter­
mination of the roadside adjustment factor, only count those objects 
within 20 feet (6 m) of the roadway in urban areas and 30 feet (9 m) in 
rural areas. 
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Table 4. Roadside adjustment factors (HR) for undergrounding utility lines. 

Rural Areas . Urban Areas 

Pole -. Roadside Coverage Factor (CF) Roadside Coverage Factor (CF) 
Offset 
(Feet) 10% 20% 30% 40% 50% 60% 80% 10% 20% 30% 40% 50% 60% 

2 0.62 0.57 0.52 0.47 0.42 0.37 0.28 o. 71 0.65 0.60 0.55 0.50 0.44 

5 0.61 0.56 0.51 0.46 0.41 0.36 0.26 0.67 0.61 0.54 0.48 o. 42 0.36 

7 0.60 0.55 0.50 0.45 0.40 0.35 0.25 0.64 0:57 0.50 0.43 0.36 0.29 

10 0.57 0.52 0.46 0.41 0.35 0.30 0.19 0.61 0.54 0.48 0.41 0.14 0.27 

15 0.54 0.48 0.42 0.36 0.30 0.24 0.12 0.53 0.47 0.41 0.35 0.29 0.24 

20 , 0. 52 0.46 0.41 0.35 0.29 0.23 0.12 0.40 0. 36 0.31 0.27 0.22 0.18 

25 0.47 0.42 0.37 0.31 0.26 0.21 0.11 

30 0.40 0.36 0.31 0.27 0.22 0.18 0.09 

Note : 1 Foot = 0 . 3 m 

80% 

0.34 

0.23 

0.14 

0.14 

0.12 

0.09 



Table 5. Roadside adjustment factors (HR) for increasing lateral pole offset. 

Pole Offset (Feet) 
Area Type Roadside Coverage Factor (CF) 

Before After Ru~ al or 
Improvement Improvement Urban 10% 20% 30% 40% 50% 60% 80% 

2 15 R 0.81 o. 79 0. 77 0.75 0. 73 0. 71 0.67 
20 R 0.76 0.73 0.69 0.65 0.62 0.58 0.51 
25 R 0.73 0.68 0.64 0.59 0.55 0.50 0.41 
30 R o. 72 0.67 0.61 0.56 0.51 0.46 0.36 

5 15 R 0.80 0. 77 0. 75 0. 73 0. 71 0.69 0.64 
20 R - IC. 0. 71 0.67 0.64 0.60 0.56 0.48 
25 R o. 72 0.67 0.62 0. 58 0. 53 0.48 0.38 
30 R 0.71 0.66 0.60 0. 5 5 0.50 0.45 0.34 

7 15 . R 0.78 0.76 0. 73 0. 71 0.68 0.66 0.61 
20 R o. 74 0.70 0.66 0.62 0.58 0.54 0.46 
25 R o. 71 0.66 0.61 0.56 0.51 0.46 0.36 
30 R o. 70 0.64 0.59 0.54 0.48 0.43 0.32 

10 20 R 0.67 0.62 0.57 0.52 0.47 0.42 0.32 
25 R 0.66 0.61 0.55 0.49 0.43 0.38 0.26 
30 R 0.66 0.60 0.54 0.48 0.42 0.36 0.24 

15 20 R 0.65 0.58 0.51 0.43 0.36 0.29 0.14 
25 R 0.65 o:s8 0.51 0.43 0.36 0.29 0.14 
30 R 0.65 0.58 0.51 0.43 0.36 0.29 0.14 

20 30 R 0.65 0.58 0.51 0.43 0.36 0.29 0.14 

2 10 u Q.86 0.83 0.81 0. 78 0.75 0.72 0.67 
15 u 0.84 0. 79 0. 75 0.70 0.65 0.60 0.51 
20 u 0.83 0. 78 0. 72 0.67 0.61 0.55 0.44 

5 10 u 0.84 0.79 0.74 0.69 '~4 0.60 0.50 
15 u 0.82 0.75 0.69 0.62 0.55 0.49 0.35 
20 u 0.82 0. 74 0.67 0.60 0.52 0.45 0.31 

7 15 u 0.80 0.71 0.62 0.53 0.44 0.36 0.18 
20 u 0.80 0. 71 0.62 0.53 0.44 0.36 0.18 

10 15 u 0.80 o. 71 0.62 0.53 0.44 0.36 0.18 
20 u 0.80 0. 71 0.62 0. 53 0.44 C.36 0.18 

15 20 u 0.80 0. 71 0.62 o.53, I o.44 0.36 0 .18 

Note: I foot= 0.3 rn 
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Table 6. Roarlside arljustmP.nt factors (HR) frr rerlucing pol'r. rlensity or multiple pole usr. 

Rural Areas Urban Areas 

Pole Roadside Coverage Factor (CF) Roadside Coverage Factor (CF) 
Offset 
(Feet) 10% 20% 30% 40% 50% 60% 80% 10% 20% 30% 40% 50% 60% 

2 0.62 0.57 0.52 0.47 0.42 0.37 0.28 0.71 0.65 0.60 0.55 0.50 0.44 

5 0.61 0.56 0.51 0.46 0.41 0.36 0.26 0.67 0.61 0.54 0.48 0.42 0.36 

7 0.60 0.55 0.50 0.45 0.40 0.35 0.25 0.64 0.57 0.50 0.43 0.36 0.29 

10 0.57 0.52 0.46 0.41 0.35 0.30 0.19 0.61 0.54 0.48 0.41 0.34 0.27 

15 0.54 0.48 0.42 0.36 0.30 0.24 0.12 0.53 0.47 0.41 0.35 0.29 0.24 

20 0.52 0.46 0.41 0.35 0.29 0.23 0.12 0.40 0.36 0.31 0.27 0.22 0.18 

25 0.47 0.42 0.37 0.31 0.26 0.21 0.11 

30 0.40 0.36 0.31 0.27 0.22 0.18 0.09 

Note: 1 foot = 0. 3 m 

80% 

0.34 

0.23 

0.14 

0.14 

0.12 

0.09 



Table 7. Roadside adjustment factors (HR) for a combination of increasing pole 
offset and reducing pole density. 

Reduce Pole Density by 20 Percent 

Pole Offset (Feet) 
Area Type Roadside Coverage Factor (CF) 

Before After Rural or 
Improvement Improvement Urban 10% 20% 30% 40% 50% 60% 80% 

2 15 R 0.72 0.69 0.65 0.62 0.59 0.55 0.48 
20 R o. 71 0.67 Q.63 0.59 0.54 0.50 0.42 
25 R 0.70 0.65 0.60 0.56 0.51 0.46 0.37 
30 R Q.69 0.64 0.59 0.54 0.49 0.44 0.38 

5 15 R o.71 0.67 o.64 0.60 0.57 0.53 0.46 
20 R 0.70 0.65 0.61 0.57 0.53 0.48 0.40 
25 R 0.59 0.64 0.60 0.54 0.49 0.44 0.35 
30 R 0.68 0.63 0.58 0.53 0.48 0.42 0.32 

7 15 R 0.69 0.66 o.62 0.58 0.54 0.51 0.43 
20 R 0.68 0.64 0.60 0.55 0.51 0.46 0.37 
25 R 0.68 0.63 0.58 0.53 0.48 0.43 0.32 
30 R Q.67 0.52 Q.57 0.51 0.46 0.41 0.30 

10 20 R 0.63 0.58 0.53 0.47 0.42 0.37 0.26 
25 R 0.63 Q.58 0.52 0.46 0.41 0.35 0.24 
30 R 0.64 0.58 0.52 0.46 0.40 0.34 0.22 

15 20 R 0.59 0.52 0.46 0.39 0.33 0.26 0.13 
25 R 0.61 0.54 0.47 0.41 0.34 0.27 0.14 
30 R 0.62 0.55 0.48 0.41 0.34 0.27 0.14 

20 30 R 0.61 0.54 0.47 0.40 0.34 0.27 0.14 

2 10 u 0.80 0. 76 0.72 0.69 Q.65 0.61 0.54 
15 u 0.80 0. 75 0. 70 0.65 0.60 o. 55 0.45 
20 u 0.80 0.74 0.69 0.63 0.58 0.52 0.41 

5 10 u C. 76 0. 70 0.65 0.59 o. 53 0.48 0.37 
15 u o. 77 0. 70 0.64 0.57 0.51 0.44 0.31 
20 u 0. 78 0. 71 0.64 0.57 0.50 0.43 0.29 

J 15 u o. 74 0.66 0.58 0.49 0.41 0.33 0.16 
. ( 20 u 0.75 0.67 0.59 0.50 0.42 0.34 0.17 

10 15 u 0. 71 0.63 0.56 0.48 0.40 0.32 0. 16 
20 u 0.74 0.66 0 .. 58 0.49 0.41 0.33 0.16 

15 ?.O u 0.68 0.61 0.53 0.46 0.38 0.30 0.15 

Note: 1 foot= 0.3 rn 
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Table 7. Roadside adjustment factors (HR) for a combination of increasing pole 
offset and reducing pole density (Continued). 

Reduce Pole Density by 50 Percent 

Pole Offset {Feet) 
Area Type Roadside Coverage Factor (Cf) 

Before After Rural or 
Improvement Improvement Urban 10% 20% 30% 40% 50% 60% 80% 

2 15 R 0.66 0.62 0.58 0.53 0.49 0.45 0.36 
20 R 0.66 0.62 0. 57 0.53 0.48 0.44 0.34 
25 R 0.66 0.61 0.56 0.52 0.47 0.42 0.32 
~,) R 0.66 0.61 0.56 0.51 0.46 0.41 0.31 

·-i----··-
5 15 R 0.65 0.61 0.56 0.52 0.47 0.4: 0.34 

20 R 0.65 0.60 0.56 0.51 0.46 0.42 0.33 
25 R 0.65 0.60 0.55 a.so 0.45 0.40 0.31 
30 R 0.65 0.60 0.55 a.so 0.45 0.40 0.29 

7 15 R 0.64 0.59 0.55 a.so 0.46 0.41 0.32 
20 R 0.64 0.59 0.54 a.so 0.45 0.40 0.30 
25 R 0.64 0.59 0.54 0.49 0.44 0.39 0.29 
30 R 0.64 0.59 0.54 0.49 0.43 0.38 0.28 

10 20 R 0.60 0.54 0.49 0.44 0.38 0. 33 0.22 
25 R o. 60 0.55 0.49 0.44 0.38 0.32 0.21 
30 R 0.61 0.55 0.49 0.44 0.38 0.32 0.21 

15 20 R 0.56 0.50 0.43 0.37 0.31 0.25 0.12 
25 R 0.57 0.51 0.45 0.38 0.32 0.26 0.13 
30 R 0.58 0.52 0.45 0.39 0.32 0.26 0.13 

20 30 R 0.56 a.so 0.44 0.38 0.31 0.25 0.13 

2 10 u 0.75 0. 70 0.66 0.61 0.57 0.52 0.43 
15 u o. 76 0.70 0.65 0.60 0.55 · 0. 50 0.40 
20 u o. 76 0. 70 0.65 0.60 0.54 0.49 0.38 

5 10 u o. 71 0.65 0.59 0.53 0.47 0.41 0.29 
15 u 0.72 0.66 0.59 0.53 0.46 0.40 0.27 
20 IJ 0.73 0.66 0.59 0.53 0.46 0.39 0.26 

7 15 u 0.69 0.61 0.54 0.46 0.38 0.31 0.15 
20 u 0.70 0.62 0.55 0.47 0.39 0.31 0.16 

10 15 u 0.65 0.58 0.51 0.44 0.36 0.29 0.15 
20 u 0.68 0.60 0.53 0.45 0.38 0.30 0.15 

15 20 u 0.60 0.53 0.46 0.40 0.33 0.27 0.13 

Note: l foot: 0.3 m 
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The roadside adjustment factor (HR) must always be between the 
values of 0 and 1. Since these adjustment factors are multiplied by the 
expected reduction in utility pole accidents, a low adjustment factor 
(i.e., 0.10) implies that most of the reduction in utility pole accidents 
are negated by a corresponding increase in other roadside object acci­
dents. Thus, .the countermeasures which are most effective in reducing 
utility pole accidents (i.e., undergrounding of lines) will result in the 
greatest increase in accidents corresponding to other fixed-objects, since 
encroaching vehicles will then hit other objects instead of utility 
pole-s. 

Note that the roadside adjustment factors are lower for underground 
utility lines (table 4) compared to increasing pole offset (table 5) under 
similar situations. For example, assume pole offsets of 5 feet (1.5 m) 
with a 60 percent coverage of fixed objects on a rural road. The roadside 
adjustment factor for lines underground is 0.36 (table 4), compared to a 
value of 0.45 (table 5) for relocating poles to 30 feet (9 m). This 
implies that the percent ,increase in other fixed objected accidents are 
slightly higher for lines underground than for pole relocation, even though 
lines underground would reduce more utility pole accidents that would be 
gained from pole relocation. 

Adjustments for Future Conditions 

Any major change in occupant restraint system usage, the use of 
passive restraints (automatic safety belts or air bags) and/or automobile 
size could have an effect on the average severity of utility pole acci­
dents. The computer model allows the user to account for future occupant 
restraint usage and automobile downsizing by applying adjustments to the 
average severity of utility pole accidents for various years. This 
adj ustrnent is not included in the manual procedure. A more detailed 
discussion of the assumptions and applications of these factors are given 
in appendix D. 

Unit Accident Costs 

After estimating expected reduction in utility pole accidents and 
applying the roadside hazard adjustrrent, a unit accident cost must be used 
to compute dollars of accidents savings. Table 8 shows the two most 
commonly used unit accident costs, those of the National Safety Council 
(NSC) and the National Highway Traffic Safety Administration (NHTSA). 

Table 8: NSC and NHTSA Accident Costs 

NSC NHTSA 
(1981} (1975) 

Cost per fatality $190,000 $287,175 

Cost per injury $ 7,200 $ 3,185 

Cost per property damage 
only (PD0) accident $ 1,020 $ 520 
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Note that the costs per "fatality" and "injury" (i.e., per person killed 
or injured), and not per fatal or injury "accident". 

Either NSC, NHTSA, or an individual States' accident costs may be 
used in the manual or computerized cost-effectiveness procedure. However, 
the NSC costs are used for general assessment of countermeasures, since 
they are more widely accepted, provide current costs, and assume a irore 
conservative cost for a fatality. 

The average cost per utility pole accident can be computed based on 
the cost per event and the number of injuries and fatalities per injury 
and fatal accident as summarized in table 9. From an analysis of 
9,583 utility pole accidents, the average cost per utility pole "accident" 
i s: 

CA= ~Percent PD0 accidents)x(Cost/PD0 acc.) (7) 
+ Percent injury accidents)x(Cost/injury)x( Injuries/injury ace.) 
+ Percent fatal accidents)x(Cost/fatal ity) x(Fatal it ies/fatal ace.) 
+ (Percent fatal accidents)x(Cost/injury)x(Injuries/fatal acc.) 

CA= (0.527)($1,020) 
-+ (0.463)($7,200)(1.31) 

+ (0.01)($190,000)(1.08) 
+ (0.01)($7,200)(0.7) 
= $538 + $4,367 + $2,052 + $50 
= $7,007 per utility pole accident 

The computer program and manual procedure al low for updating the cost per 
accident as these numbers change over time. 

This cost of $7,007 per utility pole accident compares with costs by 
Rinde [10] of $6,200 per accident in rural areas and $5,200 per accident 
in urban areas. 

Countermeasure Costs 

The costs for utility pole accident countermeasures may be considered 
in terms of initial countermeasure costs and al so the change in annual 
maintenance costs. For the cost-effectiveness procedure, the initial 
countenneasure costs can be input by the user if such infonnation is 
known. If not, average (expected) initial costs are given for each of the 
countermeasures. These average values do not include costs for additional 
right-of-way acquisition. Such costs, if applicable, must be added. 

Costs are discussed below in terms of the following countermeasures: 

• Undergrounding utility lines 
• Relocating utility poles further from the roadway 
• Reducing pole density 
• Conversion to break away pol e 
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Accident 
Severity 

PDQ 
Accidents I 

lnj ury 
Accidents 

Fatal 
Accidents 

Totals 

Table 9. Summary of injuries by accident severity 
for utility pole accidents . 

Number of Number of People 
Number of People People Injured Per 
Accidents Injured Killed Accident 

5,050 0 0 0 

4,434 5,796 0 1. 31 
\ 

99 69 107 0.70 

9,583 5,865 107 0.61 

People 
Ki 11 ed Per 
Accident 

0 

0 

1.08 

0.01 



Detailed cost information was obtained from 12 telephone companies in 
21 States and 31 electric companies in 20 States for undergrounding 
projects, pole relocation projects, and projects involving reducing pole 
density [5]. Costs for breakaway poles were found in the literature [6]. 

Placing Utilitb Lines Underground - Placing utility lines underground is a 
costly and la or-intensive countermeasure for utility pole accidents. 
Installing utility lines underground is a two-stage process involving pole 
removal and cable burial, The cost of underground utility lines depends 
upon the degree of urbanization of the area, the spacing (density) of 
poles, the location of the poles relative to the roadway or intersection 
roadways, the size and type of cable to be buried, the proximity of 
underground utilities (water, storm and sanitary sewer, natural gas, etc.), 
the method of cable burial (direct burial, use of conduit, etc.) and many 
other factors. 

Underground line costs experienced by large electric companies vary 
widely from about $20,000 per mile ($12,500 per km) to $1.7 million per 
mile (1.1 million per km), depending on many different factors. Based on 
discussions with utility company officials, the variables identified as 
having the greatest effect on the costs of underground lines were: 

• The size and type of power line (i.e., transmission or distribu­
tion) 

• The method of burial (i.e., direct burial or conduit) 

• The size of the utility line (i.e., one phase or three phase 
l i ne) 

• The area type (urban or rural, since burial in an urban area 
usually involves removing and replacing concrete). 

• The type of terrain and soil conditions (i.e., rock, sand, clay). 

• Labor and material costs. 

To simplify this analysis, costs from various elect•-;r: companies were 
summarized by area type (urban or rural) within the following categories: 

Group 1: 
Group 2: 
Group 3: 
Group 4: 

Transmission lines, >69 KV, conduit used 
Distribution lines, <69 KV, conduit used 
Distribution lines, <69 KV, direct burial, 3 phase lines 
Distribution lines, <69 KV, direct burial, 1 phase lines 

The average cost for undergrounding of large transmission lines (Group 1) 
was $1.2 million per mile ($0.75 million per km). For undergrounding dis­
tribution lines in conduit (Group 2), costs averaged about $430,000 per 
mi 1 e ($269,000 per km) in rural areas and $650,000 per mile ($406,000 per 
km) in urban areas [5]. 
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The cost data for undergrounding is expressed in table 10 in terms of 
average costs and cost ranges. For example, the cost per mile of under­
ground electric distribution lines '(less than 69 KV, one phase) in urban 
areas using the direct bury method ranged from $30,000 to $45,000 per mile 
($19,000 to 28,000 per km), with an average cost of $38,000 per mile 
($24,000 per km). The cost for undergrounding increases with the size of 
the line, up to an average cost of $1.3 million per mile ($0.81 million 
per mile) for undergrounding electric distribution lines. 

For use in the cost-effectiveness procedure, site-specific cost 
estimcites for undergrounding snould be used. For example, some utility 
poles may carry multiple lines, such as urban utility poles with two 34 KV 
circuits and two 12 KV circuits. In such cases, costs shoud be estimated 
which most closely correspond to site conditions. In the absence of 
reliable cost information for a site, the average values in Table 8 may be 
used. 

Information was also obtained concerning the differences in mainte­
nance costs which may result from undergrounding of overhead utility 
l ines. For each electric cbmpany, the annual maintenance cost was com­
pared between underground lines and overhead lines. Eight agencies 
reported lower maintenance costs with overhead lines, and six agencies 
reported lower maintenance costs with underground lines. For example, one 
company reported a cost savings of $1,000 per mile ($625 per km) per year 
due to undergrounding whereas two other companies reported a cost increase 
of $1,000 per mile ( $625 per km) per year due to underground i ng. For 
estimation purposes, costs should be used which have been found to be 
appropriate for a given area. In the absence of specific maintenance cost 
information, average maintenance costs for underground lines and overhead 
lines may be assumed to be about the same [5]. 

Relocating Poles F-urther from the Roadway - Costs for relocating poles 
for electric companies were classified into four categories: 

• Wood power poles carrying less than 69 KV 

• Non-wood poles (metal, concrete, or other) 

• Heavy wood distribution (i.e., 3 phase) and wood transmission 
poles 

• Steel transmission poles, such as steel towers 
diameter steel poles 

or 6-ft (1.8-m) 

Average costs and a range of costs for pole relocation projects are 
provided in table 9 for each of the four pole categories. The average 
relocation costs in rural areas range from $1,270 per pole for smal 1 wood 
power poles to $20,000 per pole for steel transmission poles. Average 
costs were higher in urban than rural areas, where the cost of relocating 
steel transmission poles averages $30,000 per pole. ~ote that costs are 
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Table 10. Summary of costs for undergrounding utility lines . 

Range of Installation Costs Average Installation· 
(Dollars per Mile) Cost (Dollars per Mile) 

Type of Utility Line 
Rural Urban Rural Urban 

Telephone Lines $4,450-$30,817 $10,500-$85,000 $18,000 $36,000 

Electric Distribution 
.Lines <69 KV, Direct $17,000-$29,000 $30,000-$45,000 $24,000 $38,000 
Bury, One Phase 

Electric Distribution 
Lines <69 KV, Direct $29,000-$220,000 $45,000-$225,000 $105,000 $161,000 
Bury, Three Phase 

Electric Distribution $200,000-$650,000 $400,000-$1,050,000 $430,UUU $650,000 
Lines <69 KV, Conduit 

Electric Tramsmission $728,000-$1,728,UOO $728,000-$1,728,000 $1,228,000 $1,228,000 
Lines >69 KV -

" 

Based on information from 31 utility companies in 20 states throughout the U.S. (1982). 

Source: Reference 5. 



,i::,. 

0-, : 

Table 11. Summary of costs for relocating utility poles. 

Range of Installation Costs Average Installation 
(Dollars per Pole) Cost (Dollars per Pole) 

Type of Utility Poles 
or Lines Rural Urban Rural Urban 

Wood Telephone Poles $160-$600 $160-$754 $345 $425 

Wood Power Poles $150-$4,000 $150-$4,000 $1,270 $1,440 
Carrying <69 KV Lines 

Non-Wood Poles 
(Metal, Concrete or $630-$3,250 $630-3,370 $1,740 $1,810 
Other) 

-

Heavy Wood Distribu-
ti on and Wood $580-$5,500 $500-$7, 100 $2,270 $2,940 
Transmission Poles 

Steel Transmission $10,000-$30,000 $20,000-$40,000 $20,000 $30,000 
Poles 

I 

Based on information from 31 utility companies in 20 states throughout the U.S. (1982). 

Source: Reference 5. 



given as cost per pole, instead of cost per mile, since the cost is 
dependent on the number of poles to be moved instead of the miles of 
digging to be conducted, as with underground burial [5]. Special con­
sideration should also be given to the number and types of lines when 
developing cost estimates for pole relocation. 

Reducing Pole Density - Reducing pole density can involve three sub­
categories of countermeasures: (1) an increase in utility pole spacing; (2) 
the use of poles for multiple purposes; or (3) the use of one line of poles 
instead of two. Increasing the spacing- of utility poles is a counter­
measure to reduce the number of poles, thereby reducing the chance of a 
collision. Increasing the pole spacing for safety purposes would most 
likely require larger poles, since existing pole spacing is based on 
structural considerations. The results of this countermeasure could be 
fewer but larger poles, and larger poles may increase the severity of an 
injury if struck, The cost for increased pole spacing can be approximated 
by the cost of pole relocation as given in table 11 [5]. 

Multiple use or sharing of utility poles has long been a standard 
practice of many utilities. Electric, phone, cable television, lighting, 
and various communications services often share utility pole as a means of 
decreasing distribution costs. The total cost would depend on the exist­
ing utilities' configuration and the ease with which service lines could 
be moved. 

Although no cost for multiple pole use was found in the literature, 
input was obtained from utility companies regarding the procedures and 
costs associated with sharing of telephone, electric, and/or cable tele­
vision lines. Many different cost arrangements may be made, but different 
companies may commonly enter into a "pole lease" agreement. For example, 
in one :;tate, a lease cost of $9 per pole per year is paid by the tele­
phone company to jointly use power poles. The cost of using existing 
power poles for new telephone lines saves the cost of burying and install­
ing new lines [5]. 

The costs of relocating an existing phone line to a new line of 
poles, however, will generally require all new line facilities (to prevent 
service interruptions). Thus, the costs of installing a phone line in a 
multiple use situation will conservatively approximate the cost of instal­
ling a new line. According to input from nine telephone companies, the 
costs per mile of a typical installation in rural areas ranges from 
$1,827 per mile ($1,142 per km).to $19,290 per mile ($12,060 per km), with 
an average cost of $8,680 per mile ($5,425 per km). In urban areas, the 
costs range from $2,265 per mile ($1,416 per km) to $24,000 per mile 
($15,000 per km), and the average cost is $11,000 per mile ($6,875 per 
km). These costs assume the relocation of telephone lines (or perhaps 
small electric lines), since large overhead voltage electric lines would 
require their own poles and would not commonly be relocated to a telephone 
pole for multiple use [5]. 
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The use of one line of poles instead of two may involve eliminating 
poles from one side of the roadway or, if two lines exist on the same side 
of the roadway, moving the utilities to the line of poles located farthest 
from the roadway. This countermeasure can include the use of poles for 
multiple purposes (discussed above) or consolidating utilities from the 
same company to one line of poles. This countermeasure is basically simi­
lar to multiple pole use, and costs are assumed to be comparable to 
multiple pole use. Maintenance costs may be assumed to remain unchanged 
after the treatment. 

Conversion to Breakaway Poles - The modification of utility poles to break 
or shear off under a reduced shear loading is another countermeasure for 
which cost information was obtained. A1though the development and testing 
of new breakaway treatments is still being investigated, some cost 
information was found in the literature for various types of breakaway 
treatments. For example, one type of modification involves retrofitting 
by drilling or cutting the utility pole with a predetermined pattern of 
holes or notches to incorporate the breakaway feature. 

Three sources were found in the literature which provided cost esti­
mates for retrofitting breakaway poles. A 1980 study by Mak and Mason [6] 
obtained information from seven major utility companies, and estimated 
the cost of retrofitting a utility pole to be $982 per pole, vmich in­
cludes: 

$90 - Initial "Retrofit" treatment 
$592 - Replacement of pole due to shortened pole life 
$300 - Increase in repair/replacement costs due to the higher knock­

down probability in the event of a collision 
$982 - Total 

In a 1979 study by Fox et al. [7] in Australia, the cost of roodifying 
poles to breakaway was estimated to be $5.84 million for 8,347 poles, or 
about $700 per pole. Other cost estimates were made by Hunter et al. [16] 
of $36 per pole and Jones and Baum [4] of $40 to $80 per pole. 

In summary, the countermeasure of incorporating breakaway features in 
utility poles has not been fully developed to date, and testing of various 
breakaway devices continues. Based on current available knowledge, the 
simple one-time cost of cutting or drilling the pole range from about $36 
to $80. However, by including the costs of shortened pole life and pole 
replacement costs, the cost per pole was assumed to be about $1,000 per 
pole, as determined by Mak and Mason [6]. The costs of a slipbase are 
also about $1,000 per pole. 

Indirect Costs - The implementation of the various countermeasures could 
result in both direct and indirect costs. Direct costs include construc­
tion and maintenance, while indirect costs are not as easily defined or 
measured. During construction, indirect costs might' be incurred by the 
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motorists in the form of increased stops or delay, excess fuel consump­
tion, increased travel time, inconvenience, etc., depending on the type of 
construction and the location of the construction with respect to the 
highway right-of-way. Additional expenses will be incurred should detours 
need to be set up, manned and then taken down. 

Indirect cos ts are al so incurred by the utility whose fac i 1 it i es are 
affected. The utility companies generally fund projects related to re­
locating or burying of utility lines, and a great deal of administrative 
costs may be involved. A formidable amount of engineering and planning is 
encompa·ssed in any relocation effort. In addition, franchise section maps 
and customer service records would require updating should utility lines 
be moved. All of these indirect costs are very difficult to quantify. 

If undergrounding is utilized, each neighboring utility requires 
notification to ensure the staking of nearby pipelines, cables, etc., 
prior to construction. Most States have a one-call alert system which 
notifies all affected utilities in the event of forthcoming excavation and 
construction. Also, · if large high pressure pipelines or high voltage 
electric lines are in the vicinity, most utilities require a full-time 
representative (inspector) to be present during all excavations. Customers 
of utilities would also be affected if service is interrupted, or if ser­
vice lines were accidently severed during excavation. 

Undergrounding of electric or communication lines can also be quite 
costly to customers. Additional indirect costs may be incurred by custom~ 
ers to rewire service entrances or to convert to undergrounding service. 

These added indirect costs must be weighed against reduced costs 
which may result from the countermeasures. For example, relocating poles 
further from the roadway may reduce the chance of a service interruption 
due to a pole downed by a vehicle-pole accident. The use of breakaway 
pole bases, however, may increase service interruptions due to a vehicle 
hit or a storm. Liability costs to the highway agency and possibly the 
utility company could also be reduced as a result of these countermea­
sures. 

The issue of indirect costs associated with utility pole accident 
countermeasures is quite complex. Also, indirect costs may change drasti­
c a 11 y from one site to another for the same type of countermeasure. It 
may be possible to quantify indirect costs for use in site specific evalu­
ations, and the quantification of indirect costs for a given countermea­
sure should be included whenever possible. 

Other Economic Inputs 

Several other economic inputs are' al so needed to conduct the cost-
effectiveness analysis, including: 

• Project service life 
• Salvage value 
• Interest rate 
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The following is a brief discussion of these three factors: 

Service Life - For each countermeasure under consideration, servi.ce life 
must be established for use in computing accident benefits. Based on 
input from telephone and electric companies, average expected service 
lives of poles were obtained for overhead lines and undergrounding, and 
generally ranged from 15 to 30 years, depending on the local conditions or 
types of poles and lines. The user may select any expected service life, 
although a service life of 20 years is a conservative assumption for most 
situations. 

Salva~e Value - The salvage value is the dollar value of a project at the 
end o ,ts service life. For most highway safety-related projects, the 
salvage value is very small and is generally assumed to be zero, particu­
larly where long service lives are involved. For utility pole accident 
countermeasures, salvage values are possible, depending on the condition 
of the poles and lines. However, this is highly dependent on the speci­
fics of the site. A user may enter a salvage value into the economic 
analysis. Otherwise, a salvage value of $0 will be assumed. 

Interest Rate - The interest rate is an important value input into the 
cost-effectiveness procedure by the user. For long project service lives 
(i.e., greater than 15 years), the interest rate could have a considerable 
effect on the computed benefits. Thus, the attractiveness of the B/C ratio 
of each project can be affected, which could affect the selection of a 
particular countermeasure. In recent years, many agencies have used 
interest rates up to 20 percent. The manual procedure and UPACE program 
defaults to a 12 percent interest rate when specific information on sites 
is unavailable. 
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IV. GUIDELINES FOR COLLECTING INPUT DATA 

There are several inputs for the manual or computer cost-effective­
ness methods which require field data collection for a site specific 
analysis. This chapter describes l'klich factors require field or other 
types of data,collection and methods used to collect the data. 

The types of data to be collected fall into the following categories: 

• Utility pole features 
• Roadside features 
• Utility pole accident data 
• Countermeasure cost information 

These guidelines are intended to minimize field data collection acti­
vities and not burden the user with difficult or complicated techniques. 
The details of'the data collection will be limited to the requirements of 
the cost-effectiveness procedures and model. 

Utility Pole Features 

Utility Pole Offset 

This value represents the average lateral distance from the roadway 
( in feet) to poles on the sect ion. This is one of the most important 
variables collected in the field. The utility pole accident predictive 
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model is highly sensitive to utility pole offset, and pole offset is 
particularly important if poles are located within 10 feet (3 m) of the 
road. 

To obtain this data, it is recommended to use a measuring \'A1eel and 
measure perpendic-ularly from the edge of the traveled way (or curb face) 
to the pole to the nearest 1 foot (0.3 m). It is not necessary to measure 
the offset of every pole. The measurement of 1 out of 5 poles will be 
sufficient if the poles are in a straight line. If pole offsets vary 
greatl~, more measurements may be needed. 

If two lines of poles exist (one on each side of the roadway), the 
average for both sections combined must be used, unless one line has an 
offset greater than 30 feet (9 m). An example of calculating average pole 
offset for a section with two lines of poles (measuring 1 out of 5 poles) 
i s as fo 11 ows: 

Side 1 - 100 poles (20 poles measured) 

3 at 4 feet (1.2 m) 
10 at 5 feet (1.5 m) 
7 at 6 feet (1.8 m) 

Side 2 - 80 poles (16 poles measured) 

10 at 12 feet (3.6 m) 
2 at 13 feet (3.9 m) 
4 at 15 feet (4.5 m) 

Average Offset 

= [(3x4) + (10x5) + (7x6)] 5 + [(10xl2) + (2xl3) + (4xl5)] 5 
8 

= 520 + 1,030 = 8.6 feet= 9 feet (2.7 m) 
180 

Totally obstructed poles must be excluded from the calculation of 
average pole offset, since they cannot be struck by a run-off-road 
vehicle. 

Pole Density 

This information can be collected by driving the section and counting 
the number of poles within 30 feet (9 m) of the roadway on the entire 
section. The number of poles {both sides) divided by the section length 
in miles gives the pole density. Totally obstructed poles should not be 
counted when determining pole density. 
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Pole Line Type 

Pole line type can have a major impact on countermeasure costs. Costs 
to relocate telephone poles or underground the lines will likely be much 
less ~han for distribution or transmission lines. The telephone or 
electric company should be contacted to obtain this information. 

Roadside Features 

Roadside Coverage Factor (CF) 

The CF factor is an input to both the manual and computer method. Data for 
it can be collected as described earlier by driving the section and 
counting the number of point and line obstacles as shown in table 1. This 
method is described in greater detail in NCHRP 247 [15]. One caution with 
this method is if poles are 1 ocated on one side of the roadway, you do not 
need to be concerned l'.lith fixed objects located on the other side of the 
roadway. If poles are located on both sides of the roadway, an average 
coverage factor must be used (since only one value for CF can be input). 

Table 12 indicates the number of point or continuous fixed objects per 
mile for various coverage factors and was developed by expanding the values 
in table 1 from the number of fixed objects per 200 feet (60 m) to the 
number of fixed objects per mile, the following table indicates the number 
of point or continuous fixed objects per mile. Using table 12 for a 
location having utility poles on one side, and a roadside with 28 point 
fixed objects (20 percent coverage factor) and 250 feet (75 M) of contin­
uous fixed objects (20 percent coverage factor), a coverage factor for a 
one-mile section would be approximately 40 percent. The rules of which 
objects to count or not count in table 12 are the same as for table 1. The 
values of CF should be rounded to the nearest 10 percent. 

A preferred method of assigning a roadside coverage factor is to 
examine figures 12 through 17 which represent roadside coverages of 10, 20, 
30, 40, 60, and 80 percent respectively. It is advisable to review these 
illustrations and select an average value of CF which most represents the 
roadside under investigation. 

Distance to an Obstructed Zone 

This is on1y used as an input to the computer model. The value is the 
average lateral offset measured from the edge of the roadway to the 
obstructed zone in feet. The obstructed zone is a dense collection of 
fixed objects, such as a dense forest or a continuous wall. If an obstruc­
ted zone does not exist, a value of 30 feet (9 m) should be used for rural 
areas and 20 feet (6 m) for urban areas. 
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Table 12. Roadside coverage factors (CF) for various numbers 
of fixed-objects per mile. 

Number of Point-
Percent Obstacles per Mile 

Coverage 
Factor Poles on Pol es on 

(CF) One Si de Both Si de 

10 12 24 
20 28 56 
30 45 90 
40 62 124 
50 79 158 
60 98 196 
70 118 236 
80 139 278 

100 >185 >370 

Note: 1 foot= 0.3 m 
1 mile= 1.6 km 

Sideslopes 

Total length of 
Continuous Objects {ft.) 

Poles on Poles on 
One Side Both Sides 

0-120 0-240 
121-380 241-760 
381-840 761-1,680 
841-1,400 1,681-2,800 

1,401-1,950 2,801-3,900 
1,951-2,400 3,901-4,800 
2,401-2,900 4,801-5,800 
2,901-3,400 5,801-6,900 

>4,000 >8,000 

Roadway sideslope (rural areas only) is an important input variable 
for the computer model . This data can be obtained from agency files or by 
measurement in the field and is only needed for sections without curbs. 
The average or predominate value for sideslope should be used as well as a 
designation for cut or fill. If poles are located on one side of the 
road, the sideslope value for only that side of the road should be used. 

Traffic Volume (ADT) 

Traffic volume is an important input to both the manual procedure and 
the computer model. This data should be obtained from agency files and 
should represent the average daily traffic volume for the base year. If 
this data is not available, a 24-hour traffic count should be taken. The 
user is cautioned that the cost-effectiveness procedure is not applicable 
for roadway sections with average daily traffic volumes less than 500 or 
greater than 60,000. 

Traffic Growth Projections 

This data should be obtained from agency files and must coincide with 
the analysis period. The manual method allows for the use of an annual 
growth factor or an overall growth factor. In add it ion to these, the 
computer method al lows the user to input the projected traffic volume for 
each year of the analysis period. This information is needed to allow for 
future changes in accidents resulting from changes in traffic volume. 
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Section length• 0.1 mile (0.16 km) 

Seale: 1 inch (2.5 cm) = BO ft. (24 m) 

G -~ • • • • 
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Figure 10. Illustration of roadside with a 10 percent 
coverage factor (Cf). 

Section length= 0.1 mile (0.16 km) 

Seale: 1 inch (2.5 cm) = 80 ft. (24 m) 

0 0 _ ______. 
• • • • 
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Figure 11. I 11 us tr.at ion of roadside with a 20 percent 
coverage factor (CF). 

Section length= 0.1 mile (0.16 km) 

Scale: l inch (2.5 cm) = 80 ft. (24- m) 

0 
0 _ _______. 

• • • • 
• 0 ~ 

- - - - - - - - - - - - - - - - - - - - - - - - -~ 
Figure 12. Illustration of roadside with a 30 percent 

coverage factor (CF). 
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Section length= 0.1 mi1e (0.16 km} 

Sca1e: 1 inch (2.5 cm) = 80 ft. (24 m) 

G . _______. ; 

• • • • 
H 

. I ' ___--:: 
I I -~ 1--------- - - - - ------ - - - - - - - - - - - -

. 

Figure 13. Illustration of roadside with a 40 percent 
coverage factor (CF). 

Section length= 0.1 mile (0.16 km} 

Scale: l inch (2.5 cm) = 80 ft. (24 m) 

Q 0 0 • • • • • • 
I I 

0 
~ ~ 

r-"" - - - - - - - - - - -- - - - - - - - - - - - - - - -~ 

Figure 14. 11 lustration of roadside with a 60 percent 
coverage factor (CF) . 

---

Sect ion length = 0.1 mile (0.16 km) 

Sca1e: 1 inch (2.5 cm} = 80 ft. (24 m} 

0 0 0 .------• • • • 
Q D ~ I ~ I 

._ - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - -~ 

Figure 15. Illustration of roadside with a 80 percent 
coverage factor (CF) . 
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Utility Pole Accident Data 

The user may prefer to use historical utility-pole accident data on 
the section instead of the predictive rnodel to obtain baseline accident 
experience. This is encouraged but is acceptable only if the following 
conditions are met: 

• Accidents must be coded as "uti 1 ity pole" and not just as "run­
off-road." If there is no separate box to indicate that a utility 
pole was struck, the reporting officer may or may not indicate 
so. 

• There must be a reasonably low reporting threshold (i.e., $400 or 
1 ess) such that a high percentage of property damage only (PDQ) 
accidents are reported. In some jurisdictions, only tow-away or 
injury accidents are reported. This type of reporting level would 
be insufficient for using existing accident data. 

• Three to five years of utility pole accident data must be avail­
able for analysis purposes. General guidelines are if the traffic 
volume (AOT) is above 10,000 vehicles and/or the section length is 
2- miles (3.2 km) or greater, then 3 years of accident data is pro­
bably adequate. Otherwise, 5 years of accident data should be 
used. Also, if a major change occurred during the past 3 to 
5 years (during which accident data are being evaluated), such as 
a road closure for construction, or modification to the existing 
pole placement, this is another reason to not use historical 
accident data. 

• The location of the accidents must be accurately recorded. For 
example, when locational information is consistently in error by 
0.1 to 0.5 mile (0.16 to 0.8 km), then historical accident data 
should not be used. 

• There should be at least 5 utility pole accidents found during the 
analysis period. For sections with less than 5 utility p::>le acci­
dents, it is preferable to use the predictive model. Since utility 
pole accidents are random and relatively rare events, fluctuations 
in utility pole accidents may result in a nonrepresentative acci­
dent sample for the section. 

The manua 1 and computer procedures have built-in factors to account for 
accident severity. This will result in a more stable and realistic esti­
mate of accident severity. For example, if actual utility pole accidents 
are used for the analysis, a single random fatality could result in justi­
fying almost any countermeasure. The• assumed distribution of accident 
severity for a section is l percent fatal accidents, 46.3 percent injury 
accidents, and 52.7 percent property damage only accidents, based on an 
analysis of 9,583 utility pole accidents on over 2,500 miles (4,000 km) in 
4 States (5]. 
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Cost Information 

Cost information for each countermeasure is highly site specific. 
Although tables are provided in this report to show acceptable ranges and 
average countermeasure costs for a section, these should only be used t,,f}en 
better information is not available. Cost-related information should 
include: 

• Direct countermeasure installation costs, including right-of-way 
acquisition and costs of removing the old line of utility poles 

• Indirect costs, such as insurance costs, the cost of power out­
ages, or rerouting traffic (if necessary), and engineering and 
administrative costs associated with the countermeasure. 

• The change in maintenance costs associated with the counter-
measure. 

• The service life of the countermeasure. 

• The salvage value at the end of the service life (if applicable). 

This information can be obtained from the utility company in question 
or can possibly be obtained by investigating associated costs of similar 
past projects. 

Increasing Pole Offset Reduces Accident Frequency 
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V. MANUAL COST-EFFECTIVENESS PROCEDURE 

This procedure may be used to manually determine the cost-effective­
ness of each proposed countermeasure, and to determine which alternative 
is optimal when two or more alternatives are under consideration. The 
manual procedure involves a site-specific analysis where actual accident 
experience and individual agency costs can be used for countermeasure 
implementation and maintenance, as well as agency interest rates, and 
other inputs. The manual procedure can be utilized with the aid of 
tables, nomographs, worksheets, and a calculator, ~ithout the aid of a 
computer. 

