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Methodology for Evaluation of Safety Improvement

Alternatives for Utility Poles

PATRICK T. McCOY, RICHARD T. HSUEH, AND EDWARD R. POST

The object of this paper is to present the formulation and demonstration of a
methodology for evaluation of safety improvement alternatives for utility
poles. 1t is a total-annual-cost method of economic analysis, which features
the calculation of exp d | accident and collision maintenance costs

on the probabilities and severities of single-vehicle collisions with utility poles
and other fixed obj on the roadside. The probabilities and severities of
these collisions are in turn computed from a definition of the speed and vol-
ume of traffic, distribution of vehicle sizes, and the numbers, types, and loca-
tions of utility poles and other fixed objects on the roadside. The methodology
can be used to evaluate several types of improvement alternatives, including
multiple use of poles, relocation of poles, breakaway poles, impact-attenuation
systems, and underground placement of utility lines. It can also be used to
evaluate alternatives for a specific situation or for various combinations of traf-
fic and roadside conditions in order to identify the circumstances for which
each is most economical. The methodology is demonstrated for various traffic
and roadside conditions on two hypothetical street sections typical of many
arterial street sections in Lincoln, Nebraska. The results of this demonstration
show the applicability of the methodology and serve to illustrate the sensitivity
of the selection of the best alternative to traffic and roadside conditions,

The serious accident problem associated with the lo-
cation of utility poles close to the edge of road-
ways, particularly in urban areas, has been the sub-
ject of considerable research in recent years. Some
studies have been concerned with the nature and ex-
tent of the problem, whereas others have concen-
trated on developing various countermeasures. But
few studies have been directed at determining the
cost-effectiveness of alternative countermeasures
(1).

During the past year, the Civil Engineering De-
partment at the University of Nebraska--Lincoln has
been conducting research on the design and testing
of a breakaway-pole concept for wooden utility poles
(2). As part of this research, a methodology was
developed for evaluating various safety improvement
alternatives for utility poles. It has been used
during the conduct of the research to compare the
concept being developed with other countermeasures
in order to define the concept's cost limits of eco-
nomic feasibility for various traffic and roadside
conditions.

The methodology developed computes the total an-
nual cost of an alternative, which includes its cap-
ital recovery and annual maintenance costs plus the
expected annual cost of accidents between a single
vehicle and a fixed object on the roadside. Based
on a description of the speed and volume of traffic
and the size, location, and type of fixed objects
along the roadway, the probabilities and severities
of single-vehicle collisions with the fixed objects
are computed. The accident costs of these colli-
sions are then computed and added to the capital re-
covery and annual maintenance costs of the improve-
ment alternative. By comparing the total annual
costs of the alternatives and the existing condi-
tion, the most economical course of action is iden-
tified. The methodology can be used to evaluate a
specific case or it can be used to evaluate the
total annual cost of various alternatives over a
range of traffic and roadside conditions to identify
the circumstances for which each would be most eco-
nomical.

This paper presents a description of the formula-
tion of the methodology. Also included are the re-
sults of a demonstration of its application, in
which the total annual costs of a number of safety

improvement alternatives were compared for various
traffic and roadside conditions typical of some ar-
terial streets in Lincoln, Nebraska. The alterna-
tives evaluated were (a) relocating the wutility
poles to increase their lateral distance from the
edge of the roadway, (b) retrofitting the utility
poles to make them break away when hit, and (c)
placing the utility lines underground.

FORMULATION

The methodology developed is basically the conven-
tional annual-cost method of analyzing alternatives,
in which the total annual costs of the existing con-
dition and the alternatives are computed and com-
pared to identify the one with the lowest annual
cost. The total annual cost of an alternative or
the existing condition is computed (in dollars per
year) as follows:

3C=A+C+NMC+CMC 6}

where

ZC = total annual cost of improvement alternative
or existing condition,
A = expected annual accident cost of improve-
ment alternative or existing condition,
C = capital recovery cost of improvement alter-
native or existing condition,
NMC = annual normal maintenance cost of improve-
ment alternative or existing condition, and
CMC = annual collision maintenance cost of im-
provement alternative or existing condition.

The distinguishing feature of the methodology is the
computation of expected accident costs and colli-
sion-maintenance costs based on probabilities and
severities of potential single-vehicle collisions
with fixed objects (including utility poles) on the
roadside. A description of the calculation of these
costs follows.

Accident Costs

The general equation used to compute the expected
annual accident cost of an improvement alternative
or existing condition is as follows:

A= EZgy Z{P(Eg,y/E)Z, [P(W)ZeP(CY3 [Eg, ) (ACH: )]} @

where

A = expected annual accident cost
(dollars per year);

E = encroachment rate (number of road-
side encroachments per mile per
year) ;

P(Ee,v/E) = probability of an encroachment at
angle 6 and speed v given that
an encroachment has occurred
[ZgyIP (Eg,y/E) = 1.0];

P(w) = decimal fraction of vehicles of
size w in traffic stream
[Z,P(w) = 1.0];

) = probability of a collision at angle

8 and speed v of a vehicle of
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size w with a fixed object of type
F given an encroachment at angle
W, F 6 and speed v;

ACe'V = accident cost of a collision at
angle 6 and speed v of a vehicle
of size w with a fixed object of
type F;

8 = encroachment and collision angle
(°);

v = encroachment and collision speed
(mph) ;

w = vehicle size designation, which
defines width and weight of vehi-
cle; and

F = fixed-object type designation,
which defines size and impact se-
verities of fixed object.

In Equation 2, the effect of an improvement
alternative or existing condition is determined by
the probability and severity of collision terms

w,F w,F
[P(Ce,v/Ee,v) and ACa'v
ables in this equation are described below.

1. These and the other vari-

Encroachment Rate

Knowledge of the rate at which vehicles encroach on
the roadside of various types of roadways is very
limited. 1In fact, the only pure encroachment data
available are those of Hutchinson and Kennedy (3),
which were collected on freeway medians. More re-
cently, Glennon and Wilton (4) have estimated en-
croachment rates for different classes of roadways
as linear functions of average daily traffic (ADT).
These relationships, which were derived from an
analysis of roadside accident rates for various
classes of roadways and a comparison of the freeway
encroachment rate determined by Hutchinson and
Kennedy with the roadside accident rate on freeways
in Missouri, are presented below. (It should be
noted that these encroachment rates are for the to-
tal number on both sides of the roadway; therefore,
if only one side of a roadway is being considered,
as is often the case with utility poles, the rate
should be divided by 2.)

Encroachment
Rate
(no./mile/year)

Class of Roadway
Rural highway

Interstate 0.000 9
Multilane divided 0.000 59
Wide two-lane (roadbed >36 ft) 0.000 742
Narrow two-lane (road <36 ft) 0.001 21
Urban highway
Interstate 0.000 9
Multilane divided 0.000 9
Major arterial street 0.001 33

Probabilities of Combinations of Encroachment
Angle and Speed

As in the case of encroachment rates, knowledge of
the probabilities of combinations of encroachment
angle and speed is also extremely limited. There-
fore, for purposes of developing the methodology,
these probabilities are computed by combining the
distributions of encroachment angles and traffic
speeds as follows:

P(Eg,y/E) = P(Eg/E)P(v) 3)
where P(Eg/E) is the probability of an encroach-

ment at angle 6 given that an encroachment has oc-
curred [ZgP(Eg/E) = 1.0] and P(v) is the
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probability of a vehicle speed v in the traffic
stream [ZVP(v) = 1.0]. Thus, encroachment speed
is assumed to be equal to the traffic speed on the
roadway and independent of encroachment angle. Of
course, the point-mass model presented by Ross (5)
indicates that some high-angle high-speed encroach-
ments are not possible. However, because of the
lack of encroachment data to support this theory and
because of their low probabilities of occurrence, no
adjustment is made to account for the apparent im-
possibility of high-angle high-speed encroachments.