The manual procedure is a simplified version of the computerized 
cost-effectiveness procedure, but does not al low for the use of some 
details such as projected safety belt use or vehicle downsizing in future 
years. In addition, the computer method al lows for more detailed calcula­
tions of the roadside adjustment factor, computation of future traffic 
volumes, projected utility pole accident occurrence and severity, etc. 
compared to the manual cost-effectiveness method. 

A series of 18 steps are provided for conducting the manual proce­
dure. In addition, a series of work forms are provided to assist in the 
procedure. Form A ( figure 16) is used to summarize the existing condi­
tions at the site, and form 8 (figure 17) is used to describe the charac-
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COST-EFFECTIVENESS ANALYSIS PROCEUURE FOR UTILITY PULE ACCIDENTS 

FORM A: SITE DESCRIPTION 

Road Na~e or Route Identification: 

Beginning Milepoint: _____ End1ng: _____ Length: ____ (Miles) 

Area Type (Urban or Rural) ________ Curb (Yes or No) ___ _ 

Right-of-Way Width: _______ Shoulder Width: Feet ------
Current Daily Traffic Volllllle (ADTc): ____ Speed Limit: ____ mph. 

Expected Future Change in AOT = percent/yr. or percent in yrs. 

Utility Pole Location (one side or two): ______ _ 

No, of Pol es 

Side 1: 

Pole Spacing 

ft. 

Poles/Mile Avg. Pole Offset 

ft. ---- -----
Side 2: ft. ft. ---- -----
Total: ft. -----
Type of Utility Poles and Lines: 

Side 1 Side 2 (if applicable) 

Wood telephone poles 
Wood power pol es carrying <69 KV lines 
Non-wood pol es 
Heavy wood distribution and transmission poles 
Steel transmission poles 

Utility Pole Accident Data: 

lit i 1 ity Po le Ace ident s 

D Available D Not Available 

(total) for years. 

Utility Pole Accidents/Mile/Year (Ac) = No. of Utility Pole Accidents 
(Sec. Length) x (Yrs. ot Data) 

Ac= ___ Utility Pole Accidents per mile per year 

Percent injury & fatal Utility Pole Accidents= ___ % 

Total Injuries: ______ _ Total Fatalities: ------
Coverage of other heavy fixed objects within 30 feet of roadway. Refer to 
Figures 10 to 15 to determine coverage factor (CF) to use (check one): 

10% Roadside Coverage 
--. 20% Roadside Coverage 
-- 30% Roadside Coverage 
-- 40% Roadside Coverage 
-- 60% Roadside Coverage = 80% Roadside Coverage 

(See 
(See 
( See 
(See 
(See 
(See 

Figure 
Figure 
Figure 
Figure 
Figure 
Figure 

10) 
11) 
12) 
13l 14 
15) 

Figure 16. Work form A: site description. 
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COST•EFFECT!VENESS ANALYSIS PROCEDURE FOR UTILITY POLE ACC!UENTS 

FORM B: COUNTERMEASURE DESCRIPTION 

( Complete Form B for Each Countermeasure) 

Countermeasure Number of .-- --
Countermeasure to be Evaluated (Check l)ie): 

Placement of Ut i 1 ity U nes Underground ( Check One) 

Telephone lines 
Electric distribution lines <69 KV, direct bury, one phase 
Electric distribution lines <69 KV, direct bury, three phase 
Electric'distribution lines <69 KV, conduit 
Electric transmiss.ion lines >69 KV 
Other: · 

Pole Relocation fr001 
-- pavement 

feet to feet fr001 the edge of the 

Increase Pole Spacing from to feet. Thus the total number 
of poles on the section wfTT7ie -----~which translates 
to _____ poles per mile of roadway section. 

Pole Relocation fr001 · feet to feet fr001 the edge of the 
-- roadway and Increase Pci"ieSpacing t-o-- feet vtlich translates 

to poles per mile of roadway section. 

Add Breakaway Pole Feature to percent of poles. 
Expected reduction in injury and fatal accidents= % 

Multiple Pole Use (for a section with utility poles on both 
-- sides of the roadway) by removing utility lines fr001 the line 

of poles closest to the roadway. The average offset of the 
rat1aining line of utility pole is feet fr001 the edge of 
the roadway. The number of poles on7Jie section would be 
translating to __ poles per mile of section. 

Expected change in annual maintenance cost (total section): 

No change 
-- Increase of $ per year 
-- Decrease of $--- pe.r year := Unknown ( assuiiiefochange if unknown) 

Expected initial project costs (Specify): 

$ Per Mile: $----- Per Pole: _____________________ _ 

$ Total : --------~--------------
Expected countermeasure service life = years (asslJTle 20years if unknown) 

Interest rate = percent per year (assume 12 percent if unknown) 

Figure 17. Work form B: countermeasure description. 
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teristics of each proposed countermeasure. Work form C (figure 18) is used 
to ev a 1 uate the effectiveness of each countermeasure and form D 
(figure 19) is used to select the most cost-effective countermeasure. The 
manual procedure is conducted by completing the following steps: 

1. Complete the Site Description Form (form A). 
2. Complete the Countermeasure Description Fann (form B). 
J. Compute Average Traffic Volume Over the Project Life (ADTA). 
4. Determine the Number of Utility Pole Accidents Without Treatment (AB). 
5. Determine the Accident Reducti~n Factor (RA). 
6. Select the Roadside Adjustment Factor (HR). 
7. Compute the Number of Accidents Reduced (.6A). 
8. Select the Average Cost per Utility Pole Accident (CA). 
9. Compute Accident Benefits Due to Reduced Accidents (BA). 

10. Compute Accident Benefits Due to Reduced Accident Severity (Bs). 
11. Compute Total Accident Benefits (Br). 
12. Determine the Change in Maintenance Costs (CM). 
13. Determine Countermeasure Installation Costs (Ci). 
14. Calculate Total Project Costs (Cr). 
15. Calculate the Benefit-To-Cost Ratio (B/C). 
16. Conduct Incremental Benefit.:.to-Cost Ratio Analysis (.6B/.6C). 
17. Evaluate Available Funding and Other Constraints. 
18. Record Project Details. 

The details of each step are described in the following paragraphs. 

Step 1 - Complete the Site Inventory Form (form A) 

The characteristics of each site should be recorded on form A, which 
is shown as figure 16. Each site should be relatively homogeneous in 
features such as traffic volume, pole offset from the roadway, pole 
spacings and the predominant roadside features. If conditions along a 
section change considerably, the sections should be divided and a separate 
analysis should be conducted on each section. For example, assume that the 
average pole offset is about 2 feet (0.6 m) for 2 miles (3.2 km) of a 
5-mile (8-km) section, and the average pole offset is about 10 feet (3 m) 
for the other 3-mile (4.8-km) segment. In that case, a separate analysis 
should be made for the 2-mile (3.2-km) section and the 3-mile (4.8-km) 
section. Minor fluctuations in traffic volume, pole offset and other 
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Page l of 4 

COST• EFFECTIVENESS ANALYSIS PROCEDURE FOR UTILITY POLE ACCIDENTS 

FORM C: WORK FORM 

(Complete Form C for Each Countermeasure: See Coding Instructions) 

STEP I - Complete the Site Inventory Form (Form A). 

STEP 2 - Complete the Countermeasure Description Form (Form S). One 
Countermeasure Description Form should be completed for each 
countermeasure. 

Countermeasure No.: -----
Countermeasure Description: --------------

STEP 3 - Compute Average Traffic Volume over the Project Life (ADTA) 

Current AOT = ___ = ADTc 

, Method 3-A - Annual Growth Rate (g) 

Annual Traffic Growth Rate (g) = __ percent 

Adjustment Factor = ___ = FA (From Table 11) 

ADTA = (ADTc) X FA = __ __ex 

• Method 3-S - Overall Growth Rate (G) 

Overall Growth Rate (G) percent 

AOTA = ADTc (2 + G/100) __ (2 + /100) = 
2 

STEP 4 - Determine Utility Pole Accidents Without Treatment (As) 

1 Method 4-A - Accident Predictive Model - Nomograph 

ADTA = (Step 3) ----
Existing Pole Density= _____ poles/mile (Form A) 

Existing Pole Offset = feet (Form A) 

As= _____ Accidents per mile per year (Nomograph, Figure 8) 

Note: If Method 4-A is used, A2 = As. 

Figure 18. Work. fonn C: cost-effectiveness evaluation. 
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Page 2 of 4 

COST-EFFECTIVENESS ANALYSIS PROCEDURE FOR UTILITY POLE ACCIDENTS 

FORM C: WORK FORM 

(Complete Form C for Each Countermeasure: See Coding Instructions) 

• Method 4-8 - Existing Accident Data 

Ac= accidents per mile per year based on existing accident 
ex per, ence ( Form A) 

Adjustment Factor to Convert Utility Pole Accident Experience From Ac to As 

A1 (From Nomograph, Figure 8) = ____ _ 

ADTc =-~~-(Form A) 
Existing Pole Density= ___ poles/mile (Form A) 
Existing Pole Offset = feet (Form A) 

Az (From Nomograph, Figure 8) 

ADTA = .~~~~{Step 3) 
Existing Pole Density= ----~poles/mile (Form A) 
Existing Pole Offset = _____ feet (Form A) 

As= (Ac) x (A2/A1) = _ x (_/_) Accidents per mile per year 

STEP 5 - Determine the Accident Reduction F.actor (RA) for utility pole accidents 

_____ Accidents per mile per year Ar (from Nomograph, Figure 8) 

ADTA = ,.,,....,"'"'"''"""'"'=-=(Step 3) 
Proposed Pole Density= poles/mile (Form B) 
Proposed Pole Offset = -----feet (Form B) 

Az = ____ Accidents per mile per year (Step 4) 

RA= Az - AF 
A2 

RA= ____ % Reduction in Utility Pole Accident Frequency 

For the Breakaway Pole Countermeasure, Skip Steps 6 and 7, go to Step 8. 

STEP 6 - Select the Roadside Adjustment Factor (~R) 

Skip for the Breakaway Pole Countermeasure 

Coverage Factor (CF) = (Form A) ------
(0 to 1.0) from Tables 3, 4, 5 or 6. 

Figure 18. Work form C: cost-effectiveness evaluation (Continued). 
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COST-EFFECTIVENESS ANALYSIS PROCEDURE FOR UTILITY POLE ACCIDENTS 

FORM C: WORK FORM 

(Complete Form C for E.ach Countermeasure: See Coding Instructions) 

STEP 7 - Compute the Number of Accidents Reduced (6A) 

6A = __ x __ x __ x __ = ___ Accidents per year 

STEP 8 - Select the Average Cost Per Utility Pole Accident (CA) 

CA• $7,007 based on 1981 NSC costs or$ __ based on -- . 
___________________ agency costs. 

for the breakaway pole countermeasure, skip Step 9 and go to Step 108 

STEP 9 - Compute Accident Benefits Due to Reduced Accident Occurrences (BA) 

BA = __ x $ __ = $ ___ per year. 

STEP 10 - Compute Accident Benefits Due to a Reduction in Accident Severity (Bs) 

• Step 10-A - For all countermeasures except breakaway devices. Only for 
sections having speeds less than 45 mph. 

Bs ~ (As) x (1 - HR) x (RA) x (6CA) x [L) [Fori'.!CA, See Table 12] 

X (\ - __ ) X X $ __ X • $ __ per year 

• Step 10-B - For the breakaway pole countermeasure only 

[For 6.CA, See Table 13] 

B5 • ___ x $ ___ x ___ • $ ___ per year 

STEP 11 - Compute Total Accident Benefits (Br)' 

Br = BA + BS 

Br•$ + $ --- --- $ ___ per year 

Figure 18. Work form C: cost-effectiveness evaluation (Continued). 
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COST-EFFECTIVENESS ANALYSIS PROCEDURE FOR UTILITY POLE ACCID£NTS 

FORM C: WORK FORM 

(Complete FormC for Each Countermeasure: See Coding Instructions) 

STEP 12 - Determine the Change in Maintenance Costs (CM) 

CM = $ ___ per year. Use $0 if unknown 

STEP 13 - Determine Countermeasure Installation Costs (Ci) 

• Method 13-A Cost Per Mile (CL) 

Cl (CL ) x (CRF\) x (L) 

$ x ___ x ___ = $ ___ per year 

• Method 13-B - Cost Per Utility Pole (Cp) 

CI (Cp) x (PL) x (CRFi) x (L) 
n 

CI = $ ___ X ___ X ___ X 

• Method 13-C - Total Project Cost (Cs) 

Cl = (Cs) x (CRF 1) 
n 

$ __ x 

C1 = $ ____ per year 

STEP 14 - Calculate Total Project Cost (Cr) 

Cr = CM + CI 

Cr=$ __ +$ __ =$ __ per year. 

STEP 15 - Calculate the Benefit-To-Cost Ratio (B/C) 

B/C = ...1 
Cr 

= $ ___ per year 

Figure 18. Work form C: cost-effectiveness evaluation (Continued). 
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COST•EFFECTIVENESS ANALYSIS PROCEOURE FO~ UTILITY POLE ACCIUENTS 

FORM D: COMPARISON OF COUNTERMEASURE 

(Use This Form Only if 2 or More Countermeasures Are 
Being Considered at the SiJTie Location) 

STEP 16 • Conduct Incremental Benefit-to-Cost Ratio Analysis (6B/ 6C). 

Li st the Countermeasures in Order by Cost (CT) from Lowest to Highest for those with a B/C 
ratio greater than 1.0 (or other acceptable minimum value). 

Counter­
measure 

Number 

Total 
Annual 

Cost 
.J..S.rl. 

Total 
Annaul 

Benefits 

~ 
B/C 

Ratio Compare 

Incremental 
Change [n 

Costs (6C) 

Incremental 
Change In 
Benefits 
(68) 

Incre,nental 
Benefit/Cost 

Ratio 
6B/6C 

Lowest Cost (Cr)----------------------------------

2nd Lowest Cost 

3rd Lowest Cost 

4th Lowest Cost 

Highest Cost 

STEP 17 - Evaluate Avail able Funding and Other Agency Constraints 

Select the remaining col.Jntermeasure with the highest incremental benefits to highest ;ncremental 
cost~. 

Countermeasure No. and Oes.crlption: _______________________ _ 

Countermeasure Cost: $ _________ per year 

ls funding avail able to complete project (Yes or No) ____ _ 

Oo any o.ther agency constraints prohibit implementation (Yes or No) ___ _ 

If yes, Describe: _______________________________ _ 

[f the project is unacceptable, select the countermeasure with the next highest incranenta1 
benefits to incremental costs until project is selected. 

Countermeasure No. and Description: _______________________ _ 

Countermeasure Cost: $ _________ per year 

STEP 18 - Record Project Details 

Selected Project: 

Project Cost: ___________ per year 

Total Project Cost: _______ Chang• in Annual Maintenance Costs:$ _______ _ 

Annual Accident Benefits: $ _______ _ 

Utility Po I e Ace idents Reduced per year: _______ _ 

B/C Ratio• _______ _ 

Figure 19. Work form D: comparison of countermeasures. 
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roadside conditions can be tolerated for a site, without sacrificing much 
accuracy. 

When sections must be broken up for analysis purposes, avoid making 
section lengths too small. A minimum section length of 0.5 to 1.0 miles 
(0.8 to 1.6 km) is recommended. Longer sections are preferable (as long 
as traffic and roadway conditions are relatively uniform) to avoid in­
accuracies in matching accidents to a section. 

For sections ~,ith poles on both sides of the roadway, the overall 
average pole offset rnust be used. For example, a two sided section has 
poles at an average of 5-foot (1.5-m) offsets with 40 poles per mile 
(25 poles/km) on one side and 15-foot (4.5-m) offsets with 55 poles per 
mile (34 poles/km), the overall offset would be calculated as follows: 

(55 poles x 15 feet) + (40 poles x 5 feet) = 11 ft (3.3 m) offset 
90 poles 

When determining pole density (poles/mile), count the total number of 
poles and divide by the section length. Do not include totally obstructed 
poles which vehicles could not possibly hit. Totally obstructed poles must 
be considered, however, l'klen computing countermeasure costs on a cost per 
pole basis. 

Step 2 - Complete the Countermeasure Description Form (form 8) 

Each proposed countermeasure should be described by completing the 
Countermeasure Description Form ( form 8) shown as figure 17. One form 
should be completed for each countermeasure. Costs can be recorded as 
costs per mile, costs per pole or total costs. All related project costs 
should be included. 

Step 3 - Compute the Average Daily Traffic Volume Expected Over the Pro­
ject Life (ADTA) 

The purpose of this step is to determine the average traffic volume 
over the project life. This can be accomplished by one of two methods; 
(A) by estimating a fixed growth rate per year, such as 5 percent per year 
or (8) by estimating the overall growth factor over the project life, such 
as 20 percent over 20 years. 

Method 3-A - To determine the average traffic volume (ADTA) based 
on a yearly growth rate (g) for a given service life (ri), use 
Table 11 to determine the adjustment factor (FA), The adjustment 
factor for traffic vo 1 ume can a 1 so be computed based on a yearly 
increase in traffic volume from the following expression: 
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Where: 

1 + (l+g/l00)n 

2 
(7) 

FA= The adjustment factor for traffic volume for an annual 
traffic growth rate 

g = Annual traffic growth rate 
n = Project service life (years) 

Multiplying the existing traffic volume by the adjustment factor 
(FA) will provide the average traffic volume over the project 
period (ADTA). 

The problem with this method is that a given growth rate applied 
to a facility for a 20 to 25 year period may be unrealistic and may 
over-estimate future traffic volumes. The shaded portion of table 13 
indicates the adjustment factors which may be unrealistically high. 
These factors in the shaded area may only be applicable to areas 
which will experience considerable growth for a long period of time. 
-If the adjustment factor falls into the shaded portion of table 13, 
it may be advisable to use Method 3-8. 

Method 3-8 - This method applies an overal 1 growth rate (G) to the 
traffic volume for the entire project period (n). The average traffic· 
volume (ADTA) is found as follows: 

ADTA= ADTC(2+G/100) (8) 

Where: 

ADTA = Average traffic volume over the life of the project 
ADTc = The existing traffic volume 
G = The growth rate in traffic volume for the project service 

life (n) 

Step 4 - Determine the Number of Utility Pole Accidents Without 
Treatment (As) 

The number of utility pole accidents 
ment can be determined by two methods: 
accident experience. 

per mile per year without treat­
(A) by nomograph or (B) actual 

Method 4-A - The nomograph should be used when the actual historic 
ut, I 1ty po le accident experierke for a section is unknown, the data 
quality is questionable or if less than three to five years of 
utility po le accident experience is known for the section. The 
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Table 13. Adjustment factors (FA) for determining 
average daily traffic volumes (ADTA). 

Project Service Life in Years 
Annual 

Traffic Growth 
Rate ( g) 5 10 15 20 25 30 35 

- 5% 0.89 0.80 o. 73 o. 70 0.64 0.61 0.58 

- 3% · 0. 93 0.87 0.82 0. 77 0.73 0.70 0.67 

- 2% 0.95 0.91 0.87 0.83 0.80 0. 77 0. 75 

0% (no change) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

+ 2% 1.05 1.11 1.17 1.24 1. 32 1. 41 1. 50 

+ 3% 1.08 1.17 1.28 1.40 1.55 1. 71 1.91 
. 

+ 5% 1.14 1.31 1.54 1.83 2.19 2~66 3.26 
. 

+ 7% 1.20 1.48 1.88 . 2.43 3.21 4.:31 S.84 

+ 8% 1. 23 1. 58 2\09. 2.83 3.92 5.53 
. 

·.,,· :.-. -. . 

+10% 1.30 1.80 •··•2;59·• .. 3.86 5.92 
~\·'', ·-·. :- ·_". 

:/:._·:::· ,' 

.i.24·· 
.. 

+12% 1. 38 F2~05 .5.32 
·-'·· 
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(n) 

40 

0.56 

0.65 

0.72 

1.00 

1.60 

2.13.· 
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nomograph in Figure 8 was developed by Zegeer, et al. [5] in a FHWA 
study of utility pole accidents. The nomograph predicts utility pole 
accidents per mile per year based on traffic volume, lateral pole 
offset and utility pole density. To use the nomograph, enter the 
X-axis with the future traffic volume (ADTA) from step 2 and 
proceed vertically to the curve corresponding to the average po le 
density on a section. Turn at the pole density line (poles/mile) and 
proceed right to the curve corresponding the pole offset (feet). 
furn and proceed down to record the corresponding utility pole acci­
dents per mile per year. 

Method 4-B - If the user knows the accident experience for at least 
3 years on the section, this data can be used to calculate As. 
First, the existing utility pole accident experience must be con­
verted to the units of utility pole accidents per mile per year 
(Ac). This number must be multiplied by an adjustment factor to 
represent the ut il itY, po le ace i dent experience for the average 
traffic volume over the project period (ADTA) in the untreated 
condition. To obtain the adjustment factor, determine the expected 
current utility pole accident experience (A1) from the nomograph in 
figure 8 using existing traffic volume (ADTc) and existing !X)le 
offsets and density. Then determine the future projected utility 
pole accident experience (Az) from the nomograph in figure 8 using 
the average traffic volume over the project period (ADTA). Thus, 
the number of utility pole accidents in the untreated (before) condi­
tion is calculated as: 

Where: 

(9) 

The number of utility pole accidents per mile per year in 
the untreated (before) condition based on average traffic 
volume over the project period. 

Ac= The actual number of utility pole accidents per mile per 
year for at least 3 to 5 years of data. 

Ai= The number of utility pole accidents per mile per year 
using the nomograph based on existing traffic volume 
( ADT C). 

Az = The number of utility pole accidents per mi le per year 
using the nomograph based on the projected average traffic 
VO l ume (ADT A) . 

If the actual number of utility pole accidents are used to 
determine AB, compare this number with the eic.pected utility pole 
accidents from the nomograph. If the two values differ greatly, try 
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to determine the reason ( i . e., poor ace i dent reporting, unusually 
dangerous section, etc.). If the actual accident experience fluctu­
ates widely, it may have been due to an unusual occurrence in one 
year, such as an ice storm, a change in accident reporting level, or 
other circumstances. If a large fluctuation in accident data is 
evident, or if only one or two years of accident data are available, 
then the utility pole accident experience generated from the nomo­
graph should be used. If the accident experience for a section is 
consistent but much lower than that predicted by the nomograph, this 
may be due to an unrealistically high reporting level (such as injury 
accidents only or tow-away accidents being used as a reporting thres­
hold). If it is reasonably certain that the existing utility pole 
accident experience (Ac) is complete and accurate, this should be 
used to compute the value As (utility pole accidents per mile per 
year without treatment). If actual utility pole accidents are unknown 
or of questionable accuracy, then the nomograph value must be used 
for the value As. 

Step 5 - Determine the Accident Reduction Factor (RA) 

Vse the corresponding accident reduction factor for the respective 
countermeasure: 

• Underground utility lines: RA = 1.0 ( 100 percent of the utility 
pole accidents will be eliminated). Proceed to step 6. 

• Relocate the pol es further from the roadway: proceed to step 5-A 
to determine RA. 

• Reduce the number of utility poles (multiple pole use, increase 
pole spacing, etc.): proceed to step 5-A to determine RA. 

• Combination of pole relocation and reducing the number of utility 
poles: proceed to step 5-A to determine RA. 

• Install breakaway poles: RA = o (The number of utility pole 
accidents will remain unchanged). Skip steps 6 and 7 and proceed 
to step 8. 

Step 5-A - This step is to be used for any com bi nation of pole 
relocation, and/or reducing the number of utility poles. Use the 
nomograph in figure 8 to determine the untreated number of utility 
pole accidents per mile per year (Aa) based on average traffic 
volumes over the project period (ADTA) and existing utility pole 
offset (feet) and density (poles per mile). If actual accident exper­
ience is used, the utility pole accident experience in the before 
condition must be calculated using the nomograph (A2). Use the 
nomograph a second time with the same traffic volume (ADTA), and 
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enter the proposed utility pole offset and density which would exist 
with the countermeasure to find the expected future utility po le 
accident experience (AF). The accident reduction factor (RA) is 
computed as follows: 

(lo) 

Where: 

RA= Accident reduction factor for utility pole accidents. 

The number of utility pole accidents per mile per year in 
the untreated condition based on average traffic volumes 
(ADTA) calculated from the nomograph (regardless if 
existing accident data is used). 

The number of utility pole accidents per mile per year 
expected after countermeasure implementation based on 
average traffic volumes (ADTA) calculated from the 
nomograph in figure 8. 

The value of the ace i dent reduction factor (RA) must be bet­
ween 0 and 1.0. 

Step 6 - Select A Roadside Adjustment Factor (HR) 

The roadside adjustment factor is used to account for the increase in 
other run-off-road, fixed-object accidents that would likely have been 
utility pole accidents (i.e., run-off-road vehicles hit trees that would 
have been screened by the line of utility pol es) . The roadside adjustment 
factor is computed based on the predominant roadside slope, area type, 
pole offset, roadside coverage factor and other factors. For the manual 
procedure, the most important input to the process of selecting the road­
side adjustment factor is the roadside coverage factor. Some general 
guidelines for selecting the roadside coverage factor (CF) for fixed­
objects are shown in table 1. Figures 10 through 15 show examples of 
roadsides having various coverage factors from 10 percent to 80 percent. 
These figures should be used to estimate the CF. Tables 3 through 6 
wi 11 then be used to determine the roadside adjustment factor (HR) based 
on the roadside coverage factor and the type of countermeasure. For roore 
details on determining a coverage factor, refer to NCHRP Report 247, 
"Effectiveness of Clear Recovery Zones" [15]. ·· 

The roadside adjustment factor (HR) will be between 0 and 1.0. If 
HR is equal to 1.0, this infers that there will be no increase in 
"other" run-off-road fixed-object accidents, since the roadside is level 
and absent of other fixed-objects. A roadside adjustment factor close to 
zero indicates a hazardous roadside where only a small net reduction in 
total run-off-road accidents wi 11 occur. 
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Step 7 - Compute the Number of Accidents Reduced (~A) 

The net number of accidents reduced per year is computed as follows: 

( 11) 

Where: 

~A= The net number of accidents' reduced per mile per year. 

The number of utility pole accidents per mile per year before 
treatment (Step 4). 

RA = The accident reduction factor (Step 5). 

HR= The roadside adjustment factor (Step 6). 

L = Section length in miles (Form A) 

Step 8 - Select the Average Cost Per Utility Pole Accident (CA) 

Based on previous research [5] the average cost for utility pole 
accidents was determined to be $7,007. This is based on 1981 NSC accident 
costs and an average of 47.3 percent injury plus fatal utility pole acci­
dents. The average severity was based on an analysis of 9,583 utility pole 
accidents. The use of an average percentage of injury plus fatal utility 
pole accidents (47.3 percent) is recommended instead of the actual severi­
ty of accidents at the site, since severity is partly a function of fac­
tors such as occupant restraint use, passenger health, and type of vehi­
cle, which are not site-related. Also, one fatal accident at a site could 
inappropriately be used to justify nearly any type of countermeasure. A 
different value can be used for CA based on NHTSA accident costs or the 
individual State's cost. The formulation illustrated in Chapter III under 
unit accident costs shows how the average cost of a utility pole accident 
(CA) was derived. Individual agency costs can be supplemented for the 
1981 NSC accident costs to obtain a different value for CA. 

Step 9 - Compute the Accident Benefits Due to a Reduction in Accident 
Occurrence (BA) 

This step should be conducted for all countermeasures which are 
expected to affect the frequency of utility pole accidents, ¼hich include 
undergrounding, pole relocation, multiple pole use, or increasing pole 
spacing. For tile breakaway pole countermeasure, skip to Step 10-8. Acci­
dent benefits due to a net reduction in accidents are calculated on a 
yearly basis as follows: 

(12) 
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Where: 

BA= Accident benefits per year based on the net reduction in 
accident occurrences. 

A= The net reduction in accidents (Step 7). 

' 
CA = The average cost of a utility pole accident (Step 8). 

Step 10 - Compute Accident Benefits Due to a Reduction in Accident 
Severity (Bs). 

For the countermeasures of undergrounding, increasing lateral pole 
offset, multiple pole use or increasing pole spacing go to Step 10-A. For 
the breakaway pole countermeasure, go to Step 10-B. 

Step 10-A - This step applies only to undergrounding, increasing pole 
offset, or reducing pole density. If HR is less than 1.0, that 
means a portion of the utility pole accidents eliminated will be con­
verted to other run-off-road accidents after countermeasure install a­
t ion. However, since the severity of utility pole accidents is gener­
ally greater than the severity of other run-off-road accidents, ( ex­
cept for rollover accidents}, benefits due to a reduction in accident 
severity can be expected. If HR is equal to 1.0, then no increase 
in other run-off-road accidents is expected, and 85 will be equal 
to 0. 

Depending on the area type (rural or urban) the posted speed 
limit and the predominate types of other fixed objects, the expected 
reduction in accident severity is about 40 percent for non-utility 
pole run-off-road accidents. Thus the cost of other run-off-road 
accidents (.6CA) relating to various reductions in accident severi­
ty can be deterrni ned from table 14 . Previous research on utility 
pole accidents [5] has determined that the difference in cost between 
utility po le accidents and run-off-road fixed-object accidents in 
urban areas and where posted speeds are less than 45 mph (72 km/h) is 
about $2,400. For rural areas, where speeds are 45 mph (72 km/h) or 
higher, there was little evidence to suggest a difference in accident 
severity between utility pole and other fixed-object accidents, 
therefore .6CA would be equal to zero and there would be no expect­
ed benefits due to a reduction in accident severity (Bs = 0). 

If .6CA is not equal to zero (table 14), then the accident 
benefits due to reduction in accident severity for utility pole 
accidents converted to other run-off-road accidents is computed as 
fo 11 ows: 

B5 = (1-HR} x (AB) x (RA) x (.6CA) x (L) (13) 

75 



Where: 

Bs = Accident benefits per year due to a reduction in accident 
severity for utility pole accidents converted to run-off­
the-road ace idents. 

HR "' The roadside adjustment factor (Step 6) 

As= The number of utility pole accidents per mile per year 
(Step 4). 

= The utility pole accident reduction factor (Step 5) 

= The difference in cost between utilit,y pole accidents and 
other run-off-road accidents (table 14) 

L = Section length in ,miles (Form A) 

The actual number of utility pole accidents converted to run­
off-road accidents (ARoR) is computed as: 

AROR = (1-HR) x (As) x (RA) x (L) (14) 

Step 10-B - This step applies only to the use of breakaway utility 
pole devices. For breakaway devices. there would be no change in 
accident frequency (BA= O), but there would be an expected reduc­
tion in utility pole accident severity. Since the in-service evalua­
tion of breakaway pole effectiveness has not been demonstrated, a 
range of effectiveness can be used. Si nee the average percent injury 
and fatal utility pole accidents is 47.3, this should be used as the 
upper limit. The lower boundary is recommended to be 35 percent 
injury plus fatal accidents which represents approximately a 25 per­
cent reduction in accident severity. Table 15 provides var·ious levels 
of effectiveness for breakaway devices which may be used and the 
corresponding reduction in cost due to the reduction in severity 
('6.CA) based on 1981 NSC costs. Shaded portions of table 15 are not 
recommended and may greatly overestimate the effectiveness of break­
away poles. If other than 1981 NSC accident costs are used. refer to 
the discuss ion on unit ace ident costs to compute CA and ~ CA for 
various reductions in accident severity. 

Step 11 - Compute Total Accident Benefits (BT) 

Total accident benefits is the sum of benefits due to the reduced 
number of accidents and reduced ac'cident severity. The total accident 
benefit is: 

{15) 
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Table 14. Change in accident costs 6 CA due to a reduction 
in accident severity. 

Percent Accidents Percent 
by Severity Reduction in Reduction 

Injury Plus Ace i dent in Accident 
PDQ I F Fatal Accidents Cost (CA)* Cost {6.CA) 

52.7 46.3 1.0 0 $ 7,007 $ 0 
55.1 44.0 0.9 5 6,705 302 
57.4 41. 7 0.9 10 6,411 596 
59.8 39.4 0.8 15 6,118 889 
62.2 37.0 0.8 20 5,806 1,201 
64.5 34.8 0.7 25 5,512 1,495 
66.9 32.4 0.7 30 5,210 1,797 
69.3 30.1 (). 6 35 4,908 2,099 
71.6 27 .8 0.6 40 4,614 2,393 
74.0 25.5 0.5 45 4,211 2,796 
76.4 23.1 0.5 50 4,018 2,989 

* Based on 1981 NSC accident costs. 

Table 15. Values of cost reduction (ACA) due to various reductions 
in accident severity from breakaway devices*. 

Percent 
Injury and Percent Average Differences 

Fatal Ace idents Reduction Cost Per in Average 
Using Breakaway 1n Injury and Utility Pole Accident Cost 

Devices Fatal Accidents Accident ( /:::,. CA) 

47.3 0 $7,007 $ 0 

44.9 5 6,705 302 

42. 6 10 6,411 596 

40.2 15 6,118 889 

37.8 20 5,806 1,201 

35.5 25 5,512 1,495 

33.l 30 5,210 1,797 

30.7 35 4,908 2,099 
. 

28.4 40 4,614 2,393 ' 
23;7 50 4;018 ~.989 

18.9 60 3,413 . 3,594 . . . . 

• Based on 1981 NSC Accident Costs. 
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Where: 

Br = Total accident benefits per year 

Accident benefits due to reduced accident occurrences per year 
(Step 9) 

Bs = Accident benefits due to reduced accident severity per year 
(Step 10) 

Step 12 - Determine Change in Maintenan·ce Costs (CM) 

The change in maintenance costs is to be calculated on an annual 
basis for the section. This is computed as follows: 

Where: 

CM = The change in maintenance costs per year due to the 
countermeasure. 

CMB = The maintenance costs per mile per year before countermea­
sure installation. 

CMA = The maintenance costs per mile per year after countermea­
sure installation . 

. L = Section length in miles. 

If maintenance costs are unknown, a value of $0 should be used for CM. 

Step 13 - Determine Countermeasure Installation Cost (Cr) 

The countermeasure install at ion cost should be complete and include 
the cost of removing an old line of poles, purchasing right-of-way (if 
applicable) and other installation-related costs. If installation costs 
are unknown, Tables 8 and 9 provide average costs for the countermeasures 
of undergrounding utility lines and relocating poles, respectively. The 
costs of relocating poles (table 9) includes the countermeasures of in­
creasing lateral pole offset, increasing pole spacing and eliminating one 
line of poles where two existed. Both tables provide average dollar values 
based on area type (urban or rural) and type of utility line. This data 
was based on responses to a survey of 31 utility companies in 20 states 
across the United States conducted in 1981 [5]. 

Average cost data were not available for breakaway devices since the 
development and testing of such a device is incomplete. However, Mak and 
Mason [6] estimated retrofitting breakaway poles to cost approximately 
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$982 per pole. In the aosence of additional information, a cost of 
$1,000 per pole is recommended for 'oreakaway poles, as recommended oy 
Zegeer and Parker [5]. 

Implementation costs (Cr) should oe in the units 
year. Countermeasure install at ion costs may oe given as 
(CL), cost per pole (Cp) or a lump sum cost (Cs). 
converted to an equivalent uniform annual cost per mile 
the three following methods. 

of dollars per 
a cost per mile 

These can oe 
oy using one of 

Method 13-A - If countermeasure costs are given in costs per mile (to 
be incurred at project inception) the equivalent uniform annual cost 
(Cr) is: 

(16) 

Where: 

Cr = The initial construction costs amortized over the entire 
project period (n years). 

CL= Initial construction costs per mile. 

The capitol recovery factor at interest 
project life of n years (table 16). 

L = Section length in miles. 

rate for a 

If the values for i and n are unknown, default values of 12 percent 
for interest rate (i), and 20 years service life (n) can be used. 
Table 14 is a s·ample of capital recovery factors for various interest 
rates and project durations. 

Method 13-B - If initial construction costs are provided on a cost 
per utility pole oasis, the countermeasure implementation cost should 
be calculated as follows: 

( 17) 

Where: 

Cr= The initial construction costs P.er mile anortized over 
the entire project period (n years). 

Cp = The initial construction cost per utility pole. 

PL= The numoer of utility poles per mile. Table 17 can oe 
used to convert pole spacings to the numoer of utility 
poles per mile. 
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Table 16. Capital reaovPry factors (CRF's) for various 
service lives (n) and interest rates (i). 

1'E'~Q i=10% i=12% i=14% i=16% 

1 1.1000 1. 1200 1.1uoo I. u,nu 
2 0.57b2 O.'i017 O.b073 0.&230 
3 o.uo21 0.1.1163 ll.41307 o.uu53 
4 0.3155 0.]2q2 0.3113? 0.357U 
5 0.2!,H 0. 277" o.2q13 o.3oc;u 
b o.22q& o.2u32 0.2572 n.211u 
7 0.20511 0.21q1 0.2332 0.?'17', 
a . 0.1R74 o • .?013 o.21so 0.2302 
q 0.173& o. 1877 0.202? o.2171 

10 o.1i:.21 O. I 770 0.1917 o.2o&q 
1 1 0.15U0 O. lboU 0.183/J 0.\08~ 
12 O.tu0~ O.lbll.l n.1707 o.1q2u 
13 O.lUO!! 0.1557 0.1712 O.l!H2 
1 4. 0.1357 0.1509 O.lb0b 0.1R20 
15 0.1315 O.l1Jb8 0.16211 0.110a 
1 f, 0.1278 0 0 1'13ll 0 .159':, Cl.17bU 
17 0.1247 o.1uos 0.15bq o.11uo 
lB 0.1219 0.1379 0.1540 o.1719 
19 0.1195 0.1358 0.1527 0.1101 
20 0.1175 0.1339 n.1s10 0. 1 bi-17 
.? l 0.115& 0.1322 o.1uo5 0.1b7ti 
22 0.11'10 0.1308 0.1483 n.1eo'I 
23 0.1120 0.1291:. o.1u12 0.1b5U 
2" o.111~ 0.1285 0 0 111b3 0.10~7 
?5 0.1102 0.1275 0.11155 0.1bU0 
?.0 0.1002 0.12&7 (l.tuua 0.10311 
27 0.1083 0.1259 n.111L12 0.1030 
28 0.1075 0.1252 0.1il37 0.1625 
29 0.10b7 0.12U7 0.11132 0.1b22 
30 0.1001 0.12111 0.11128 0 0 1019 
31 0.1055 0.1237 0.11.125 0.1016 
32 o.1oso 0.1233 o. 1'121 O.lfilll 
33 0.1ou5 0.1220 0.1419 O.lb12 
341 0.1,0'1] 0.1220 o,. 1411 o O.lblO 
35 0.1037 0.1223 0.11.1111 0.1009 
3b 0.1033 0.1221 0 0 1lll3 0.1608 
37 0.1030 0.1218 0.11111 0.1607 
38 0.1021 0.1216 0.11110 0.1&0!, 
39 0.1025 0.121'5 0.1'109 0.1005 
40 0.1023 0.1213 0.11107 0.1604 
41 0.1020 0.1212 0.11101 0.11,ou 
42 0.1010 0.1210 0.140b 0.1&03 
43 0.1011 0.1209 0.11105 O.lb03 
411 0.101-c; 0.1208 0.111011 0.1002 
45 0.10111 o. 1207 0.1110a o.lbU?. 
4b 0.1013 0.1207 0.1403 0.1002 
47 0.1011 0.1201:, o.1uo3 O.lbOI 
48 0.1010 0 0 1?05\ o.1uo3 O.li>Ol 
49 o.1ooq 0.1205. 0.11102 0.1601 
so 0.1009 0.12011 0.1402 0.1001 
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Table 17. Conversion of pole spacing to poles per mile*. 

Pole Spacing Pole Density 
(Feet) (Poles/Mile) 

50 106 

60 88 

70 75 

80 66 

90 59 

100 53 

llO 48 

120 44 

130 41 

140 38 

150 35 

175 30 

200 26 

* Note: This table assumes only one line of utility poles. If two lines 
of poles exist. the conversion of pole spacing to poles per mile 
must be done independently for each line of poles and added 
together to obtain the total number of poles per mile. 

1 foot = 0 .3 m 

1 pole/mile= 0.6 poles/km 
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CRFi = The Capital Recovery Factor at interest rate and pro-
n je,ct service life of n years (table 16). 

L = Section length in miles. 

Method 13-C - If a single project cost or a lump sum cost is given, 
the calculation for C1 should be: 

(18) 

Where: 

C1 = The initial construction costs amortized over the entire 
project period (n years). 

Cs = Total initial countermeasure cost. 

CRFin = The Capital Recovery Factor at interest rate 
project life of n years (table 16). 

Step 14 - Calculate Total Countermeasure Cost (Cr) 

Cr = CM + CI 

Where: 

Cr= Total project cost amortized over the project life. 

CM= The change in annual maintenance cost (Step 12). 

for a 

(19) 

Cr = The initial construction costs amortized over the project 
period (Step 13). 

Step 15 - Calculate the Benefit-to-Cost-Ratio (B/C) 

The B/C ratio for the project is the total benefits divided by the 
total project costs as fol lows: 

B/C = 
Cr 

Where: 

B/C = The benefit-to-cost ratio for the countermeasure. 

Br= The total accident benefits per year (Step 11). 

Cr= The total countermeasure costs per year (Step 14). 
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Steps 2 through 10 are repeated for each countermeasure being evalua­
ted. Therefore. if 3 countermeasures are being evaluated, Steps 2 through 
15 (work form C} will be completed 3 times. The remainder of the steps 
will be completed on Worksheet D (figure 19). 

Step 16 - Conduct Incremental Benefit-to-Cost Ratio Analysis (.6.B/.6.C) 

The countermeasures should all be reviewed to determine which are 
cost-effective. If the benefit-cost ratio is greater than 1.0 (or some 
other minimum value specified by the agency), then the countermeasure 
should be considered for selection. B~ cautious with countermeasures such 
as breakaway devices whose effectiveness are speculative and have not been 
field tested. Countermeasures which are feasible and available for 
implementation should be considered for selection in this step in the 
analysis. 

If only one countermeasure has a 8/C ratio greater than 1.0, then 
this is the alternative which would be selected based on an incremental 
benefit-cost analysis. If no alternatives have a B/C ratio greater than 
1.0, then the do-nothing or existing conditions may be preferable, 
although projects should also be considered with 8/C ratios below 1.0. If 
two or more alternatives have a benefit-to-cost ratio greater than 1.0, an 
incremental benefit-to-cost analysis should be conducted to select the 
most desirable countermeasure. 

The incremental benefit-to-cost ratio is used to select countermea­
sures based on whether extra increments of expenditures are justified for 
a particular location. The method assumes that the relative merit of a 
project is measured by its increased benefits (compared to the next lower­
priced alternative)" divided by its increase in cost (compared to the next 
lower-priced alternative). 