In the methodology, the range of encroachment an-
gles is divided into six intervals. 'The interval
probabilities, which were derived from the encroach-
ment-angle distribution reported by Hutchinson and
Kennedy (3), are presented below. The encroachment
angle is assumed to be independent of vehicle size
and type of roadway.

Encroachment

Angle (°) Probability
<7.5 0.48
7.5-12.5 0.20
12,5-17.5 0.12
17.5-22.5 0.08
22,5-27.5 0.05

»27.:5 0.07

Encroachment speeds are assumed to be normally
distributed; the standard deviation is 5.0 mph,
which is representative of many roadways (6). The
range of encroachment speeds is divided into five
intervals based on the speed limit on the roadway.
The probabilities of speeds within these intervals,
based on the assumption that the speed limit (S) 1is
equal to the 85th-percentile speed, are presented
below. Encroachment speeds are also assumed to be
independent of vehicle size.

Encroachment

Speed (mph) Probability
<(s - 12.5) 0.07

(S - 12,5) to (8 - 7.5) 0.25

(S - 7.5) to (S - 2.5) 0.39

(S = 2.5) to (S + 2.5) 0.23

2(5 + 2.5) 0.06

Thus, in the methodology, 30 combinations of en-
croachment angle and speed are evaluated for each
combination of vehicle size and fixed-object type.

Vehicle Size Probabilities

The probabilities and severities of single-vehicle
collisions with fixed objects on the side of a road-
way are dependent on the size of the encroaching ve-
hicles. 1In general, the wider an encroaching vehi-
cle is, the greater the probability is that it will
collide with a fixed object on the roadside. Like-
wise, the smaller a vehicle is, the greater the se-
verity of its collision will be with a fixed ob-
ject. Therefore, the methodology developed in this
research is designed to account for these effects of
vehicle size.

The encroachment rates are assumed to be inde-
pendent of vehicle size. Therefore, the probability
that an encroaching vehicle will be of a particular
size is assumed to be equal to the decimal fraction
of vehicles of that size in the traffic stream.

Collision Probabilities

The probability that an encroaching vehicle will
collide with a fixed object on the side of the road-
way depends on (a) the number, size, and location of
the fixed objects on the roadside and (b) the width
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Figure 1. ldealization of roadside.
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of the encroaching vehicle and the angle of its en-
croachment. In general, the more fixed objects
there are along the roadside, the greater the proba-
bility of a collision will be.

To facilitate the formulation of this method-
ology, the description of the roadside is idealized
in terms of rows and types of fixed objects as il-
lustrated in Figure 1. The designation of each type
of fixed object defines the size and severities of
collision with a particular type of fixed object.
For example, nonbreakaway utility poles 1 ft in di-
ameter would be one type of fixed object that might
be found on the roadside. Since the subject of this
study is utility poles, they are the type of fixed
objects that are of the greatest concern. However,
other types of fixed objects cannot be ignored, be-
cause their sizes and locations could reduce the
probability of a collision with a utility pole. 1In
general, the greater the number of other fixed ob-
jects on the roadside is, the lower the probability
of colliding with a utility pole is.

The equation derived for computing the collision
probability is as follows:

n
P(CYiF [Egy) = z Pi(C¥3F /g y) - Piy(NCYly/Eg y)
‘ Pi-2(NC5\:V/E0,v) LK Po (NCXV/EG,V) (4)

where

P.(Cw'F/E ) = probability of a collision at an-

170 gle 8 and speed v of a vehicle
of size w with a fixed object of
type F in row 1 given an
encroachment at angle 6 and
speed v,

Pi(NC: v/E ) = probability of no collision at
! angle 6 and speed v of a vehi-
cle of size w with a fixed ob-
ject of any type in row i
given an encroachment at wangle
6 and speed v [Pi(NCe,v) =

w,F
B L= 8By lCg By e
PO(NCe V/Ee v) = 1.0, and
. ""n = number of rows of fixed objects.

The probability of a collision with a fixed ob-
ject in one row is dependent on the probability that
an encroaching vehicle will not collide with a fixed
object in a preceding row (i.e., a row closer to the
roadway). However, given that an encroaching vehi-
cle has not collided with a fixed object in a pre-
ceding row, the probability that it will collide
with a particular type of fixed object in row i is
the product of two other conditional probabilities:

Py(CH3F [Ba,v) = PuX¥3T /B IPI(CHT 1X3T) (5)
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where P.(Xw’F/E ) is the probability that the en-
i'“e,vie,v
croachment path of a vehicle of size w will inter-
sect the location of a fixed object of type F
in row i given an encroachment of angle @ and
speed v, and P.(CW'F/XW'F) is the probability that
i 6,vi0,v

there will be a collision at angle 6 and speed v
of a vehicle of size w with a fixed object of type F
in row i given that the vehicle is on an intersect-
ing path at angle 6 and speed v.

The conditional probability that an encroaching
vehicle will be on a path that intersects the loca-
tion of a fixed object of a particular type in row i
is proportional to the length of the roadway within
which this could occur. As illustrated in Figure 2,
this length for a single fixed object is a function
of the encroachment angle, the width of the vehicle,
and the diameter of the fixed object. This rela-
tionship is defined by the following equation:

Lg";,ﬁ = (diF +y"¥) cscl 6)

where

w,F

0. v, i = length of roadway within which encroach-
r r

ment path at angle 6 and speed v of a
vehicle of size w would intersect the
location of a single fixed object of
type F in row i (ft),

d, = diameter of fixed object of type F in row
i (ft), and

y = width of encroaching vehicle of size w
(EL) «

However, if fixed objects in row i are close enough
together, the presence of those upstream will screen
those downstream, thus reducing the length of road-
way within which the locations of those downstream
could be intersected by encroaching vehicles. This
reduction would be equal to the amount by which
their roadway lengths overlap, as 1illustrated in
Figure 3.

Due to a lack of data on the effects of roadway
geometrics on the frequency and nature of encroach-
ments, it is assumed that the distribution of en-
croachments along the length of a roadway is uni-
form. Therefore, the probability that a vehicle
encroachment will be on a path that intersects the
location of a fixed object in row i is as follows:

N
Pi(X¥3" [Eg,y) = (1/5280) .EI(LX,";VE,,- - 085D (7)
i

where

Ni = number of fixed objects of type F per
mile in row i,

:'5 i3 = length of roadway within which en-
e croachment path at angle & and speed
v of a vehicle of size w would inter-
sect the location of the jth fixed ob-
ject of type F in row i (ft),
and
Wel portion of F | that overlaps with
8,v,1,] 8,v,1,3

that of other fixed objects in row i
upstream of the jth fixed object of
type F in row i (ft).

e N w,F w,F
The conditional probability [Pi(ce,v/xe,v)] that

an encroaching vehicle on an intersecting path with
a fixed object in row i will collide with that fixed
object given that it has not collided with one in a
preceding row is a function of the lateral distance
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Figure 2. Length of roadway within which encroachment at angle § would
intersect location of fixed object.
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between the edge of the traveled way and row i. The
greater this distance is, the farther the vehicle
must travel along its encroachment path to reach the
fixed object and the less likely it is that it will
collide with it. This conditional probability is
determined from the appropriate distribution of lat-
eral extent of encroachments shown 1in Figure 4.
These distribution curves were derived from an
analysis of the encroachment data reported by Hutch-
inson and Kennedy (3). It is assumed that these
distributions are independent of encroachment speed
and vehicle and are only dependent on the encroach-
ment angle.

Collision Costs

The accident costs of a collision with a fixed ob-
ject are computed as a function of the severity of
the collision in terms of the probability that an
injury accident would result. The relationship be-
tween accident costs and probability of an injury
accident shown in Table 1 is the one used in the
methodology developed in this study.