To conduct the incremental benefit-to-cost ratio, first eliminate 
those alternatives whose B/C ratios are less than or equal to 1.0 or some 
other minimum value assigned by the agency. Rank the remaining projects in 
order from the lowest to highest cost (Cr) with the corresponding bene-
fit and cost information as shown below: · 

Starting with alternative 2 (second lowest total cost - Cr), com­
pare the incremental cost (Cz - C1) with the incremental benefits 
(Bz 7 B1). If the incremental benefits (82 - Bl) are greater than 
the incremental costs (Cz - C1) or .6.B/D.C is greater than 1.0, then 
alternative 2 is justified, and alternative 1 should be eliminated from 
consideration. If the incremental benefits (Bz - B1) are less than the 
incremental costs (Cz - C1} or .6.B/b..C is less than 1.0, then Alterna­
tive 1 is justified and Alternative 2 should be eliminated from considera­
tion. 
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Alternative 
Ranking 

Lowest 1 Cost 

2 

3 

4 

Highest 5 Cost 

Total 
Benefits 

(Br) 

Total 
Costs 
( Cr) 

Incremental 
Change In 
Benefits 

( £:,. B) 

B2 - 81 

B3 - 82 

B4 - B3 

B5 - 84 

Incremental 
Change 

In Costs Compar-

Incremental 
Benefit­
Cost Ratio 

D. Bl D. C ( D. C) ison 

Cz - C1 

C3 - C2 

C4 - C3 

C5 - C4 

2-1 (B2-B1)/(C2-C1) 

3-2 (B3-B2)/(C3-C2) 

4-3 (B4-B3)/(C4-C3) 

5-4 ( B5-B4) / ( C5-C4) 

The alternative justified for further analysis should be compared to 
alternative 3 and the evaluations of incremental benefit to incremental 
costs should be made. This procedure should be· repeated until only one 
alternative remains. 

Step 17 - Evaluate Available Funding and Other Agency Constraints 

Once the optimal alternative has been selected based on the incre­
mental benefit/cost analysis, the agency must determine if it has the 
funding available to implement the treatment and if project implementation 
is feasible for the agency. If sufficient revenues are not available, or 
if political, legal or other constraints prohibit countermeasure selec­
tion, this alternative must be eliminated· and the •next highest rated coun­
termeasure (from the incremental benefit/cost analysis) must be selected 
and evaluated. This process shou 1 d be repeated until a countermeasure is 
selected which meets the funding constraints of the agency. 

Step 18 - Record Project Details 

The project details of the selected countermeasure should be docu­
mented for future reference, such as project planning and implementation 
and for conducting co.st-effectiveness evaluations at other sites. Copies 
of the work sheets are given in Appendix E. 
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VI. UPACE COMPUTER PROGRAM 

This chapter describes the Utility Pole Accident Countermeasure 
fvaluation (UPACE) program for analyzing the-cost-effectiveness of utility 
pole accident countermeasures. Two versions of the UPACE program were 
developed. A main-frame version was developed on an Andahl 470/VS computer 
system and a version was developed for use on a microcomputer operating 
under the UCSO P-System. The two versions of the program are very simi 1 ar, 
with the exception of the machine-dependent operating procedure and com­
mands to execute the programs. 

The UPACE program is used as a tool to facilitate the cost-effective­
ness analysis of utility pole accident countermeasures. The program under­
takes various analyses and provides the information needed for decision 
making including: 

t Traffic project ions. 
• Consideration of future occupant restraint systems (safety belts 

and air bags). 
• Estimation of utility pole accidents and severity. 
• User-defined or default countermeasure analysis. 
• Future vehicle downsizing and its effect on accident severity. 
• Determination of the influence of roadside objects. 
• Economic analysis of alternative countermeasures. 
• Comparative analysis of alternative countermeasures. 
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This chapter briefly describes the structure of the UPACE program, 
and provides a description of the rrKJdel.s utilized, the program inputs, and 
the reports generated. 

Program Overview 

The analysis of utility pole accident problems involves a multi-step 
process as shown in figure 20. The process begins with the systematic 
review of accident or roadway information data to identify existing or 
potentially hazardous roadway sections. It is then necessary to compile 
the data needed to characterize the section from existing records, through 
field data collection, and/or by data extrapolation. Once the section and 
its traffic and accident experience are characterized, it is possible to 
estimate future traffic and accidents. These estimates wi 11 reflect the 
expectations for future trends given that the configuration of ut il ity 
poles remains the same. 

Once the accident problem has been identified, it is necessary to 
identify countermeasures to decrease the ut i 1 ity pole ace i dent frequency 
or severity. Each countermeasure will have unique accident reduction 
potentials, design features, and associated costs and benefits. Once 
baseline data is collected, and countermeasure alternatives identified the 
UPACE program can be utilized to perform the analyses. Estimates of the 
benefits of each countermeasure are determined by the program. Using the 
benefits and user input costs, the feasibility of a particular countermea­
sure can then be measured by the application of standard economic princi­
ples. The relationship between benefits and costs can then be expressed in 
terms of a benefit-cost ratio. This process is repeated for each alterna­
tive and/or set of alternatives. 

Since there ,nay be more than one approach to solving a utility pole 
accident problem, it becomes necessary to provide a means to compare al­
ternatives. A comparative analysis capability is provided in the form of 
an incremental benefit-to-cost ratio analysis of feasible alternatives. 

The process is repeated for each al tern at ive and/or set of al tern a­
ti ves. The information generated in the analysis represents an important 
input to the decision-making process. In the project selection process, 
the economic aspects are considered along with design, construction, and 
other factors. Often, it becomes necessary to revise the project design 
or alter the cost inputs of an alternative and re-evaluate the economic 
viability. Ultimately, this process provides valuable information re­
garding which a ltern at i ve should be implemented. 

The UPACE.program provides a means to undertake all of the steps in 
the process with the exception of the initial problem identification. The 
user must input the site characteristics and parameters. The UPACE program 
operation is depicted by the dashed box shown in figure 20. The program 
provides a means to facilitate undertaking these steps including the 
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Figure 20. Utility pole countenneasure selection procedure using the 
UPACE program. 
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prov 1 s 1 on of def a ult data and countermeasures. The opt ion al def a ult 
countermeasures allow the derivation_ of accident and cost estimates for 
typical improvement alternatives, where the user chooses not to input a 
specific alternative. This feature provides flexibility for the users to 
make "quick first-cut" analyses to ultimately better define feasible 
alternative treatments. 

Program Description 

The UPACE program was developed to facilitate the cost-effectiveness 
analysis of utility pole accident countermeasures. It was designed to 
provide considerable latitude to the user in the analysis of different 
roadway, accident, and traffic conditions. The program has built-in 
default options and values to permit a user to analyze potential counter­
measures with limited input. The flexibility also exists for user input of 
detailed data describing the roadway section, the traffic volumes, the 
accident experience., and the features of the proposed accident counter­
measures. The following sections provide details on the structure, inputs 
operations, and outputs of the UPACE program. 

Program_ Structure 

The UPACE program is structured into several parts each having a par-
ticular function. These parts are: 

• Processing control (MAIN program) 
• Data input and checking 
• Traffic projections 
• Severity trends analysis 
• Roadside features adjustment 
• Countermeasure analysis 
• Economic analysis 
• Comparative analysis of ~ternative countermeasures 

The following paragraphs briefly describe the functions of each of the 
above parts of the program. 

The basic function of the MAIN program is to control the processing 
of information related to the evaluation of utility pole accident counter­
measures. The MAIN program reads the user, section, traffic, and accident 
data and undertakes the necessary checks and processing of the data for 
analysis purposes. It initializes internal variables and stores the 
appropriate default values for subsequent processing . The MAIN program 
reads information describing each countermeasure to be considered. When 
accident or countermeasure data are not provided by the user, the program 
generates default estimates for analysis. The MAIi~ program sets the 
analysis parameters, controls the generation of traffic and accident pro­
ject ions, defines the user-input or def a ult countermeasures to be tested, 
provides an economic analysis of each countermeasure, conducts and 

88 



evaluates the alternative countermeasures. For each of these major proc­
essing steps, the program calls the appropriate subroutines and controls 
the transfer of information to and from the subprograms. 

The UPACE program is designed to estimate future traffic volumes by 
linear extrapolation, decreasing rate methods, or by direct input of 
future traffic volumes. The user can input the method and the appropriate 
parameters, when known, or the program wi 11 generate· future estimates of 
traffic volume using default values. Utility pole accident estimates are 
made using the predictive model developed in previous research [5], unless 
the user inputs actual utility pole accident data for the section. 

The estimates of utility pole accident severity can be adjusted in 
the severity trends subroutine to reflect the impact of increases in 
smaller, lighter vehicles in the traffic stream, the increased use of 
safety belts or occupant restraint systems, and/or other factors. The 
resulting severity trends factor better reflects the number of fatalities 
and i nj ur i es expected for a given roadway section. 

The effectiveness of any countermeasure is determined by comparing 
the accident frequency and severity projections for the base and improved 
roadway conditions. The change in the number of accidents, fatalities, and 
injuries is then translated into dollar amounts (using NSC accident costs) 
to represent the accident reduction benefit. The user also has the option 
of inputing other cost values used by an individual agency. 

The program provides for an adjustment of the net roadside accident 
reductions to reflect the influence of roadside conditions on the likeli­
hood of an accident. The model developed by Glennon in previous research 
relates the ordering of poles, fixed objects, the sideslope, curbs, and 
the obstructed zone and their relative distances from the roadway to the 
likelihood of a utility pole accident occurring [15]. The resulting 
roadside adjustment factor takes into account the net benefit of the 
countermeasure based on the roadside coverage of fixed objects. The 
adjustment factor is based on the premise that a utility pole accident 
involved a run-off-the-road occurrence and that the effect of the 
countermeasure (i.e., pole relocation or removal) will allow the veliicle 
either to: ( 1) recover; (2) rollover on the sideslope; or (3) strike 
another fixed object. This adjustment results in a larger net accident 
reduction for a section with a clear roadside than for a section cluttered 
with other fixed objects such as trees, guardrail, and mailboxes. The 
difference in expected ace i dents between the improved and base condition 
is adjusted by this roadside hazard factor to provide a rrore accurate 
indication of countermeasure effectiveness. 

Each countermeasure input by the user or selected from the default 
set of countermeasures is subjected to an economic analysis. In the analy­
sis, the costs and revenues associated with the implementation, operation, 
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and maintenance of the countermeasures are considered. The cost items are 
translated to equivalent uniform annual cost measures. The benefits to be 
derived from the reduction of accidents over the life of the countermea­
sure and any direct revenues are similarly translated to equivalent uni­
form annual benefits. A benefit-cost ratio is then computed to indicate 
the vi ab i 1 i ty of each countenneasure. The program is designed to provide 
considerable flexibility to the user in the economic analysis of counter­
measures. The program al lows up to 20 separate cost or revenue items to 
be input for each countermeasure to indicate the various initial. perio­
dic, annual, and terminal costs or revenues which may be associated with a 
particular countenneasure. This allows for a comprehensive assessment of 
the fiscal viability of a proposed project. The user, on the other hand, 
may input only a general cost estimate (or use the default values) to get 
a quick estimate of the fiscal viability of a project. In either case, 
the program applies the necessary factors to translate cost or revenue 
elements to a common time period, computes the equivalent uniform annual 
values, and determines the associated benefit-cost ratio. A summary of the 
economic analysis results for each countermeasure is provided. 

The program al so generates a com pa rat i ve assessment of alternative 
countenneasures. When more than one countermeasure has a benefit-cost 
ratio of 1. 0 or greater for a given section of roadway, the program 
automatically undertakes an incremental benefit-to-cost ratio analysis of 
the alternatives. The projects are ordered on the basis of their capital 
costs, and then compared incrementally to each successively higher capital 
cost alternative. The resulting output provides a means to determine the 
best alternative. 

The MAIN program provides for the output of various data summaries 
and evaluation reports for use in the assessment process. Further details 
about the program are provided in the UPACE program documentation. 

Program Inputs 

The UPACE program requires various inputs indicating the user, the 
characteristics of the section, traffic volumes, accident experience, and 
information defining each countermeasure to be considered. The various 
types of required and optional input data are described in table 18. The 
items indicated in table 18 with one asterisk are for display purposes and 
those items denoted with two asterisks are optional inputs, which implies 
that the program wi 11 run without these inputs. The user may opt to 
utilize the program with other than the default values in the program. 
The items listed as display values are not necessary for use of the prog­
ram, but are included to al low a better description of the section. 

Program Outputs 

The UPACE program produces several types of output reports in­
c 1 ud i ng: 
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Table 18. Input data elements for the UP ACE program. 

User Data Accident Data 

• Name 
• ~gency 

Roadway Section Data 

· • Road name* 
• Section ID number* 
• Section location* 
• Beginning milepoint 
• Ending milepoint 
• Width of roadwa,Y* 
• Posted speed 
• Number of through lanes* 
• Operation code* 
• Shoulder type 
• Sideslope 
1 ROW width* 
• Roadside coverage factor 
• Roadway alignment* 
• Terrain code* 
• Area type 
• Pavement type* 
1 Distance to obstructed zone 
• Distance to hinge point 
• Distance to objects line 

Utility Pole Data 

• Pole configuration 
• Number of unobstructed 

poles in the ~ection 
• Average pole offset 
• Pole type coded 
• Line type code 

Traffic Data 

I Base year ADT 
• Traffic projections method** 
• Traffic growth rate** 
• Upper limit on traffic volume** 
• Estimated ADT's by year** 

• Average annual number of utility 
pole accidents for the section** 

• Percent of accidents involving 
fatalities** 

• Percent of accidents involving 
injuries** 

• Number of persons injured per 
accident** 

Accident/Severity Trend Data 

• Severity trend prediction 
methodd 

• Severity change rate** 
• Severity change year** 
• Severity rate after change 

year** 
• Severity change factors** 

Economic Analysis Data 

• Length of analysis period 
(years)** 

• Interest rate** 
• Accident costs** 

Countermeasure Data** 

• Countermeasure name 
• Revised roadside section/utility 

pole data · 
• Accident severity reduction, factors 
• Cost/revenue information 

Note: * Data used for display purposes only 
** Optional inputs, default values or options will be used if not entered. 
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•·Input Data Checks 
• Section Data Summary 
• Data Projections Summary 
• Countermeasure Effectiveness Summary 
• Comparative Analysis Summary 

Each of these outputs are described below. 

The Input Data Checks ~eport provide the user with readily understood 
me·ssages for input data items that are not within acceptable ranges. The 
input check routine generates an error or warning message for each re­
quired input item that fails to meet the program criteria. The program 
checks all inputs for a given section, aborts the run if error messages 
have been flagged. Warning messages are printed where data incompatibili­
ties are found in noncritical input items. These warning messages indi­
cate values outside acceptable ranges or the program's actions relative to 
setting default values. Program execution will continue if only warning 
messages are detected. A typical data check summary is shown in figure 21. 

The Section Data Summary shown in figure 22 is generated for each 
roadway section ana 1 yzed. It summarizes the various input data va 1 ues 
related to the roadway, utility pole features, traffic conditions, and 
accident experience. This report provides a convenient summary of the 
characteristics of the section being considered for improvement. The 
accident data summaries provided in this output will reflect actual acci­
dent experience, if it is input by the user. If the actual accident data 
is unavailable, the program predicts an expected number of utility pole 
accidents per year for the section. 

A Data Projections Summary is also provided for the section. This 
report indicates the predicted traffic volumes, the severity trends 
factor, the number of utility pole accidents by type, and the expected 
fatalities and injuries for the duration of the analysis period, as shown 
in figure 23. This report summarizes the expected accidents for the 
section for the base or do-nothing condition. The accident values are 
based upon the results of the accident and traffic volume projections 
model with adjustments for severity trends. 

The UPACE program prepares a Countermeasure Effectiveness Summary for 
each input or default countermeasure considered for a roadway section. The 
summary is generated in two parts as shown in figures 24 and 25. The 
first summary ( figure 24) displays the utility pole characteristics for 
the section before and after the countermeasure is i!Jlp l emented. A before 
and after comparison of the section and utility pole characteristics 
is provided to facilitate the asses£rnent of alternative countermeasures. 
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U P A C E UTILITY POLE ACCIOENT COUNTERMEASURES EVALUATION PROGRAM 

INPUT DATA CHECK COMPLETED 

Figure 21. Example data checks summary. 

U P A C E UTILITY POLE ACCIDENT COUNTERMEASURES EVALUATION PROGRAM 

SECTION: ROUTE 1234 (CASE STUOY N!) 
Lcic.i.t1ciN: wESfPHALIA · · 
SECTION IO: 1234 

. SECt iciN CHARACTtFiistits 

SEGMENT 

BEG. Mll.EPOST: 
LENGTH (MILES): 

ROADWAY 

ROAD ALIGNMENT: 
NUMBER ciF LANES; 
ROAD WIDTH: 
TERRAIN: 

.PAVEMENT: 
SIDE SLOPE: 
HINGE LINE: 

UTILI.TY POLES 

PDLE CONFIGURATION: 
NUMBER OF POLES: 
POLE OFFSET: 

TRAFFIC 

SPEEb l.lMI L 
BASE VEAR ADT: 

b.b 
2.50 

TANGENT .. , . .. 2 

26. FEET 
FLAT 

. -•• c:ciNCRETE 
FILL 6:1 

10 FEET 

RUN BY: CHARLES V ZEGEER 
AGENCY: GOODELL-GRIVAS, INC. 
ci.i. fi: . JuN 26: 1sa4· . . ..... 

END Mi LEPO St: 

SHOULDER TYPE: 4-8 FEET 
. Fii GHFOF ~WA v wfotH: 60. F EH 
TRAFFIC FLOW: TWO-WAY 
AREA TVPE: RURAL 
FiciibslciE 'foiifRAGE FACtoif' ... 6. 30 
OBJECTS LINE: 12 FEET 
NON-CLEAR ZONE: _ . 3_0 FE_H 

ONE SIDE Pcil.E tvi>E: wcibciEN. 
125 POLE USE: TELEPHONE 

TELEPHONE 5 F~~_T __ , ~IIIIE_ TVP~: ...... -•·••··············••-•·-•·· 

ss _- MPH GR□w'r1--t'i=.iitt0Fi· cociE, 
10000. VEH GROWTH RATE(¼): 

'"(' 

2 .00 

AVERAGE UTILITY POLE ACCIDENTS PER YEAR 

TOTAL AC:CiDEN'Ts: 
INJURY ACCIDENTS: 
FATALITIES: 
ii-JJLiRiEL 

:i.si 
1 , 17 ( 46 3%) 

0.03 
·1.ss· 

"F.i.TAL Acc:iDENts·,·· 6 6:3(···· Lb¾l 
PROPERTY DAMAGE: 1.33( 52.7%) 
FATALITIES/FATAL ACC. 1.08 

•-••··1N.JiiFiiEs/i=AtAL.···Atc:·,·••-•· ...... 0:10 
INJURIES/INJURY ACC: 1.31 

Figure 22. Example sect ion data surrnnary. 
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U P A C E UTILITY POLE ACCIDENT COUNTERMEASURES EVALUATION PROGRAM 

--•·········• ... •··· .. ··········•······· .. ······················-········ ·····••-•······· .. ·······•········•····•· .. ···· .. ··•-•···p;;.c;e··=····•··--:2 

SECTION! ROUTE 1234 (CASE STUDY NI) ·············icoci.t'ioN ,···wtsi'PHiLii.····· ······· .. ········•············· ············································• .............................. ··· ······ ...... . 
SECTION ID: 1234 RUN BY: CHARLES V ZEGEER 

AGENCY: GOOOELL-GRIVAS, INC. ···········------.. ·o;ar·e: · ··-.JtJN·-·:;H)-...... ,-ga·,f···- ················· ........................... . 

OATA PROJECTIONS SUMMARY FOR SECTION 

YEAR AOT SEVERITY 
FACTOR 

....... ······•·---•··· ··········· ·----·· 
l'OTt.;__ 

ACCIDENTS PERc:.N:. 
FATAL INJURY PDO 
······•·····•··•···•-··- .. ·····- -----•········'"·'• .Kl.LL ED l"JJl,JR~Cl ... 

10000. 1.00 2.52 0.03 1. 17 1.33 0.03 1.55 
2 10200. 1.00 2.54 0.03 1.18 1.34 0.03 1.56 
3 10404. 1.00 2.56 0.03 1.18 1.35 0.03 1.57 
4 10612. 1.00 2.58 0.03 1.19 1.36 0.03 1.58 
S 10824. 1.00 2.60 0.03 1.20 1.37 0.03 · 1.S9 s·· ···1rc4·i :•···········f:·oo······•······· ·2 :·62·· ········o :<fa············r:2 ,·· ........ ·r·: 3e······•····· .. ····o:·03 ........... ,.:s,········ 
7 11262. 1.00 2.64 0.03 1.22 1.39 0.03 1.62 
8 11487. 1.00 2.66 0.03 1.23 1.40 0.03 1.63 ................ s .. ····r:r11t·:···•·· .... ·,·:oo·· .............. 2 :Ga · ·o :03·········· r:·24··· .. ·· ... . r: 41·· o:·o:r· ········r: iis .............. . 

10 119S1. 1.00 2.70 0.03 1.2S 1.43 0.03 1.66 
11 12190. 1.00 2.73 0.03 1.26 1.44 0.03 1.67 
12 12434. 1.00 2.75 0.03 1.27 1.45 0.03 1.69 
13 12682. 1.00 2.77 0.03 1.28 1.46 0.03 1.70 
14 12936. 1.00 2.80 0.03 1.-29 1.47 0.03 1.72 ······ .. ··· .. ·1s·····ij1·gs :....... ·f:oo ............. ··2 :a2 ··o .c3···········1·. a,············1. 49 ................ o.o:r ·····•,·:,fa ... .. 
16 13459. 1.00 2 .85 0.03 1. 32 I .SO 0.03 1. 75 
17 13728. 1.00 2 .87 0.03 1. 33 1.51 0.03 1. 76 .............. i.ir .. ··iaoo"2·:·--......... r:·oo ................ 2.:·iio·········o: oJ· .... .... r·: J4 ······ ... ·r :·s3 .................. o:·03··· ........ ,.:·1a· .............. .. 
19 14282. 1.00 2.92 0.03 1.35 1.54 0.03 1.79 
20 14S68. 1.00 2.95 0.03 1.37 1.5S 0.03 1.81 ·············2·1··---··i~i"e-ss·~·········•---1·:·oo·················2·:·i:ra·•·········o·:·c;:r··········r:·:fa·••·········i'·:·s·1·················--·o·:·o3···········•r:·s3 ···········-···· 
22 15157. 1.00 3.00 0.03 1.39 1.58 0.03 1.84 
23 15460. 1.00 3.03 0.03 1.40 1.60 0.03 1.86 ··24·· .. is1s9·:··•·· ... ···1:·oo······ .. •· .... ·3·:os··········o :oa ........... T :·42 ........... 1 :·s, ................. o": 03·· .. ·· ... 1 :·ea· ............. . 
25 16084. 1.00 3.09 0.03 1.43 .1.63 0.03 1.90 

.............................................. TOTALS ............. 69·. 6.2 ........... 0. 10 ....... 32 .·23 ....... _36·. 69 .................. 0 . .'1s· ....... 42·:1 " ................ . 

Figure 23. Example section data projections summary - base conditions. 
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U P A C E UTILITY POLE ACCIDENT COUNTERMEASURES EVALUATION PROGRAM 

SECTION: ROUTE 1234 (CASE STUDY.WI) 
i.oci.'tfoN: 'iiESTPHALIA .......... . 
SECTION 10: 1234 

SUMMARY OF CHANGES 

POLE DENSITY 
POLE OFFSET 

RUN BY: CHARLES Y ZEGEER 
AGENCY: GOODELL-GRIVAS, INC . 

. DATE:" .. JUN :io; 1sii.ii 

BEFORE AFTER 

50 50 POLES/MILE 
5 20 FEET 

········o:·32·········· ··o::i:2····· 
o. 30 0. 30 

FILL6:I FILL6:1 

.. POLl .. CtiVtR A Gt· -;:·A.:ttH~ 
ROADSIDE COVERAGE FACTOR 
SIDE SLOPE 

·········••··•··········Noi-i::cLeAR. ·zoNe············•··•· ··· ... ..... .. .. ·30 Jcf FEET . 
OBJECTS LINE 12 12 FEET 
HINGE LINE . 10 10 FEET ....................... ·,po1r 1·v"Pt· •------------------- 1 ···········1····•···•····••·•·····••-•·•·········"····· ······························· 

EXPECTED UTILITY POLE ACCIDENTS AFTER IMPROVEMENT 

YEAR SEVER ITV 
FACTOR 

ACCIDENTS 
TOTAL ... FATAL l~JU~Y .... l>Cl.O 

PERSONS 
~~LLEO IN,JLJRECl 

1.00 1.04 0.01 0.48 0.55 0.01 0.64 
2 1 .00 1.05 0.01 0.49 0.55 0.01 0.64 ············· :r··· ···········T.oo·· ...... •···r:·os 0.01 ....... o:<is · ····o:si; ·c:oi ···· o:iss 
4 1.00 1.07 0.01 0.49 0.56 0.01 0.65 
5 1.00 1.07 0.01 0.50 0.57 0.01 0.66 
s ····;:oo·· ····r:oa ·0.01 o:so···o:·s1·····•·•·0.o·i···· 6.isEi 
7 1.00 1.09 0.01 0.51 0.58 0.01 0.67 
8 1.00 1.10 0.01 0.51 o.58 0.01 o.68 

·s· ·coo··· ···r:n ·0.01 o:s1 ··c:ss 6:01 6:is0 
10 1.00 1.12 0.01 0.52 0.59 0.01 0.69 
11 1.00 1. 13 0.01 0.52 0.60 0.01 0.69 

···;2 · ··· 1.00· ······· ···;.f4· ··· o.o, o:·sJ ···· .. o:Eio ··· ..... ·6.oi 0.10 
13 1.00 1.15 0.01 0.53 0.61 0.01 0. 71 
14 1.00 1.16 0.01 0.54 0.61 0.01 0.71 
·;s· 1.00 ·; :11 · o.of o.s4 0.62 o.o; 6:12 
16 1.00 1.18 0.01 0.55 0.62 0.01 0.73 
17 1.00 1. 19 0.01 0.55 0.63 0.01 0. 73 

··iii·············· ·r.oo ............ r: :io· ...... o :01 ·· o:·ss ...... ··o: s:i· ..... •··· ·o :of · ·o:1<i ... ·· ·· ··· 
19 1.00 1.22 0.01 0.56 0.64 0.01 0.75 
20 1.00 1.23 0.01 0.57 0.65 0.01 0.75 
21 · 1.00· ··;.2ii 0.01 o.st o:6s · ··••··· · 6:01 0.16 
22 1.00 1.25 0.01 0.58 0.66 0.01 0.77 
23 1.00 1.~6 0.01 0.59 0.67 0.01 0.78 
24·· ······1.oo·· .. ······ ,.2if ··o.o;·······o:ss o:61 0.01· ·6:10·· 
25 1.00 1.29 0.01 0.60 0.68 0.01 0.79 

NOTE: 
1. ACCIDENT/SEVERITY PROJECTIONS NOT ADJUSTED FDR ROADSIDE FEATURES. 

Figure 24. Example countermeasure effectiveness 
summary - accident projections. 
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U P A C E UTILITY POLE ACCIDENT COUNTrRMEASURES EVALUATION PROGRAM 

SECTION: ROUTE 1234 (CASE STUDY ~1) ····--··L·c:1c·;;r·1·0;;.r:····••i'e:·s·r·pHA_L_1A· .. --.--- ...................................................................................................................... ·········----··-···-.. ····· 
SECTION ID: 1234 RUN BY: CHARLES V ZEGEER 

AGENCY: GOODELL-GRIVAS, INC . .. ············ bAtE: .. JUN ·20; 1984° .. . ...... . 

·············Al Tl:RNAT I°VE ...... c·--·• POLE°""RELOCA HON TO ··20 .. FEET ......... . 

ANALYSIS PARAMETEhS 

•·················•·· .. pRQ.JECr" .. LI F·e",················•·········· 25·· YEARs··············•···· COST/FATALI°rv·············s···· 190000 .... ······•······ 

INTEREST RATE: 10.00 Y, COST/INJURY $ 7200. 
FATAL ACC. REDUCTION FACTOR: 1.00 COST/PDQ ACCIDENTS 1020. ······················ .. 1fii;.;i.ii:fr·· ice·: ···i:ieoucr'i·o;;,;· ·;:icti:ii? :· ······ ·-r:·oo ········· ··· ····••·••· ········ ·············· ····•·····••·•··········· ······•· ··•·• 
POO ACCIDENT REDUCTION FACTOR: 1.00 

·············Acc·IDENT•··REDUCT.I ON .. DATA············································································································································' ········· 

........................ ROADSIDE ... ADJUSTMENT ... FACTOR: ......................... 0.- 695 .......................................................................................... . 

TOTAL ROADSIDE ACCIDENTS REDUCED: 28.31 
14.92 NET PDO ACCIDENTS REDUCED: 

........................ NE.T ... F A°TALI°T.I ES .. PRE.VENTED:. 0.31 . 
NET INJURIES PREVENTED: 17.37 

···········•·····•······Tor AL ···Ace IDENT ... SAVINGS ··1 $}: ...................... 69389·:4·4········ .. ······· .. ·············· .................................................... . 

............. COUNTERMEASURE .. DATA ................... ·······•·······•·······•·················•········•·······•······•························•········•···· .............................. . 

ITEM DESCRIPTION TYPE START END AMOUNT 
...................................................................................................................................... YEAR ........... YEAR .................... ($ > ................................ . 

POLE RELOCATION COSTS INITIAL COST 0 25 50000.00 

····•····•···EcoNOMIC ... ANALYS.IS ... RESUL rs····· .. ··············· ................................. -............. .............. ............ ..... . ....... ..... . ............ . 

EQUIVALENT UNIFORM ANNUAL COST: 5508.40 
..... .. '"EQUIVALENT UNIFORM ANNU-AL ·eENE·F·1r·=--·····••·····•7s44 ."so···················· ...... ···•·····························•··· 

BENEFIT-COST RATIO: 1.388 

Figure 25. Example countermeasure effectiveness 
summary - cost-effectiveness analysis. 
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The lower portion of the first countermeasure effectiveness report 
summarizes the expected utility pole accident and severity data after the 
improvement. This summary reflects the accident reduction predicted by 
the model, and the influence of the severity trend factor, but does not 
reflect the adjustment for roadside coverage of fixed objects. 

The second countermeasure effectiveness report focuses on the results 
of the economic analysis for the countermeasure as shown in figure 25. 
This report summarizes the economic analysis parameters, indicates the 
predicted accident reductions (modified using the roadside adjustment 
factor), lists the cost or revenue items included in the analysis, and 
gives the equivalent annual costs, benefits, and benefit-cost (B/C) ratio 
for the alternative countermeasures. This report prov ides a convenient 
means to review and analyze the assumptions used in the economic assess­
ment of alternative countermeasure. 

The last report generated is a Comparative .l\nalysis Summary for all 
countermeasures for a section, based an incremental benefit-to-cost analy­
sis. Figure 26 shows this comparative report which summarizes the alterna­
tives analyzed, the capital cost, the equivalent uniform annual benefits, 
the equivalent uniform annual costs, and the individual and incremental 
B/C ratios. 

More detailed information on the program output can be found in the 
UPACE program documentation. Case studies utilizing the UPACE program are 
provided in Chapter XI along with comparisons to evaluations using the 
manual procedure. 
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U P A C E UTILITY POLE ACCIDENT COUNTERMEASURES EVALUATION PROGRAM 

••···············--····-·•·······--················•··································•-·•····················•·····•·····------ ······-·····• .. ··············•············-··· •-··•···pAGif·:···- ···1·5· 

SECTION: ROUTE 1234 (CASE STUDY 11) ···············i:.1jcA'f i'.oN: .. WES i'PHAL·t.;;···········•······· ·············· ··············•····••······•···•·•·········································· ·····························•·•••········ 
SECfION IO: 1234 RUN BY: CHARLES V ZEGEER 

AGENCY: GOODELL-GRIVAS, INC . ........................................ ··········································••························•···•·•·····o;;.Tt·,···•···· .:;u;;,·· 20.•···,ssii· ······ ·•····•····••···························· .... 

COMPARATIVE ECONOMIC ANALYSIS RESULTS 

---------------------·---------------····--····· .. ······ 
SUMMARY OF ALTERNATIVES 

........................................................ DE.SCRI°PTI°ON ............................................................................................................................. .. 

0 DO NOTHING 
I POLE RELOCATION TO 20 FEET ............................... 2·········· POLE ·P.t[ociifii:iN ·i'o··ao··;;EEf" ............................................... . 

3 INCREASE POLE SPACING BY 20 PERCENT 
4 RELOCATE POLES TO 15 FT AND REDUCE DENSITY BY 20% .................................. s····· .. ···u;.iot RGAOUNo···ur'i" [i rv-··LINE s··················· .. ······ .. ··················· .. · ... ·································•· ............ . 

.................... ..INCREMENTAL .. BENEF l.T-COST ... ANAL vs.I s ... RESUL rs ................................................................................................ . 

CAPITAL EUAC EUAB 8/C COMPARED INCREMENTAL 
.......... A.1::!JRlll~!IVE... .COST·•············....... . . ......................... RATIO ...... PAI~ ......... 13(<: RATI.O 

............................. 0 ........................... 0 ....................... o.. o. 1.000 .................. .. · ··· ....... ..... · ........ ······ · ········· .. ···t"··-···o········ ·····1 :3se····· ····· · 

50000. 5508. 7644. 1.388 
3 - I -18.545 .............................. 3°·•··· .. ··•• .... ·5J°12s. ··············5e5J°." .............. , 260. ········ .. · o·.·2 15 ....................................... ······· ··· 

4 - I -1.064 
4 55000. 6059. 7058. 1. 165 

···········•····•· .. ···•··•····••········•··•·····•··········- ····••·········· --••· ···················-········• ·· ...... ····· ······ ···· ···-··s•··-····1 ·············· 1 :23·0 ······-····· ··················· 

5 67500. 7436. 10017. 1. 347 
2 - 5 -2.217 ............................ 2 .............. ·15000. ····· ····· 8263 .- ···· ·· · ·· s 1s5. ···· · ·0.-991 .. · .... ·· ............................................................... . 

Figure 26. Example comparative analysis su1T111ary. 
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VII. SENSITIVITY OF VARIOUS FACTORS 

lfT\1.- 1i-'( 
R>1.-~ 

5EtJff1T 

The use of the cost-effectiveness procedures requires numerous user 
inputs, as discussed in Chapters III and IV. The purpose of this chapter 
is to describe the sensitivity of the analysis results to each of these 
input variables. This is important so that the user is aware of which 
input variables have the greatest effect on the analysis results and, 
therefore, require the most precision. 

Several of the inputs are only descriptive variables which..-are not 
directly used in the analysis, but are useful only in describing site 
characteristics to the user. These descriptive variables include: 

• Location descripti·on (road name, etc.) 
• Sho~lder width 
• Right-of-way width 
• Roadway width 
• Pavement type (concrete or asphalt) 
• Number of lanes 
• Operation (one-way, or two-way) 
• Roadwa~ alignment (tangent, gentle curve~ and sharp curve)_ 
• Terrain (flat, rolling, and hilly) 
• Pole type (wood, metal, or concrete) 

It is recognized that these factors could have an effect on utility pole 
accidents, but they were not found to be of significant importance in the 
accident analysis [5]. For example, very few hilly sections were found 
where utility poles follow parallel to the roadway, since utility lines 
are commonly placed in a straight line down the mountain to minimize the 
length of.utility lines and the number of poles placed. Section-by-
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section accident analysis also did r'lot allow for developing ,:tccident rela­
tionships for specific poles or by degree of curve. 

The sensitivity of other variables is discussed below in terms of 
their influence on: 

• Utility pole accidents, 

• Roadside adj1Jstment factor (which has a direct influence on coun­
terrneasure effectiveness and accident benefits), 

• Countermeasure costs, and 

• Economic analysis. 

Variables Affecting Utility Pole Accidents 

Several variables For' the cost-effectiveness procedures ·have an 
effect on expected utility pole accidents, which ultimately influences 
accident benefits due to various countermeasures. The three 1nost iinportant 
variables v1ere pole offs,:'!t, pole density and traffic volume. The sensiti­
vity of these three variables along with the consideration of pole con-
figuration are discussed below. · 

Pole Offset 

A summary is given in table 17 of the expected utility pole accidents 
due to the combined effect of pole offset and pole density on utility pole 
accidents. The sensitivity to pole offset can be seen by comparing utili­
ty pole accidents ·in vertical columns for any given coinbination of pole 
density and traffic volume. For example, for an ADT of 10,000 and pole 
density of 50 poles per ,nile (38 poles/km), utility pole accide;1ts vary 
from 2.01 per mile per year (1.26/km/year) for a 2-foot (0.6-m) offset to 
0.36 (0.23/km/year) for a 30-foot (9-m) offset, a difference of 1.65 acci­
dents per mile per year. Of this difference, 1.35 of it (82 percent) 
occurs between 2 and 12 feet (0.6 and 3.6 rn) offsets. Thus, it can be 
readily seen that pole offset has a large effect on utility pole acci­
dents, particularly for offsets of about 2 to 10 Feet (0.6 to 3 m). For 
hiqher levels of traffic volurne or pole densities, the sensitivity further 
increases. For example, for an ADT of 60,000 and pole density of 60 poles 
per mile (38 poles/km), utility pole accidents vary from 5.26 per mile per 
year (3.29/km/year) at 2-foot (0.6-m) offsets to 1.00 (0.63/km/year) for 
30-foot (9-m) offsets, a difference of 4.26 accidents per mile per year 
(2 .66 accidents/km/year). An illustration is given in figure 27 of the 
utility pole accident frequency as a function of pole offset as determined 
in the research study by Zegeer and Parker [ 5 J. The curve was adjusted 
for traffic volume and pole density. 

100 



I-' 
0 
I-' 

Table 19. Predicted utility pole accident experience for various 
levels of traffic volume, pole density and pole offset. 

Acif LEVEL ···;ooo. 

Ptii:"C .. . .POLE DENSiTV (POLES/MILE) 
OFFSET 

.V.~.ET> ......... 20., 2.s ...... .Jo ..... :is.. 4C>, ... 4.s. so., ... ss.. Eio, GS. 10. 

2. 0.49 0.61 
5. 0.27 0.33 

···,:··· ···· o.:z"1 ··0.2s 
10. 0.16 0.21 
12. e. 14 o. 10 

··1s: ·· · ·o:·-r2 o:·1s 
20. 0.09 o. 12 
25. 0.08 0.10 

· Jo:··· · o: "oli · · o: 09 

0.72 084 0.96 1.08 1.19 1.31 1.43 1.54 
0.40 0.47 0.54 0.60 0.67 0 74 0.81 0 87 
o·.n··o.31· o.•3 o·.,:0 ·o.s4 o Gd ·o.G5 ·0.Ti 
0.25 0.29 0.34 0.38 0.43 0.47 0.52 0.56 
0.22 0.26 0.30 0.34 0.38 0.42 0.46 0.50 
o. i9 ·0.22·· ·o.2ii···6:2s o·.33· ·o·.JG - o.<io···o:·,r:f 
0.15 0.18 0.21 0.24 0.27 0 30 0.33 0.36 
0.13 0.15 0.18 0.20 0.23 0.25 0.28 0.31 
·o·:11·· 0:13· a:·1s o.ia··o.20· 0:22· o.2s··0.21 

. AbTTEVEC 2000 ..... 

··Poi:t POLE ·oENslW (P·□ LES/MiLE) 
OFFSET 

V.~ET) .... 2e>... 2.!:i.. JC> .... :is .. 40., .. 45. . .. so, ss ... Go. 65. 

1. 66 
0 94 
0. fG. 
0.61 
0.54 

·o.•t 
Q_ 39 
o. 33 

- ci.29 

10. 

2. 0.56 0.67 0.79 0.91 1.02 1.14 1.26 1.37 1.49 1.61 1.72 
5. 0.30 0.37 0.44 0 51 0.57 0.64 Q.71 0.78 0.84 0.91 0.98 
'f: 0.2• - o:·:zg·· o.3s o -if o . .iiG ·0:52 o st· o.63 ··a 6a 0:14 o.·tii" 

10. o. 19 0.23 0.27. 0.32 0.36 0.41 0.45 0.50 0.54 0.59 0.63 
12. o. 16 0.20 0.24 0.28 0.32 0.36 0.40 0.44 0.48 0.52 0.56 
1s:····· 0:1,i"·o:110:2, ·o:24 o.2ao::i,···o.Js o.:is o.<12··04s o.49 
20. 0.11 0.14 0.17 0.20 0 23 0.25 0 28 0.31 0.34 0.37 0.40 
25. 0.09 o. 12 0. 14 0.17 0.19 0.22 0.24 0.27 0.29 0.32 0.35 

··30:· ····o:oa o:,o 0012·0.i<i o.11·0:1so21··-o:2.o.2G···o:2e···o.J1 

ACT LEiiEC Jooo.· 

PciU-:·· 
OFFSET 

.V.EETJ. ······2·0. 

DENsiTY (PoUs/MiLEJ 

2. 
5. 

25. .._Jo, ...... 35. •e>.:. . 45. 

0.62 0.1• 0.85 0.97 1.09 1.20 
0.34 o.41 o.•8 o.5• 0.61 o.68 

1:··· ·0:21 ··o:Jj ··o·o:is o:-i" · ·o.a9 ···o:s5 
10. 0.21 0.25 0.30 0.34 0.39 0.43 
12. 0.18 0.22 0.26 O.JO 0.34 0.38 
HL ...... 0:16 o: i9 0.23 0:26 6 .. :io. o:33 
20. 0.12 o. 15 0.18 0.21 0.24 0.27 
25. o. 10 0.13 0.15 0.18 0.21 0.23 
Jo·. ·····o:oil o:··n ·o.,::i··o:1s o.1e····6:20 

50. 55. .. Go., 65. 70 .. 

1.56 1.67 1.79 
0 88 0.95 1.01 
·o. 'r"i ··6:11 ·o.ii2 
0.57 0.61 0.66 

1. 32 I. 44 
0.75 0.81 
o.Go ···o.66 
0.48 0.52 
o. 42 o.•6 0.50 o.5• o.s8 

·0:40 o.4J · o:-.;f o.so . i:i. :ii 
0.30 
0.26 

.i:fiJ 

o.JJ o.36 0.39 o.•2 
0.28 0.31 0.33 0.36 
o:2s 0.21 o:j·o ··o.J:z · 

ADT° LEVEL 400<:L 

POLE .. 
OFFSET 

·P□LEDENsitY (Pth.ES/Mii.E). 

(~~E!J .... 20 ... 25. .JC>:. 35 · ..... 4(). 45. so., 

2. 0.69 0.80 0.92 1.04 I. 15 1.27 1.39 
5. 0.38 0.45 0.51 0.58 0.65 0.72 0.78 
1. · · · o::io · o::Js o.iif" 6 . .i1 0.52· 6.sa · ci.63 

10. 0.23 0.28 0.32 0.37 0.41 0.46 0.50 
12. 0.21 0.25 0.29 0.33 0 37 0.41 0.45 

· 1s:· o is 0:21 o.·24· 0.20 o.J, o.3s···o::ia 
20. 0.14 o. 17 0.20 0.23 0.26 0.29 0.32 
25. 0.12 o. 14 0.17 0.19 0.22 0.25 0.27 

·Jo.··· ····o.,o o,2·0.15 ·0:11 o:·19· 0:22"···0.24 

Abf LEVEL . 5000. 

55. 6.0: ... 65. 70. 

I . 50 1 . 62 1. 7 4 I . 85 
0.85 0.92 0.98 1.05 
o G!f 0.14 ·o.ao o:as· 
0.55 0.59 0.64 0.68 
0.49 0.53 0.57 0.61 
·o . .i:2 6.4s 6:.,:9· ··o:·s2 
0.35 0.38 0 41 0.43 
0.30 0.32 0 35 0.37 
0·26··0:2§ ·0:3;·0.33. 

.. p·olf .. .. POLE DENS! tv ( PO[Es/,Mli.0 
OFFSET 

.(FEET) .... 20 ...... 25_. ... 30. 35:... 40: .4!5.. 50 ... 55 ..... i;o., ... 65. 70. 

2. 
5. ·,: 

10. 

0.75 0.87 0.98 1. 10 
0.42 0.48 0.55 0.62 
0:33 ·o::i9 ·· 0··4.-· o.so 
0.26 0.30 0.35 0.39 

12. 0.23 0.27 Q.31 0.35 
1s.······ · 0.1s 0.2:i 0.26 ·o::Jo 
20. 0.16 o. 19 0.22 0.25 
25. 0.13 o. 16 0.18 0.21 

.. :ici. . o: i I o. i 4 ··o. iG . o ."iii 

1.22 1.33 1.45 1.57 1.69 1.80 1.92 
0 69 0.75 0.82 0.89 0.95 1.02 1.09 
o.5s ·0.61···0.GG 0:t2· 0.11·6.ej o·.aa 
0.44 0.48 0.53 0.57 0.62 0.66 0.70 
0.39 0.43 0.47 0.51 0.55 0.59 0.63 
o :i::i 0::11·· o 46 - o.44 o.ii1 ·c:in o.54 
0.21 o.3o o.33 o.36 o.39 o.•2 o.45 
0.23 0.26 0.29 0.31 0.34 0.36 0.39 
0:21 o:·23 ·o.2s ·0:28 ·· a.Jo o::l2 ··o.J• 

.. Abf LEVEL iooOO: 

·Pocc· ·· 
OFFSET 
(~~.~!> ....... 29.: .. . 25. 

.. P6L.E oENs i'fr (POLES/MilE) 

..JC>.. Js ... ____ 40.: ....... •!5 ...... ~e>., ~s ..... i;<:>, ... 65 . 10. 

2. 1.07 1.19 1.31 1.43 1.54 1.66 1.78 1.89 2.01 2.13 2.2• 
S. 0.60 0.67 0.74 0.80 0.87 0.94 1.01 1.07 1. 14 1.21 1 2B 
1: ··· ····o.48 ··· o:s.; ·o.sg···o.6s· ·0.11· 0:16 · o:a:i 6.81·· o.§::i ··o.9a --- 1:·o,,· 

10. o.38 o.•3 o.•1 o.52 o.56 0.61 o.65 o.69 o.74 0.1s o.83 
12. o.3• o.J0 o.42 o.•6 o.5o o.54 o.s0 0.62 o.66 0.10 0.1• 

· is: ····· o. 29 ·· o:j:i ·o:Js ·o:4o · o. 4:i ···a: <11 o. 50 o. s• o.st ···6.Gi ·· a:&4 
20. 0.2• 0.21 o.3o o.33 o.36 o.J9 o.41 o.•4 o.•1 o.so o.sJ 
2s. 0.20 o.2J 0.2s 0.20 o.J1 o.JJ o.36 o.38 o.41 o.43 o.•6 

··Jo:······ ··o.,1f· ·0:20 o:22····0:2s··o·•:ff o:29···0:a2 ·o:J" o.:iG···o:·:ig··o:·4;--· 
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Table 19. Predicted utility pole accident experience 
levels of traffic volume, pole density and p~le offset 

for various 
(Continued). 

AiiTTEvtC2&xxL· 

PifLE .. · .. PO Li( OENsitv ·1 PO.LES/iii CO 
OFFSET 
.(FJETL ....... ~.Cl.: 2~.·.. ..3o,. .35... ~.Cl.,.. 45 ...... !io_. ~5. . 60, ..... 55 ......... !Cl, ... . 

5 
1 .. 

10. 
12. rs-·. 
20. 
25. 
30. 

. 72 1.84 I .96 2 .07 
U.98 1.04· 1.11 1.18 
o.'ts ,·as· a.so ·o:ss·· 
0.63 0.67 0.72 0.76 
0.56 0.60 0.64 0.68 
ci".'4s · o:s2 ···o.ss o:·sg 
0.40 0.43 0.46 0.49 
0.35 0.37 0.40 0.42 
ci".:iT ·· o.:i:i ·· --o.Js ··· o. 31 

2. 19 2.31 2 43 2.54 2.66 2.78 2.89 
1.25 1.31 1.38 1.45 1.52 1.58 1.65 
r:or 1:or ···L 12 · r: is Li:i" ···; .2!i T. 34 
0.81 0.85 0 90 0.94 0.99 I.OJ 1.08 
0.12 o.76 o 00 o.84 o.a0 o.92 o.ss 
o.&2 ·a.·sG ·o ·;;g··o:7:i ·o.·ts ··o:·ao·· ·o.ej 
0.52 0.55 0.58 0.61 0.64 0.67 0.70 
0.45 0.47 0 50 0.53 0.55 0.58 0.60 
o·:-io···o:<ii. 6.44 ci":4f o:iis···o.t,, o·_s<i 

ADT. i.Ei.iEL .. :ioooo:·· 

. Piid:. . .... ··.. . POLE beNsTt'i . ( i>6Lts/iiTLO 
OFFSET 
VE.ET) 2e>•, .. ~!i ........ 3Cl, ...... J!i .... ~Cl ... 45. 5_0 .. 5!i._ .Go,. ~!i.. ..!Cl: ... . 

2. 2.37 2.49 2.61 2.72 2.84 2.96 3.07 
5. 1.35 1.42 1.49 1.55 1.62 1.69 1.76 ·r.·· ····-;:10···1·:1s LH'.f:26 L·:12 f.:i'f i.43 

10. 0.88 o.92 o.97 1 .01 1.06 1. 1b 1. 14 
.12 ...... 0-!8. <:>,82,Q 86 0.!l(J Cl.94 0.913 ... 1:02. 
15. 0.68 0.71 0.75 0.78 0.82 0.85 0.89 
29. o.56"0.59 0.62 o.65 o.G8 0.11 o.74 
25. 0.49 0.51 0.54 0.57 0.59 0.62 0.64 

···:i6.·· ·--o.-i:i · o:is·· o 48 ·a:so o.-s3···0:ss····o.51 

·;;or LEIJEC•oooo.·· 

J. 19 J. 31 3. 4 J J. 54 
1. 82 I. 89 1. 96 2. 03 
·1:;;0 Ls.-····1:ss··· Li;s 
1.19 1.23 1.28 1.32 
1. 06 I. 10 I. 14 1. 18 
0:92 o.iis·· a:-ss·;.03 
0.77 0.80 0.83 0.86 
0.67 0.69 0.72 0.75 
o:ss ·o:s2 0:s• o:tis 

·Po CE . ····PoLe i'ier-isTt'i . 1 svLEsh,li CO . 
OFFSET 
(F~.rr:.> ... 20,. __ 25 .... 39,. ~5., .. 4<>, ....... ~5· ...... so ..... ?5 ...... 60,_ 65 .. !Cl:. 

2. 3.02 3. 14 J.26 3.37 3.49 3.61 3.72 3.84 3.96 4 07 4.19 
5. I 73 1.79 1.86 1.93 2.00 2.06 2.13 2.20 2.27 2.33 2 40 ···1:··· ···L•o··1:4ii 1.s-;···1.!;t ,:ii2··1.sa· ;·_73 ,:1s ·,.s4 T:90 1.9s 

10. 1.12 1.17 1.21 1.26 1.30 1.35 1.39 1 44 1.48 1.53 1.57 
.12. 1,00 1.04 1.08 1.12 1.16 1.20 1.24 1.28 1.32 1 .JG 1.40 
··;s:···· 0.81 · ·o:·s, o.94 .. o:ge ··· Loi ··1.os · i.os · -r. ,i T.T5 1: 19···,.22· 
20. 0.73 0.76 0.79 0.82 0.85 0.87 0.9C 0.93 Q.96 Q.99 1.02 
25. □ .63 o.G6 o.G8 0.11 o.•, o.76 0.19 0.01 o 84 a.86 o.89 
36:···-- 6.'56 ·o.58 ().61 o:s:i·· 0.65 o.68 0.70 0:12 ···o 75 ··o.7f 0.79. 

·tor···t:tvEi::···soo&L 

.. i>off··· POLE oEN·srtY (P6·•:E's1Mii.f). 
OFFSET 
_(FEET) ... 20, .2s ........ 3CJ, ... ~.s. 4< .4.5 .... sr ... 55 .... so, ... ~5. 70. 

2. 
5. 

·1. 
10. 
12. 

···1s. 
20. 
25. 
:i"o.· 

3.67 J.79 3;90 4.02 4. 14 4.26 4.37 4.49 
2.10 2 17 2.24 2.30 2.37 2.44 2.51 2.57 
,·.ii 1.1G · Lai ·; _91 1 _93· ·css i.6<i ·· 2.09 
1.37 1.42 1.46 1.51 1.55 1.59 1.64 1.68 
1.23 1.27 1.30 1.34 1.38 1.42 1.46 1.50 
1:01·· · ·c 10 ·i""··;4 ··· ·;·:· ,1· ·, .--2, ···· f:24 ·· ·; .·2a ·····1. :i 1 

0.89 0.92 0.95 0.98 1 .01 1.04 1.07 1, 10 
0.77 0.80 0.83 0.85 0.88 0.90 0,93 0.95 
o.'s!'i 0:11 0:1:.i 0.1s · 0.1a a:a·o o.83 a:as 

... AciT LEVEL 60000 .. 

4. G 1 4. 72 4. 84 
2. 64 2. 71 2. 78 
2.1s 2:n 2.:zs--
1.13 1.77 1.82 
I . 54 I . 58 1 62 

T.:is·· ,::is ,.42 
1. 13 1. 15 I. 18 
0.98 1.00 1 03 

· 0.81 ···a.9o ··o 92 

·PoLC ··PoLE bENSiTY (POLES/•lii..E) . 
OFFSET 
_\.~EET) .... 20, ... 2s ... JC>. .35 .... 40 .. 45 .... 5 □.,. 55.:. .. GO .... 65. 70. 

2. 
5. 
i". 

10. 
12. 
;5 _-
20. 
25. 

··:io:· 

4.32 4.44 4.55 4.67 4.79 4,90 5.02 5.14 5.26 5.37 5.49 
2.48 2.54 2.61 2.68 2.75 2.81 2.88 2 95 3.01 3 08 3.15 
2:02 ·2.01 2,13 2:1e L2-i ··2.2s ·2.Js ·2.40 2.46 :i:s1··2.st · 
1.62 1.66 1,71 1.75 I.BO 1.84 1.89 1.93 I 97 2.02 2.06 
1.45 1.49 1.s3 1.57 1 61 1.65 1.69 1.73 1.11 1.0, 1.85 

····,. 2s· ·· ·Lao ·1. 33 · · 1 ::is··· i. •a····;· .·h·· i""O--ii i. so ···T.'5• ····;--: st 1·:ir..-· 
1.05 1.08 1.11 1.14 1.17 1.20 1.23 1.26 1.29 1.32 1.35 
0.92 0.94 0.97 0.99 I 02 1.04 1.07 1.10 1.12 1.15 1.17 

· o 82 o.il4 ··o·.e6 o.e9 6.91· ·cL!ia o.9& o.98 ·;.oo 1.02 Los 
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Figure 27. Relationship between utility pole 
accident frequency and pole offset. 

Source: Reference 5 
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Pole Density 

The effect of pole density on utility pole accidents is illustrated 
in figure 28 [5]. Although utility pole accidents increase with increasing 
pole density, the effect is not as great as with pole offset. Notice that 
the curve is relatively smooth, l\tlich indicates a nearly straight line 
relationship between pole density and accidents. 

This can also be seen in table 19, by comparing numbers horizontally 
for different levels of traffic volume and pole offset. For example, on 
roads with daily traffic volumes of 10,000 and pole offsets of 2 feet 
(0.3 m), utility pole accidents range from 1.07 (accidents/mile/year) 
for 20 poles per mile (13 poles/km) to 2.24 for 70 poles per mile 
(44 poles/km). An increase of' 10 poles per mile (6 poles/km) results in a 
change of approximately 0.24 accidents per mile per year. For daily 
traffic volumes of 10,000 arid 30-foot (9-m) offsets, utility pole acci­
dents range from 0.18 accidents per mile per year for 20 poles per mile 
(13 poles/km) to 0.41 for 70 poles per mile (44 poles/km). In this case, 
an increase of approximately 0.04 accidents per mile per year occurs for 
every increase of 10 poles per mile (6 poles/km). This suggests that 
greater accident reduction may be obtained due to increasing pole offset 
than due to reducing pole density. 

Traffic Volume 

The effect of traffic vrilume on utility pole accidents can also be 
determined from table 20. By selecting a fixed level of pole offset and 
pole density, accident experience can be found for increasing levels of 
traffic volume. For example, assume pole offsets of 5 feet (1.5 m) and a 
pole density of 50 poles per mile (31 poles/km). The utility pole accident 
experience corresponding to various traffic volume levels is shown in 
table 18. Note that an increase of approximately 0.04 utility pole acci­
dents per mile per year is expected for each increase of 1,000 vehicles 
per day. 

Similar comparisons can al so be made by making such comparisons for 
other combinations of pole density and offset. For example, with pole off­
sets of 2 feet (0.6 m) and 70 poles per mile (44 poles/km), utility pole 
accidents increase by approximately 0.06 per mile per year with each 
increase of 1,000 vehicles per day (i.e., 1.66 for 1,000 ADT, 1.72 for 
2,000 ADT, 1.79 for 3,000 ADT, 1.85 for 4,000 ADT, etc.). For 20 poles per 
mile (13 poles/km) and 30-foot (9-m) offsets, the increase is approximate­
ly 0.01 to 0.02 accidents per mile per year for each increase of 1,000 ve­
hicles per day (i.e., 0.06 at 1,000 ADT, 0.08 at 2,000 ADT, 0.09 at 
3,000 ADT, etc.). 

Pole Configuration 

This variable indicates how poles are configured with respect to the 
roadway, such as: 
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Table 20. Relationship between traffic volume and utility 
pole accident experience. 

Average 
Daily 

Traffic Change in Change in 
Volume Utility Pole Change Ut il i ty Pole Ace/Mi/Yr Per 

I AD'r l Ace/Mi/Yr in ADT Ace/Mi/Yr* 1,000 Veh/Day* 

1,000 0.67 
1,000 0.04 0.04 

2,000 o. 71 
1,000 0.04 0.04 

3,000 0.75 
1,000 0.04 0.04 

4,000 0.78 
1,000 0.04 0.04 

5,000 0.82 
5,000 0.19 0.038 

10,000 1.01 
10,000 0.37 0.037 

20,000 1.38 
10,000 0 .. 38 0.038 

30,000 1. 76 
10,000 0.37 0.037 

40,000 2.13 
10,000 0.38 0.038 

50,000 2.51 
10,000 0.37 0.037 

60,000 2.88 

Note: 1 mile= 1.6 km 

* The values assume a roadway with 50 poles per mile (31 poles/km} 
and 5-foot (1.5 m) average pole offsets. 

• Utility poles on one side of road only 
• Utility poles on boths sides 
• Utility poles in median only 
• Utility poles on one side and median 
• Utility poles on both sides and median 

The cost-effectiveness procedure discussed in this manual only applies to 
the first two situations, that is, poles on one or both sides of the road­
way. Roadway situations with utility poles in the median cannot be handled 
with these procedures, since an insufficient sample 1 of these types of 
sections were found for use in the previous research study [5]. 
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Variables Affecting the Roadside Adjustment Factor (HR,}_ 

The roadside adjustment factor is computed for each roadway sect ion 
to account for the possible increase in other types of run-off-road ace i­
dents which may occur as a result of relocating utility poles or under­
grounding utility lines. This roadside adjustment factor is a value rang­
ing from Oto 1.0, which is multiplied by the expected utility pole acci­
dent reduction factor to produce an approximation of the net reduction in 
total roadside accidents. Thus, a roadside adjustment factor of O (repre­
senting a roadside cluttered with fixed objects) would indicate that no 
ace idents would be reduced from a given countermeasure. In other w::ird s, 
the 'reduction in utility pole accidents would be offset by an increase in 
other fixed-object accidents. This may occur when a line of utility poles 
lies directly in front of a store wall or dense forest, so that relocating 
poles would have no effect on overall accidents. For most real-world 
situations, the roadside adjustment factor would range between 
approximately 0.3 and 0.8. 

The roadside adjustment factor is computed as a function of the fol-
lowing variables: 

• Percent coverage of fixed objects 
• Sideslope 
• Uistance to the non-clear zone 
• Distance to the hinge line 

The following is a discussion of the sensitivity of each of these factors 
in terms of roadside adjustment factor. 

Percent Coverage of Fixed-Objects (Cf) 

For a 200-foot (60-m) section, the presence of 7 or rrore fixed 
objects represents 100 percent coverage, which would result in a roadside 
adjustment factor of near O. A range of O to 7 fixed objects in a 
200-foot (60-m) section would correspond to a roadside adjustment factor 
of O (no benefits from the countenneasure) to 1.0 (full benefits from the 
countermeasure). Thus, the analys1s results are highly sensitive to the 
coverage of fixed objects. 

This effect can be illustrated by considering the range of roadside 
adjustment factors for various levels of fixed-object coverage and various 
countermeasures. As shown in table 21, roadside adjustment factors are 
given for fixed-object coverage of 10 to 90 percent for increasing pole 
offsets (pole relocation projects), reducing pole density, and for pro­
jects involving undergroundin~ utility lines. For pole relocation of 
5 to 15 feet (1.5 to 4.5 rn), roadside adjustment factors range from 
0.917 (10 percent roadside coverage fqctor) to 0.655 (90 percent coverage 
factor). For undergrounding or reducing pole density, the roadside 
adjustment factors range from 0.711 to 0.222. This indicates that the 
roadside adjustment factor, and thus the accident benefits, are highly 
sensitive to the roadside coverage of fixed objects. 
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Table 21. Sensitivity of the roadside adjustment factor (HR) to the 
coverage of fixed-objects (CF). 

Roadside Adjustment Factors for Various Countermeasures* 
Percent 
Coverage Relocation of Ut il it~ Pn l es Reduce Underground 
of Fixed 5 to 5 to 5 to 5 to Pole Utility 
Obstacles 15 Feet 20 Feet 25 Feet 30 Feet Density Lines 

10 0.917 0.879 0.864 0.857 o. 711 0. 711 

35 0.835 0.741 0.703 0.684 0.558 0.558 

50 0.786 0.657 0.606 0.581 0.466 0.466 
' 65 0.737 0.574 0.509 0.477 0.374 0.374 

90 0.655 0.435 0.347 0.305 0.222 0.222 

*Values assume an obstructed zone at 30 feet, a hinge line at 10 feet, 
50 utility poles per mile, and sideslopes of 6:1 and 4:1, initial pole 
offset of 5 feet, poles on one side and a rural area type. 

Note: 1 foot= 0.3 m 
1 pole/mile= 0.6 poles/km 
1 m il e = 1. 6 km 
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Sides lope 

The effect of sideslope on the roadside adjustment factor is illus­
trated in table 22. For a pole relocation project of 5 to 15 feet (1.5 to 
4 .5 m), the roadside adjustment factor ranges between 0.850 (6: 1 cut 
slope) to 0.585 (2:1 cut slope\. For undergrounding projects, the road­
side adjustment factor ranges -From 0.571 to 0.335, for cut slopes of 6:1 
and 2:1, respectively. In conclusion, it is clear that roadside adjust­
ment factor is sensitive to sideslope, although it is roore sensitive to 
the roadside coverage factor for most types of projects. In areas with 
curbs (usually urban areas), the side slope ·is not used in calculating the 
roadside adjustment factor. 

Table 22. Sensitivity of the roadside adjustment 
factor (HR) to sideslope. 

Roadside Adjustment Factors for Various Countenneasures* 

Sl ideslope Relocation of Ut i l it v Pol es Reduce Underground 
5 to 5 to 5 to 5 to Pole Utility 

Fi 11 Cut 15 Feet 20 Feet 25 Feet 30 Feet Density Lines 

10: 1 6:1 0.850 o. 758 0.721 0.703 0.571 0.571 

8:1 5: 1 0.835 o. 741 0. 703 0.684 0.558 0.558 

6:1 4:1 0. 778 0.671 0.629 0.609 0.506 0.506 

4:1 3:1 o. 729 0.614 0.568 0.545 0.463 0.463 

3: 1 2:1 0.585 0.441 0.384 0.356 0.335 0.335 

*Values assume a 35 percent fixed-object coverage, a hinge line at 10 feet, 
a non-clear zone at 30 feet, 50 utility poles per mile, initial pole off­
sets of 5 feet, poles on one side and rural area type. 

Note: 1 foot= 0.3 m 
1 pole/mile= 0.6 poles/km 
1 m il e = 1. 6 km 
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Distance to the Obstructed Zone 

The sensitivity of roadside adjustment factor to the location of an 
obstructed zone is shown in table 23. For a pole relocation project of 5 
to 15 meet (1.5 to 4.5 m) the roadside adjustment factor is 0-.507 for a 
10-foot (3 m) di stance to an obstructed zone, and increases to O .835 for a 
30-foot (9 m) clear zone. The sensitivity-(difference in roadside adjust­
ment factors) decreases for larger increases in pole offset, and for 
undergrounding and reducing pole density. For example, for undergrounding 
projects, roadside adjustment factors vary from 0.507 to 0.588. Thus, the 
1 ocati on .of an obstructed zone affects the roadside adjustment factor, but 
not as much as fixed object coverage. 

Table 23. Sensi ti vi ty of the roadside adjust factor (HR) to 
the location of the obstructed zone. 

Roadside Adjustment Factors for Various Countermeasures* 
Distance 
to the Relocation of Ut il it v Pol es Reduce Underground 

Non-Cl ear 5 to 5 to 5 to 5 to · Pole Utility 
Zone (Feet) 15 Feet 20 Feet 25 Feet 30 Feet Density Lines 

10 0.507 0.507 0.507 0.507 0.507 0.507 

15 0.835 0.430 0.430 0.430 0.430 0.430 

20 0.835 0.741 0.480 0.480 0.480 0.480 

25 0.835 0.741 o. 703 0.524 0.524 0.524 

- 30 0.835 0.741 0.703 0.684 0.558 0.558 

*Values assume a 35 percent fixed-object coverage, a hinge line at 10 feet, 
50 poles per mile, sideslopes of 6:1 and 4:1, initial pole offsets of 
5 feet, pole density of 50 poles per mile, rural area type and poles 
located on one side. 

Note: 1 foot = 0. 3 m 
1 pole/mile= 0.6 poles/km 
1 mi 1 e = 1. 6 km 
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Location of the Hinge Line 

The roadside adjustment factors generated for different hinge line 
distances are shown in table 24. For pole relocation projects of 5 to 
15 feet (1.5 to 4.5 m), the roadside adjustment factors vary from 
0.835 representing a 10-foot (3-m) hinge line to 0.874 representing a 
30-foot (9-m) hinge line. For undergrounding projects, the roadside 
adjustment factor varies from 0.558 to 0.592, which is also a small 
difference (i.e., a differential of only about 0.04 in each case). Thus, 
hi~ge line has very little effect on the roadside adjustment factor. 

Table 24. Sensitivity of the roadside adjustment factor (HR) 
to the location of the hinge line. 

Roadside Adjustment Factors for Various Countermeasures* 
Location 
of the Relocation of Utility Poles Reduce Underground 

Hinge Line 5 to 5 to 5 to 5 to Pole Ut i1 ity 
(Feet) 15 Feet 20 Feet 25 Feet 30 Feet Density Lines 

10 0.835 o. 741 0. 703 0.684 0.558 0.558 

15 0.874 0.764 0. 720 0.699 0.568 0.568 

20 0.874 0.787 0.737 0. 713 0. 577 o. 577 

25 0.874 0.787 0.752 0.725 0.586 0.586 

30 0.874 o. 787 0.752 0.735 0.592 0.592 

*Values assume a 35 percent fixed-object coverage, an obstructed zone at 
30 feet, So poles per mile, and sideslopes of 6:1 and 4:1, 5-foot initial 
pole offset, poles on one side, and rural areas. 

Note: 1 foot= 0.3 m 
1 pole/mile= 0.6 poles/km 
1 mile = 1. 6 km 

Variables Affecting Countermeasure Costs 

The costs of various countermeasures represent an important input 
into the cost-effectiveness procedure. The countermeasure costs are 
highly site specific and, for every section the benefit-cost ra_tio is 
directly impacted by the countermeasure cost, which is the denominator. 
Many factors are known to affect countermeasure costs, including: 
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• Cost of Labor 
• Type of soil (rocky, sand, etc.) 
• Type of po le 
• Right-of-way (ROW) width 
• Line type and uses of the utility line 
• The type of construction practice (i.e., direct bury or conduit). 
• Level of urbanization 
• Location of other utilities 
• Indirect project costs 
• Change in maintenance costs. 

If additional ROW purchase is needed as part of a i:ole relocation 
project, the user must estimate this cost and add it as an input. The line 
uses (i.e., telephone, electric distribution, or transmission, etc.) and 
type (2. 69 KV, 3 phase; < 69 KV, one phase, etc.) are input by the user 
and are the basis for the selection of a default countermeasure cost 
value, in the event that the user does not provide a cost estimate. These 
default cost values were given previously in tables 10 and 11 for buried 
line and pole relocation projects, respectively. - The default values 
should only be used to provide an approximate estimate of cost effective­
ness. Site specific costs should be used whenever possible. 

Other Variables 

In addition to the variables discussed above, several others may also 
affect the results of the economic analysis, including: 

• Project service life 
• Interest rate 
• Severity and cost of utility pole accidents 
• Traffic growth rate 

The following is a discussion of each of these factors in terms of their 
effect on the cost-effectiveness results. 

Expected Project Life and Interest Rate 

These two factors may be discussed in terms of their combined effect 
on expected accident benefits (and annual project related costs). In 
general, a countermeasure may be expected to last a minimum of 15 years, 
and 30-years is often used as a maximum time limit for purposes of 
economic analysis. Interest rates are commonly used ranging between about 
10 percent and 16 percent. 

Various capital recovery factors (CRF) are given in table 16, w,ich 
illustrates the effect of changing service life and interst rates. For a 
10 percent interest rate, capital recovery factors range from 0.1315 for a 
15-year life to 0.1061 for a 30-year project life, a ratio of 0.1315/ 
0.1061 = 1.24. At a 16 percent interest rate, this ratio (15 versus 
30-year period) is 0.1794/0.1619 = 1.108. Thus, service life of 15 to 
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30 years has an effect on annualized initial project costs, ranging from 
about 11 percent to 24 percent (for initial rates of up to 16 percent). 

The effect of interest rate can be determined by comparing capital 
recovery factors for a constant service life. For example, for a 15-year 
service life, the capital recovery factors range from 0.1315 for a 10 per­
cent interest rate to O .1794 for a 16 percent interest rate, a ratio of 
0.1794/0.1315 = 1.36. For a 30 year service life, the ratio is 
0.1619/0.1061 = 1.53. Thus, using a 16 percent interest rate could result 
in accident benefits of 36 percent to 53 percent higher, canpared to using 
a 10 percent interest rate. Thus, it is safe to conclude that- initial 
project costs are more sensitive to interest rates than to project service 
life (within the expected range of values). 

Severity and Cost of Utility Pole Accidents 

The severity of utility pole accidents is reflected by the distribu­
tion of injury, fatal, and property damage only accidents. The severity 
issue enters into the cost-effectiveness procedure in two different ways. 
First, the average injury and fatal accidents represent 47 .3 percent of 
utility pole accidents. Using 1981 NSC accident costs and detennining the 
average number of injuries and fatalities per utility p:ile accident, 
results in an average accident cost of $7,007. Using these NSC accident 
costs and reducing the average severity of utility pole accidents by 5 
percent (44.9 percent injury plus fatal accidents) would result in bene­
fits of approximately $409 per accident. Various agencies also use their 
own cos ts per ace i dent. Some base these cos ts on the number of people 
injured and killed (i.e., NSC) and some are based on the number of fatal 
and injury accidents (i.e., some State's direct costs). 

It is best to use an average severity of utility pole accidents and 
not a site-specific severity. This is because a fatal accident is a 
random occurrence, and one or more random fatal accidents (or fatalities) 
at a site could inappropriately be used to justify almost any counter­
measure. The 1981 NSC accident costs are $190,000 per fatality, 
$7,200 per injury and $1,020 per property damage only accident. Therefore, 
a fatality is 26.4 times rrore expensive than an injury and 186.3 times 
more expensive than a noninjury accident. Using the NSC cost method, a 
utility pole accident with 5-occupants resulting in 2 fatalities and 3 
injuries would result in a cost of $401,600. If safety belt usage (for 
example) would have prevented the fatalities and injuries in that single 
accident, the accident cost would be $1,020 representing a reduction of 
about 99.7 percent of the cost. 

Another use of severity data involves the use of various types of 
breakaway pole devices. A summary is given in table 25 of the effect of 
various severity changes on accident cost. For a 30 percent reduction in 
injury and fat.al accidents, the average cost per accident would drop from 
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Table 25. Sensitivity of accident costs due to reduction in accident 
severity based on 1981 NSC accident costs . 

Percent 
Injury and Percent Average Differences Percent 

Fatal Ace idents Reduction Cost Per in Average Reduct•ion in 
Using Breakaway in Injury and Ut i l ity Pol e Accident Cost Cost per Accident 

Devices Fatal Accidents Accident (~CA) 

47. 3 0 $7,007 $ 0 0.0 

44.9 5 6,705 302 4.3 

42.6 10 6,411 596 8.5 

40.2 15 6,118 889 12.7 

37.8 20 5,806 1,201 17.1 

35.5 25 5,512 1,495 21.3 

33.1 30 5,210 1,797 25.6 

30.7 35 4,908 2,099 30.0 

28.4 40 4,614 2,393 34.1 

23.7 50 4,018 2,989 42.7 

18.9 60 3,413 3,594 51.3 



$7,007 to $5,201, resulting in a 25.6 percent decrease ($1,797 difference) 
in cost per ace i dent. A 60 percent decrease in injury and fat al ace i dents 
would result in a decrease of $3,594 or 51 percent. From the table, it is 
clear that the percent decrease in cost per accident is slightly less than 
the percent reduction in injury plus fatal accidents. However, note that a 
50 percent decrease in cost per accident would result in a 50 percent re­
duct ion in accident costs (assuming all other factors remain constant). 
Thus, accident severity can have a large impact on the accident benefit, 
depending on the effectiveness of the breakaway pole. 

Traffic Growth Rate 

The traffic arowth rates are user inputs of the expected degree of 
traffic growth (or decrease) expected over the project life. Values of 
adjustment factors are shown in table 13 for various service lives and 
growth rates. Assuming a 20 year service life, adjustment factors range 
from 0.70 (5 percent decrease in volume per year) to 3.86 (10 percent 
growth in volume per year). 

For a roadway with a daily traffic volume of 1,000, a doubling of 
volume to 2,000 would result in an increase in utility pole accidents of 
between 0.02 to 0.06 per mile per year (0.01 - 0.04 accidents/km/year). At 
a daily-traffic volume of 10,000, a doubling of volume would result in an 
increase in utility pole accidents of between 0.13 and 0.65 per mile per 
year (0.08 - 0.41 accidents/km/year). However, a doubling of traffic 
volume may not be likely for many moderate to high volume roadway sec­
tions, in light of practical capacity constraints. Thus, except where 
major traffic increases are expected at existing high volume roadways 
(i.e., greater than a 50 percent increase of volume on roads with daily 
traffic volumes above 10,000) the traffic growth rate will not have a 
major impact on utility pole accident experience. 

Summary of Sensitivity Analysis 

Based on the previous discussion of the sensitivity of various data 
inputs, the user should be aware of which data inputs are most critical in 
terms of their impact on the cost-effectiveness results. In summary, the 
following input variables were found to be of primary importance (i.e., 
have the most effect on the analysis results): 

• Actual accident experience on the sect ion ( if given) 
• Pole offset, particularly within 10 feet (3 m) of the road 
• Traffic volume of the roadway 
• Sideslope, particularly for sideslopes steeper than 4 to 1 
• Coverage factor of fixed-objects (roadside coverage factor) 
• Countermeasure cost (including right-of-way acquisition costs) 
• Severity of utility pole accidents and accident costs 
• Distance to the non-clear zone. 
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The following input variables were found to be of moderate importance 
to the analysis resul.ts: 

• Interest rate 
• Pole density 
• Project service life 
• Traffic growth rate 

Particular care should be taken to insure the accuracy of the variables in 
the first two groups. 

Factors found to have lesser effect on the economic analysis in-
clude: 

• Configuration of utility poles (one side or two sides) 
• Location of the hinge line 
• Roadside width 
• Pavement type 
• Number of lanes 
• Operation (one-way or two-way) 
• Roadside alignment 
• Terrain 

The first two factors have a marginal effect on the economic analysis, 
while the last six variables are used for display purposes only. 
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VIII. ESTABLISHING PROJECT PRIORITIES 

If two or more cdndidate countermeasures are under consideration for 
a specific highway section, a decision must be made on 1-klich counter­
measure will result in the optimal safety benefits per dollar spent. 
Various procedures which are available to establish priorities for 
implementation are discussed by Zegeer in the FHWA User's Manual on 
"Highway Safety Improvement Program" [17] and include the following: 

• Procedure 1 - Simple Ranking of Projects ( based on benefit-cost 
ratio, net benefits, rate-of return, etc.) 

• Procedure 2 - Incremental Benefit-to-Cost Ratio 
• Procedure 3 - Dynamic Programming 
• Procedure 4 - Integer Programming 

Priorities for implementation should be based on considerations such 
as available funding, project costs, and expected accident benefits for 
each countermeasure. The four methods listed above include many of these 
conditions. Each method is discussed below. 

Procedure 1 - Simple Ranking of Projects 

This procedure involves ranking project alternatives from best to 
worst based on benefit-cost ratio, net benefit, rate of return, time of 
return, or other economic method. Details on each of these methods may be 
found in numerous other texts. 
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Of these economic measures, any one of them are appropriate for de­
termining the economic feasibility of a given project (i.e., the B/C ratio 
is 2 .3, the net benefit is $120,000, the rate of return is 22 percent oer 
year, etc.). However, when comparing two or more alternatives, 
the simple ranking of projects often does not give the optimal results. 
For example, at a highway section, four options being considered for a 
utility pole accident problem are: Option ,'4. - pole relocation to 20 feet 
(6 m); Option B - pole relocation to 30 feet (9 m); Option C - multiple 
pole rise; and Option D - underground utility lines. Consider the 
benefits and costs of each option: 

Present ·Present 
Option Worth Costs Worth Benefits B/C Ratio 

A 100,000 125,000 1. 25 

B 150,00Q 170,000 1.13 

C 80,000 88,000 1.10 

D 200,000 230,000 1.15 

In this example, the priority of alternatives based on the simple 
benefit-cost ratio method would be A, D, Band C. It should be noted that 
a priority ranking based on the simple B/C ratio will usually result in 
selecting the lower-cost options, while the simple net benefit method 
usually results in selecting the higher cost options. However, as men­
tioned previously simple ranking of projects is not considered approp­
riate. The optimal solution can be found using the incremental benefit­
cost ratio method, as discussed below. 

Procedure 2 - Incremental Benefit-to-Cost Ratio Method 

This method can be used to determine whether extra increments of cost 
(i.e., underground lines as opposed to pole relocation) are justified for a 
particular location or for considering improvements at two or nure loca­
tions. The method assumes that the relative merit of a project is meas­
ured by its change in benefits and costs, compared to the next lower-cost 
alternative. 

The steps for using the incremental benefit-to-cost ratio method are 
given below, as discussed in the "Highway Safety Improvement Program" 
manual [18]: 

1. Determine the benefits, costs, and the benefit-to-cost ratio for 
each improvement. 

2. List the improvements with a B/C ratio greater than 1 (or some 
other minim~n value) in order of increasing cost. 

118 



3. Calculate the incremental B/C ratio of the second lowest-cost 
improvement compared to the first. 

4. Continue in order of increasing costs, to calculate the incremen­
tal B/C ratio for each improvement compared to the next lower 
cost improvement. 

5. Stop when the incremental B/C ratio is less than 1.0. 

To ill us tr ate the use of this method, consider the example given 
previously (with options ordered from lowest to highest cost): 

PW of PW of B/C Comparison A A 
Oetion Costs Benefits Ratio of Options Benefits Costs 6.B/ AC 

C 80,000 88,000 1.10 
C and A 37,000 20,000 1.85 

A 100,000 -125,000 1.25 
A and B 45,000 50,000 0.90 

B 150,000 170,000 1.13 
A and D 105,000 100,000 1.05 

D 200,000 230,000 1.15 

From this example, Option A is preferred to Option C (6.B/6.C = 1.85), and 
Option C would be excluded from consideration. Option A is also preferred 
to option B (l:::.B/l:::.C = 0.90), since spending an additional $50,000 for Op­
tion B would yield only $45,000 of additional benefits. Then a comparison 
of Option A with Option D will result in an incremental cost increase of 
$200,000 - $100,000 = $100,000, and an increase in benefits of $230,000 -
$125,000 = $105,000. Thus, the AB/AC= 1.05, so Option D (underground­
ing) is the optimal solution based on incremental benefits and costs. 
This solution would, of course, be subject to funding availability, 
political considerations, environmental constraints, etc. 

Procedures 3 and 4 - Dynamic and Integer Programming 

Other, more sophisticated techniques are also available for use in 
establishing project priorities. Dynamic programming and integer program­
ming are two of these options which were recommended in a 1979 FHWA report 
by McFarland et al. [18] for use by highway agencies for setting priori­
ties for their highway safety programs. 

These two techniques are particularly useful when simultaneously con­
sidering numerous alternatives at up to several hundred locations. For 
consideration of numerous alternatives at a given site, the incremental 
benefit-cost ratio method is adequate. However, if the user wishes for 
utility pole accident countermeasures to compete with many other project 
types for available funding, while considering numerous constraints, then 
dynamic and integer programming may be worthy of serious consideration. 
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APPENDIX A - DEVELOPMENT OF ROADS'IDE ADJUSTMENT FACTORS FOR USE IN 
ASSESSING COUNTERMEASURE EFFECTIVENESS 

As discussed in the text, the effectiveness of pole relocation, un­
dergrounding, or -multiple pole use is heavily influenced by the general 
characteristics of the roadside. Most roadside conditions have other 
fixed objects and curbs or sideslopes, so the net reduction in roadside 
acc1dents will be less than the reduction in utility pole accidents. For 
example, when utility poles are removed, the out-of-control vehicles that 
would have resulted in a utility pole accident may instead have: (1) no 
collision at all (the vehicle may recover), (2) hit some other fixed 
object, or (3) roll over down the sides1ope. 

For any given roadside configuration, a hazard model such as the one 
developed by Glennon in NCHRP Report 148 can be used to estimate roadside 
adjustment factors. The adjustment factors can th.eoretical ly transform 
predicted accident reductions tor utility pole countermeasures into net 
roadside accident reductions. The hazard equation and illustration are 
given in figure 29, as described by Glennon [l]. 

Roadside Formulation 

For a one-mile (1.6-km) section of roadway, the NCHRP model can be 
simplified for a non-contiguous roadside obstacle (with a constant side­
slope and with no fixed objects) to: 

H = Et · S · P [Y ~ s] (21) 

where: 

H = Hazard index, number of fatal and nonfatal injury accidents/year 

P [Y ~ s] = The probability that the lateral encroachment (Y) of a 
vehicle equals or exceeds the lateral distance (s) of the 
obstacle from the roadway edge. 

Ef = The frequency of encroachments, in number of encroachments per 
mile (1.6 km) per year 

S = A measure of the severity of ac c i d.ent s 

But the results of NCHRP Report 247 indicate·that this formulation over­
predicts the roadside hazard by factors ranging from 2 to 8 depending on 
the magnitude of roadside slopes and the coverage of fixed objects. In 
analyzing these results, insights have been gained regarding an apparent 
flaw in the NCHRP 148 formulation. For example, not every vehicle that 
encounters a 6:1 fill-slope will have an accident (reported or otherwise), 
yet the formulation assumes th at every encounter guarantees an ace i dent. 
Therefore, a more appropriate formulation of the simplified roodel pre­
sented above is: 
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H = E, S l f(y) dy + f(y) dy dx + f(y) dy dx 
[ 

l•d ro~ I l+d roe B+v- rot 9 ] 

S,2RO ~ ff,,,, .. ,. -• ••• • ff•••,.,,.,_,_,•~••'""' 
I l+4 r,c 9 

in which 

E1 = encroachment frequency, number of encroach­
ments per mile per year; 

S = severity index [previously defined as P(I IC)], 
number· of fatal and nonfatal injury accidents 
per total ~acddents( . - -~· -

l = longitudinal length of the obstacle, feet; 

I--' w = lateral width of the obstacle, feet; 
N 
w s = lateral placemenl of the obstacle, feet; 

d = width of the vehicle, feet; 

8 = angle of encroachment, degrees; 

x = longitudinal distance from the farthest down­
stream encroachment point to the encroachment 
point of reference, feet; and 

/(y) = percentile distribution of lateral displacements of 
encroaching vehicles. 

0 

1--' 
I 

t _, .., 
> 
C 
II:: ... .( 

i L + 1 dnc8 

t 
• cot8 

Figure 29~ The roadside hazard equation and a schematic illustration of a 
roadside obstacle and its relationship to an encroaching vehicle. 

Source: Reference 2 
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H = Ef · S · R1 · P [Y 2, s] (22) 

Where: R1 = the reporting level of roadside encounters with the ob­
stacle, Reported Accidents/Encounter. 