This relationship, developed by Post (7) in pre-
vious research, equates various levels of injury-
accident probability with a percentage distribution
of accident severities [i.e., percent fatal, percent
nonfatal-injury, and percent property-damage-only
(PDO) accidents]. The mean accident costs shown in
Table 1 are computed by applying the percentage dis-
tributions to the following figures for unit acci-
dent cost: $150 000 per fatal accident, $5800 per
nonfatal-injury accident, and $850 per PDO accident.
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Figure 4. Distributions of lateral extent of encroachments.
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Table 1. Relationship between mean accident cost and injury-accident
probability.

Nonfatal- Mean
Injury- PDO? Injury Fatal Accident
Accident Accidenls Accidenls Accidents Cost
Probability (%) (%) (%) %)
0.1 90 10 0 1 400
0.3 60 40 0 2 300
0.5 40 60 0 3820
0.7 10 88 2 8190
0.8 0 96 4 11570
1.0 0 94 6 14 450

2ppo = Property damage only.

The probability that a collision with a fixed ob-
ject will result in an injury accident is a function
of the angle and speed of impact, the size of the
vehicle involved, and the type and size of fixed ob-
ject struck. By using mathematical modeling and
computer simulation, the probabilities of an injury
accident were computed for collisions with breakaway
(B) and nonbreakaway (N) wooden utility poles in re-
search conducted at the University of Nebraska (2).
These values, presented below for a 4500-1lb vehicle,
were used in the demonstration of the methodology
presented in this paper. Similar relationships can
be developed for other types of fixed objects. How-
ever, for an in-depth discussion of the derivation
of such relationships, the reader is referred to a
study by Post and others (8).

Probability of

Vehicle Impact Injury Accident

Speed (mph) B N

10 0.19 0.28
15 0.28 0.45
20 0.42 0.59
25 0.57 0.74
30 0.62 0.89
35 0.62 1.00

Other Costs

When the methodology presented in this paper is ap-
plied, the capital recovery and maintenance costs in
Equation 1 should be based on local unit costs and
interest rates. Also, the collision maintenance
cost of an improvement alternative or existing con-
dition is computed in the same way as the accident
cost is computed except that, in using
Equation 2, the term for collision accident cost



Transportation Research Record 796

(Acg’f) is replaced with a term for collision mainte-
’

nance cost, as follows:
CMC = E 2y Z{P(Eqg,,/E) Z,, [P(W) Z5 P(CH3"/Eg ) (CME)]} ®

where CMC is the expected annual collision mainte-

w,F

nance cost (in dollars per year) and CMe’v is the
r

maintenance cost of a collision at angle 6 and
speed v of a vehicle of size w with a fixed object
of type F. Depending on the amount of knowledge the
user of the methodology has regarding the collision
maintenance cost of the improvement alternative or
existing condition, the term for collision mainte-
nance cost in Equation 8 could be an average colli-
sion maintenance cost for all collisions or it could
be related to the severity of the collision as is
the term for collision accident cost.

DEMONSTRATION

To demonstrate the use of the methodology presented
in this paper, it was used to evaluate utility-pole
safety improvement alternatives on two hypothetical
sections of arterial street typical of several in
Lincoln, Nebraska. Also, to illustrate the effects
of traffic volume and number of other fixed objects
on the relative costs of the alternatives, they were
evaluated over a range of traffic and roadside con-
ditions. A computer program was written and used to
calculate the terms for collision accident and col-
lision maintenance costs of the total-annual-cost
equation (Equation 1), A description of the cases
evaluated and the results of the evaluations follow.

Streets

The two street sections used in this demonstration
were 1000 ft long. Each had utility poles on one
side, which were uniformly spaced at 80-ft intervals
and set back 2 ft from the edge of the traveled
way. The utility poles were standard 40-ft, class 4
poles made of southern yellow pine. The injury-
accident probabilities of collisions with these
poles were assumed to be the same as those presented
in the section on collision costs for nonbreakaway
poles.