In order to estimate adjustment factors that will transform the pre­
dicted utility pole accident reductions into net roadside accident reduc­
tions, it is more appropriate to look at conditional probability that any 
accident (including PDO's) will occur, given that a roadside encroachment 
has occurred. This conditional probability, Pr, is expressed in its 
most general form as: 

(23) 

Note that Ef (encroachment frequency) is NOT included in this equa­
tion. However, because of the nature of roadside accidents with several 
cont ig uou s ace i dent producing features, the appl ic at ion of the rrode 1 to 
specific roadside configurations and utility pole accident countermeasures 
is exceedingly more complex than the general application described above. 
The model has 16 basic forms depending on the order that each of five 
possible contiguous features are encountered. These features include 
utility poles, other fixed objects, curbs, sideslopes, and what will be 
generalized as the nonclear zone. The nonclear zone is that area from 
about 20 to 30 feet (6 to 10 m) from the roadway where there is some 
nominal level of hazard presented by steeper side-slopes, nonclear trees 
and foliage, rocks, fences, walls, etc. 

Using the basic form of the model to account for the additive contri­
butions of various roadside features, requires one other consideration, 
that ofi the coverage factors for utility poles and other fixed objects. 
The 16 different roadside cases are as follows: 

Roadside feature Order 
(from edge of road outward) 

Roadside Cases 1st 2nd 3rd 4th 

1 U.P. F.O. Slope NCZ 
2 U.P. Slope F.O. NCZ 
3 U.P. Slope NCZ Where: 
4 F.0. U.P. Slope NCZ U.P. = Utility Pole 
5 F.O. Slope U.P. NCZ F.O. = Fixed Object 
6 F.0. Slope NCZ U.P. Slope= Side Slope 
7 Slope U.P. F.O. NCZ NCZ = Nonclear Zone 
8 Slope F.O. U.P. NCZ 
9 Slope U.P. NCZ 

10 Slope F.O. NCZ 
11 Slope NCZ U.P. 
12 Curb U.P. F.O. NCZ 
13 Curb F.O. U.P. NCZ 
14 Curb U.P. NCZ 
15 Curb F.O. NCZ 
16 Curb NCZ U.P. 
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To ex.plain the 16 cases, consider a roadside with the following 
characteristics: 

• A row of utility poles 4 feet (1.2 m) away from the roadway edge. 

• A line of light poles an average of 10 feet (3.0 m) from the 
roadway edge. 

• A sideslope break at 12 feet (3.7 m) from the roadway edge. 

• A forest of trees beginning at 20 feet (6.1 m) from the roadway 
edge. 

This roadside situation would correspond to roadside case Number 1 
(i.e., first utility pole, then fixed objects, then slope, then non-clear 
zone). 

The equations for each of these cases are given below, ltlere C is the 
coverage factor, R is the reporting level factor, Lis the lateral place­
ment in feet (0.3 m), U is the subscript for utility pole, F is the 
subscript for fixed object, S is the subscript for side slope, N is the 
subscript for the nonclear zone, and K is the subscript for curb. The 
reporting level is the estimated percent of fixed object accidents ltlich 
are reported, since not all collisions are reportable. 

Case 1 

Pr = (Cu)(Ru)P[Y2_Lu]+(CF}(l-Cu}(RF}P[y2_LF] 
+(1-CF)(l-Cu)(Rs)P[Ls<y<LN] 
+(l-Cf)(l-Cu)(RN)P[Y>LN] 

Case 2 

Pr= (Cu)(Ru)P[Y2_Lu]+(l-Cu)(Rs)P[Ls~Y~LF] 
+(l-Cu)(CF)(RF}P[Y2_LF]. 
+(1-Cu)(l-CF)(Rs)P[LFiY~LN] 
+(l-Cu)(l-CF)(RN)P[Y2_LN] 

Case 3 

Pr= {Cu)(Ru)P[Y2_Lu]+(l-Cu)(Rs)P[Ls~Y~LN] 
+(1-Cu)(RN)P[Y>LN] 
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Case 4 

Pi= (Cr)(Rf}P[Y.?_Lr]+(l-Cr)(Cu)(Rr)P[Y.?_Lu] 
+(1-Cf){l-Cu)(Rs)P[Lsi_Y.'.S_LN] 
+(1-CF)(l-Cu)(RN)P[Y>LN] 

Case S 

P1 = (Cf)(Rr)P[Y>LF)+(l-CF)(Rs)P[~s.s_Y.s_Lu] 
+(1-Cf)(Cu)(Ru)P[Y>Lu] 
+(1-Cr)(l-Cu)(Rs)P[Lu<YiLN] 
+(1-CF)(l-Cu){RN)P[Y>LN] 

Case 6 

Pr= {CF)(Rf)P[Y>Lf]+(l-Cr)(Rs)P[Ls,S_YiLN) 
+(1-Cr)(RN)P[Y>LN] 

Case 7 

Pr = (Rs)P[Ls.'.S_Y,S_Lu]+(Cu)(Ru}P(Y.?_Lu] 
+(1-Cu}(Rs}P[Lu<Y<Lr] 
+(1-Cu)(Cr)(Rr)P[Y>Lr] 
+(1-Cu)(l-Cr)(Rs)P[Lr,iY~LN] 
+(1-Cu)(l-CF)(RN}P[Y>LN] 

Case 8 

Pr= (Rs)P[Ls,S_Y,S_LF)+(Cf)(RF)P[Y>LF] 
+(l-Cf)(Rs)P[LF,S_Y<_Lu) 
+(1-CF)(Cu)(Ru)P[Y>Lu] 
+(1-Cr)(l-Cu}(Rs)P[LU<Y.s_LN] 
+(1-Cr)(l-Cu)(RN)P(Y>LN] 

126 



Case 9 

P1 = (Rs)P[L~Y<Lu]+(Cu)(Ru)P[Y2_Lu] 
+(1-Cu)(Rs)P[L~Y~LN] 
+(1-Cu)(RN)P[Y>LN] 

Case 10 

P1 = (Rs)P[Ls~Y<Lf]+(CF)(RF)P[Y2_LF] 
+(l-Cf)(Rs)P[LF~Y~LN] 
+(1-Cf)(RN)P[Y>LN] 

Case 11 

Case 12 

Pi= (RK)P[Y~Lu]+(Cu)(Ru)P[Y>Lu] 
+(1-Cu)(RK)P[Lu<Y<LF] 
+(l-Cu)(CF)(RF)P[Y2,LF] 

Case 13 

+ ( 1-Cu) ( 1-CF) (RK) P[LF~Y~LN] 
+(1-Cu)(l-Cf)(RN}P[Y>LN] 

PJ = (RK)P[Y~LF]+(CF)(RF)P[Y2,LF] 
+(1-CF)(RK}P[LF~Y<Lu] 
+(1-CF)(Cu)(Ru)P[Y>Lu] 
+(1-CF)(l-Cu)(RK)P[Lu~Y~LN] 
+(1-CF)(l-Cu)(RN)P[Y>LN] 

Case 14 

P1 = (RK)P[Y<Lu]+(Cu)(Ru)P[Y2,Lu] 
+(1-Cu)(RK)P[Lu<Y~LN] 
+(1-Cu)(RN)P[Y>LN] 
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Case 15 

Case 16 

Pr= (RK)P[Y~LN]T(RN)P[Y>LN] 

Coverage Factor Relationships 

Assuming that a single fixed-object such as a pole has a 0.5-foot 
(0.2-m) square dimension, the NCHRP model yields the roadway shadow length 
for each object as follows: \ 

Shadow length = 1/2 + 6 csc e + 1/2 cote 

Where 0 = average encroachment angle, 11• for rural, and 7° 
for urban 

Using the average angles yields the following shadow lengths: 

Rural shadow length= 34.5 ft. (10.5 m) 
Urban shadow length= 53.7 ft. (16.4 m) 

Therefore, the coverage factors for various densities of utility 
poles are: 

Number of utility poles 
per mile (1.6 km) Coverage Factor (Cu) 

One Side Both Sides Urban Rural 

10 20 0.103 0.065 
20 40 0.206 0.130 
30 60 0.309 0.195 
40 80 0.412 0.260 

Exercising the Models 

In exerc1s1ng the models, several assumptions, simplifications, 
class.ifications, and parameter values were applied as shown in Table 24. 
The exceedance probabilities for the lateral displacements of encroaching 
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Table 26. Examples of values used in exercising 
the roadside hazard adjustment model. 

Coverage Factor Classes for Utility Poles (Cu) and Fixed Objects (Cr) 

Cu 0.065, 0.130, 0.195, 0.260 

Cr 0.10, 0.35, 0.65, 0.90 

Lateral Placement of Roadside Hinge Point Lx (in Feet) 

Lx • 10 

Lateral Placements of Utility Poles (Lu) and Fixed Objects (LF) in Feet 

Rural Lu• 5, 10, 15, 20 
Lr = 5, 10, 15, 20 

Urban Lu = 2, 5, 10, 15 
Lr • 2, 5, 10, 15 

Lateral Placement of Non-Clear Zone {LN) in Feet 

Rural LN • 30 
Urban LN = 20 

Exceedance Probabilities for Lateral Displacement of Encroaching Vehicles 

Rural Urban 

Lateral 
Displacement 

Lateral 
Displacement 

(Feet) Probability (Feet) Probability 

0.92 
0.77 
0.57 
0.40 
0.27 

5 
10 
15 
20 
30 

Reporting Level Factors 

Fixed Objects 
Utility Poles 
Curbs 
None le ar Zone 
Slopes 

Fill Slope 

10:l 
6:1 
4:1 
3:1 

Note: 1 foot= 0.3 m 

0.96 2 
0.87 5 
0.70 10 
0.58 15 
0.30 20 

Rr • 0.90 
Ru• 0.90 
~ • 0.10 
RN • O. 50 

Cut Slope 

6:1 
4:1 
3:1 
2:1 
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vehicles were taken from "Effectiveness of Roadside Safety Improvements" 
by Glennon and Wilton [2] as illustrated in Figures 30 and 31 for urban 
and rural areas, respectively. The reporting level factors were subjec­
tively estimated from the NCHRP Repor~ 247 results (3). 

Computing the Roadside Adjustment Factor 

To compute the roadside adjustment factor, the following steps should 
be made: 

Step 1: 

Step 2: 

Step 3: 

Step 4: 

Step 5: 

Step 6: 

For the existing roadside condition, list the values of Lu (the 
average lateral offsets of the utility poles), Lf (average 
offset of fixed objects), Ls (distance of break in slope if in 
a rural area), and LN (lateral distance at ""1ich the nonclear 
zone begins). 

Repeat Step 1 for t~e condition expected after the countermeasure 
is implemented. For example, if poles are to be relocated from 
4 foot lateral offsets to 20 feet (1.2 to 6.1 m), then Lu would 
be 20 after the improvement, and values of LF, LN, and LF 
might remain constant. 

Determine ""1ich of the 16 cases apply during the existing condi­
tion and also during the after condition, based on the order of 
obstacles from the roadway edge. 

Determine values of Ru, RF, RN, Ls, P[Y>LN], and RK 
for the before conditions and after condition. Note that values 
of P[Y>LNJ differ for urban and rural areas. 

Compute Pu = the probability of a utility pole accident, inde­
pendent of other roadside conditions, as follows: 

Pu= (Cu)(Ru)P[Y2_Lu] 

for both the before condition and the after condition. 

Compute 6. Pu the change 
countermeasure. 

6 Pu= Pu1 - Pu2 

in Pu value expected after the 

where: Pu1 = Probability of a utility po le accident in the 
before condition. 

Pu2 = Probability of a utility po le ace i dent after the 
countermeasure is completed. 
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Source: Reference 2 
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Step 7: Compute l!.. Pi ( the probability of any roadside accident for 
both the before and after conditions. 

Step 8: Compute: 6 Pr = Pn - P12 

where, Pn = Probability of roadside accident in the before 
condition. 

P12 = Probability of a roadside accident in the after 
condition. 

Step 9: Compute the roadside adjustment factor = HR 

where, HR .. 6. P1/ 6. Pu 

Step 10: To determine the net reduction in total roadside object accidents 
due to a utility pole countermeasure, multiply HR by the ex­
pected reduction in utility pole accidents. 
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APPENDIX B - ACCIDENT REDUCTION FACTORS FOR UTILITY POLE ACCIDENTS 

Increasing Lateral Pole Offsets 

Accident reduction factors were developed based on the predictive 
model and correspond to the expected reduction in utility pole accidents 
due to increasing lateral pole offsets. The accident reduction factors 
(AR factors) given in the table 25 were developed for a variety of traffic 
volumes and pole densities. The AR factors are expressed as the percent 
reductions in utility pole accidents expected due to moving poles from one 
pole'·offset back to another distance further from the roadway. For 
example, the first table corresponds to roadways with a traffic volume of 
1,000 and pole densities of 20 poles per mile (12 poles/km). Assuming an 
existing line of poles with 5 foot (1.5 m) offsets will be moved back to 
20 feet (6.1 m), the expected reduction in utility pole accidents is 
65 percent, as shown in the table. 

These AR fa~tors only apply to utility pole accidents and to not 
account for the possible increase in other roadside accidents which may 
occur after the poles are relocated. For example, if utility poles are 
moved from 5 feet (1.5 m) to 20 feet (6.1 m) from the roadway, an 
encroaching vehicle might then hit a tree or other obstacle instead of a· 
utility ·pole. Roadside adjustment factors to account for this situation 
are given in the text and further discussed in Appendix A. 
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Table 27. 
lateral 

Accident reduction factors due to increasing 
pole offsets for various levels of traffic 

volume and pole density. 

POLE ··o;::fSe:"f··eti="CfRE ... ···········•········ 
POLE OFFSET 

... AFTER i"MPRciVEMEi-it ·c FE Et l 
IMPROVEMENT 

.......... J .F. ~. ~ ! . ) .................... 4-. : ............. 11. : .......... 1. (?, : .. ......... 1.~. : .......... 1. ?. : ...... . 17. 20. 25. . ... 3.1'.: ........ . 

2 . 
3. 

52. 61. 67 . . 12. 76. 78. 81. 
38. 49. 57. 63. 69. 7 2. 76. 

85. 87. 
BO. 83. ···············•·· 4 :·····•·············· ·2s :······ ··3s·:·······4 a·:·········1rn:·········s:L········ Ge:·:········10 .········ 16 .· · ·ao:··· .. ···· 

5. 
6. 
7. 
a. 
9. 

10: 
1 1 . 
1 2 . 

12. 28. 39. 47. 56. 60. 65. 
19. 31 . 40. 50. 5 5. 6 1. s: 2:§. ·· :fa: 44.··· so:· 56 . 

15. 26. 38. 44. 52. 
8. 20. 33. 39. 47. 

..... ... .. 13: ·•··· 27. 34 : 43 . 
7. 22. 29. 39. 

16. 25. 34. 

72. 76. 
68. 73. 
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60. 67. 
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10. 22. 
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a. 
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36. 
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17. 
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iii .. 
9. 
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11:· 
12. 

23. 

8. 

65. 
54. 
45. 
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29. 
21. 
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7. 
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60. 
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65. 68. 
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14. 22. 

78. a,: ·s4. 
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Table 27. Accident reductioA factors due to increasing 
lateral pole offsets for various levels of traffic 

volume and pole density (Continued). 

POLE 
OFFSET BEFORE 
fMPR□iiEMENi" . 

(FE ET) 6. B. 

POLE OFFSET 
AFTER .. H1P.RCJ\IE.MENT (FEET.) .. 

10. 12. 15. 17. 20. 25. 30. 

············· ·····:r:•·······--·· .. · ··· ··s-r: ······· so:··· .. ···ss :······ .. 16': .. ··----·•1,r·:··· ... ···1s·:···· .. ··1s·.· · ······e2·:·· ...... as·: ........ ···· 
3. 36. 48. 55. 61. 66. 69. 73. 77. BO. 
4. 23. 37. 46. 52.· 60. 63. 67. 73. 76 . ................... s ·:·· ••·····• ... • ....... 1T·: .... ··21·:······ ... 3,. :•··•• ··4s·:··--· .. · .. sj·. · · s·1·:····•····s2·:·· ..... i;e·: .......... tj··.· .... · ····· 
6. 18. 29. 38. 47. 52. 57. 64. 69. 
7. 9. 22. 31. 41. 47. 53. 60. 66 . ................. a:· .. ··· ................................................. ;4 . ·······':2 s·:··· .. ····31L ...... ·4·,•:······ ··40 :···· •·•·ss·:--··•·· .. 6:i ........... · 
9. 7. 18. 30. 36. 44. 53. 59. 

10. 12. 25. 32. 40. 49. 56 . ............. n-:··· .. ··· ... ·. ......... .. ........ ·6:· ... 20_. 21:· 35. 46: ... 53. 

12. 15. 22. 31. 42. 50. 
13. 10. 18. 27. 39. 47. 
i4. ·s. fj:··· 23. ··:is: 44. 
IS. 9. 19. 32. 4 1 . 

POLE POLE OFFSET 
··oFF stt··etFciRt 

IMPROVEMENT 

.... (FEET) ..... 

.......................... ,. FTEii' ... iMPROVE MENt···rFEEt·r ................. . 

2. 
3. 

·,L'· 
5. 
G. 

6. 

so. 
36. 
23. 
11 . 

.. . ... .. . . . ·-' .... •7· ~. ··•· ............... --- ........ . 

8. 
9. 

io. 
11. 
12. ............ i':i.···········--······ 
14. 
1 S. 

..... ... ACl.T .. L.~ v_i::.~ ..... 

POLE 
OFFSET BEFORE 
iMFirio\iEMENT 

(FEET) 6. 

B. 10. 12. 15. 17. 
········•··----. 

20. 25 ..... 30. 

SB. 64. GB. 73. 75. 77. 81. 83. 
46. 54. 59. 65. 68. 71. 75. 78. 
36: 45. ·· s·i. se·. G1. es. fo: 14. 
26. 36. 43. 51. 55. GO. 66. 70. 
17. 28. 36. 45. 50. ss. 61. 66. ········a·: ......... 2r:······ ':io":·•····•··3s .· ······ 44·:···•· ···so_. ........ s1:······ ... ej··.··· ........ . 

14. 23. 34. 39. 46. 54. 59. 
7. 17. 29. 35. 41. 50. 56. 

11. 24·. · .. 36':· ··3,-_. ...... .<is:-·· .. sj_. ........ · 
6. 19. 25. 33. 43. so. 

14 . 2 1. 29 . 39. 4 7 . 
· · · · · s. 1t: 2s: :is. 44·. 

5. 12. 22. 33. 41. 

. .................. ~.: ......... 1.8 · .......... ~<?.: ........ 311 . .-

.P..0. L. E ... Cli::.N.S..I.T.X .. .7:S.: ..... P.9~.~ S./~.;.~.E .. 

POLE OFFSET 
..... A.FT ER ... l!,IP~O'JEM~r-l! .. (.F.E.~T..J. 

8 . 10. 12. 15. 17. 20. 2s. 30. 

...... 2._. ............ "s:· sa:· ·· ·1fa: 67. h. 74: 76. so: a:L 
3. 35. 46. 53. 58. 64. 66. 70. 74. 77. 
4. 22. 35. 44. 50. 56. 60. 64. 69. 72 . ................... s·:······....... r f ....... :fs: ........ Js.·--· .... ,fa.:· .. ··· .. ·so. 54 ..... 59 ... ··s·.'i : ......... Ga:··· · ·•···· 
6. 16. 27. 35. 44. ,8. 54. 60. 64. 
7 . 8. 20. 29 . 38. 43. 49 ·' 56. 61. a: ··· tJ. 2s: .. ·:ff. ·······:ra·:·•·····44:····· ··s2·:---·····st·:·• ........... . 
9. 6. 17. 28. 33. 40. 48. 54. 

10. 11. 23. 29. 36. 45. 51. · ..... · · ...... · ·T ·; · : .......... · ... · · · · ... · · ... ~· ... · ......... :.: · · .... · · · · · ~· .. · · · ··· · · · ·s : · · ·· ... · ·; a·:···· :i4: 32. ·41: 48. 
12. 13. 20. 28. 38. 45. 
13. 9. 16. 24 . 35. 42. ... . " .......... 'f ,j' ·: ....... .............. "·~· .............. :.; ............. " ............... :.; ........ " .... 4 ·:··. 12: .. :ii: :31. 39. 
15. 8. 17. 28. 36. 
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Table 27. Accident reduction factors due to increasing 
lateral pole offsets for various levels of traffic 

volume and pole density (Continued). · 

...................... ···ii.tit··T. e vtL···;·oooo:············--poLi(.o"i::l.isltv .. 20·: . POLE S/Mi"LE 

POLE POLE OFFSET 
·oFFSET BEF"i:itf1C·· ............ ·•· AFTER IMPROVEMENT. (FEET) 

IMPROVEMENT 
.(.f:~ET,) .............. ~ .. · ....... 8, .. l_9. ..... 12.: .... 1~. 17. 20. 

2. 50. 59. 64. 68. 73. 75. 78. 81. 83. 
3. 36. 47. 54. 59. 65: 68. 71. 76. 79. 

··;f~· ··········-•------·· 23··:········°3"rf:··-·····-4s :·········!:rr:···--····ser:·········Er2·:·········s,r:····· .. · 1 f;·········14··:···-·········· 
5. 11. 26. 36. 44. 52. 56. 60. 66. 70. 
6. 17. 28. 37. 46. so. 55. 62. 67. 

·················· 1·:························ ················ ·a·: ·······:i-r:········::r6:···•····40·:···· · · <i s·:·········s1 .······ · 5s : ···••· s:I:•············· 
8. 14. 24. 34. 40. 46. 54. 60. 
9. 7. 17. 29. 35. 42. 51. 57. 

······· ·········1·0:·••··········· ·· ···········•···· ······•• ······· ···················· ·1·1·:····· ···24·:······•··30:··• ·····3a .· ·41·:····•····s4·:·············• 
11 . 6 . 19. 26. 34 . 4 3 . 5 1. 
12. 14. 21. 30. 40. 48. ········· · T:i··:······ ·················· ······························· · ··· · · · --·s·.········ fL ·· 2s·:···31:········4s: ·········· 
14. s. 13. 22. 33. 42. 

IS. ....................... 8 .. 1.B· ... ~9: ..... ~!! ....... . 

ADT LEVEL. 1990.9:.... POLE DENSITY 40 ... POLES/MILE. 

POLE 
OFFSET BEFORE 
. iMP'ROilEMENT .. 

(FEET) 6. 8. 

POLE OFFSET 
AFTER IMPROVEMENT (FE.E.T). 

10. 12. 15. 17. 20. 25. 30. 

····•·····••·······2:··•·•··················so:······· ·5a :·········s4·.····· ·· iss·:·········1:i:·········1;f:··········11. ·····so:········ai.· 
3. 35. 46. 53. SB. 64. 67. 70. 74. 77. 
4. 22. 35. 44. 50. 57. 60. 65. 69. 73. 
5 :· . ii ..... 2Ei°: .. 36. . .. 4·:r: .... !H ..... 55 :· . 59 .· .. 65: .. ··siL 
6. 17. 28. 36. 45. 49. 54. 61. 65. 
7. 8. 20. 29. 39. 44. so. 57. 62. 

······•··s. 13. 23: 33. 3§:- 45. ·s3: SIL 
9. 7. 17. 28, 34. 4 I . 49. 55. 

10. 11. 23. 29. 37. 45. 52, ·················r·f~------·-········· .. -· .. ·-·-················--···----· ---·······Er: 1·e··; 2s. ·33··.-·· · ·· A.-:;r:··· ···49··: ·· 
12. 14. 20. 29. 39. 46. 
13. 9. 16. 25. 35. 43 . ............... 1·;r:···························•·••·····•······················~········ ...... ················4 :···· •··· i 2·:··········2·r:····· ···3 2·:········· 4Ci".········· ·· 
15. 8. 17. 29. 37. 

··························40t···LEVEL ··10006:············· ·PoLe:".btNsi'rv····,s·:····poL·E"s/MfLE·································· ..... 

POLE 
OFFSET EiEFORE .. 

IMPROVEMENT 

...... J_F~IT.J ..... .......... ~:.... ... 0. 

POLE OFFSET ··AFteR· ·rMPROVEM.ENt···rtifEt·r···•···· .... , ................................... . 

17. 20. 25. 30. 

2. 49. 57. 63. 67. 71. 74. 76. 79. 82. 
3. 35. 45. s:t. s0. 63. 66. 10. 74. 11. 

············•··4:··············22:····3s:········.13.······so:····siL 60. ···e4. · 69. 12. 
5. 11. ?.5. 35. 42. 50. 54, 58. 64. 68. 
6. 16. 27. 35. 44. 48. 53. 60. 64. 

···················1·:························~······•········ii":·· · ····::to.········ 2si·:···•·•··3a:······· 43·:·········4s.·· ······ss·:········so.·············· 
8. 13. 22. 33. 38. 44. 52. 57 . 

...... 9:. 6 . .-..... 17. .2.~.:., ...... 33. 40. 48. 54. 
10. 11. 23. 2"si:······3i;."··•·····44:·--··s"i":···••·•···· 
11. s. 18. 24. 32. 41. 48. 
12. 13. 20. 28. 38. 45. 

··········· i:i:··· ······ ··· ······· s:·· ·· is: 24: 34. 42. 
14 . 4 , 12. 20. 31 . 39. 

15. . ......................... ······ ····•········ ····························e.·:. 17. ~8.: ....... 3.\; .......... . 
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Table 27. Accident reduction factors due to increasing 
lateral pole offsets for various levels of tr4ffic 

volume ind pole density (Continued). 

POLE POLE OFFSET 
OFFSET BEFORE 

····•1;..pRbi/EMENt············ 
...... A~TE? J~~.Roy~M~r-lT .(FEETl ... 

(FEET) 6. 8. 10. 12. 15. 17. 20. 25. 30. 

:L so: 58: . 64·. 68 :· ... ·12·:··· . ··7,f ... ···11 :·•······•ao:········•s:1·:··········· 
3. 35. 46. 53. 59. 64. 67. 71. 75. 78. 
4. 23. 36. 44. so. 57. 61 . GS. 70. 73. 

········· ·•·······s:·· ················· ··;··;··:········26·:·········:16··.•········43·:····· ···s ·1 ·.·········ss·:·· . 59. ss: 69. 
6. 17. 28. 36. 45. 49. 55. 61. 66. 
7. 8. 21 . 29. 39. 44. so. 57. 62. 

.. ii".····· 13. 2:L·· 34·.······39. ·········4s.·········s·:i·:·········s9·.·········•·· 
9. 7. 17. 28. 34. 41. 49. ss. 

10. 11. 23. 30. 37. 46. 52. 
··········;-1··.-··•·······················•···•···················· ·6:·····10 .. ··2s:- · · fa.· ·· ··,r2: · · ·49·.· · ·· · · 

12. 14. 21. 29. 39. 46. 
13. 9. 16. :s. 36. 43. · · · ·· -·· · · · · · ·· · ·r4··: · · ··· ··· ---· ·· --· ·· · ·-· · ·· · · · · ·· ·· · ·· · · .. · · · · · · · · -- ·· · · · ·-· · · -- · · · · ---· · ·· · · ·· · · 4· ·.- · · · · -:; · ;.,· · -- 21. .. :fa 40. 
15. 8. 1 t . 29. 38. 

. .... . ... AOT l.EVET Tsooo: . 

POLE POLE OFFSET 
·oi="FstT BEFORE AFTER IMPROVEMENT (FEET) .... 

IMPROVEMENT 

.......... <F..~.~.TJ. ...................... § . .-............. ~.: .......... )() ............ 1.~.: ......... 15 .......... ~.7..: ........ :2().: ........ ~? : ......... :1.9 .............. . 
2. 49. SB. 63. 
3. 35. 46. 53. 
4.· .... 2:2: 35. 44. 
5 . 1 1 . 26 . 35 . 
6. 17. 28. 

·-;·:····················•····~······•·····a·:·•· ····fo.·•····· 
8. 13. 
9. 6. ·················ro .... · ........................................... . 

1 1 . 
12. 
13. 
14. 
15. 

···················•·························••--·•···················-·•·•·-

AOT .. LE.\l.~.L 1500(), 

67. 
58. 
so. 
42. 
36. 2s: · · 
:23. 
17. 
1 f: ... 
s. 

72. 
64. 
51: 
so. 
44. 
3iL ..... 
33. 
28. 

·;23. 
18. 
13. 
if.··· 
4. 

74. 77. 80. 82. 
67. 70. 74. 77. 
so:· 64. 69. ·n. 
54. 59. 64, 68. 
49. 54. 60. GS. 
4:f:"· . 49·.···· 56:··· ··61·:·· .. ······· 
38. 45. 52. 58. 
34. 40. 48. 54. 
2s: · :1s.·· 45. sf. 
24. 32. 41. 48. 
20. 28. 38, 45. 
16: .... °24. ······· .. :1s·:········42·:·········••·•· 
12. 2 1 . 32. 39. 
8. 17. 28. 37. 

POLE POLE OFFSET 
OFFSET BEFORE AFTER IMPROVEMENT (FEET) ·····t·MP.RciiiEMENt····•····· ... ·····• .. ···•· ....................................................... ·················• .. ························· ............................. . 

(FEET) 6. 8. 10. 12. 15. 17, 20. 25. 30. 

·2. 
3. 
4. 
s. 
6. 
7. 

49. 
35. 
22. ....... •··············r1.·•··· 

·s1:· s3. · 61: 11. 13:·· 16·:······-;9·:· --·a2:······ 
45. 52. 58. 63. 66. 69. 73. 76. 
35. 43. 49. 56. 59. 63. 68. 72 . 

···2s·:···• .. ··· as .···•··· · 4 2 ·: · ·····so·.· .. ··· •·s3:·•· ·· ···siI·.······· ··s 4 ·:·········6iI :········ .. ·· 
16. 27. 35. 44. 48. 53. 59. 64. 
8. 20. 29. 38. 43. 48. 55. 60, .................. ii .. ·····. ······~····· .......... ~ ............ r:i:··••·•···22·:···•·····3:1:·········:ia·:·········44: sc·········s1. 

9. 
10. ....... ··········;-;·.···················· .. ······· 

12. 
13. 

6. 16. 27. 33. 40. 48. 53. 
11 . 23. ..~. 35. 4~ . so . 
5: ;·if. 24. H. 4·f: 41 :···· 

13. 20. 28. 37. 44. 
9. 16. 24. 34. 41 . ··········· .... f4· ... ············· ....... ··~··•·• .......... ~ .............. ~ ............. ·~ .............. 4•·:······ .. ·, :f :·· ....... ·20·:·········3-;-: ......... 39··:·· ........... . 

15. 8. 17. 28. 36. 
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Table 27. Accident reduction factors due to increasing 
lateral pole offsets for various levels of traffic 

volume and po 1 e density (Continued). 

licit . i:-fiitl :isooo. 
POLE POLE OFFSET 

··oFFstt etFotft AFTER .tiilii>RDVEME111t (FEEfl 
IMPROVEMENT 

........... < HET.> ..................... 6 ............ 8: ......... 10 ......... 12: ......... 1.5 .......... 17: ......... 20 · .. .. 25. 30 . ...................... 

2. 49. 58. 63. 67. 72. 74. 76. 80. 82. 
3. 35. 46. 53. 58.· 64. 66. 10. 74. 77. · 4·:· .................... 2:2 ......... ·:3s : ........... ,r ........ ·so'_. ........ siL ......... ifo :·· ·•·· ·64· ... ·····i:r9·:· ....... 12 ....... ·· .... . 
5. 11 . 25. 35. 42. so. 54 . 59 . 64 . 68 . 
6. 16. 27. 35. 44. 48. 54. 60. 64. ····•···· .... ····1: ........................... a:···· .. 20 .. ·········29:···•····3a.··· .. ·43:····· ·4s. sii: .. ····61. 
8. 13. 23. 33. 38. 44. 52. 57. 
9. 6. 17. 28. 33. 40. 48. 54. ro: ......................... ; .............. ~ ............. ·;····· ....... i 1·: ........ 2a· .. ·····•···2'ii·_-· .... 36 .......... ;; s:·· ...... sf .............. . 

11. 5. 18. 24. 32. 41. 48. 
12. 13. 20. 28. 38. 45. ···· ····· ····1:i _. ....................... ;•··· .. ·· ....... ~··•· .... ··• .. ·:· ... • .......... ~ ........... s ............ fs·: .... ··24· .. ···· .. ·':is·:··• ...... "2. 
14 . 4 . 12 . 2 1 . 31. 39 . 

.... 15. .. .................................. ...... 8.: ..... 17., .......... 28. J.6 .. 

.......................... 1'.0..T. .. ~.~.V.E.~ .... ~?.9.99..: ............... P..OL~ .... 0..E.~S.}Ir .... ~Q., ... F'~~~.~/~~g ........................................ . 
POLE POLE OFFSET 

OFFSET BEFORE AFTER IMPROVEMENT (FEET) JMPkb\iEMEiilt .......................................................................................................................................................... ·· 

(FEET) 6. 8. 10. 12. 15. 17. 20. 25. 30 . 

........... :L........ 49. 57. 63. 61:··1; ....... ,4:- .... 16:•··,s,-. ··s2. 
3. 35. 45. 53. 58. 63. 66. 69. 74. 76. 
4. 22. 35. 43. 50. 56. 60. 64. 68. 72. 
s. · 11 . :zir: .... ·:Js ... · "<i2. so. · .. s4 ... · .. siL. · · s4·. · .... &ii. 
6. 16. 27. 35. 44. 48. 53. 59. 64·. 
7. 8. 20. 29. 38. 43. 48. 55. 60. 
8. - 13. 22. 33. 38. 44. . .. s'f: ....... 57. 
9. 6. 17. 28. 33. 40. 48. 54. 

10. 11. 23. 28. 36. 44. 50. 
11. 5. 18. 24. 32. 41. 47. 
12. 13. 20. 28. 37. 44. 
13. 9. 16. 24. 34. 42. 

···· ·· i<i. · ········ ··· 4. 12: 20. :n:···aii. 
15 . 8 . 17 . 28 . 36 . 

POLE DENSf'rv 75. PbLEs/Mi'L'E .. 

POLE POLE OFFSET 
. OFFSET BEFORE .. .... . . A;FTER iiiiPRciiiEMENT (FEET) .. 

IMPROVEMENT 
.......... <FE.ET) ..................... 6 ............ s., ..... 1.c:>, ..... 12 ........... 1.5 ......... Y!• 20... 2s. .3o._.. 

2. 49. 57. 63. 67. 71 . 73. 76. 79. 81. 
3. 35. 45. 52. 57. 63. 66. 69. 73. 76 . .............. ... ;;·: ..................... 22·.·· ....... :i·s·: ....... ·4a ......... 4·9·: .. ·· .... ·s6· ........ s9·:· ....... 6:i ............ 5s·:· .. ·· .. ··11·:· .. ·········· 
5. 11. 25. 35. 42. 49. 53. 58. 63. 67. 
6. 16. 27. 35. 43. 48. 53. 59. 63. 
7. - 8. 20. 28. 38 . 42 . 48 . 55. 60. 
8. 13. 22. 32. 37. 44. 51. 56. 
9. 6. 16. 27. 33. 39. 47. 53. 

f O. - - - 1 1. 22 . 28. 35 . 44 . 50. 
11. 5. 18. 24. 31. 40. 47. 
12. -. 13. 20. 27. 37. 44 . ................. i:i: .......................... ::.-.............. ~ .............. :;, ............. ~ .............. iL .......... 1·s·:· ........ 24··:-· ....... 3.4 : ......... 4'f .............. . 
14. 4. 11 . 20. 31 . 38 . 

................ 15 .............................................................................................................. 8.- .......... 1.1 .......... 28_. ......... 36 · ........... .. 
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Table 27. Accident reduction factors due to increasing 
lateral pole offsets for various levels of traffic 

volume and pole deQsity (Continued). 

POLE 
··oi=i=str··se'Fofit····· 

IMPROVEMENT 
...... J.FE.!:T) 

2. 
3. 

6. 8. .................. 

49. 57. 
35. 45. 

10. 12. 15. 
··············•······•······················· 

63. 
52. 

67. 
57. 

71. 
63. 

17. 

73. 
66. 

20. 25. 30. ·····························•··••············ 

79. 
73. .. 4: . 22. :is: .. 43_. ... 49 _- . 56.·· ss: 

53. 
48. 
42. 
37. 

76. 
69. 
63. 
58. 
53. 

i;a: 
63, 
59. 
ss: 
51. 
47. 
44: 
40. 
37. 

81. 
76. 
if. 
67. 
63. 

5. 
6. 
7. 
8. 
9. 

1 1. 25. 35. 
27. 
20. 
13. 
6. 

42. 
35. 
2a: 
22. 
16. 
1 1 . 

49. 
43. 

10. 
1 1 . 
12. 
i::i. 
14. 
15. 

16. 
ii : 

5. 

;· :38·. . 
32. 
27. 
22. 
18. 
13. 
9. 
4. 

33. 
:2il: 
24. 
20. 
is: 
11 . 
8. 

4a·: 
43. 
39. 
35. 
31. 
27. 
24. 
20. 
17. 

'j4 
31. 
27. 

Go: 
56. 
53. so·········· 
47. 
44. ······4L ...... . 
38. 
35. 

ADT LEVEL 40000. POLE.DENSI!Y 75 ... PO~ES/~ILt 

POLE OFFSET POLE 
OFFSET BEFORE 

·····1MfiR6vEMEi·ii' 
(FEET) 6. 

··•········· 2:· ................ 49: .. 
3. 34. 
4. 
5 .. 
6. 
7. ... . .... ... 8. 

9. 
10. if ...... . 
12. 
13. 
14 : 
15. 

22. ····n. 

AFTER .. IMPR.ClV.EME~!. JFEP) 

8. 10. 

s1 :· · · ·s::i'. 
45. 52. 
35. 
2s: 
16. 
8. 

12. 15. 

67 .. TL. 
57. 63. 

56. 49. 
. 42: 

35. 
28. 

49·_-
43. 
37. 

17. 20. 25. 30. 

. .... 13·:··•·······,,s .- ····· ·1s·:·•·······a·; ·.··· .. · ······ 
65. 69. 73. 76. 
59. 63. 68. 7 1 . s:L·. 57 .·· . G::i':·· ·G,_. ...... .. 
47. 52. 59. 63. 
42. 48. 55. 59. 

43. 
35. 
27. 
20 . 
13. 2:L .... Ji. ··· 37: 4:i. s1: ·ss. 
6. 

11 . 
16. 27. 

22. 
11·.· ················ ., ........... . 

5. 
13. 
8. 
4·. 

32. 39. 47. 53. 
28. 35. 43. so. 

···2 .:i·:·· ·3 ;· :·········4·6':······ ... 46·.·· ·········· 
19. 27. 37. 44. 
15. 23. 33. 41. 

· 11.·· 20. ····30. ··3s·.········ 
7. 16. 27. 35. 

AOT LEVEL 40000. POLE DENS IT:,' .29 .. POLES/Ml.LE .. 

POLE 
OFFSET BEFORE 

···•·iMi:>Roi.iEMENt' ...... .. 
(FEET) 6. 

................. 2 ........ .. 

3. 
4. ··s:--··· 
6. 
7. 

49. 
35. 
22. 
1r:·· 

POLE OFFSE-
······· AnE.R. I~F'.ROVEME~T (FEET L 

8 . 10. 12. 17. 20. 

.. ... 63: ... 67:' ..... ii'.· .. ·1:i: 76 57. 
45. 
35. :HL .. 

8. 

52. 57. 63. 66. 69. 
43. 49. 56. 59. 63. 
35:. ···42: ... 4s:· .. s:L .... 58. 
27. 35. 43. 48. 53. 

25. 

.. .. '75i: 
73. 
68. 
i;':i:' 

30. 

a1.·· . 
76. 
72. •·••·61·:·· ....... . 
64. 
60 . .. iL .:.o. 28. 38. 43. .. 4.8 .... , ... 

··,... 22.··· 32. Ja: 44.' 

59. 
55. 
51. ·· ·s1·:· 

9. 
10. ................. 1-·f:············ ·········-·······-·············-··········· 
12. 
13. 

6. 16. 27. 33. 39. 
11 . 22. 28. 35. s:-·· ·1a. ····24: ·· :ii: 

13. 20. 28. 
9. 16. 24. f4: ··················· ................. ;;····· .... ·····~···· ...... . . ........... 4·:···· .. •··1 :2·:··· ... ·.20 _. .... .. 

15. 8. 17. 

l41 

47. 
44. 

·40·· 
37. 
34. 
:if: 
28. 

53. 
50 . 

. 47. 
44. 
41. .. .. 3s·.· .. ·· .... · 
36. 



Table 27. Accident reduction factors due to increasing 
lateral pole offsets for various levels of traffic 

volume and pole density (Continued). 

POLE POLE OFFSET 
··oi=FsE:"T ·sti=o"Fit···•·· .............................. AFTtii· IMPROVEMENT ·t FEET) 

IMPROVEMENT 

........... (.F.E: r:.T) ..................... ~. · ........... !!., ......... 1.?..· ........... 1 .2., .......... 1.!S .......... 1.7..: ......... ~.?. ........... 2.?.: ........ }(). · ........... . 

2. 49. 57. 63. 67. 71. 73. 76. 79. 81. 
3. 34. 45. 52. 57. 63. 65. 69 73. 76. 

·········-··--·-··•4··:··--··•--··- 2i .-----·•-•":3s. ...4=r:· 49. sG. ss. ··c;:r.- ··eftL 11. 
5. 11. 25. 35. 42. 49. 53. 57. 63. 67. 
6. 16. 27. 35. 43. 47. 52. 59. l;i3. 

········· ·······'f:············•···· ············••·· ····· a·:·······20·.·········2·s·: ········":i1·.· ••·•····42. ···••·••40: ·······ss :········ss ·:·· 
8. 13. 22. 32. 37. 43. 51. 56. 
9. 6. 16. 27. 32. 39. 47. 53. 

10:· n:···22. 2a:·····35.· 43. so. 
11 . 5. 17. 24. 31 . 40. 46. 
12. 13. 19. 27. 37. 44. · · ·····- ·· · ··· · ·· r :t :·• -· ·· -- · · · · · · -· · · · -· · -·-,. ·· · .. · · · ·· ··· · --· -· · --·-· · ·· · ·· · ·- ·· · ·•· · ·· · ·· ··· · ·- · · ·• · ······a··: ·· ·•· · · · ·1 ·s -~ ··· · ·-·-- ·2 3· · :·· · · · · •- ·::f :f: · --• ·-····i:i" f ·: 

POLE 
OFFSET BEFORE 

·····zr.ilPRciVEMENT··· 
( FEET) 6. 8. 

4. 11. 20. 30. 38. 
16. 27. 35. 

POLE OFFSET 
... AFTE.R .. 1"1PROVEMEI-IT (FEET) __ 

10. 12. 15. 17. 20. 25. 30. 