On one of the sections (street A), the fixed ob-
jects other than utility poles were located in the
same row as the utility poles (i.e., 2 ft from the
edge of the traveled way) and, on the other (street
B), they were located in a row 10 ft from the edge
of the traveled way. The numbers of fixed objects
in these rows were varied from none to 20 (i.e., O,
6, 13, and 20 fixed objects). In each case, the
fixed objects were distributed at random throughout
the 1000-ft length of the section. All fixed ob-
jects were assumed to be 1 ft in diameter, and they
were assigned the same injury-accident probabilities
as those for the nonbreakaway utility poles.

In all cases, the speed limit on the street was
35 mph, and all vehicles in the traffic stream were
standard-sized passenger cars that were 6.5 ft wide
and weighed 4500 1lb. The encroachment rate used for
a major urban arterial street was 0.001 33 accident
per mile per year. The encroachment angle and speed
probabilities used were those shown previously. The
evaluations were conducted for two traffic volumes:
15 000 and 30 000 ADT.

Thus, on each of the two streets, eight cases
were evaluated (i.e., four numbers of fixed objects
times two traffic volumes).
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Improvement Alternatives

For each of the eight cases on each street, the fol-
lowing three improvement alternatives were evaluated:

1. Breakaway: The utility poles were made to
break away by applying the breakaway concept de-
veloped at the University of Nebraska--Lincoln (2).
The utility poles were assigned the injury-accident
probabilities given in the section on collision
costs for breakaway poles, thus reducing the proba-
bility that a collision with a utility pole would
result in an injury accident.

2. Relocate: The utility poles were moved 2-10
ft from the edge of the traveled way, thus reducing
the probability of a collision with a utility pole.

3. Underground: The utility poles were removed
and the utility lines were placed underground, thus
eliminating collisions with utility poles.

The capital and maintenance cost data for the ex-
isting conditions and the improvement alternatives
were provided by D. Redding, supervisor of transmis-
sion and substation of the Lincoln Electric System.
The capital cost data are presented in Table 2. All
alternatives were assumed to have 30-year service
lives and zero salvage values, and a 10 percent in-
terest rate was used. Also, the normal maintenance
costs of alternatives were assumed to be the same,
and the collision maintenance costs of the existing
conditions and of the breakaway and relocation al-
ternatives were all computed by using an average
collision maintenance cost of $250 per collision.
The collision maintenance costs computed by using
Equation 8 are presented in Table 3 for 15 000 ADT
(multiply these costs by 2 to obtain costs for
30 000 ADT). As noted, the collision maintenance
costs for 30 000 ADT were twice those for 15 000 ADT
because the encroachment rate is a linear function
of ADT; therefore, there were twice as many colli-
sions for 30 000 ADT.

RESULTS

The annual accident costs for 15 000 and 30 000 ADT
are shown in Figure 5 (top and bottom, respec-
tively). These costs include the accident costs of
collisions with other fixed objects in addition to
those of collisions with utility poles.

The number and location of wutility poles on
street A are the same as those on street B. There-
fore, at a given traffic volume, the annual accident
costs are the same on both streets when there are no
fixed objects other than utility poles along the
streets. However, when there are other fixed ob-
jects, the annual accident costs are higher on
street A because the fixed objects on street A are
closer to the edge of the traveled way and thus more
likely to be struck by an encroaching vehicle,
Likewise, on either street, as the number of fixed
objects is increased, the accident costs increase
because of the greater probability of collisions
with fixed objects. Of course, at some point as the
number of fixed objects is increased, the probabil-
ity that an encroaching vehicle will be on a path
that intersects the location of a fixed object
reaches 1, At this point, the annual accident cost
for a particular alternative is maximized.

In all cases, the existing condition has the
highest annual accident cost, and the underground
alternative has the lowest. However, on street A,
the order of the other two alternatives with respect
to annual accident cost reverses as the number of
fixed objects is increased. With fewer fixed ob-
jects or with none, the relocation alternative has
the lower annual accident cost. But with more fixed
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Table 2. Capital cost data.

Unit Cost First Cost Capital Recovery?
Alternative %) %) Cost ($)
Existing 0 0 0
Breakaway 20/pole 260 30
Relocate 30 000/mile 5 700 630
Underground 18/ft 18 000 1950

aCapital recovery factor for 10 percent interest rate, 30-year service life, and zero salvage
value = 0.11.

Table 3. Collision maintenance costs for 15 000 ADT.

No. of Fixed Objects

Alternative 0 6 13 20

Costs for Street A ($)

Existing? 210 140 117 45
Breakaway?® 210 140 115 45
Relocate® 170 105 95 45
Underground® 0 0 0 0

Costs for Street B (§)

Existing? 210 210 210 210
Breakaway® 210 210 210 210
Relocate? 170 115 95 40
Underground® 0 0 0 0

3 Utility poles located 2 ft from edge of traveled way.
cUtility poles located 10 ft from edge of traveled way.
No utility poles.

objects, the breakaway alternative has the lower an-
nual accident cost. This is because, when there are
fewer fixed objects, the effect of the increased
offset of the utility poles as in the relocation al-
ternative is greater than the reduced collision se-
verity is of utility poles as in the breakaway al-
ternative. However, where there are more fixed
objects, the probability that an encroaching vehicle
will be on a path that intersects the location of a
fixed object increases, which causes the screening
of fixed objects by the utility poles to become the
dominant factor. This favors the breakaway alterna-
tive because collisions with breakaway utility poles
are less severe than are those with fixed objects.

However, on street B, the screening effect of
utility poles is less significant because the fixed
objects are located farther back from the edge of
the traveled way. Consequently, on street B, the
relocation alternative has a lower annual accident
cost than the breakaway alternative does over the
entire range of the number of fixed objects evalu-
ated.

Also, in all cases, the annual accident costs for
30 000 ADT are twice those for 15 000 ADT. This is
because the encroachment rate used is simply a lin-
ear function of ADT.

The total annual costs for 15 000 and 30 000 ADT
are shown in Figure 6 (top and bottom, respec-
tively). A comparison of the curves for total an-
nual cost shown in Figure 6 indicates that the best
alternative when there are 13 or fewer fixed objects
is underground placement of utility lines. But as
the number of fixed objects is increased, the in-
crease in accident costs of fixed-object collisions
offsets the effect of removing the utility poles.
Thus, on street A, underground placement 1is no
longer the lowest cost alternative, and breakaway
poles become the best alternative due to the screen-
ing of fixed objects by the utility poles described
earlier, However, on street B, this screening ef-
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Figure 5. Annual accident costs for 15 000 (top) and 30 000 (bottom) ADT.
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fect is less significant because the fixed objects
are farther from the edge -of the traveled way.
Therefore, underground placement is the best alter-
native for a greater number of fixed objects on
street B.

The results shown in Figure 6 for 30 000 ADT show
a similar best-alternative pattern. However, on
street B, because of the higher annual accident
costs, the effects of zero utility-pole accident
costs by using underground placement are not offset
as quickly with increased numbers of fixed objects.
Thus, underground placement is the best alternative
in all cases for 30 000 ADT on street B.

CONCLUSIONS

The demonstration of the methodology presented above
indicates its applicability to a variety of improve-
ment alternatives and various traffic and roadside
conditions. Also, it illustrates the sensitivity of
the selection of the best improvement alternative to
traffic and roadside conditions. However, generali-
zation concerning the relative economies of the al-
ternatives should not be made on the basis of these
results. It must be remembered that these results
were for only one vehicle size, one utility-pole
spacing, and one other type of fixed object, which
was assumed to have the same collision properties as
the nonbreakaway utility poles. Again, the purpose
of the demonstration was not to identify the best
alternatives for all conditions but to show the ap-
plicability of the methodology and some effects of
traffic and roadside conditions on the relative
economies of the alternatives. Also, although not
described in this paper, the demonstration was con-
ducted with the aid of a computer program of the
methodology, which obviously facilitated the compu-
tations.