·············· ··•·2:••·······•··········· ·4s :····· ···s1·:·········s·:L····•··• 61;·:•······1·1··:·•······fa·:···•··•··t6·:·····•··1s·:•·····•• a·i ·: 
3. 34. 45. 52. 57. 63. 65. 69. 73. 76. 
4. 22. 34. 43. 49. 55. 59. 63. 68. 7 1 . 
s·: i"f. 2s·: ·· · ··3s. 41 : · ·· 49. · s:L ·51 .·· · s:i: ·· ·· ··1; 0,--.·· ·•··•· · 

6. 16. 27. 35. 43. 47. 52. 59. 63. 
7. 8. 20. 28. 37. 42. 48. 54. 59. 

····•·············s:·······•··•· ·············•······•··•······•· ········· i:l°.·•·······22·:····••···:fa·.·····•···f1·:······•·· 43 .·········s; :··•· ··· 56··.············ 
9. 6. 16. 27. 32. 39. 47. 53. 

10. 11. 22. 28. 35. 43. 49. 
ii. s: ·11: 24: 31. 40: 46: 
12. 13. 19. 27. 37. 43. 
13. 8. 15. 23. 33. 41. 
f4: 4.···n: 20. ·:io:··3ii".········ 
15. 7. 16. 27. 35. 

POLE 
·oFFSETBEFtiH. 

IMPROVEMENT 
.. . (_FEET) 6. B. 

POLE OFFSET 
. .. ii.FtER IMPFiciVEi-4ENt (Fi!:fi') 

10. 12. 15. 17. 20. 25. 30. 
·························-··-·······•-· ···········•··••·······•·· 

2. 49. 57. 62. 66 71. 73. 75. 79. 81. 
3. 34. 45. 52. 57. 63. 65. 69. 73. 76. 

·············4·. 22:•··:iii: ····43. 49. 55. ··s!i.·· 63.·· s1:· 11. 
5. 10. 25. 34. 41. 49. SJ. 57. 63. 67. 
6. 16. 27. 35. 43. 47. 52. 58. 63. 
1: if. 20. 2e:····3'i.·····4:z:-···47.···s4:···ss:··········· 
8. 13. 22. 32. 37. 43. 50. 56. 
9. 6. 16. 27. 32. 39. 47. 52. -- ·· -•·10·~----- ·----- ..... ff:······· .. 2·::f ........... 2,r:·•······•3s .----------i:f:•·-· --··4"tf:·····- .. ····· 

11. 5. 17. 23. 31. 40. 46. 
12. 13. 19.. 27. 36. 43. ····•·••········f:i:··•·····••--•· ·········~···············~·········•······················•··•·····••···e·.····•·••1s·:········ 2::i:···· ····33: ········40:··········· 
14. 
15. . , ............. , ................................ , ............. . 

4. 11. 20. 30. 38. 

··········•··························7_·:· 16. 27. 35 . 
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Reducing Pole Density 

Based on the predictive model developed in the study, accident reduc­
tion factors were developed for reducing the number of poles on ~. given 
roadway section as shown in table 28. Countermeasures which may involve 
reducing pole density include: (1) increasing the pole spacing, (2) the 
use of poles for multiple purposes; and (3) the use of one line of poles 
instead of two lines. 

The accident reduction factors (AR factors) in table 26 were derived 
for a variety of traffic volumes and pole offsets. Values in the tables 
are percent reduction in utility pole ace i dents expected due to a given 
reduction in pole density. For example, the first table corresponds to 
roads with a traffic volume of 1,000 and pole offsets of 3 feet (0.9 m). 
Assume that a mile (1.6 km) of roadway with those conditions currently has 
a total of 80 poles per mile (50 poles/km) on both sides of the road 
(40 poles on each side of the road). A proposed countermeasure is multiple 
pole use, wnere one line of poles would be removed and all utility lines 
would be strung on one side of the road. According to the table, reducing 
the number of poles from 80 to 40 would result in a 50 percent reduction 
in utility pole accidents. 

Note that these AR factors only apply to utility pole accidents and 
do not account for the possible increase in other roadside accidents wnich 
may occur after some of the utility poles are taken out. For example, if a 
utility pole is removed, an encroaching vehicle might then hit another 
obstacle which had been beside or behind the utility pole. Roadway 
adjustment factors to account for this situation are given in the text and 
further discussed in Appendix A. 

~ ti 
II 
II 

II 
II 
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Table 28. Accident reduction factors due to increasing 
pole density for various levels of traffic 

volume and pole offsets. 

··················· .. ,..o,f·TeVfc·•···1e,oo· .. ··············pott···oFts·e-;:-·· .. ·:r .. ···Fut····• ........... · .......................................... ,..ot···uve( ...... 16oo"· .. ··············poit ... tj'fFstt····HL···Fifet·····•· .. ····· .................. . 

POLE POLE DENSITY POLE POLE DENSITY 
.. otN·sitY .. e fi= oi'ie ................. AFtti'i· "i' Mi>i'iovei4E'.Nt ... ( PoCts/M i: ttl ........ . ·····oifNstt·v···enoi'ie"······ .. ··•··• .. ,..;:::t·eR···1·MPRti'VtME'iiit·••,·.,octs/MILE·J··············••·················•·· ...... 

IMPROVEMENT IMPROVEMENT 
.. J.P.0..~.~S/MI LE) ......... 1() ........... 29.: .......... ~9.• ....... 40.: ........ ~<>. .......... 60: ........ '!.C). .............. < P..CJL.~~/~1.lc.P. ...... 10. 20.: ......... ~<>. ............ "9.: ......... !5c> ............ E>9.: ......... :ro .· ................ . 

20. 49. - - - - - - 20. 60. 
30. 66. 33. - - - - - 30. 75. 37. ·········· .. ····.;c>':·•·················· .. ·1.;··:· ........ 4~f:·········2·!L ............ :. ............... :.: .......... ··::······ .. ······:.: ··•······· ·· ............................. 40:· .............. 02· .. ········s4·: ......... 2i: ......... •··::···· ........ ·:.:······ .... · ... -:: ............ . 
50. 79. 59. 40. 20. - - - 50. 86. 64. 43. 21. -
60. 83. 66. 50. 33. 17. - - 60. 88. 70. 53. 35. 18. ········· .. · .. ··10: .. ····· ................ e!L .......... 1.i'·: ......... sr ......... i:f: .. ··· .. ··2e·: ......... 1.4·:· ........... ::. ......................................... 10._. ....... · ........... ·go·.- ......... 1s:· ....... iso .· ·······o1·s·:- .... • .. Jt:>' ............ i!i : ........... ::. .............. .. 

I-' 80. 87. 75. 62. 50. 37. 25. 12. 80. 91. 78. 65. 52. 39. 26. 13. 
.i:,. 90. 88. 77. 66. 55. 44. 33. 22. 90. 92. 81. 69. 58. 46. 35. 23. ,I':> .................................................................................................. •··••· ... •·•····....................... .. ........................................................................................................................................................................................... . 

ADT LEVEL 1000. POLE OFFSET 7. FEET ADT LEVEL 1000. POLE OFFSET 25. FEET 
...................................................... , ............................ ···································•-•·•··························- --••············································--- •-•--········--. --•-----··· ······•············"···-- ·-----·······•······-••-················•-•·-··············-·········••·······•··············· 

POLE POLE DENSITY- POLE POLE DENSITY 
DENSITY BEFORE AFTER IMPROVEMENT (POLES/MILE) ..... H~·PROVEMEN't°.......................... . ........... ......... . ..... ................. ... .. .................... . DENSITY BEFORE AFTER IMPROVEMENT (POLES/MILE) ........... TM.Pi'iti'iiEMENt . .................... .... ...... ....... .. .. ............. ..... .. .......................................... . 

(POLES/MILE) 10. 20. 30. 40. 50. 60. 70. (POLES/MILE) 10. 20. 30. 40. 50. 60. 70. 

20. .. ........ 53 .. _ ....... ····~···· ........ ·:.: ............... ;:·· .. ··· .. ··•··::.· .............. _. 

30. 69 . 35 . - - - - - 30. 8 1 . 41 . 
40. 77. !51. 26. - - - 40. 87. 58. 29. so:··············· ........ a:f. ......... 6f:······· .. 41. ···:io': .. ·· .. ······:.•········ ·····~····· .. ·······-_ ······ .. ··················· ........... ·soi······· ............ 90 .. ··· .. ····s1·:···· ..... 4\L··•·····':iL ........... ::. ............................ . 
60. 85. 68. 51. 34. 17. - - 60. 92. 73. 55. 37. 18. 
70. 87. 72. 58. 43. 29. 14. - 70. 93. 77. 62. 46. 31. 15. ........ ...... eo :····· ............... e,r:··· ... .. 1s·: ..... ·53 ·:· · ··· s 1 : ..... · 30 _. ......... 2s·: ..... ·n·: .. ....................... · ............ iHL ................. · ·g,f.'" .... ·e,;-: .. ····· .. 6ii···· ····s4·: .. ··--···4cf ......... iL ........ 1 :f ........... · ............. . 
90. 90. 79. 67. 56. 45. 34. 22. 90. 95. 83. 71. 59. 47. 35. 24. 



Table 28. Accident reduction factors due to increasing 
pole density for various levels of traffic 

volume and pole offsets (Continued) . 

...................... ADf .. tEVEL 5000. ········pou·· ofFstt·····•:r:··•tnt · ············•·· ·· ·····················•······ ·· ····· ···Ao'r·itvt c .. ···scxxr·· ···········pot·e ··oFFstf···1s··.·· ttrt········•··· ··························•···· 

POLE POLE DENSITY POLE POLE DENSITY ·•otiiisttv· BE°FORE° ···············IFtEif.'i:MPiH)vtMENt···, l'>oCfs/Mi'.{t j ·······••·· ................ jjfi,isttv·· ·enoi:it ········ ....... AF'i' Eif.'i:MPiHivtMENt··· (·l'>oCfS/Mi'.tH ...... •········· ................ ······ 
IMPROVEMENT IMPROVEMENT 

..... ~.P..O..l,~.~/"1.IL,.P. ......... 1.<>. .~ ......... ?.<>.: ......... ~<>. .......... . ~9 : ......... ~<>.• .......... E;i:>.: ......... 7<>..-............................... ~.P.0.1:-~V,.,~ L.F:.>. ........ 1.<>.. ······•··~9. 30. 40. 50. 60. 

20. 32. 
30. 48. 24. 

···•······•·····46'.········•········•·•sa:·· ····:Hf:···· ·•···nf:-:•·······:. ····················· 
50. 65 . 49. 32 . 16 . 
60. 70. 56. 42. 28. 14. 

•···············10:·······················-.,-,L· ····· ·t; c· •····· 49 :·· ·· · 3·f:······· 2s·:···· .. ··· 1 :f:· 

20. 
30 . .......................... ......... .io: 
50. 
60. ······················· 70: 

36. 
53. 26. 

··6:L· ······,;-2·:····· ···2;-:············:.:································ 
69. 52 . 35. 17. 
74. 59. 44. 29. 15. ·n.·· ·--···c;,if:· ·······s'f·:···· 3§:····--•··26. ··T:L .... 

70. 

I-' 80.. 76. 66. 55. 44. 33. 22. 11 . 
~ 90. 79. 69. 59. 49. 39. 30. 20. 

80. 
90. 

80. 68. 57. 46. 34. 23. 11. 
82. 72. 61. 51. 41. 31. 20. 

Ul ············•·•···· ···············--··········•··--···· .................. . ······················-·-······· ... ···········-•······"······ 

ADT LEVEL 5000. ··-··· , ............... ------·•··· .. ·······•·····-·-- ··························•···~i:,! ... LEVEL POLE OFFSET 7. FEET 50<:>Q.-............... ,:,().Lf: .. ()F'.F'~~.!. .. ~s .... ':.~J.! ........................................ . 
POLE POLE DENSITY POLE POLE DENSITY 

DENS ITV BEFORE 
..... fMPiiovtMttff·· 

AFTER IMPROVEMENT (POLES/MILE) DENSITY BEFORE .. •· ········· .... .. .. .... .. .. . .. .. . . ...... .. . . ········ ........ ············ ···•······ 1Ml'>iiovEMENT. ~.f..!E:~ .. IM,:,R.()\/F:.r.tE"'T .. (.P.~':-~.!;/M~ LE:> .. 

(POLES/MILE) 10. 20. 30. 40. 50. 60. 10. (POLES/MILE) 10. 20. 30. 40. 50. 60. 

30. 50. 25. - - - - - 30. 56 . 28. 
40. 60. 40. 20. - - - - 40. 66. 44. 22. 

70 . 

·········•······so:··········•····· ··61·:··· ···· scL·········3:f. ········1·,·: ···········:.:- ·· :.:············:. ······································· ·so:················· ·····fi·:·········s.;·:·····--··3s·:········Hi':··········• ::.· · · ················ •··· ·····••························ 
60. 71. 57. 43. 29. 14. - - 60. 76. 61. 46. 30. 15. 
70. 75. 62 . 50. 37. 25. 12. - 70. 79. 66. 53. 40. 26. 13. ........ · ..... a.o':·• ... ···· ........ .,a .. :·· ·· ·c;,-:- .. ···· ss·: ........ .ii.,L · · 3:L · 2:;f:'··· .. · fL · ··········--···· ··· · ··············eo ..................... 02:······ ... .,o:··· · .. se·· ... ·····•· 4'f:········ :i's_ ..... ·:f:f:'· ... · t:L 
90. 80. 70. 60. 50. 40. 30. 20. 90. 84. 73. 63. 52. 42. 31. 21. 



Table 28. Accident reduction factors due to increasing· 
pole density for various levels of traffic 

volume and pole offsets (Continued). 

················· .... Aof .'IEVe'l:.:·· .. ,·oooo· .. ·.......... ·po'['e···o"fFSET······3·· ..... Ffi t •······ ....................... ············· .. ····· ......... ·•· Aot··{tVEL "foooo ................. POLE ... o"FF stt'. ··i's· .. · ntt····· ..... . 

··otN·si~·~·~eEi=aRE··········· ... · .. Ai='ttR···1MPRb~t~E~f""1iJh·s1;-;,1ttl· ·········'········· ..................... oti-ist~·~·~enoRE····•···········AFTeR···1MPR·~~~~t~;""f·iJtg7;-;,1Ltl ··················•····•·· 
IMPROVEMENT IMPROVEMENT 

.... J.~.~.L.~ ~/~.IJ.~J. ....... 1(:) · .......... 2.0..: ......... :Je>.-.......... ~0..: ....... '?C>: ......... 60. i'C>.-............................ J.J79.L.~.~/~1.L.~.> .......... 1C>.-.......... 2.0..: ......... :JC> ........... ~0..: ......... '?C>: .......... 6.0..: .......... i'C> ........................... . 
20. 22. - - - - - - 20. 24. 
30. 36. 18. - - - - - 30. 39. 19, ................ 40 ....................... 46 ........ 3 f: ........ ·15 ........... ··:.;·· .. ······ .. ·:;,·· ............ - ..... :;,······• .................................... 4"<:L ····••··· ............ ,.9 :·· ...... :i'2·:· ......... Hf .............. :.; ............ ·:;,·····• ................................................... .. 

50. 53. 40. 27. 13. - - - 50. 56. 42. 28. 14. -
60. 58. 47.· 35. 23. 12. - - 60. 61. 49. 37. 24. 12. ............... 16: .. ····· .. · ............ ifa ............ 5·2·:··· ..... 4:i ........... 31:·· ...... 2·1 .: .... · ··1c:;-: ............ :: .......................................... 'io ........................ Gs ............ s4·: ......... 44·:•··· •···:j":f:·········22·. 11 . 

I-' 80. 66. 57. 47. 38. 28. 19. 9. 80. 69. 59. 49. 39. 29. 20. 10 . 

~ .............. JI<>.: ..... ................. ~~: ........ . Ei.1 .. : ......... '?2. .. -: ....... ~.:J.: ........ _35 .......... 26. . ...... 1!.: ........................................ 9().: ....................... 12..: ......... Ei.:J.: ......... ~~.: .......... ~5-.: ........ -3.Ei . .-......... 2..?.: ....... .. 18 .. : .......................... . 

.... ~l?:r .... L, .EY.E .L, .... 1.0()()() : .............. ~ll ~.~ ... ll ~."~ ~ r. ...... !.: ... .. ~.~ ~.r. . . . . .. . .. ...................................................... ~l?:r ... g \/ ~.l, .... ~.9(:)9.() ................ ".Ill E .. ()f'.1'~~.r. ... 2..!j. : .... ~.EE T 

POLE POLE DENSITY POLE POLE DENSITY 
DENSITY BEFORE AFTER IMPROVEMENT (POLES/MILE) DENSITY BEFORE AFTER IMPROVEMENT (POLES/MILE) . .. ··tMPROVE ME°Nt. ... .. ... .... ............... ............ .... . ......... .. . . . .... . . ..... ····· ..... •·· ............................................................ •· .. i'MPROiiEMfi~t ........................... •·• ... •·. ........... .. . .. . .. . .... . . . .. . . . . . . . . . . . . . ... ····· ....................... ····· ................... . 

(POLES/MILE) 10. 20. 30. 40. 50. 60. 70. (POLES/MILE) 10. 20. 30, 40. 50. 60. 70 . 

................ 2·6: ..................... ·23··:· ........... :.; ............. :;, ............. •·:.;•·· .. •··• .... :;,··· ......... ·:.;···• ·• ..... ···:;,·· ........................................ :i6: .................. 2.5 ............... :.; ............ ·······•· .................. ······•······· .. ••· ...................... ····•··········· 
30. 37. 19. - - - - - 30. 40. 20 . 
40. 47. 31. 16. - - - - 40. 50. 34. 17 . ................ s6·:·····················s.;··:·········,r,-:- ·•·•·· 21··:········..,-4·: ... ·•••····:;,··· ... ·.······:.;··· ...... •--:;,··· .. ········•····•··· ....................... 50 :··· .... ··············s1. ·········43·:········2iL····· •···;·,f:·· ......... :.. 
60. 60. 48. 36. 24. 12. - - 60. 63. 50. 38. 25. 13. 
70. 64. 53. 43. 32. 21. 11. - 70. 67. 56. 45. 33. 22. 11. .............. eo: ....................... 61·:····· s0 ......... 4.iL ....... 38 :·· .. ·•·· 29 ...... ·····19·:·· ........ Hf.' ......................................... 00:· ······ .. ·· ... •· ... ·. 10:· .. ···· .. so:····· .. ·so· .......... 4<>":° ........ 30· .... · •· 20: ......... ,tL .... ······ ............. .. 
90. 70. 61. 53. 44. 35. 26. 18. 90. 73. 64. 55. 46. 36. 27. 18. 



Table 28. Accident reduction factors due to increasing 
pole density for various levels of traffic 

volume and pole offsets (Continued). 

······················Aot•···uvec··-;-5&xf.·· ·.··•········poLE OFFSET 3. FEET ·····•···· ... ······• ······· ············ ····· · Aof ·"Ltvei::···-;so&L··--·--....... i:ioce ··o;:·;:str····nr:·· .. ,,.-H"t··············· ... ·· ····· ············· ..... 

POLE POLE DENSITY POLE POLE DENSITY 
·•ot~fsltY EitFtiRt···· .......... ;n,·•nii· IMPiioVEMENT .. (Pbi:.E"s/MJ(E) ··············· ... otNsHY··eti=tiRt· .. ·· .......... Ai='i"ER ... IMPiio\itMENt".lPoLE°S/Mf(tl··· .... · ······· .................... . 

IMPROVEMENT IMPROVEMENT 
.... JF>CJLJ!i/114.I.L,.E L 10. 20. 30. 40. 50. 60. 70. .. ................... ( .PCJ L ~.!;/ 114 tL.EJ ......... 1g : ......... ~<>.: .......... 3.<>..-.. •··· ..... <>. '. ......... ~<>. .' .......... Ei.<>.: ........ ?O.· ........................ . 

20. 17. - - - - - - 20. 18. 
30. 29. 14. -. - - - - 30. 30. 15. ................ 40:··················•··· .. 3if .......... iHL ......... 1:f.·· .......... :.: .............. -:.. ............ ··::· .......... :.:··· .. ···· •··················· ............. 40. 40 ........ 26·:··········1:j': ............ :.: ........................................ . 

50. 45. 34. 22. 11. - - - 50 . 47. 35. 23. 12. 
60. 50. 40. 30. 20. 10. - - 60. 52 .. 42. 31. 21. 10 . ................ 1CL .................... ·ss ........... 46: ....... 31 :· ... · ·2.L··· ... HL ......... · 9: ·· · ...... ::....... · .............................. ·10: .. .. . 57 ·_- ........ 4·f:"· Jif ........... 2e: .. ···fir.·· ..... ?L ... 

I-' 80. 59. 50. 42. 34. 25. 17. 8. 80. 61. 52. •43. 35. 26. 17. 
~ 90. 62. 54. 46. 39. 31. 23. 15. 90 . -.] .................... ............................................. ............. . . .......... .... ............ .............. ........... .. ........................................... .. 64 . · ..... '?.Ei.: .......... 48 ............. <>.: ..... . : .32 . 24 . 

...................... A.OT .. l:.~.\/~.l, ... 1500('.) · ................ F''J.l,.E. .. IJ_F I'S.~.! ..... ?. · .. r.~.~.! ..... ......................................................... A.D!. l,~.V.E..l, .... ~.'?.~.· ............... ~<J.L,.E. .. <J.f..f.~~.!. .. 2.'? ... f ~.ET 

POLE POLE DENSITY POLE POLE DENSITY 
DENSITY BEFORE AFTER IMPROVEMENT (POLES/MILE) DENSITY BEFORE AFTER IMPROVEMENT (POLES/MILE) .... T,,ifprifivt)iit,,;t·· .. ···· ........... · ............... . ......... ···•·•• .. • ........ · · ·····•···· .. · .............................. "fMPRtivtriitNt· .............. ...... ........ .... . ........... ....... . .. . 

(POLES/MILE) 10. 20. 30. 40. 50. 60. 70. (POLES/MILE) 10. 20. 30. 40. 50. 60. 

30. 29 . 15 . - - - - - 30. 32. 16. 
40. 39. 26. 13. - - - - 40. 41 . 27. 14. ·sc>: ........... ·· ...... 4i'f. .... · · 34 : ......... 2:f. · ...... ff:- •· ... ::.. ...... :: ····· ----::.· ·· .............. · ............. so: ·· ··········4i;j". ········36·:·········24··.-····•····12·:· .... :;,·····•·· 
60. Sf. 41. 31. 20. 10. - - 60. 53. 43. 32. 21. 11. 
70. 56. 46. 37. 28. 19. 9. - 70. 58. 48. 39. 29. 19. 10. 

9. 
16. 

70. 

·••··········· .. ito:··············· .. ·····sg ·.-·•· .. ····~r1·:· ·······4:i·:········':J,c········2s·. ----····;·1·:·· · ···· .. i:f_. ...................................... ·ecL ....... . s2· ... ········s:'J :······ .. ·:..4··:· .. ··· .. ':is·:·········21f.' ·· · .... re·:········• ··g. •···············•··• 
90. 63. 55. 47. 39. 31. 23. 16. 90. 65. 57. 49. 40. 32. 24. 16. 



Table 28. Accident reduction factors due to increasing 
pole density for various levels of traffic 

volume and pole offsets (Continued) . 

................... Aot··Ttvtc··:isooo: ··········poLf··ofi=sEt ·····:L .. Fffi · · · ·· ................... ········ ........ ·· · · Aot ·ctvtL 2sooo _. ........... i:ioi.:t .. ofi=ser··nr:· ·teEt · .......... ·· 

POLE POLE DENSITY POLE POLE DENSITY 
··oet-.istt·v···erFoRi( ············ .. AffER .. 'i'MPRChiEMENT···,·,:;o[fi/Mi'Ltl··· ......... . ................... ·ofi.isitY BE°FORE ............... AffER·'i'·MFiR'tivtMENT ... (Pci[fs/Mi'Ltr··· ..... ············ .. . 

IMPROVEMENT IMPROVEMENT 
..... (F>.OL.E.~/"1.I.L,~J. ........ 1Q.-....... ~0..: .......... 3.Q..-......... 40. 5Q..-........ 60. .. !.9.: ........... ............... ... JF>CJL!::.~/"1.I.~.EJ 10. 20. 30. 

········-······••----·-··············· 
40. 50. 60. 

······················--······ 
70. 

20. 11 . - - - - - - 20. 12 . 
30 . 2 1 . 10 . - - - - - 30 . 2 1 . 1 1 . ··••·• .......... :.fo·:·· ..................... 2e· _. .......... fg : ........... 1L ............ .:: .............. :.:··•···· ... • .. ··.::··· ........ ··:.:··· .. ·· ... ··· ................. ·· ........... 40 .·••·• ............... 29 :· ·······19·:· .... •·•· io·:·· .......... .::···•·· ··········· ............. ··• ................. ·········· ........... .. 
50. 34. 26. 17. 9. - - - 50. 35. 26. 18. 9. 
60. 39. 31. 24. 16. 8. - - 60. 41. 32. 24. 16. 8. ................ ,n,:· .................... 44 ........... J6:···• .. ···2g .. _ .......... 2:r: .. ·····fs· .. ············.;-:·· ..... :.:········· ................................... 10:· .................... "s:· ...... ':i1·: .. ·•· .. ··ao·: ......... 2::L·· ........ fs·:• ...... ··:-;:· .. •····· .. :.:···· .. ······ 

~ 80. 48. 41. 34. 27. 20. 14. 7. 80. 49. 42. 35. 28. 21. 14. 7 . 

00 ................ !3o ...................... ~.1 . .-.. ... .~.!;.: .......... 3-~: ........ :J.~.: .......... 2!:i . .-........ 1~: ...... 1.:J.-........................................ 9o. . .................. 5~ .-......... ~.6..:.. J.!3 . .- ....... :33. 26. 20: ........ 13. . ............... .. 

ADT LEVEL 25000. 
·••·······················-·----·····························-····••--

POLE OFFSET 7. FEET 
--········-····· ·-·------······· ·············•··•······· .............................................. A~! .. L,1::.¥.1::.~ ... 2.50<J.9. ................ ~Dl,.~ ... CJ.F..F.~1::.!. ... ~.!:i.: ..... F.1::.E.! ........................... . 
POLE DENSITY POLE POLE DENSITY POLE 

DENSITY BEFORE AFTER IMPROVEMENT (POLES/MILE) DENSITY BEFORE AFTER IMPROVEMENT (POLES/MILE) 
... Hi1PROV°EMENT ...... . ....... .... ............ ..... . ......................................... iMi>ribVEMENT ............... .. .... ... .. .. .. 

(POLES/MILE) 10. 20. 30. 40. 50. 60. 70. (POLES/MILE) 10. 20. 30. 40. 50. 60. 

30. 21. 10. - - - - - 30. 22. 11. 
40. 28. 19. 9. - - - - 40. · 30. 20. 10. ............... s6: ..................... ::is·: ....... 2ii·:··········rt·:...... g:·:·····•• ... :.: .. ·············.::···· ........ :.:•······················ .. ····•···· .. ·········sc>: ····· ···••········· 3s··:·········21·: ......... fe·•:···· .. · · ··~f: ....... •····::········· ·········•······ 
60. 40. 32. 24. 16. 8. - - 60. 41. 33. 25. 16. 8 . 
70. 44. 37. 30. 22. 15. 7. - 70. 46. 38. 30. 23. 15. 8. 

70. 

................ eo-.-···················· .. 4iL···• .... ·,fr:-··· ...... 34·:· .. ·· .. ··•i'f:-· .. ·····H·.· .. ·· ···f.ii·:·· .......... ,f:··· .. ···· ............................... e.o·:· ..................... scf:·····• .. ·4·2·:···· .. ····3s·:· ....... :ie·: ......... H_. .......... 1 . .ii·:··· ........ 1._. ........................ . 
90. 51. 45. 39. 32. 26. 19. 13. 90. 53. 46. 40. 33. 26. 20. 13 . 



Table 28. Accident reduction factors due to increasing 
pole density for various levels of traffic 

volume and pole offsets (Continued). 
I 

········•·············Aoi' .. 'i:tvec··4·0000:· · ···,······;,ocf··or;:sE'f···:r:···r:fi'f·········· ·······•························ ·· ···•············"ot ·ttvfc··iooocf."············;,oi.X. or;:·sEf .. ,·s·:···,:.-nt· •············•··· ·· ···········• ········· 
• 

POLE POLE DENSITY POLE POLE DENSITY 
.. DEl\iSitY··enoiit····· ......... Ai=tER .. TMPifovtMENt·· (·Poi.:.tS/Mfi.:t)·········· ···············•· ... •··· DEl',i"s"itY·etFORE ............... AF"TER···1MPRti"vtMENT .. (.PO[°fs/Mfi.:tl"·. ····•········· .................... . 

IMPROVEMENT IMPROVEMENT 
...... <P.c:J~E..!:i/r.1r1.,.E..L ....... ~.<>. ............ ~o..: ......... ~<>. ............ ~o..: ....... ~e> ........... ~o..: ....... .!.<>..-........................... J.P.1:11:-.E.s/,._1 LP ....... 10. . .... ~o..: ........ 3.<>..-.......... 40. : ......... ~<>. ........... 60..: ......... !.<>.- ...................... . 

20. 8. 20. 8 . 
30. 14. 7. ········••······4c5:·······················20:··········13·:····•·······r.··• ········:.:·····•··•·····:::····· ··•···················••·•············ ................ · ......... ~<> .................... 15 ............. 7..: ............................................. . 

40. 21. 14. 7. -
so. 25. 19. 13. 6. - 50. 26. 19. 13. 6. 
60. 30. 24. 18. 12. 6. 60. 30. 24. 18. 12. 6. ······ ......... nr:·· .. ····· ............. 34 .. _. ........ :fa·:-···· .... 2:i":··· .. ··•11·:· .... · ... r;-·:·· ...... .. 6 :··· ·······•·····•·········10:· ······· .. ············:34:····•·· 29:······•··2:L.··········1·1 : ........ ;··c .. ·· ...... 6:·············~· .. 

f-' 80. 37. 32. 26. 21. 16. 11. 5. 
10. 

80. 38, 32. 27. 22. 16. 11. 5. 
-"' 90. 40. 35. 30. 25. 20. 1 S. 90. 41. 36. 31. 26. 21. 15. 10. 
~ ............................................................................................................. . . --····"········ ················--·-············•······••···········-······- ·····•·······•·•••··•····-·····-··-····· ···············•······················• 

.... . ................. A.l?.! .... ~.E.~.f..l, ... ~.~ ................. F'Ol,f. ... flf..~.~f.! ..... ! ....... FE rr. ............................................................. AD! .... l,f..Vf. l, ... 4~. : ............. . P.fl.l,.E. . OFF~~.! ... ~~ : .... f.F: E.!.............. . ........................... . 

POLE DENSITY POLE DENS ITV POLE 
DENSITY BEFORE 

.. H~PROVEMEN"t"' .. 
AF.!.f.~.)M.~~CJV.EMEt-1.1: ... (.i:>c:JLE!:i/"'11 t,EJ ........... .. 

POLE 
DENSITY BEFORE 

fMt:iiioi,ieMtNt···· A F..!E.~ .. }~_Fl~()·"·E."'E..N..i: .. J P.1:11:-.E..!:i/ ... ~ L,U ..... 
(POLES/MILE) 10. 20. 30. 40. 50. 60. 70. (POLES/MILE) 10. 20. 30. 40. 50. 60. 

30. 15. 7. - - - - - 30. 15. 8. 
40. 20. t4. 7. - - - - 40. 21. 14. 7, 

70. 

················so:·······················2s·.··· ·····1·9·: ......... fa.:· ... · ... 6·:····· ····· -.:.·········· · .::···•········-.;.··· ······ ......... ·······••····· · ····sc>":·····•· ···· •·········26·.····· ···20·:·····•·•· ,3·:·········· -;-:···•········::········ ·· ···.::······ ........ :: ........................ . 
60. 30. 24. 18. 12. 6. - - 60. 31. 25. 18. 12. 6. -
70. 34. 28. 23. 17. 11. 6. - 70. 35. 29. 23. 17. 12. 6. ······· ......... e.o:··· .. ···· ... ···········3,f:·········:fa·:········ .. 2r ........... n.: ········16··:··• ...... ,.,·:-··· ... ··--iI ·:··· ....... ······ · ···· ·•············•· .. eo:····· ······ ······ .. ···3if ........... j3 ·:·· ..... ·21: ........ 2•::L·--···· .. ·; 6.: ·········11 . · ·······•·s-' · · ·········· · ....... .. 
90. 41. 35. 30. 25. 20. 15. 10. 90. 41. 36. 31. 26. 21. 16. 10. 



Table 28. Accident reduction factors due to increasing 
pole density for various levels of traffic 

volume and pole offsets (Continued). 

•····· .. ·· .. Ao't' .. Itve{ ... 600(Xf: ............ PDL°E o'i=°FSE"i" ..... 3 ....... F.EET' .............................................................. ADT ·ttiifi.:·· 60000 ................ POH ... O.fFsff···Hi ..... F°H'i' .......................................... . 

POLE POLE DENSITY POLE POLE DENSITY 
··ofiisttv··ee'i='oRi( .............. AFT°Eif.'i'MPRi:iVEMENt'•·•,·,,oLfs/MILEl ....................................... DfNstt"v···et;;oRt·· .............. AF,fEif··1MPRi:iVEMtNt· (Pci['E's/Mi:teT···· ................................ . 

IMPROVEMENT IMPROVEMENT 
... J.P..0..l,J.i;f 111 ~gJ ......... 1.9 .. · .......... :Z9..: ....... ~C>. ............ "~.: ......... !:i(>. .......... 1;9..: ........ 7 C>. ................................ JP..0..l,. ~.S/111 ~ .~.E. J ........ 1 C> ............ :z C>.: .......... 3-C> .• .......... 40 . 50. 60. 70. 

---········•····--•·······•······•--·····--···------··········· 

20 . 5 . - - - - - - 20 . 6 . 
30. 10. 5. - - - - - 30. 10. 5. ................ ,H>:···• .................... f!L ......... 10·: ............ s•· .. ···•• .. ·· .. ·:.:••· .. ·········~·•·············:.:······ ·······~·················•· .... -.............. 40:··········· .... • ........ i's ........ ~··10·:············s· .. ············:.: .............. ~ ............... :.: ............. ~. ······•······· .. ············ 

50 . 19 . 14 . 9.. 5 . - - - 50 . 19 . 14 . 9 . 5 . -
60. 22. 18. 13. 9. 4. - - 60. 23. 18. 14. 9. 5. 

········ .. ·· .. ··10 . ..................... 26 :····•• .. ·:fc··• ·····tl°· .. ····•· .. 1:r:-···· .. ••···s· .········4 : .... ·······~·····• .. ········..... ················ ·-;c,:······ ................. 2.6·:··--·· ·2·2·:······•·•·11 .......... 13 :············,i·:··· ···· 4·: .. ···· .. ····.:.•·• .. •· .. ·•·· .... .. 
I-' 80. 29. 25. 20. 16. 12. 8. 4. 80. 29. 25. 21. 17. 12. 8. 4. 
U1 90. 31. 28. 24. 20. 16. 12. 8. 90. 32. 28. 24. 20. 16. 12. 8. 0 ............................................................................................................................................................................................................................. ······· .......................................................................................................................... . 

...................... AC>! .... l,.E.~~.L60()0<:) ................. ~o~.E. ... CJ.F.F..~~.:r ..... .!..· .... FEET .......... ................ ••··•-··· .. ···· .......... ~!J.! .... l,~VE..l, ... ~.0C:>9.0 · .............. 1'01.,.E. ... Clf..F ~E.!. ... 2!:i ..... ~.~ET 

POLE POLE DENSITY POLE POLE DENSITY 
DENSITY BEFORE AFTER IMPROVEMENT (POLES/MILE) DENSITY BEFORE AFTER IMPROVEMENT (POLES/MILE) ·····tMPRDV°EME.N'f .............................................................................................. •··· ......................................... 'iMPRO'v'EMEtif··•· .. ···• ................................................................ •····· ................................................... . 

(POLES/MILE) 10. 20. 30. 40. 50. 60. 70. (POLES/MILE) 10. 20. 30. 40. 50. 60. 70. 

................ :ici: .......................... 5 ................ :.: .. ··· .. ·······~······•····· .. .;; .............. ~ .. ·-· ......... :.:·· 
30. 10. 5, - • - - • 30. 11. 5 . 
40. ti. 10. 5. - - - - 40. 15. 10. 5. ................ sci: ....................... , s .. _. ......... ,.4 ·: ............ 9 ._. ........ ·· s : ............ ~: .............. :.: ............. ~ .................. · .......................... so:· ...................... nL ......... ,.4·: .......... H>" ............. ~r: ............ ~······· .. · ..... :.: ............. ~ .............. . 
60. 22. 18. 13.. 9. 4. - • 60. 23. 18. 14. 9. 5. -
70. 26. 21. 17. 13. 9. 4. - 70. 26. 22. 18. 13. 9. 4. ................ itc,:·• ................. ····2!L ......... is :···••· .. ·fl··:··· ·· ·· ·, fL .......... ,.:r.-• .......... e·:-····· ... · ,. ........................................... · eo:··· .................. ···29 _. ......... is·: .......... n: ......... ,.1·: .. ······ .. rn .. : ........... ,c .......... 4. ·_-•· ··· ··•· ···· ..... · ···· 
90. 32. 28. 24. 20. 16. 12. 8. 90. 32. 28. 24. 20. 16. 12. 8 . 



APPENDIX C - EXPECTED NUMBER OF UTILITY POLE ACCIDENTS REDUCED 

The predictive model was used to compute expected utility pole acci­
dents per mile (1.6 km) per year for various combinations of pole offset, 
traffic volume, and pole density, as given in table 19. Accident reduc­
tion factors were computed from the predictive model due to reducing pole 
density or for increasing pole offset, as given in Appendix B. Based on 
this information, computations were then made for the reduct ion in the 
number of the utility pole accidents which would be expected due to 
increasing lateral pole offset or reducing pole density under a variety of 
conditions. 

Increasing Lateral Pole Offset 

Table 29 provides estimates of the number of utility pole accidents 
which are expected to be reduced due to rooving poles further from the 
roadway. For example, the table corresponding to a roadway with a traffic 
volume of 5,000 and 75 poles per mile (47 poles/km). By increasing the 
offsets of poles from 4 feet to 17 feet (1.2 to 5.2 m), a reduction of 
0.80 utility pole accidents might be expected (on the average) per mile 
(1.6 km) per year. Thus, for a 3 mile (4.8 km) section, a reduction of 
about 3 x 0.8 = 2.4 utility pole accidents per year may be expected on the 
section. 

Reducing Pole Densities 

Table 30 provide estimates of the reduction in utility pole accidents 
which should result due to reducing the number of poles. For example, 
consider the table corresponding to an traffic volume of 10,000 with pole 
offsets of 7 feet (2.1 m). If utility pole density is reduced from 
70 poles per mile (44 poles/km) to 50 poles per mile (31 poles/km) due to 
increasing pole. spacings, an estimated 0.22 utility pole accidents are 
expected to be reduced per mile (1.6 km) per year. 

The values in tables 29 and 30 assume that utility pole accidents 
follow an average or expected. pattern for given levels of traffic volume, 
pole offset, and pole density,, as computed from the predictive mdel. For 
a roadway section with an abnormally high or low incidence of utility pole 
accidents, values in these tables may not apply. 
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Table 29. Expected number of utility pole accidents 
reduced due to increasing lateral pole offsets. 

POLE POLE OFFSET 
-OFFSE~·BEFORE ..... . . . .. AFttii HiPiiOVEMEiiit Tn:tn·············· ....... . 

IMPROVEMENT 
(_F.EP) 6. 12. 

····•··•-·----·-··-· 

2. 0.26 0.30 0.33 0.35 0.37 0.39 0.40 0.42 0.43 
3. 0.14 0.19 0.21 0.24 0.26 0.27 0.28 0.30 0.31 
4:···········6:oe · o.f2 ·o:Ts o.11···0:·-;s···tr.20··,L22 ·o.23··0:2s···· 
5. 0.03 0.08 0.10 o. 13 0.15 0. 16 0.17 o. 19 0.20 
6. 0.04 0.07 0.09 0.12 o. 13 0.14 0.16 0. 17 

·················i:··· ··· ····· · ··-· ··0.62 · cf: os· ··o.ot· o:·os ·o. fa · o".r2····0.ff ··o:·1s·· ········ 
8. 0.03 0.05 0.07 0.08 0.10 0.11 0.13 
9. 0.01 0.03 0.06 0.07 0.08 0.10 0.11 

10. ·0.02 o:o4 o.os ·· 0:01 o.os···o:·10······ ····· 
11. 0.01 0.03 0.04 0.06 0.07 0.09 
12. 0.02 o.03 0.05 0.06 0.08 

···············1:f:····· ·•······ ····························•···················•··········•·········o:·o1·····0·.o3··· o: oi····o.06·····0: 01· 
14. 0.01 0.02 0.03 0.05 0.06 

................ ~.':i.,................ ······················· ········ ........ Cl . 0. 1 ...... 0..,_Cl3 ..... Cl. ·.94 ...... 0.., (?.':i ············ 

AOT L.f:_IIEL 1000. 

POLE 
OFFSET BEFORE 

··· 1 MPiiovtMEilit·· 
(FEET) 

POLE OFFSET 
.................................... ~.~ !~.~ .... l."'~~Cl_ll~'.!.~r,,i! .... <.F.E.E.T) 

6. 8. 10. 12. 15. 17, 20. 25. 30. 

2. 0.48 0.56 0.62 0.66 0.70 0.72 0.75 0.78 0.80 
3, 0.27 o.35 0.40 0.44 0.49 0.51 0.53 0.56 0.59 
4. 0.14 0.22 0.28 0.32 0.36 0.38 0.41 0.44 0.46 
s. ··c:;-;66· ··o:··14 ··cf:20····0.24··· o:·:za · o.Jo····c>":·a3···0.3s·····o:3a·········•·· 
6. 0.08 0. 14 0.18 0.22 0.24 0.27 0.30 0.32 
7. 0.04 0.09 0.13 0.17 0.19 0.22 0.25 0.27 
8. - - 0.05 0.09 0.14 o. 16 0.18 0.22 0.24 
9. 0. 02 0. 06 0. 11 0. 13 0. 15 0. 19 0. 2 I 

10. 0.04 0.08 0.10 0.13 0.16 0.18 
····1:;:- 0.02 o:oo o.oa o.n 0.14 o:fs 

12. 0.04 0.06 0.09 0.12 0.14 
13. 0.03 0.05 0.07 0.11 0.13 f;j. ········································· ··············· · o:oc··o:03 o:oo o·.os o., 1· · · 

15. 0.02 0.05 0.08 0. 10 

. .... ... . . .. I.OT .. LEVEL 1000. . .... POLE ·otiiis i·tv·· ·1s·: ··po[fs/Mi'Lt· ...... ··- ········ .......... . 

POLE 
··oFFSEf··etFOiit····· 

IMPROVEMENT 
........... ! F E_ET_) ...................... 6 ...... . 

POLE OFFSET 
...... . . AFtEif IMPiiciVE/.ie},i'r ll'Ett) . ." . 

2 . 0. 88 1 . 03 1 . 13 1 . 20 1 . 28 1 . 31 1 . 36 1 . 42 1 . 46 
3. 0.49 0.63 0.73 0.81 0.88 0.92 0.97 1.03 1.07 
-i:· ··· 0.2s o.n ci:s, ·o.ss o:ss o.10·0:14····0.so··o:-ii,f•········ 
5. 0.11 0.26 0.36 0.43 0.51 0.55 0.59 0.65 0.69 
6. o. 15 0.25 0.32 0.40 0.44 0.48 0.54 0.58 
1. 0.01 0.11 0.24 o.31 o.35···o.4o ·o::..s···o:sc:>" 
8. o. ,o 0.17 0.25 0.29 0.33 0.39 0.43 
9. 0.05 0.12 0.19 0.23 0.28 0.34 0.38 

10. - - - 0.07 0.15 0. 19 0.24 0.29 ·0.3·3·· .... 
11. 0.03 0.11· 0.15 0.20 0.25 0.30 
12. 0.08 0.12 0.16 0.22 0.26 ····;·3·:··---···················------·----- •--:··-··-···----·-;.·•---·------- ·---------- ··cft>s··----o-.·09··- ·o :··;-3· ···t;-:·1s·····c;-:·ia············· 
14. 0.02 0.06 0.11 0.17 0.21 

...... 1.5-.: .......... ················•·· ···························································· .... _Cl:.9:4 ...... 9.:.~ ...... Q.-.. 1.:4 ..... 9..: .. 1.f! ............ . 
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Table 29. Expected number of utility pole accidents 
reduced due to increasing lateral pole offsets {Continued). 

POLE 
OFFSET BEFORE 
floiPlitivtlilENt 

(FEET) 6. 

POLE OFFSET 
.......... ~.F..T.E.li ... I1'1P~ClV.Elol.E~! .. (FJETJ 

8. 10. 12. 15. 17. 20. 25. 30. 

··· ..... ·· .. 2:-······ ........... o.:air···,,-.,s·· .. ·o: as .... o:·s2·· .. o:s6····0:·s1 ····o:·ss····· o·:ti2·· .. ·o·: 64 ........ . 
3. 0.21 0.28 0.32 0.35 0.38 0.40 0.42 0.45 0.47 
4. 0.11 0.18 0.22 0.25 0.29 0.30 0.32 0.35 0.37 
5. 0.05 0.11 0.16 0.19 0.22 0.24 0.26 0.28 0.30 
6. 0.06 0.11 0.14 0.17 0.19 0.21 0.24 0.25 
7. 0.03 0.07 0.10 0.14 0.15 0.17 0.20 0.22 ..... ··· ·a:-· · · ·.:.: ..... · :.:... o:o,···o.o·t ·o:r1· ·o.·13··0.1s o. ,-,.- · ·o·:lif ........ 
9. 0.02 o.os 0.08 0. 10 0.12 0.15 o. 17 

10. 0.03 0.07 0.08 o. 10 o. 13 o. 15 ;-,: ....................... .:.: .......................................... 0 :o·,·····o:os··· 0:01·· ·er: os····· t>' ... ,·r ... o: ·fa·· · · 
12. 0.03 0.05 0.07 0.10 0.11 
13. 0.02 0.04 0.06 0.08 0.10 
14. - - - - 0.01 0.03 0.05 0.07 0.09 
15. 0.02 0.04 0.06 0.08 

A5t LEVEL 

POLE POLE OFFSET -•or:fsE·i"··etF"c>"RE' ··-············••-··--·-·········•-•···--··A-F°ttR 'tMP"ROVE"i,fENf""lF°E"ttl ······-•·-···········--·······-········-········ 
IMPROVEMENT 

.......... (FE.ET) ....................... 6 ............. 8: ......... 10 .......... 12.-.......... 15 · ......... 11.-......... 20 ......... 25.- ......... 30 ............ .. 

2. 0.61 0.71 0.78 0.83 0.88 0.91 0.94 0.98 1.01 
3. 0.34 0.44 0.51 0.56 0.61 0.64 0.67 0.71 0.74 
4. 0.18 0.28 0.35 0.40 0.46 0.48 0.51 0.55 0.58 
5. 0.08 0.18 0.25 0.30 0.35 0.38 0.41 0.45 0.48 
6. 0.10 0.17 0.22 0.28 0.30 0.34 0.37 0.40 .......... ______ ·;·r: -------· .. ········o·.-6s··---c;-:--rf···-·o:··1s··----o":-i2·····t;;-:·2s··•-·cr:·2·i;---•·t;·.-·32··--·cL·35 
8. 0.07 0.12 0.17 0.20 0.23 0.27 0.30 
9. 0.03 0.08 0.13 0.16 0.19 0.23 0.26 

10. - - - 0.05 0.10 0.13 0.16 0.20 0.23 
11. 0.02 0.08 0.10 0.14 0.18 0.20 
12. 0. 05 0. 08 0. 11 0. 15 0. 18 
13. . .. .:.: ......... :.:.... o:o:i o:oo ·o.os o.·;3· .. o:flf ......... . 
14. 0.02 0.04 0.08 0.12 0.14 

................. 1.s ...................................................................................................... o_.o3 ..... o .. 06 ..... 0.-.10 ..... o .. 1.3 ........... . 

POLE 
OFFSET BEFORE 
.fi,ipriti\iEMENt·· 

(FEET) 

POLE OFFSET 
.......................................... ~.F..!.EII ... 11'11>.~Cl.'J.~l!~~T . (FEP) 

6. 8. 10. 12. 15. 17. 20. 25. 30. 

2. 1. 00 1 . 17 1. 29 1 . 37 1 . 46 1 . 50 1 . 56 1. 62 1. 67 
3. 0.55 0.72 0.84 0.92 1.01 1.05 1.11 1.17 1.22 
4. 0.30 0.47 0.58 0.66 0.75 0.80 0.85 0.91 0.96 

---·-····-·-··-----s. o·: .. ;-2·• .. -tf.-·2s··•-·o·:-•ff" .. ·o·.-·49 6:·s·ir .. ··t,--:62 ---cL·6-if. ··cr.-·14·····0·:-,.e·········-··-
6. 0.17 0.28 0.37 0.45 o.so 0.55 0.62 0.67 
7. 0.08 0.19 0.27 0.36 0.40 0.46 0.52 0.57 
8. - - 0.11 0.20 0.28 0.33 0.38 0.45 o.so 
9. 0.05 0.13 0.22 0.27 0.32 0.39 0.43 

10. o.08 0.11 0.22 0.21 o.33 o.38 ....... -;,·:-··· ....... ·········· .. :..· ... · ....... :.: ..... ·· ·· .. ::.:· ····· ·o·:04··· o:·;3···· o: 11·· ·o:2a --o.2s· .... o:·3;;r· ......... . 
12. 0.09 0.13 0.19 0.25 0.30 
13. 0.06 0.10 0.15 0.22 0.27 
14. - - - - 0.03 0.07 0.12 o. 19 0.24 
15. 0.04 0.10 0.16 0.21 
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Table 29. Expected number of utility pole accidents 
reduced due to increasing lateral pole offsets (Continued). 

-········••···············AoT···L·EvEL ···10000· ... ·············poLE ... DENSl Tv··· 20 .... POLES/MI LE········································ 

POLE 
··oFF sEr··stFtiRt···· 

IMPROVEMENT 
···-····· (FEET) ......... . 

POLE OFFSET 
··········•···········•··············AFTE°if··tMPROVEMtNf .. (FEEtl·············· 

20 ........ 25.- ......... 30 ............. . 

2. 0.54 0.63 0.69 0.74 0.78 0.81 0.84 0.87 0.90 
3. 0.30 0.39 0.45 0.49 0.54 0.57 0.60 0.63 0.66 

··•················4:················· ·6:··1 ir·--··o :2s·····o::n·•··•·if ... :is· ···6:·iio ····,,-.-·ii:f····o":·4if·····o·.·iis ····b':·s2 ........... . 
5. 0.07 0. 16 0.22 0.26 0.31 0.34 0.36 0.40 0.42 
6. 0.09 0.15 0.20 0.24 0.27 0.30 0.33 0.36 

················ ·-,:- ··············· ·--o.o,f··· o:·10····0.1s ··6:fs··· ·o·.22 0:2s··· ··o·.2e·· ·o: :r1·· 
8. 0.06 0.10 0.15 0.18 0.21 0.24 0.27 
9. 0.03 0.07 0.12 0.14 0.17 0.21 0.23 

Hf: ······ ···· ····;; · o·.04·0:os o.I:20.1,r ,,-.--;e···o"::H···· 
11. 0.02 0.07 0.09 0.12 0.16 0.18 
12. 0.05 0.07 0.10 0.14 0.16 

·········13°:····························· ·················· ········· o:o:i ···o.os····o":oa····o.·12····0:-f.f··········· 
14. 0.01 0.04 0.07 0.10 0.13 

................ 1.5 ........................................................................................................ o. 02 ..... 0 ... 05 ..... o. 09 ..... 0 ... 1.1 ............ . 

POLE POLE OFFSET 
OFFSET BEFORE AFTER IMPROVEMENT (FEET) ••···1iiilPirn"i/tMErilt··••··············· ......................................... •········ ·······••·•·······•········································•·············· .............. . 

(FEET) 6. 8. 10. 12. 15. 17. 20. 25. 30. 

2. 0.76 0.89 0.98 1.04 1.11 1.15 1.19 1.24 1.27 
3. 0.42 o.55 o.64 0.10 0.11 o.80 o.84 o.89 o.s3 
4. 0.23 0.36 0.44 0.50 0.57 0.61 0.65 0.70 0.73 
5. o.o9 0.22 o.31 o.37· o.44 o.48 ·o.52 o.57 0.60 · 
6. 0.13 0.22 0.28 o.35 o.38 o.42 o.47 o.~1 
7. 0.06 0.14 0.21 0.27 0.31 0.35 0.40 0.44 
8. - - 0.09 0.15 0.22 0.25 0.29 0.34 0.38 
9. 0.04 0.10 0.17 0.20 0.24 0.29 0.33 

10. 0.06 0.13 0.16 0.21 0.26 0.29 
11. - - - 0.03 0.10 0.13 0.17 0.22 0.26 . 
12. 0.07 0.10 0.14 0.19 0.23 
13. 0. 04 0. 08 0. 12 0. 17 0. 20 
14. . 0.02 0.05 0.09 0.14 o. 18 
15. 0.03 0.07 0.12 0.16 

POLE POLE OFFSET 
·oFfstf BEFORE AFTER IMPROVEMENT (FEET}············· ........ ······· . ·•·· 

IMPROVEMENT 
.. 1 FEET.)..... . ....... 6 . .......... 8 ............ 10 ......... 12 .......... 1.5 .......... 11 ........ 20 ........ 25 .......... 30 .. . 

. 2. 1.16 1.36 1.49 1.58 1.69 1.74 1.80 1.87 1.93 
3. 0.64 0.84 0.97 1.06 1.17 1.22 1.28 1.36 1.41 
4. 0.34 0.54 0.67 0.77 0.87 0.92 0.98 1.06 1.11 
5. 0.14 0.34 0.47 0.57 0.67 0.72 0.78 0.86 0.91 
6. 0.20 0.33 0.42 0.53 0.58 0.64 0.71 0.77 
7. - 0.09 0.22 0.31 0.42 0.47 0.53 0.61 0.66 
8. 0.13 0.23 0.33 0.38 0.44 0.52 0.57 
9. 0.06 0.15 0.26 0.31 0.37 0.45 o.50 

10. 0.09 0.20 0.25 0.31 0.39 0.44 
11 . 0. 04 0. 15 0 . 20 0. 26 0 . 34 0. 39 
12. 0.10 0.15 0.22 0.29 0.35 . "f:L·•······ ··········· ;;·············~ ······•·· ·;;········ ····~··········o·: 00·--o.·,2· ···o:·1 a··· o·:2s ····cr:·:i1············· 
14. 0.03 0.08 0.14 0.22 0.27 

•·····-······· 1·5·.················ ........................................................................ o .05 ..... 0 ... 11 ...... 0 .. 1s ..... o .. 2.4 ........... . 
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Table 29. Expected number of utility pole acci'dents 
reduced due to increasing lateral pole offsets (Continued). 

POLE 
OF.FSET BEFORE 

.... fllii>rii:hi"tiiiENt···· 
(FEET) 6. 

POLE OFFSET 

........................ ~ ~,: E. R .... I ~1'.R.Cl\J ~ Ill E.~T .. J "· ~.E. T_) ................................................ . 

8. 10. 12. 15. 17. 20. 25. 30. 

2. o.,o·o.ai"o:eii··o·.9s 1:01 1.04 1.oe··c,2 1.16 
3. 0.38 0.50 0.58 0.64 0.70 0.73 0.77 0.81 0.85 
4. 0.21 o.32 o.4o o.~6 o.52 o.55 o.59 o.63 o.67 ·················tr: .................... o:·oii·· ... o.:20·····0:·2s ····o·.34·····,>":·45··· ·o:·43······6:·,rf·····oJs2·····0·:·s5 

6. 0.12 0.20 0.25 0.32 0.35 0.38 0.43 0.46 
7. 0.05 0.13 0.19 0.25 0.28 0.32 0.36 0.40 

··a:························ ..... ··o·:·os ·o:14····0:20· o.·:fa ·o:·21···0·.:1;·0.34 
9. 0.04 0.09 0.15 0.19 0.22 0.27 0.30 

10. 0.06 o. 12 0.15 0.19 0.23 0.26 
11. o.o3 o:oiio.12 o:;6 c>".20 ·o·:23· 
12. o.06 o.o9 0.13 0.10 0.21 
13. 0.04 0.07 0.11 0.15 0.18 

··············•·;·,f·.······ .. ····· ·······················•···•· .. · ................................. o:·02·····0.os····o:·os ··• o:·;a·····c>":·;ii············ 

15. 0.03 0.07 0.11 o. 15 

................ itit LfiitL·· 1sooo:·············· POLE."iiENSttv··40·:···po[E S/MJ Lt···· .. ····························•··· 

POLE POLE OFFSET 
OFFSET BEFORE AFTER ·1iiiPROVEMtNt· {FEET) . . ... 

IIIIPROI/EMENT 

........... ( FEET) .................... Ii.: ............ fl., ......... 1(>. ........... ).2. , ......... 1.~.: .......... 1.7.., ........ :l__Q., ......... 2. ~., .......... 3-9..- ............. . 
2. 0.92 1.08 1 .18 I .26 1.34 1.38 I .43 1 .49 1 .53 
3. 0.51 0.67 0.77 0.85 0.93 0.97 1.02 1.08 1.12 

···x:···· ···,;;-:21 6.'43 c>":s:i·o:fi o.ii9. o.H··o:1s··o:·e4 o.a8 
5. o. 11 0.27 0.37 0.45 0.53 0.57 0.62 0.68 0.73 
6. o. 16 0.26 o.34 o.42 o.46 o'.51 o.57 0.61 
1. o.ot·o:11 o·.25·0:3:1 o.:it o.42·· o.4a o.52 
8. 0.10 o. 18 0.26 0.30 0.35 0.41 0.45 
9. . 9.9.s 0.12 0.20 0.2s 0.29 o.35 o.40 

;o: o.os o.fii ··0.20 0.25 o::H 0:3·5· 
11. 0.03 0.12 0.16 0.21 0.27 0.31 
12. 0.00 ·0.12 0.11 0.23 0.20 

········•·•· .... ;·3·.·········•············::·····•·•·· ··:····· .. ···· .. ·::·············:··········o:o5 ...... o:o9· .. o:··;·4·····0·:20·····6":·:i4 ............ . 

14. 0.02 0.07 0. 11 0.17 0.22 
................ 15 ...................................................................................................... 0.- 04 ..... o ... 09 ...... o .. 15 ..... o ... 19 ............. . 

POLE 
OFFSET BEFORE 

·····111iPRoiiEiiiENT 
(FEET) 6. 8. 

POLE OFFSET 
AFTER l IIIPROIIEIIIIENT.J.F.E.E_T)" 

· 10. 12. 15. 17. 20. 25. '30. 

2. 1 . 32 1 . 54 1 . 69 I . 80 1. 91 1. 97 2 . 04 2 . 13 2. 19 
3. 0.73 0.95 1.10 1.21 1.32 1.38 1.45 1.54 1.60 
4. 0.39 0.61 0.76. 0.87 0.99 1.04 1.11 1.20 1.26 

.................. 5:···•··········•··• o: .. ; ii ····o. :19·····0:s,r··· o :·64···cr:1ii····· o:e2····0: eir··· .. o·:M· .. ···,·:·M········· .. ·· 
6. 0.22 0.37 0.48 0.60 0.66 0.73 0.81 0.87 
7. 0.10 0.25 0.36 0.47 0.53 0-60 0.69 0.75 

·················· iL························ .. ·········•·•·:········ .. c>": 15· ·· 0·::16··•·0·:-·J1··· .. o·:43···· o:·so·····o.·sg······o :·,s .. ·········· 
9. 0.07 o. 18 0.29 0.35 0.42 0.51 0.57 

10. o. 11 0.22 0.28 o.35 o.44 a.so 
11. 0.05 0.17 0.23 0.30 0.38 0.44 
12. 0.12 o. 18 0.25 0.33 0.39 
13. 0.07 0.13 0.20 0.29 0.35 ·---·········----1·•-~- -------·---·•--•··· ··•o·~-o:r· ··o·.-os c;-:·:r&·--···cr:·2s·····c;-:·3·r···--···--· 
15. 0.06 0.13 0.21 0.28 
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Table 29. Expected number of utility pole accidents 
reduced due to increasing lateral pole offsets (Continued). 

POLE POLE OFFSET 
··o;;i=·stt'·stFti"iit··············•····························,Fteii .. 1MPROVEMEN'f.H'fen···· 

IMPROVEMENT 
(FEET.) ... 

2. 1.01 1.1B 1.29 1.3B 1.47 1.51 1.57 1.63 1.6B 
3. 0.56 0.73 O.B4 0.93 1.01 1.06 1.11 1.1B 1.23 

···•···•··········.c··············o":-:fo··•··o·.iit···o:-si:f··o:6t····o:-16 o.eo o>ss ·cr:s2 o.97 
5. 0. 12 0.30 0.41 0.49 0.5B 0.63 0.6B 0.75 0.79 
6. 0.17 0.29 0.37 0.46 0.50 0.56 0.62 0.67 
1. ··················:.:·· · ···o.oa·····o·:·1s····o.·2,·····0::nf····o•:iir····cL46 ···o.s3·····0:·s-r•··········· 
B. 0.11 0.20 0.29 0.33 0.38 0.45 0.50 
9. 0.05 0.13 0.22 0.27 0.32 0.39 0.44 

10. ·•··· ···o:oa 0.11 ·0.22 0.21··0.34 o:Js 
11. 0.04 0.13 0.17 0.23 0.29 0.34 
12. 0.09 .0.13 0.19 0.25 0.30 
13. - - o.06 0.10 0.15 ·o·:22···c>":-21·········· 
14. 0.03 0.07 0.13 0.19 0.24 

... 1!;............ . ...................... C:>,95 .... 9.: .. 1<> ..... c:i, .. 1.~ ...... 0..:.~.1 .......... . 

POLE POLE OFFSET 
OFFSET BEFORE AFTER IMPROVEMENT (FEET) ·····1io!PRiiVeMtNi'········--·•··•···· ····················••···········•···· ...... ··•······································································ 

(FEET) 6. 8. 10. 12. 15. 17. 20. 25. 30. 

2 :··••-•---······· 1 : 23 1 . 44 1 . 58 1·. 68 1 . 79 1 . 85 1 . 92 2. 00 2. 05 
3. 0.6B 0.89 1.03 1.13 1.24 1.30 1.36 1.44 1.50 
4. 0.36· 0.57 0.71 0.81 0.92 0.98 1.05 1.13 1.18 
5. 0.15 o.36 o.5o ·o·:·i;cf···o:·1T···o:•7i··o·:a:1 o·:sc o:-s1 
6. 0.21 0.35 0.45 0.56 0.61 0.68 0.76 0.82 
7. 0.09 0.23 0.33 0.44 0.50 0.56 0.64 0.70 

··················if.······················::·········· ·············· ·o:·14· ··o .--24·····0:·:i"s·····cr: 4 1 o:4, ··· o·. ss···· "c>:Gf··· 
9. 0.06 0.16 0.27 0.33 0.39 0.48 0.53 

10. 0.10 0.21 0.27 0.33 0.41 0.47 
11 . - - o. o5 o. 16 o. 21 o. 28 ···o·. 36·····6:-,i":r 
12. 0.11 0.16 0.23 0.31 0.37 
13. 0.07 0.12 0.19 0.27 0.33 ·············•···1,L········ ·•··•· .. ······:.:···········•··~···············:.:··········•···~· ··········o:·o:i .... cf:os :···o:·"f s·····o·: 23····7:s:-2s···· .. ···• 
15. 0.06 0. 12 0.20 0.26 

···· ···················· ,fot···cev1:I···2sooo:·········· ····po(t··otNsitv· ·1s·:··--.,ocrs11o1n:e·····•·············· 

POLE POLE OFFSET ·oFFSEf BtftiRE ······· ·········· . .... .. AFTER .IMPROVEMENT. (Fe·nr···················• ............................ . 

IMPROVEMENT 
........... <FE.ET) ...................... 6 ........... 8., .......... 10 .......... 12., ......... 15.. 17. 20. 25 ....... :J_C:>.-.............. . 

2. 1.63 1.91 2.09 2.22 2.37 2.44 2.53 2.63 2.71 
3. 0. 90 1 . 1 B 11 . 36 1 . 49 1 . 64 1 . 7 1 1 . 80 1 . 91 1 . 98 .............. ····,c ·· ·· ···········c:;-:·4·e · ··o:·1s· ... 0:-li.,i 1 . 08 1. 22 1. 29 1 . Jli · ·r.iis · T."si; 
5. 0.20 0.48 0.66 0.80 0.94 1.01 1.10 1.21 1.28 
6. 0.28 0.46 0.59 0.74 0.81 0.90 1.00 1.08 
7. 0.12 0.31 0.44 0.58 0.66 0.74 0.85 0.93 
e. o.1e o.32 o.46 o.53 0.62 o.73 0.80 

................... El.: ....................... :: ............... :: .......... 9.: <>.8. ..... c:i.-.. 2-? ..... Q,.~.~······c:,·_.~~ . .... 9., !;.2-.... c:i . .-~~··· Q.,.'!..Q ............ . 
10. o. 13 0.28 0.35 0.44 0.54 0.62 
11. 0.06 0.21 0.28 0.37 0.47 0.55 
12. 0.14 0.22 0.30 0.41 0.49 ····· ·······13:········ ·············~···············~······································· ·· ·cLos· · ·cr.·1s·•··,s:·2s·····o·::is····•cr·ii3 ·· ·••··•··· 
14. 0.04 0.12 0.20 0.31 0.39 

............... 15 ....................................................................................................... 0.01 ..... o ... 1.6 ..... 0. 21 ..... 0 .. 34 ............. . 
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Table 29. Expected number of utility pole accidents 
reduced due to increasing lateral pole offsets (Continued). 

POLE 
OFFSET BEFORE ... "fiilPRO\i"EMtNt . ···············-····-·----·--··•--·---

C FE ET J 6. 8. 

POLE OFFSET 
..... AFTER ... IMPROVEMENT .... !F.E.ET) 

10. 12. 15. 17. 20. 25. 30. 

2. · 1 . 48 ···r:·13······1:e·6 · ·2·:02 ··:z: Hi · ·2·.·::ff· · :f: 29· .. 2._ .. 39 ····2 :·46··• ......... . 
3. 0.82 1.07 1.24 1.36 1.49 1.55 1.63 1.73 1.80 
4. 0.44 0.69 0.85 0.98 1. 11 1.17 1.25 1.35 1.42 

····s: ········· ·······•·o': ·1·e ·····o ;·•3·····0:6·6 .... o :12·· .. ·o·:a·s······o. ·s2·· .. ··1 :·oo······f ·:o9 ...... ,.. :· fs······ ....... 
6. 0.25 0.42 0.54 0.67 0.74 0.82 0.91 0.98 
7. 0.11 0.28 0.40 0.53 0.60 0.68 0.77 0.84 

....... - .... 8. ··········· ................. •·o:f't ·0.29··0:·42 o.·•g· ci":5s··o.t;t; ·o:·i:i ......... . 
9. 0.08 0.20 0.33 0.39 0.47 0.57 0.64 

10. 0.12 0.25 0.32 0.40 0.49 0.56 
11. - - - o.06 0.19 0.25 o.33 o.43 o.5·o · 
12. 0.13 0.20 0.28 0.37 0.44 
13. 0.08 0.15 0.23 0.32 0.39 ·r4·~-· ·········--·······-·······--··- ·------~·············-·:···········cL·04······0·:·10 ····c;-:··;·s --·-·c;-.-·2a··-·-·o·:·3·!r 
15. 0.07 0.14 0.24 0.31 

·······-················AoT···LEVEL. iioooo:• .. ········ POLE. DENSi'tv··.-o.POLES/MILE··· .. ·········· ........... ········· 

POLE POLE OFFSET ··oF°FSET .. BE F.ORE···· .. ···· .................................. AF TtR ···1MPROVEMENT ... (FEET) ................................................ . 

IMPROVEMENT 
.... _(.FE.ET) ........... ...... ~.: ............ 8 .... ...... 10 · ......... 12 ............ 1.5 ........ _ 17.-......... 20 ......... 25.- ......... 30 ............... . 

2. 1.70 1.99 2.19 2.33 2.48 2.55 2.64 2.76 2.84 
3. 0.94 1.23 1.42 1.56 1.71 1.79 1.88 1.99 2.07 
4. ·o:s6 0.19 0:99 ·;-,·f:f 1.28 1.35 1.44 1.55 1.63 
5. 0. 21 0. 50 0. 69 0. 83 0. 98 1 . 06 1 . 15 1. 26 1 . 34 
6. 0.29 0.48 0.62 0.77 0.85 0.94 1.05 1.13 

······--·······1 :········· ............ :: ....... ·o·:,a··• .. o:·a·:i ····o:iit;· ... 0:61···· ·o·:t;9 .... ,;-:·1e··· .. o.a9·····c;-:-ii't" ............ . 
8. 0.19 0.33 0.48 0.56 0.65 0.76 0.84 
9. 0.09 0.23 0.38 0.45 0.55 0.66 0.74 

10:·· ····················· :: ··o.1ii·o:29 o.37 o:45···0.·s,·· .. ·o·:·6s············ 
11. 0.06 0.22 0.29 0.38 0.49 0.57 
12. 0.15 0.23 0.32 0.43 0.51 ···-·•··"f3. ········ o:os · o:,i o::iii o. :37 o·:·4s 
14. 0.04 0.12 0.21 0.32 0.40 

······-·--··· .. 15.·................................................................ ..... . ..................... 0.08 ..... 0 .. 11 .... g .. 28 ... l'.l. 3.i; ...... . 

. ~t>,: .~J\l~.~ .. '1c:><Xl<:)_.····· ......... POLE ... DENSITY .75 .... POLES/MI LE ........................................ . 

POLE 
OFFSET BEFORE 
·1111PRbvEJoi1:NT .. 

(FEET) 6. 8. 

POLE OFFSET 
~F.TER .l."1~~1'.l'vI~E:f'.l:r. JF.EE,:J. 

10. 12. 15. 17. 20. 25. 30. 

2. 2. 10 2. 46 2. 69 :f.tft 3. 05 3. 15 3. 26 3. 39 3. 49 
3. 1. 16 1. 52 1. 75 1. 93 2. 11 2. 21 2. 32 2. 45 2. 55 
4. 0.62 0.9B 1.21 1.39 1.57 1.67 t.78 1.91 2.01 
s. o. 26 o. 62 o. es 1 . 03 1 . 21 1 . 31 1 . 42 ··L·ss ....... c.ii·s·············· 
6. 0.36 0.59 0.77 0.95 1.06 1.16 1.29 1.39 
7. O. 16 0.40 0.57 O. 75 O.B5 0.96 1. 10 1. 19 

---······--·e·~-- -------···--·······---····--- ········---····cr:·:i"4····-·o·:~'°r··• .. cr:1i·9····-·o:·&~i-- .. -,r:·at•······o··:e4·······i"·:·04··· .. -·-•·-·-· 
9. 0.11 0.28 0.47 0.56 0.67 0.81 0.91 

10. 0.17 0.36 0.45 0.56 0.70 0.80 ··-······ · ·n·:· ······ · ........ ~ .............. ~. ·· · ···· ::.;:···--··· o·:oa·····o·:·21·· .. o .·3s····o:·4r····o :t;·f·····o·:·1r············ 
12. 0.19 0.28 0.39 0.53 0.63 
13. 0.12 0.21 0.32 0.46 0.56 .. - ....... -;4·.-···•· .. ····· ·······.............. ··· ··· ·············•······· o:os·o:1s·· ··o.2s ·o.·•o· .... o:-s6 .......... . 
15. 0.09 0.21 0.34 0.44 
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Table 29. Expected number of utility pole accidents 
reduced due to increasing lateral pole offsets (Continued). 

························•··iot···LrvtL··60000·:··············;;-oLE°.DENSitv···20·:···poLES/MILE··························•··············· 

··oFFst~·L·:ti=olit·····••·····················•········ •····,·rnR···;~~.g.tie~~~~}··lr:H·rT····•·····•·····••······························· 
IMPROVEMENT 

...... .creE 1:> ....... 6.: ... ....... ll., ....... 1.<?, .......... ~ .?., ......... 1.i;. · .......... 1.1.., ......... ~?., .......... ?.s.., .......... 3~, ............. . 

2. 2.11 2.46 2.70 2.87 3.06 3.15 3.27 3.40 3;50 
3. 1.16 1.52 1.76 1.93 2.12 2.21 2.32 2.46 2.56 

·•····••····· ·· ·4:············•······o".·62····c,-.·ga·····;·:-:22·· ···1··.·39···· ;·: 58 ·,- .61· ····;·:·, a··· ··;·_·g2·· ··2:·02 

5. 0. 26 0. 62 0. 86 1 . 03 1 . 22 1 . 31 1 . 42 1 . 56 1 . 66 
6. 0.36 0.60 0.77 0.95 I.OS 1.16 1.30 1.40 -·-·-·-······-- --,-'.·•····· .. ·······•···--··:.············cr:·1·s···•·-c;-~-:fcf· ... o . .-·s·;-·····c;-:·=f~i'---·-c,-.-es·-··-cr:·~r6······"f·:·io·····•1··:·2c>··········---
8 . 0. 24 0. 4 1 0. 60 0. 69 0. 80 0. 94 1 . 04 
9. 0.11 0.28 0.47 0.56 0.67 0.81 0.91 

10. ··············~······ ········;;···········o :·i-1·····ci:3i;···· o·iis·····c:·s,- ···o·:10··· c:i":·eo········•··· 
11. 0.08 0.27 0.36 0.47 0.61 0.71 
12. o. 19 0.28 0.39 0.53 0.63 

-------•········f:i: ·······-············- --•·c,-:·f2 ····o··_--:H · ·c,-:·3-i --- cr.·4s· ···o·:·s6 
14. 0.06 0. 15 0.26 0.40 0.50 

................ 1.5 ......................................................................................................... o. 09 ..... 0.,.2 1 ...... 0.- 34 ..... o ... 44 ............. . 

POLE 
OFFSET BEFOR'E 

iMPROVEMENi' . 
(FEET) 6. 8. 

POLE OFFSET 
... AFTER' .. IF,ll>R'Oy~MElll!_.(F~r,:J 

10. 12. 15. 17. 20. 25. 30. 

················ ... :L ··· · ··•······ ·•·2·.·3:i"·····2·:1 ::i ·····2·:·es ·•···:r:·1a·····3·:·3·s ····•3 :,s·· ··3·:·ifa······3 .·11······3·:-a·a··········· ·· 
3. 1.29 1.68 1.95 2.14 2.34. 2.45 2.57 2.73 2.84 
4. 0.69 1.08 1.35 1,541.74 1.85 1.97 2.13 2.24 

-·•·• ··········• s :···················o: :Hi···•·1,-:sa····o·: s·s ······1 >14·····T:-3·1r···· t :4ir--···1·:·s 1 ····· 1··:·13···· ··1·:·e4·•···•········ 
6. 0.40 0.66 0.85 1.06 1.16 1.29 1.44 1.55 
7. 0.18 0.44 0.63 0.84 0.94 1.06 1.22 1.33 ··· a: ···· 0::26·0.ils··o:·&6 o.·1& ·o:as·····;:04···;-:·;-s····•···· 
9. 0.12 0.31 0.52 0.62 0.75 0.90 1.01 

10. 0.19 0.40 0.50 0.63 0.78 0.89 
;,:· 6.096:2s·o.40 o:s2···0;68 0:19 
12. 0.21 0.31 0.44 0.59 0.70 
13. o. 13 0.23 0.36 0.51 0.62 
14 . ·········-----·-------· -------------------· -------·-·o·:·06 ---··o·.--1· 1 ·····er ·:Hr·····o·.-4:.r··--c,. :·5·!r· ---
15. 0.10 0.23 0.38 0.49 

.... ··•··· ······ ..... ·-,"ci-t··1E·vtc··,oooo:·····•········ PoLE:···oENSlW .. ·-; s .· PIKES/MILE° .... ····················•··············· 

POLE 
. OFF stfSEF·oRE 

IMPROVEMENT 
... ( ~rET)_ 

POLE OFFSET 
···•·························,i=tER····iMPRDVEMENflfEe"tl ···•·············•·················•··············· 

6. . 8., ..... ... 1_C> .......... 1 ?., .......... ,i;.:. ..... 11 . 20 _. ......... 25.-......... 30 .............. . 

2. 2.73 3.19 3.50 3.72 3.96 4.08 4.23 4.41 4.54 
3. 1.51 1.97 2.28 2.50 2.74 2.86 3.01 3.19 3.32 

·•4 ~- ·c;;-Jro"· ·· f-.-·2i ····-1··:·s·ef ----;--_· eo 2. 0·4 ····:L··nr· ··-2·:·31 ··---:L ·49 2. & 1 

5. 0. 34 O. 90 1. 11 1 . 33 1 . 57 1 . 70 1. 84 2. 02 2. 15 
6. 0.46 o. 77 0.99 1.24 1.36 1.50 1.68 1.81 

················•· f:-·•········•······•···••·•········ .. o~·n····o:-s·1 ···cf.14·····0:·98 ;·.10 ·····1·:·2.ii· 1 . 42 ·· ·•1·: ss·•······ 
8. 0.31 0.53 0.77 0.89 1.04 1.22 1.35 
9. 0.14 0.36 0.60 0.73 0.87 1.05 1.18 

················10 ........................ _ ............. _ ....... ·····-······· ·0.22 ··· o·.·46··· o.s9 o. 73 0.91 1.0• 

11. - 0.10 0.34 0.47 0.61 0.79 0.92 
12. 0.24 0.36 0.51 0.69 0.82 

··············· f3: ····················_ ········ ··-·············- ··········· - ·· · ···o·:15 · cf.21· o::,r:2 · ·cf.66··· 0:12 

14. 0.07 0.19 0.34 0.52 0.64 

................. ~.i;·'·············•···•··•·················································································.9.: .12 ..... o .. 21 ...... 0. 45 ..... o .. 51 ............ . 
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Table 30. Expected number of utility pole accidents 
reduced due to decreasing pole density. 

··············••······"ift···ItvEt:······,·ooo·:····· •······•poL"f·•·oi=·F·sif'f····a·:···,=-fit ................................. ··•···········••······· ·····Ao'r'··ttvEL······1000·:··············;,ot:t ··oF·Fstf···,-s··:···te"tt···• ··········•··························· 

POLE POLE DENSITY POLE POLE DENSITY 
··oE°Nsffv···eHorit"··············•·4j="fi'.R···1MPR·tj'iitMEiiit•·•(poLfs/MfLEl··············••··•··········•······ .. ott-iSirY··etFORE ............... AF°tEif."i:MPR·ovtM°Eiiit .. (POLE.S/Mf(tl········•···········•· 

IMPROVEMENT IMPROVEMENT 
... .J.P..l?..l.f:.~/~.I.~.E..) .......... 1.Q ........... :Z.0..: .......... 3.Q ............ ~.0..: ......... ~Q_. ......... ~9.: ......... .7.Q: ............................ J.P..0..L.f:.~/MIL,.E.J ......... 10._. .......... :Z.0..: .......... 30. 40. 50. 60. 70. 

·············'•···--···································· ................... . 

20. 0 . 18 - - - - - - 20 . 0 . 07 
30. 0.37 0.18 - - - - - 30. 0. 14 0.07 ................ ii"o":··•····· ............ o:·lts····· ,;-:·:ff:···o :··ni ......... :.:•· ............. ;:········• ... ··:.:···· ·• ·•--····;: .. •··· .................................. ···40:····•· .. ········• •· o'::if .. ···c:r:·1;;··· .. o':·<;,r ··· ···:.:··· ........... :.:. ........................................ . 
so. 0.73 0.55 0.37 0.18 - - - 50. 0.28 0.21 0.14 0.07 

I-' ................ ~<?.: .................... .O..:.~:z ..... .<?. .· . .?..3. ..... .0..:.~.~···•·(?·••·3.·?.· .... .0..: .. 1 ~ ......... :: ............... --:........................... ............... t;() : .................... .0. .:J.~ ...... Q .... ~11. ..... .0..:.:z .. ~ ..... 0. · .. ~~ ...... 9..:.0.7-...................... ·•· ................. . 
u, 70. 1. 10 0.92 0. 73 0. 55 0. 37 0. 18 • 70. 0. 42 0. 35 0. 28 0. 21 0. 14 0.07 -
"° 80. 1.28 1.10 0.92 0.73 0.55 0.37 0.18 80. 0.49 0.42 0.35 0.28 0.21 0.14 0.07 

................ f:lg.: ...................... ~.:.".1-....... , ..... ~~······~··: .. ~.Q ...... 0.: .. 9-.? ..... .0..:.!.;J ..... _c:> .•.. ~~ ..... .O..·.:i.1_ ........... ···········-··············f:1C>.: .................... c:>.:.~.~ ..... .Q ... ~~ ..... .0..:.~.~ ...... <>..-.. 3-~ ..... .0..: 28 ...... <>. .... ~.1 ...... .0..: .. ~.~················••······ 

..................... .A.!>!. ... L,E.Y.E.L, ...... 1 O<:)(): ............... r>gt,.E. . ~F..F.~F:.! .... .. 1-.: .... F. F:.E..T .......................................................... ~1>:t:. ... L. E."IL. .... ~~ ................ r>.CJ.L. E ... CJF.~.~E.! ... :z.5 . .-.... FE E.T. ...................................... . 

POLE POLE DENSITY POLE POLE DENSITY 
DENSITY BEFORE AFTER IMPROVEMENT (POLES/MILE) DENSITY BEFORE AFTER IMPROVEMENT (POLES/MILE) ..... fMPROVEME°N't .................... ·········· .. ···· ......................... ··········· ... •·· .......................................................... ·1MPRtiiiEMENT ................. ················· .. ·····--··· ··········•··········•···········•····· ... •··•·· 

(POLES/MILE) 10. 20. 30. 40. 50. 60. 70. (POLES/MILE) 10. 20. 30. 40. 50. 60. 70. 

················2·0·~····················0·:··1·1······•··:.:··············-;;··············:.:···············.::············ ·:.:·············•·;;•·························· ···············:io":················· ··c:r·os·········:.:·•·•···········;.············ .. ·::·········•·•··:.:.···············;;•········•·•··:.:.············•·· 
30. 0.22 0.11 - - - - - 30. 0.10 0.05 
40. 0.33 0.22 0.11 - - - - 40. 0.15 0.10 0.05 
50. 0.44 0.33 0.22 0.11 - - - .. 50. 0.21 0.15 0.10 0.05 - ·-
60. 0.55 0.44 0.33 0.22 0.11 - - 60. 0.26 0.21 0.15 o. 10 0.05 
70. 0.66 0.55 0.44 0.33 0.22 0.11 - 70. 0.31 0.26 0.21 o. 15 0.10 0.05 . 

·············· .. eci:····················<S:·:;-,-·····o·.·&&·····c>":·s·s ...... o._.·,."·····c;-:·3:i"·····o :·22·····cr·-rc···················· ···············eo":········•·••········c;-:·3s······o:·3·f·····c;-:·26·•····0·:•2·,·····o":·-;-s······o:·,o·····o·:·os•··•······•·•·········· 
90. 0.88 0.77 0.66 0.55 0.44 0.33 0.22 90. 0.41 0.36 0.31 0.26 0.21 0.15 0.10 



Table 30. Expected number of utility pole accidents 
reduced due to decreasing pole density (Continued). 

······················"ot··-i:.:tvEI······sooo·:··············poLt· oi=·Fstt··· ·:r:···tn-;=-· ····························· .. ······· •· ···· ·······••······"ot"··-.:.:tveI······sooo:··············i>oCco°FHfi···;-s··_-···t,ee--r••················ ··•·•··············•·•••· 

··oe·N•si~~~ee°FoRe·········•·······i.rttR··-.MPRb~t·~e~f~fiJtE·s1M1Itr···················••················otN•si~~·~eei=·oRt················~neif .. i'MPRbit·~E~f~f·lJLB/M1Itl········ ······························ 
IMPROVEMENT IMPROVEMENT 

.... JP..0.1:-.~.~/,.,~gJ ........ ~.i:>. ............ :z().: ......... ~9.: ..... ···"() : ......... !:i<> ........... f:io.: ......... 7C>.-............................. tP.~1:-.~.~/,.,~.~.E..> ........ 1.i:>. .... : ....... :z9..: ......... ~9 . .-......... 4().: ......... !;C>. . ...... f:i().: ....... . 1"-.-......................... . 
20 . 0 . 18 - - - - - - 20 . 0 . 07 
30. 0.37 0.18 - - - - - 30. 0.14 0.07 4tf·· ·················o. ss ···· ty:·:i"t·····c;-:·nr·······:.:·· ·· ••······;.; ·····••······:.: ····· ·······;.······ ... .. .................. ·· .... 40:······· ·······cf 2 f ... ·o·:·1:,f·· .. c;-: o'f········:.:· ·• ·····••·· ·········· ·· ··················· · · ·············· ······· 
50. · 0. 73 0.55 0.37 0.18 - - T 50. 0.28 0.21 0.14 0.07 
60. 0.92 0.73 0.55 0.37 0.18 - ~ 60. 0.35 0.28 0.21 0.14 0.07 .... ····•······16:···· .. · .. ·· ........ 1·:·Tc>·· o·:92·····c;-: 13 ····6·:ss·····cr: :1·r····o·:·1if······1.:.················ ·························· 10·:··•········ ······o":·4·:f ... c:f::is··· .. o"::2e····o .·f;-··· ·o :·-,-4···· .. o :01······· .. ····· 

f--' 80. 1.28 1.10 0.92 0.73 0.55 0.37 0.18 80. 0.49 0.42 0.35 0.28 0.21 0.14 
O'I 90. 1.47 1.28 1.10 0.92 0.73 0.55 0.37 90. 0.56 0.49 0.42 0.35 0.28 0.21 -· 0 .................. ···•········· ........................ ..., .................................................................................................................................................................................................................................................... . 