Finally, it should be noted that meaningful re-
sults from the use of the methodology require that
local unit cost data be used. The costs used in the
demonstration will most 1likely not be appropriate
for other times and other places. Also, in the pre-
sentation of the formulation of the methodology, the
results of research on the nature and frequency of
roadside encroachments and collision severities,
which are used in the calculation of accident and
collision maintenance costs, were included. Their
inclusion was primarily for the purpose of showing

Abridgment

Loads on Bridge Railings

JAMES S. NOEL, T.J. HIRSCH, C.E. BUTH, AND A. ARNOLD

Recent and ongoing research studies have addressed the problem of improving
the performance of bridge-railing systems and extending the range of vehicles
that can be restrained. This paper summarizes the results of one of these
studies. A series of full-scale crash tests was completed that used several repre-
sentative vehicle geometries and weights and an instrumented concrete barrier.
The measured resultant loads, locations, and distributions are tabulated and

di! d. B the wall is rel ly rigid—at least in comparison with most
bridge railings—it is an obvious conclusion that the reported force magnitudes
represent an upper limit. They are expected to be considerably smaller for col-
lisions with more-compliant barriers. An equal corollary is that the contact
duration will be longer.
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the nature of these factors and how they are incor-
porated within the methodology. However, the integ-
rity of the methodology would not be compromised if
the values of these factors were modified in accor-
dance with the results of more recent (or future)
research. In fact, such modifications should be
made as more knowledge is gained.

REFERENCES

1. Cost-Effectiveness of Countermeasures for Util-
ity Poles. Federal Highway Administration, U.S.
Department of Transportation, June 1980.

2, E.R. Post, P.T. McCoy, and others. Feasibility
Study of Breakaway Stub Concept for Wooden Util-
ity Poles. Civil Engineering Department, Univ.
of Nebraska--Lincoln, Res. Rept. TRP-03-005-79,
Dec. 1979.

3. J.W. Hutchinson and T.W. Kennedy. Median of Di-
vided Highways--Frequency and Nature of Vehicle

Encroachments. Univ. of Illinois, Urbana-
Champaign, Engineering Experiment Station Bull.
487, 1966.

4, J.C. Glennon and C.J. Wilton. Methodology for
Determining the Safety Effectiveness of Improve-
ments on All Classes of Highways. In Effective-
ness of Roadside Safety Improvements, Rept.
FHWA-RD-75-23, Federal Highway Department, U.S.
Department of Transportation, Nov. 1974, Vol.
1-A.

5. H.E. Ross. Impact Performance and a Selection
Criterion for Texas Median Barriers. Texas A&M
Univ., College Station, TTI Res. Rept. 140-8,
April 1974.

6. Institute of Traffic Engineers. Transportation
and Traffic Engineering Handbook. Prentice-
Hall, Englewood Cliffs, NJ, 1976.

7. E.R. Post and P.T. McCoy. Feasibility Study of
Retrofitting Concrete Median Barriers. Civil
Engineering Department, Univ. of Nebraska--
Lincoln, Res. Rept. TRP-03-006-80, May 1980.

8. E.R. Post, R.J. Ruby, P.T. McCoy, and D.O.
Coolidge. Cost-Effectiveness of Driveway Slope
Improvements. TRB, Transportation Research
Record 685, 1978, pp. 14-19.

Publication of this paper sponsored by Committee on Safety Appurtenances
and Committee on Utilities.

The American Association of State Highway and
Transportation Officials (AASHTO) Standard Specifi-
cations for Highway Bridges (1) sets forth design
requirements for bridge railings. These require-
ments include limits on certain geometrics and set
forth design loads. The basic load is a 10-kip
static force applied at any location along the lon-
gitudinal axis of the railing; the vertical distri-
bution depends on the railing configuration. The
specifications further require that elastic struc-
tural analvsis and desian procedures be employed.