...................... ~r:,:r-.... ~~Y~.~······509(? ................. P.OL.E: .. C>.F..F.~~! ...... 7-. .-.... F..~.E.T ( ... . ADT LEVEL 5000. POLE OFFSET 25. FEET 
·····························-······--·············•-·-··-··•············- ···················----····-·········• .. ··········-····················••·················---······················ 

POLE POLE DENSITY POLE 
DENSITY BEFORE AFTER IMPROVEMENT (POLES/MILE) DENSITY BEFORE ..... lMPRov°EMEl,Y ··········· .. ····· •· ········ ........ .. . ...... •· . ...... , . . .................. ·•······ ...... "fMPRi:i"iiEMEN't 

POLE DENSITY 
AF..!.~~ .. }MPROVEMENT .. JP.0.'=-~S/lli1r~EJ.. . .............. . 

(POLES/MI.LE) 10. 20. 30. 40. 50. .60. 70. (POLES/MILE) 10. 20. 30. 40. 50. 60. 70. 

············· ... :i6'.······•·•···········6":··n·•······:.:·········•···:.:·· ··········:..:············ ··.:.·····"?· ..... :..:. ············:.•·······•···· ··············• ............... :i6:··· .. •·············cr:·os···••····:.:·······•············ .. ······· ······•···· ... · ....... ············· .. ···•··•················ ...... . 
30. 0. 22 0. 11 - - - - - 30. 0. 10 0. 05 
40. 0.33 0.22 0.11 - - - - 40. 0.15 0.10 0.05 ............... s.6: ·······••···· o. 4·4 ····o.-jj ··o·:·:i:f·····o. n······· .:.· :.:······ · ····.:. · ·--····•"··· ... ·······•······so: · · ··········6":·:fl ..... o·:·,s ···6":·;-o ···o:os··•·····~· · · 
60. 0.55 0.44 0.33 0.22 0.11 - - 60. 0.26 0.21 0.15 0.10 0.05 

. 70. 0.66 0.55 0.44 0.33 0.22 0.11 - 70. 0.31 0.26 0.21 0.15 0.10 0.05 
················eo·: .................... o.:1-;··•···o:6Ef····o·:·ss· ····o:-.," ·•··o: :1":J······o·.·22 ····o:·"f,···• ·· ························· ... ··e6:··········· ... • ... o":·:i'i'i ..... o·.--H·· .. ·o: is······o·.·=f1··--·o·:··1·s·• o·.·,·,>"····cr:·os 

90. 0.88 0.77 0.66 0.55 0.44 0.33 0.22 90. 0.41 0.36 0.31 0.26 0.21 0.15 0.10 



Table 30. _Expected number of utnity pole accidents 
reduced due to decreasing pole density (Continued). 

.......... ADT .. LEVEL .. 10000. POLE .. OFFSET 3 .. FEET . . ..................... Ao,.-··ttvE-c··-roooo·:········•·····poLE···oi=·;;srr·•··ni·:···nEt·········· .. ··· ····························· 

POLE POLE DENSITY POLE POLE DENSITY 
.. ofiisl'i'v···st;=tiRt················,ntR···1MPR.OVEMEt.i't···,PoLES/MifE·)··•·························•····· .. ··otNsffv···eti=oRt···········•····AF°T°ER ... I.MPiHivtMEiiit···,poLts/MI'i.:El··················•···············•··· 

IMPROVEMENT IMPROVEMENT 
...... (.P..C!.L.f::.':./"1.I. L..f:. > .......... 1.C) .· .......... 2.().: ......... ~C)-'·· ........ <t<>.: ......... ~<?..-.......... E;.<>.: ......... !_C) .' .............................. <.F>.t! L.~.~/"1.I. l..f:.> .......... 1 C) -'··· ....... 2.0.: .......... 3.C) .'. ......... <1.().: .......... 5-c;> •.......... 6<>.: .......... ?C) '. ........................ . 

20. 0. 18 - - - - - - 20 . 0. 07 
30. 0.37 0.18 - - - - - 30. 0.14 0.07 ................ iio: .................. o":ss·····o::if····o·: ni·········;;···· ........... : ............. :.:•·• ............ :. .. ·· ........................................ 40·:· ········ .......... o': :r;-·· .. ·o. 14 ..... o·:·o'f····· .. ·;; ........................................ . 
50. 0.73 0.55 0.37 0.18 - - - 50. 0.28 0.21 0.14 0.07 
60. 0.92 0.73 0.55 0.37 0.18 - - 60. 0.35 0.28 0.21 0.14 0.07 ................ 10:···········--······ ·,·:·-;o·····c;-:92 ..... o•:·13·· .. ·o•:·ss·· ... 6':·31·····0·:·1e········:·········•···· ............................ ,ns:················• ... o·:·42···•·0·:·:is·····o·:·:ia······o·:·2·;-···•·o·:··,-4··•· .. tf.01·········:······················ .. ······ 

-~ 80. 1.28 1.10 0.92 0.73 0.55 0.37 0.18 80. 0.49 0.42 0.35 0.28 0.21 0.14 0.07 

I-' ................ !:J.<>.: ..................... 1 .. : .... !. ······1·_.··:z~ ...... ~ .. : .. 1.<J ...... C) · .. 9-2- ..... 9.. :.!.;J ..... .<'.: .. 5-~ ..... <>.:.~.! ................ ······· ·- ············· !:J_<? · .................... <> :. 56 ...... <>.-.. '1 !:J ..... <>.: .... :z ..... _C) : .. 3.~ ..... <>.: .:z.tt. ·• .. . <>.: .. 2-.~ ...... <>: .. 1.<1 ·• ..................... . 

...................... J.IJ.!_ ... l. t::.'1.E .l. .... ~.()()('.)().: ............... ~CJ.L..f: ... CJ.F_.F_ g.! ... .. 7 . .-.... f.f:f: T ............................................................... J.IJ.!. ... l. t::.'1.f:.l. .... ~.~.: ............... P..CJ.l..E: ... CJF_ .F. ':..f:.'.f ... 2-'.5. : .... r:. f: ET 

POLE DENSITY POLE POLE DENSITY POLE 
DENSITY BEFORE 

..... ftili:>iioiiEMENt· ... 
AFTER IMPROVEMENT (POLES/MILE) DENSITY BEFORE ................................................................. ······ .. •· .... · ................................... fMPiitiVEMtliit···· . ..~F..!.f:~ . . I"1P..R..O'-'.EM..f:~:!° . .. (P.'l.L..f:.~/_IW~.l.f::. L ................ . 

(POLES/MILE) 10. 20. 30. 40. 50. 60. 70. (POLES/MILE) 10. 20. 30. 40. 50. 60. 70 . 

................ 2<>': .................... o•: .. n ........ ;; .. ·· .... ·······:..·····•• ........ ;;• ........... : .............. ;;•· .. ···· .. ··:.· .......... ............................... io·: .. ·••···· ........... o.:·os·• .... ··•;;•··· .. ····· .... : .............. ;; ............... :.• ............. ;; ···· ......... :. ........................... . 
30. 0.22 0.11 - - - - - 30. 0.10 0.05 
40. 0.33 0.22 0.11 - - - - 40. 0.15 0.10 0.05 ................ s<L ............... --·6:·44·· ... o:·:i:f .... o·:·2:f ... o.'ff ...... -.:..····• .......... ;; .. ··· ... ······: ........................................ s·o:····· ................ cL:fl ...... o._.·1!f .... o.: .. fa · o .os -
60. 0.55 0.44 0.33 0.22 0.11 - - 60. 0.26 0.21 0.15 0.10 0.05 
70. 0.66 0.55 0.44 0.33 0.22 0.11 - 70. 0.31 0.26 0.21 0.15 0.10 0.05 ................ eo·:· .. ···· ............ o.:·:;-'f ..... o._..66 ..... o•:·ss ...... o._.4 ... ., .. 6:·:i·:i•· .. ·o·:22·····0·: .. n··•················· .................. e.o:··•·•···············o·:·36····•·0·:·:i·1······0·:·26······0·:·2·;-····•o·:·-nr···•·o:16'···•0·:·os···-··················· 
90. 0.88 0.77 0.66 0.55 0.44 0.33 0.22 90. 0.41 0.36 0.31 0.26 0.21 0.15 0.10 



Table 30. Expected number of utility pole accidents 
reduced due to decreasing pole density (Continued). 

·····················Ao'f' .. (EvE°C··-rsooo·:··············PO{·e .. "t:JfFSE°'f·····3·.-···ttff ......... ·········································•············Aot .. TEVE{ ... lsooo·:··············;,oce"··or·FsE·T····nL .. 'F-'EEf .......................................... .. 
• 

POLE POLE DENSITY POLE POLE DENSITY 
.. oe·Nslfv'··ee'i:'t:iRE•········ .. ·····Af''i'°ER···1MPRO'iiEMENT ... (.POL'fs/MI{El"····················••················otNS1fv···sti=oRt" ................. Ai=''fiiR ... IMPRO\iEME°Nt··TPOLES/Mf['e}" .................................... . 

IMPROVEMENT IMPROVEMENT 
... J.l'~l,..~.!i/~~.l:.E.t ........ 1.<>. .......... ~9.: ......... ~.<>. ........... 4-9..: ......... !5Q ........... 60.: ........ 7.0 .............................. J.1'9.l,..~.!i/~~.l:EJ. ......... 1.0 ............ ~<:> : ......... ~.<>. ............ 4-<:>.: ......... ~.<>. : ......... c;c:,.: ......... 70.: ......................... .. 

20. 0. 18 - - - - - - 20. 0. 07 
30. 0. 37 0. 18 - - - - - 30. 0. 14 0. 07 ;ro·:···············•····o:·sir ... t,._..:11·····o':··1·ir········:.:···••··········:.····· .......... :.: ............... :. .............................................. o10··:·······•···· ··•···o':·:2°1······0·:·14·····0·:·o1·····•···:.:············• .. :.:············· :.:············ .. :::···••· ....................... . 
50. 0.73 0.55 0.37 0.18 - - - 50. 0.28 0.21 0. 14 0.07 
60. 0.92 0.73 0.55 0.37 0. 18 - - 60. 0.35 0.28 0.21 0.14 0.07 ··········· .. ···,10·:-·····• .............. ,.:··16·····0·:92··•··0·:·'t':f ..... o._.ss·····o':·:if·····o·:·,e··•······:.:·····•······ .. ······· ....................... ,f<5:······•···•· .. ······o':·ii2 ..... o._..:1s· .. ··o":·:iii'···•·o•:2·,· .. ···c;-:··;-;;-·····o·:o1·• .. ·····:.. .............................. . 

.__. 80. 1.28 1.10 0.92 0.73 0.55 0.37 0.18 80. 0.49 0.42 0.35 0.28 0.21 0.14 0.07 

°' ................ 1:J.<? .. • ..................... 1 .. :.'.".! ....... 1 ... ~ll ...... ~ .. :.1.<? ..... <?..-.. 9-~ ...... <>.:.!.3 ..... .c> • .. ~~ ..... 9..:.3! ........................................ ~.<> ....................... 9..:.~.~ ..... <?..-.4-~ ..... 9..:.".~ ...... <>..-. :3.!'.5 ..... 9..:.~11 ..... <>..-.. ~.1 ...... 0 ..... 1.4- ...................... . 
I\J 

...................... A_l?.!. ... L:.E.~.E.L: .... 1.~<:>c:><>. ................. .,.().1-:~ ... ().F..F.g.T ...... !.: .... ".E~.T. ............ ··············· .. •··•··•· .. ········ ................ A_l?.! .... L:E~~.l: .... ~.~C>C><>. ................. .,.().l:.~ ... ()F.F.~~.! .... ~s . .-..... F.~.~.r. ... . 

POLE POLE DENSITY POLE POLE DENSITY 
DENSITY BEFORE AFTER IMPROVEMENT (POLES/MILE) DENSITY BEFORE AFTER IMPROVEMENT (POLES/MILE) ·•···1M·PROVEMENt"'··· ............................................................................... ······••··· ..................................... TMPROVEMt'liit· ....................................... ········· .. ·········· ......................... ··•••····--•• ...... ·•···· ................... . 

(POLES/MILE) 10. 20. 30. 40, 50. 60. 70. (POLES/MILE) 10. 20. 30. 40. 50. 60. 70 . 

··········· .... ·20:· .................. o•:11•·•· .... _ .............. _ .............. _ .............. _ ............. _ ............. _.............................. . ....... 20:• ................. o . .'05 ... ···-·· .. ·· ... · .... _ .............. _ .............. _ .............. _ ............... _ .......................... .. 

30. 0.22 0.11 - - - - - 30. 0.10 0.05 
40. 0.33 0.22 0.11 - - - - 40. 0.15 o. 10 0.05 ···········• .... so':·········· .......... o.:·4·4······0·:·aj·····o':·:ii·--··o· ... ,·c ..... ::: ........... - ............ :. .............................................. s·o·i······ ............. o.:·:21·····0·:·,s···· o·:·fo· .. ·c;-.os ......... :.: .............. :.:······ .. ······•:.:···•··· ................... . 
60. 0.55 0.44 0.33 0.22 0.11 - - 60. 0.26 0.21 0. 15 0.10 0.05 
70. 0.66 0.55 0.44 0.33 0.22 0.11 - 70. 0.31 0.26 0.21 0.15 0.10 0.05 ·······--·.-"· .. s·c·i··,·,·,·· .... ,. · ... c;-:·1f· .. ··o :·s& .. ···c;-:·!Is ..... o·.44 ...... c>" :-a3·· .. ·o·: 22 .. ···o· :·lf ······ .. ·• ............................ e•o .-······ ............ ci: a6·· .. ··o·:·:1 , .. ···o·:·26 ...... 0 :·2 , ..... o':-·;-s ..... o _. .. i 6' .. ··o:·os· ·.- ................... . 
90. 0.88. 0.77 0,66 0.55 0.44 0.33 0.22 90. 0.41 0.36 0.31 0.26 0.21 0.15 0.10 



Table 30. Expected number of utility pole accidents 
reduced due to decreasing pole density (Continued). 

............... Ao'rTtvri:.:···:isoocr:·· ............ i>t:iit···i,-r·rstf··· .. :f: ··t:"te"t"· .. ·· ...................................... ~ ······ ... ••····Aot··Itvec·isocx>":·········· .... ..,aLE··afl=se'f···nr:···nTt·--·········•···· ························--·· 

POLE POLE DENSITY POLE POLE DENSITY 
.. DE°Nsltv···sti=oRiC··· .. ······ .Affei'f .. IMPR.t:i"iiEMENt·· (POLE°s/MIIE·r···· ... ~ ............................. DtN·s1tv··stft:i.RE ...... ··········Ar:"t"ER···1·M·PROiieMENT.Ti>oLE"s/Mfi.:tl····•·•···························· .. ·· 

IMPROVEMENT IMPROVEMENT 
.... J.P.~!:-.~Vr,11 ~ \.E.J ........ 1.'? .• .......... :z9..: ......... ~<>. .-......... ~<>. , .......... 5CJ. .-......... G.e>. : .......... ?C> ................................ ( .P..O. 1., ~.•;,1,11111.t,.E..>. 10 · .......... :z<>.: .......... 3.9_-..... . 40. 50. 60. 

,----·-······•"''"" 70. ······ ... ·· .. •······· 

20 . 0 . 18 - - - - - - 20 . 0 . 07 
30. 0.37 0.18 - - - - - 30. 0.14 0.07 ············• .. ·40·:•··•···•··••········6:·ss······o·:·3"i·····cr··1·e··· .. ·•··::···•······· .... ;; .............. :.: ............... ;; ............................................. 46·:··•········· ······o:11••-.. o•:·I4······6":·a1·········:: ............. -;.···· .. ·········:.:··············-;.•·· .. ·•············•· .. ····· .. ·· 
50. 0.73 0.55 0.37 0.18 - - - 50. 0.28 0.21 0.14 0.07 
60. 0.92 0.73 0.55 0.37 0.18 - - 60. 0.35 0.28 0.21 0.14 0.07 ................ -;-6: ..................... , .. :.T6 ·•· cf:92 ····c>":·13···· o·.I5s·· .. ·o·:·31 ..... o._..,;r ....... .:. ............................................ ,o•:· .. ····•···•····· ·6: ... :f ..... 6:·3s··· .. c,: :iif·····c;-:-:z , ...... 6: 1,;;· .. ··o·:,sr ······;;······ •·· .................. . 

I-' 80. 1.28 1. 10 0.92 o. 73 0.55 0.37 o. 18 80. 0.49 0.42 0.35 0.28 0.21 0. 14 0.07 
O'I 90. 1.47 1.28 1.10 0.92 0.73 0.55 0.37 90. 0.56 0.49 0.42 0.35 0.28 0.21 0.14" w .............................................................................................................................................................................................................................................................. ··•··· ... •···· ..... ...... . ........................ .. 

...................... ~ll!.._.l,.E.'!J.E.l, ... 25.~_. .............. '>.ll.l,E ... <Jf..f.~E..1:. ..... !.: .... F..E.E:T . ........................................ AO.! ... . L ~. 'IE L .:Z.!i9.<?CJ..-............... F'lll, E: ... ll.f.f, SE!_ .. . 2- !5 . .-.. f. ~. p: ... . 
POLE POLE DENSITY POLE DENSITY 

DENSITY BEFORE AFTER IMPROVEMENT (POLES/MILE) .... TMPROiiEME°Nt . ................... . ............ . .. ......... ········ .......... . 
POLE 

DENSITY BEFORE .................... ···•· ......... t Mi>rioiit MEiif ~f..!.E.~ ... IMF'ROVEME~:f..J.1-'C>l,..ES(.1111~.LEJ ...... . 

(POLES/MILE) 10. 20. 30. 40. 50. 60 . 70. (POLES/MILE) 10. 20. 30. 40. 50. 60. 70. 

................ :.H:r ................. ··o: .. f c ..... :.:········• ...... .:. .. ··· ·· ······:.: ........... ··-;. .. ·············:.: ·········· ... :: ............................................. i6:· ····· ···········o·:-os·· .... · .. :: ................................................................................ ············· .. ········· .. ···--
30. 0.22 0.11 - - - - - 30. 0.10 0.05 
40. 0.33 0.22 0.11 - - - - 40. 0.15 0.10 0.05 ................ stL ............. •·····er ·4 ii ...... o_. :ff· .. ·o·:-:i:f···•o·:·1·r······ ·;;··--······ .. ·::··········· .... ;; ................................... ·· ...... ·s6: ... ·· ............ o ::.fl·· .. · ·c,-:·1s .. ····c,:·10 .... cf:os· ....... .:.•·······•······:.:····· ·· ········ · ·······• •·· 
60. 0.55 0.44 0.33 0.22 o. ft - - 60. 0.26 0.21 0.15 0.10 o.os 
70. 0.66 0.55 0.44 0.33 0.22 0.11 - 70. 0.31 0.26 0.21 0.15 0.10 0.05 ······ .......... e"c,·: .................... o.:Y'f····t:;-:-ti6 ...... o.:·s·s···· .. o·:·44 ····6:·3·:f·--0.22 ..... o":-l·; ................. ·•···· .. •• .. ········eo:··•········· ·······o:·3~f··o·:·3·i· .. ,,-:·:iEf .. ··0:21····6":fs· .. ·· o. 10· .. ··o .os ...................... .. 
90. 0.88 0.77 0.66 0.55 0.44 0.33 0.22 90. 0.41 0.36 0.31 0.26 0.21 0.15 0.10 



Table 30. Expected number of utility pole accidents 
reduced due to decreasing pole density (Continued). 

······················Aot··ItvEc··<i'oooo·:·······•······i>ciLf .. offsE"f ..... :L···-,,E"et ....................... . .................... Ao"i"'TtveI· ·400&>":.... . ..... Poi.e· oFf'sE"f ... 1·s·:· .. -.,·tet·· ............... . 

POLE POLE DENSITY POLE POLE DENSITY 
. ··ob.i'sitY··ee'i='oRi(··· ............ AF°t.Eif .. fMPR·ovtMENT···(pijLes/MfLEf ........................ . ......... oel,s·i tvee'Ft:iRi?:°··· .. ········ ... Af'HR ... I.MPRtiVEMbit· (PbLEs/Mtitr· ....... .. 

IMPROVEMENT IMPROVEMENT 
..... ~.P.1:Jl,J.~/"1~.l:.EJ .......... ~.9.· .......... :z_c,.: ......... ~9.: .......... "9..: ......... !j9._. ......... ~P..: ......... 'J.9..-........ . ........ . J.P.0.!,_i: S/"11 l:.~J ......... ~.<>..-......... :Z9..: ......... :JC)._. 40 · ........ !j<>..-.. 60. 10. 

20. 0. 18 - - - - - - 20. 0. 07 
30. . 0.37 o. 18 - - - - - 30. 0.14 0.07 ................ 40·:··· ................. o':·55 ..... o·:·:ir-···o·: .. fe····•···:.: .............. :.:.•·••· ........ :.: .............. .;.- .............................. ,........ ··46:····. .. ..... o':·21·· .. ·o·:·14····0:·o'f .... •··:.: .. ·· .. ·· ........................ ···•··· .............. ······ .................... . 
50. 0.73 0.55 0.37 0.18 - - - 50. 0.28 0.21 0.14 0.07 
60. 0.92 0. 73 0.55 0.37 0.18 - - 60. 0.35 0.28 0.21 0.14 0.07 ................ ,.6': .. ········ ........... ,..:.1c,-- .. •·o·:·g2··· .. 6':-'ia ...... <,. ... ss ..... o.:·i1 ...... o .. ·,e·· ...... :.: ............................................ 16: ................... o·:·~i':i ..... o.::is·· ... o":·2if ... o·:·2 ,.. .... o·: .. 1·4·· ... t>:01· ....... :.: . ........................... .. 

I-' 80. 1.28 .1.10 0.92 0.73 0.55 0.37 0.18 80. 0.49 0.42 0.35 0.28 0.21 0.14 0.07 

~ ............... i;J_<> . .-................... ~.:.:41- ..... 1 . .-.. 2.~ ...... 1 .. , .1.<> ..... .9.·. ~.2- ...... C>.:.'!3 .... 9 · .. !;!; ..... C>.:.3.! ...................................... 90_. ................... e>.,.!j.~····· Q ... .s~ ..... 9.:.:4.:z ...... 9..-.. 3~ ..... 9.: 28 ..... <>..-.. 2..1 ...... .C> .•.. 1 "· .................... . 

...................... A.ll.:r ... L.E. ¥.~.l: ... :4.()_c,(:)9. .· ............... f>.ll. l, ~ .. ll. F..F. g.:r ...... !.: .... F ~ E ,:_ .............................................................. A.I?. :r ... l: E "-~.l, ... :4.0_C>_c,9. .· ............... .P.!l.~J ... !l.F. F. .S.P ... 2-!j . .-..... FJ E 1:. .................................... •···•· 
POLE POLE DENSITY POLE POLE DENSITY 

DENSITY BEFORE AFTER IMPROVEMENT (POLES/MILE) DENSITY BEFORE AFTER IMPROVEMENT (POLES/MILE) ·····:rMi>rioVEMe°i•ff....................... ... . .............. . .................................. ··········· ............................................... fMPRtilitMENt········ ................................ ················· .............. ··············•··• ............................................ . 

(POLES/MILE) 10. 20. 30. 40. 50. 60. 70. (POLES/MILE) 10. 20. 30. 40. 50. 60. 10 . 

20. o. 11 - - .. :.:······ .. ··· .. ··:. ............... :.: .............. :;. ... • .................. ················· •····2·c;-:- ············ ·····o·: os .. · .. ····:.:···• ... ········:.······· ·······:.:····· ·•···· .. ······•·· .. ··· ················ ••·•········· .. ······ ............ . 
30. 0.22 0.11 - - - - - 30. 0.10 0.05 
40. 0.33 0.22 0.11 - - - - 40. 0.15 o. 10 0.05 so·:-·······• .. ···•·····6". 44 ···o·:·:ii ..... o.:·22"··· .. o.Tf ........ ::: .............. :.: ............. :. .............................................. 50 :·········· .. ······6":·fl .... o:·1·s·····o:··1"ri" · o·:os·· ..... :;.····· .. ····• .. · ... ••··•·············· .......................... . 
60. 0.55 0.44 0.33 0.22 0.11 - - 60. 0.26 0.21 0.15 0.10 0.05 
70. 0.66 0.55 0.44 0.33 0.22 0.11 - 70. 0.31 0.26 0.21 o. 15 0.10 0.05 ................ s.cL········•··········c;:-n·····o· ... ss··•··o':·s·s ...... o.:·"4 ..... o: :fa· .... o.22 .. ···6':·f1· ..................................... 80 : ................... c:>":°Js···· o·:·:i·i ..... 6':·:itr .... o·: 2 i .... o. 1s· .... o.10 ..... o·: os ....................... . 
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Table 30. Expected number of utility pole accidents 
reduced due to decreasing pole density (Continued). 
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APPENDIX D - PROJECTION OF ROADWAY AND ACCIDENT DATA 

Future changes in the driver-vehicle-roadway system may affect util­
ity pole accident experience as well as countermeasure effectiveness and 
cost-effectiveness. Changes in vehicle mix and volumes, vehicle fleet 
size and weight, occupant restraint systems, vehicle crashworthiness, and 
driver population are among the variables that could individually and in 
combination impact countermeasure cost-effectiveness and select ion. 
Therefore, a cost-effectiveness analysis of long-term projects should at 
least consider the possible effects of future traffic, vehicle, and road­
way conditions. 

For example, consider a roadway section that has averaged 10 utility 
pole accidents per year for the past 3 years, and 40 percent of the acci­
dents have involved personal injury. If conditions remain the same at the 
site, it may be relatively accurate to assume similar frequencies and 
severities for future utility pole accidents. However, a roore likely 
scenario is that traffic volume wi 11 increase each year and smaller and 
lighter vehicles will occupy a greater proportion of the traffic mix. If 
these changes occur, utility pole accident frequency and severity would be 
expected to change as well as the relative effectiveness of various cor­
rective treatments. 

Although estimating future roadway and traffic conditions is quite 
difficult, the assumption that present traffic and vehicle conditions will 
remain constant will result in inaccuracies in estimating the long-term 
cost-effectiveness of utility pole accident countermeasures. Therefore, 
driver-vehicle-roadway system variables were identified which are expected 
to change.over the next 25 years and have an effect on utility pole acci­
dent experience. A procedure was developed to predict the effect of these 
variables on utility pole accidents over the next 25 years. 

Selection of Variables 

A literature review was conducted to identify factors that could 
change, the. impact on utility pole accident experience over the next 
25 years. ,These factors were categorized as follows: 

• Utility pole-related features and countermeasures 
• Physical roadway/roadside features 
• ,• Veh.icle factors 
• Traffic factors 
• Driver •factors 

The first two categories (utility pole features and countermeasures, 
and roadway/roadside features) consist primarily of the direct and in­
direct countermeasures being evaluated in this research. These categories 
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will have a definite long-rarrge effect on utility pole accident experience 
and were therefore analyzed expl ic.it_ly in the cost-effectiveness eval ua­
t ion and not in the context of 25-year data projections. 

The remaining categories (veh,~le, traffic, and driver features) wi~l 
change over time in response to a variety of social, legal, and economic 
conditions. 

To summarize the findings relative to data projections, there are 
many transportation system characteristics that may affect the frequency, 
rate, or severity of utility pole accidents. However, only a few could be 
quantified for 25-year projections. The literature strongly suggested that 
increased usage of seat belts and air bags vK>uld result in reductions in 
fatalities and serious injury accidents but the downsizing of passenger 
cars will increase the probability of driver injury. Changes in recrea­
tional vehicle design, truck weight and size limits, and truck volumes are 
expected to have only a mi nor impact on ut i 1 i ty pole ace i dents. Future 
changes in traffic volume were expected to have a definite impact on the 
frequency of utility pole accidents. The effects of many other vehicle, 
driver, and traffic characteristics were assessed and determined to have 
either negligible or unquantifiable effects on utility pole accident 
experience. 

The following factors were selected for use in predicting future 
impacts of utility pole accident countermeasures: 

1.. Seat belt and air bag use 
2. Passenger car downsizing 
3. Traffic volumes 

Application of Data Projections 

To account for the possible changes caused ti., seat belts and air bag 
use, and passenger car downsizing, information from the literature was 
used to develop scenarios and associated adjustment factors. Information 
in studies by Smith et al. [1]. were used in adjusting the severity of 
utility pole accidents for eacn of the four general scenarios for future 
lap belt and air bag use, as illustrated in figure 32. 

For example, if average vehicle weights continue to decrease over the 
next 25 years with no increase in seat belt or air bag use, the percent of 
injury and fatal utility pole accidents is expected to increase. With the 
addition of air bags and 60 percent lap belt use, the ratio of serious 
injury and fatal accidents is expected to be reduced by about 50 percent 
in the next 25 years. ' 
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In terms of the effect of vehicle downsizing on accident severity, 
the study by Smith assumes an 11 percent increase in fatal and serious 
injury accident percentages due to 1 vehicle downsizing from 1978 to 1995. 
However, studies by Strombotne and \Griffin :[2,3,4] j support an 80 per­
cent increase in fatal and serious injury percentages in utility pole 
passenger car accidents due to a projected drop in average new car weight 
of 3,800 pounds (curb weight) in 1975 to 2,600 pounds in 1995. The 
computer program allows for the user. to select one of the two assumptions 
that is believed to be most appropriate. 

Changes in future traffic volumes are expected to have an effect on 
the frequency of utility pole accidents. As traffic volume increases, the 
number of utility pole accidents is also expected to increase. In fact, 
the expected change in ut i 1 i ty pole accidents caused by a change in 
traffic volume can be computed from the predictive model developed earlier 
for known levels of accident frequency and pole offset and density. Rela­
tionships between utility pole accidents 1nd traffic volume are given in 
figure 33. for various pole offsets and a density of 50 poles per mile 
t31 poles/km), based on the predictive model [6]. 

The assumed changes in traffic volume (i.e., 5 percent per year, 
etc.) can either be inputed by the user for any given roadway section, or 
the model will select a value based on projections in "National Transpor­
tation Policies Through the Year 2000" [ 5 J . These projections are given 
separately for various functional roadway classes based on a low growth, 
medium growth, or high growth assumptions. 

The possible future effects of traffic volume, vehicle downsizing, 
and occupant restraint systems on utility pole accidents were incorp0rated 
in the cost-effectiveness computer program. The user of the program simply 
inputs his assumptions, and the expected effects of those assumptions are 
used to adjust the future utility pole accident experience for any pro­
posed accident countermeasure. The manual cost-effectiveness procedure 
allows for considering changes in traffic volume but assumes no change in 
occupant restraint use or vehicle sizes in the traffic stream. 
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COST-EFFECTIVENESS ANALYSIS PROCEDURE FOR UTILITY POLE ACCIDENTS 

FORM A: SITE DESCRIPTION 

Road Name or Route Identification: ----------------
Beginning Milepoint: Ending: Length: (Miles) ----- ----- ----
Area Type (Urban or Rural) Curb (Yes or No) ----
Right-of-Way Width: _______ Shoulder Width: ______ Feet 

Current Daily Traffic Volume (ADTc): ____ Speed Limit: ____ mph. 

Expected Future Change in ADT = percent/yr. or percent in yrs. 

Utility Pole Location (one side or two): -------
No. of Poles 

Side 1: 

Pole Spacing 

ft. 

Poles/Mile Avg. Pole Offset 

ft. 

Side 2: ft. 

Total: 

Type of Utility Poles and Lines: 

Side 1 Side 2 (if applicable) 

Wood telephone poles --

-----
ft. 

ft. -----

-- Wood power poles carrying <69 KV lines 
Non-wood poles -- Heavy wood distribution and transmission poles -- Steel transmission poles --

Utility Pole Accident Data: D Avail able D Not Av a i l ab l e 

Utility Pole Accidents= (total) for years. ----- --
Utility Pole Accidents/Mile/Year (Ac) =No.of Utility Pole Accidents 

(Sec. Length) x (Yrs. of Data) 

Ac= Utility Pole Accidents per mile per year ---
Percent injury & fatal Utility Pole Accidents= ___ % 

Total Injuries: Total Fatalities: ------- ------
Coverage of other heavy fixed objects within 30 feet of roadway. Refer to 
Figures 10 to 15 to determine coverage factor (CF) to use (check one): 

10% Roadside Coverage 
20% Roadside Coverage 
30% Roadside Coverage 

-- 40% Roadside Coverage 
-- 60% Roadside Coverage = 80% Roadside Coverage 

(See 
(See 
( See 
(See 
( See 
(See 

Figure 
Figure 
Figure 
Figure 
Figure 
Figure 
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COST-EFFECTIVENESS ANALYSIS PROCEDURE FOR UTILITY POLE ACCIDENTS 

FORM B: COUNTERMEASURE DESCRIPTION 

(Complete Form B for Each Countermeasure) 

Countermeasure Number of 

Countermeasure to be Evaluated (Check One): 

Placement of Utility Lines Underground (Check One) --
Telephone lines -- Electric distribution lines <69 KV, direct bury, one phase -- Electric distribution lines <69 KV, direct bury, three phase 

-- Electric distribution lines <69 KV, conduit 
Electric transmission lines >69 KV 

-- Other: 

Pole Relocation from feet to feet from the edge of the -- pavement 

Increase Pole Spacing from to feet. Thus the total number 
-- of poles on the section wfTTbe -----..,... which translates 

to poles per mile of roadway section. -----
-- Pole Relocation from~- feet to __ feet from the edge of the 

roadway and Increase Pole Spacing to~~ feet wtiich translates 
to ___ poles per mile of roadway section. 

__ ~dd Breakaway Pole Feature to __ percent of poles. 
Expected reduction in injury and fat al ace i dents = % ---

__ Multiple Pole Use (for a section with utility poles on both 
sides of the roadway) by removing utility lines from the line 
of poles closest to the roadway. The average offset of the 
remaining line of utility pole is feet from the edge of 
the roadway. The number of poles on"Tfi"e section would be 
translating to __ poles per mile of section. 

Expected change in annual maintenance cost (total section): 

-- No change 
Increase of $ per year 

-- Decrease of$--- per year 

-- Un known ( assume $0 change if unknown) 

Expected initial project costs (Specify): 

$ Per Mile: 
$----- l ----------------------Per Po e: 
$----- Total: ----------------------

Expected countermeasure service life= years (assume 20 years if unknown) --
Interest rate= percent per year (assume 12 percent if unknown) ---
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COST-EFFECTIVENESS ANALYSIS PROCEDURE FOR UTILITY POLE ACCIDENTS 

FORM C: WORK FORM 

(Complete Form C for Each Countermeasure: See Coding Instructions) 

STEP i - Complete the Site Inventory Form (Form A). 

STEP 2 - Complete the Countermeasure Description Fann (Form B). One 
Countermeasure Description Form should be completed for each 
countermeasure. 

Countermeasure No.: 

Countermeasure Description: ---------------
STEP 3 -· Compute Average Traffic Volume over the Project Life (ADTA) 

Current ADT = ___ = ADTc 

• Method 3-A - Annual Growth Rate ( g) 

Annual Traffic Growth Rate (g) = __ percent 

Adjustment Factor = ___ = FA (From Table 11) 

• Method 3-S - Overall Growth Rate (G) 

Overall Growth Rate (G) = percent 

ADTA = ADTc (2 + G/100) = (2 + /100) = --- ---
2 

STEP 4 - Determine Utility Pole Accidents Without Treatment (As) 

• Method 4-A - Accident Predictive Model - Nomograph 

ADTA = {Step 3) ----
Existing Pole Density= poles/mile (Form A) -----
Existing Pole Offset = feet (Form A) 

As= ______ Accidents per mile per yeat (Nomograph, Figure 8) 

Note: If Method 4-A is used, A2 = As. 
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Page 2 of 4 

COST-EFFECTIVENESS ANALYSIS PROCEDURE FOR UTILITY POLE ACCIDENTS 

FORM C: WORK FORM 

{Complete Form C for Each Countermeasure: "See Coding Instructions) 

• Method 4-B - Existing Accident Data 

·Ac= __ .,,..,,._accidents per mile per year based on existing accident 
experience (Form A) 

Adjustment Factor to Convert Utility Pole Accident Experience From Ac to As 

Ai (From Nomograph, Figure 8) = ------
ADTc = ~_..,.. __ (Form A) 
Existing Pole Density= poles/mile (Form A) 
Existing Pole Offset =----feet (Form A) 

A2. (From Nomograph, Figure 8) = ------
ADTA = (Step 3) 
Existin=g....,.P=o,...1-=-e....,.u=e...,.n-=-s·1ty = poles/mile (Form A) _____ , 
Existing Pole Offset = feet (Form A) 

X (_/_) = Accidents per mile per year 

STEP 5 - Determine the Accident Reduction Factor (RA) for utility pole accidents 

AF (from Nomograph, Figure 8) = Accidents per mile per year ------
ADTA = ~~-_(Step 3) 
Proposed Pole Density= poles/mile (Form B) 
Proposed Pole Offset = -----·feet {Form B) 

A2 = _____ Accidents per mile per year (Step 4) 

RA = Az - AF = ------ = A2 ----

RA = ____ %Reduction in Utility Pole Acc-ident Frequency 

For the Breakaway Pole Countermeasure, Skip Steps 6 and 7, go to Step 8 . 
• STEP 6 - Select the Roadside Adjustment Factor (HR) 

Skip for the Breakaway Pole Countermeasure 

Coverage Factor (CF) = (Form A) ------
HR = (Oto 1.0) from Tables 3, 4, 5 or 6. ----
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COST·EFFECTIVENESS ANALYSIS PROCEDURE FOR UTILITY POLE ACCIDENTS 

FORM C: WORK FORM 

(Complete Form C for Each Countermeasure: See Coding Instructions) 

STEP 7 - Compute the Number of Accidents Reduced (.6..A) 

6.A = x x x = Accidents per year -- -- -- -- ---
STEP 8 - Select the Average Cost Per Utility Pole Accident (CA) 

CA= $7,007 based on 1981 NSC costs or$ based on ---
agency costs. -------------------

For the breakaway pole countermeasure, skip Step 9 and go to Step 108 

STEP 9 - Compute Accident Benefits Due to Reduced Accident Occurrences (BA) 

BA = x $ = $ per year. --- --- ---
STEP 10 - Compute Accident Benefits Due to a Reduction in Accident Severity (Bs) 

• Step 10-A - For all countermeasures except breakaway devices. Only for 
sections having speeds less than 45 mph. 

85 = (AB) x (1 - HR) x (RA) x (.6..CA) x (L) [For~A, See Table 12] 

85 = x (1 ~ ) x x $ x = $ per year --- --- --- --- --- ---
• Step 10-B - For the breakaway pole countenneasure only 

Bs = (AB) x (6, CA) x (L) [For !:::.CA, See Table 13] 

Bs = x $ x = $ per year --- ---- --- ---

STEP 11 - Compute Total Accident Benefits (Br) 

Br = BA + BS 

Br=$ + $ = $ per year --- --- ---
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Page 4 of 4 

COST-EFFECTIVENESS ANALYSIS.PROCEDURE FOR UTILITY POLE ACCIDENTS 

FORM C: WORK FORM 

(Complete Form C for Each Countermeasure: See Coding Instructions) 

STEP 12 - Determine the Change in Maintenance Costs (CM) 

CM=$ per year. Use $0 if unknown ---
STEP 13 - Determine Coun~ermeasure Installation Costs (Cr) 

t Method 13-A - Cost Per Mile (CL) 

Cr= (CL ) X (CRFin) X (L) 

C1 = $ ___ x ___ x ___ = $ ___ per year 

• Method 13-8 - Cost Per Utility Pole (Cp) 

Cr = (Cp) x (PL) x (CRFi) x (L) 
n 

Cr = $ x x x = $ per year --- ---- --- --- ----
• Method 13-C - Total Project Cost (Cs) 

C1 = (Cs) x (CRFi) $ ___ x 
n ---

Cr = $ per year ----
STEP 14 - Calculate Total Project Cost (CT) 

CT=CM+Cr 

CT = $ ___ + $ ___ = $ ___ per year. 

STEP 15 - Calculate the Benefit-To-Cost Ratio (B/C) 

B/C =•~ = 
CT 
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COST-EFFECTIVENESS ANALYSIS PROCEUURE FOR UTILITY POLE ACCIUENTS 

FORM D: COMPARISON OF COUNTERMEASURE 

( Use This Form Only if 2 or More Countermeasures Are 
Being Considered at the Sane Location) 

STEP 16 - Conduct Incremental Benefit-ta-Cast Ratio Analysis (68/ 6C). 

Rank 

list the Countermeasures in Order by Cast (Cr) from lowest ta Highest far those with a B/C 
ratio greater than 1.0 (or other 11cceptable minimun value). 

Counter-
measure 

Number 

Total 
Annual 
Cast 
~ 

Total 
Annau·1 

Benefits 
(By) 

o/C 
Ratio Compare 

Increment al 
Change In 

Casts (6C) 

Incremental 
Change In 
Benefits 
(68) 

Incre,nental 
Benefit/Cost 

Ratio 
. 6B/6C 

lowest Cost ' ( Cr ) 

2nd lowest Cast 

3rd Lowest Cost 

4th lowest Cast 

Highest Cost 
I 

STEP 17 - Evaluate Available Funding and Other Agency Constraints 

Select the remaining countermeasure with the highest incremental benefits to highest incremental 
cos ts. · 

Countermeasure No. and Description: ________________________ _ 

Countermeasure Cost: $ ______ per year 

Is funding available to complete project (Yes or No) 

Do any other agency constraints prohibit implementatjan (Yes or Na) ___ _ 

If yes, Describe: _______________________________ _ 

If the project is unacceptable, select the countermeasure with the next highest incremental 
benefits to incremental costs until project is selected. 

Countermeasure No. and Description: ________________________ _ 

~auntermeasure Cast: $ 

STEP 18 - Record Project Details 

_______ per year 

Selected Project: ___________________________ _ 

Project Cast: $ _____________ per year 

Total Project Cast: $ _____ Change in Annual Maintenance Casts:$ _______ _ 

Annual Ace idem: Benefits: $ ---------
Utility Pale Accidents R1iduced per year: _______ _ 

8/C Ratio= --------
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