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Roadside safety improvement programs must compete with other highway 
construction and maintenance programs for limited funds. As emphasis 
on roadside safety increases, the need for methods by which administra
tors may evaluate alternative safety improvements becomes apparent. 
This paper concerns the development of an implementable procedure for 
evaluating safety improvements for hazards along controlled- and non
controlled-access rural highways by using a general computerized analysis 
model to accommodate both. A cost-effectiveness conceptual model de
veloped in a recently completed NCHRP research study provides the basic 
technique for comparing recommended safety improvements. The con
ceptual model, developed specifically for freeway evaluation, was extended 
to accommodate non-controlled-access roadways, and the implementation 
procedure was developed to fit the particular needs of the Texas Highway 
Department. The implementation procedure comprises three functions: 
conducting a detailed inventory of a highway to locate and define each road
side hazard, recommending feasible safety improvement alternatives for 
each hazard or group of hazards, and evaluating the recommended alter
natives by using the computer model. A hazard inventory form on which 
to record information regarding the existing hazard and a hazard improve
ment form on which to record suggested improvements were developed. 
The data from these forms are transferred to computer cards to provide 
the necessary input information for cost-effectiveness analysis of the safety 
alternatives. Each phase of the procedure is discussed including compo
sition of inventory team, methods to locate existing hazards, details of the 
two data forms, operation of the computer analysis model, and interpre
tation of the analysis results. Also included are case examples illustrating 
typical analysis results. 

•HIGHWAY safety administrators currently are faced with the problem of attaining 
goals that are becoming increasingly more difficult to achieve in an inflated economy. 
Within these constraints and the stringent limitations on available safety funds, the 
choices of safety improvements are of necessity reduced to those that return the 
largest payoff for the safety dollar. The realistic approach becomes one of evaluating 
the safety improvement alternatives on a common basis, ranking them on a priority 
scale, and including in a safety program those that yield the greatest economic return. 

The principle of economic efficiency to achieve the highest quality product is basic 
to good engineering practice. The product in roadside safety is hazard reduction. 
Alternatives must be evaluated and trade-offs must be made to reach an acceptable 
level of stability between the two elements in the economic principle. Further, if 
alternatives are to be evaluated uniformly across large regions, specific hazards and 
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saiety improvemeni ali.ernati_ves 1nust be identified, e1-:1tt:r1a liiUst be cclected to ensure 
commonality in analysis, and procedures must be developed to apply the principle in 
the real world. 

Safety improvement programs generally have consisted of the following four steps : 

1. Remove roadside obstacles, 
2. Relocate those obstacles that cannot be removed (i.e., to a protected location or 

laterally}, 
3. Reduce the impact severity of those obstacles that cannot be removed (e.g., pro

viding breakaway devices, turning down the ends of guardrails, and flattening roadside 
slopes), and 

4. Protect the driver from those obstacles that cannot be improved otherwise by 
using impact-attenuation or redirection devices. 

This approach would be ideal if sufficient funds were available to accomplish all four 
steps. Under ever-present economic constraints, trade-offs must be made, even within 
each of the four steps. Which obstacles should be removed? Should certain obstacles 
be relocated, or can redirection devices achieve the same safety benefit? 

Highway safety engineers must evaluate many alternatives of this nature. Unfor
tunately, engineers have been handicapped by the lack of uniform objective criteria on 
which to evaluate viable safety alternatives. 

As the emphasis on roadside safety has increased, the need for methods with which 
administrators may evaluate alternative safety improvements and program those to 
realize the greatest return on available safety improvement funds has become apparent. 

The cost-effectiveness model developed in an NCHRP study (1) provides a basic 
technique for comparing recommended safety improvements. It-relies on quantification 
of vehicle encroachment characteristics, physical dimensions and impact severity of 
the roadside obstacle, and cost information related to the existing and improved status. 
The conceptual model, developed specifically for freeway evaluation, was highly gen
eralized and, therefore, was not readily implementable for specific needs. Further, it 
required expansion to accommodate roadways other than freeways. To implement the 
concept, each state would have to adapt the findings to its own specific needs and ad
ministrative structure. 

The Texas Highway Department and the Texas Transportation Institute, through the 
cooperative research program, developed a formalized implementation procedure, com
patible with Texas Highway Department policy, to pr ogram roadside safety improve
ments based on the generalized NCHRP research (2) . In a follow- up study (3}, the 
concept and procedure were adapted to include non-=-controlled-access roadways as well. 
The product of the two studies is a procedure that is applicable for the two types of 
highways and that uses a general computer program. This paper presents an overview 
of the procedure, which is undergoing statewide implementation in Texas. 

RESEARCH APPROACH 

Conceptual Design 

Glennon's conceptual model (1). provides a basic foundation for a structured method 
with which to evaluate safety alternatives; however, it is not readily implementable in 
its current state. It requires much obstacle and traffic information that is unique to a 
particular roadway. To develop the model into an operational tool requires that a 
methodology be designed for acquiring and synthesizing the information and for present
ing it in a form that is suitable for the conceptual model. Further, the concept must be 
extended for evaluating safety improvements not only along freeways but also on non
controlled-access roadways. 

The objective of the research reported was to develop methodology to implement a 
roadside hazard improvement evaluation program by using Glennon' s basic cost-



effectiveness model as an analysis tool. The adaptation of the resulting procedure to 
computerized analysis techniques was a primary requisite. 

The procedural concept was developed to achieve the following objectives: 

1. Identify the information needs of the conceptual model (input data necessary for 
analysis), and determine which data may be obtained from previous studies and which 
data necessitate additional research; 

3 

2. Examine available information to determine which portion is usable in its current 
format and which portion requires modification or restructuring for input use; 

3. Develop methods to obtain the information that is not currently available; 
4. Develop computer techniques to incorporate necessary model data and permit 

evaluation of recommended safety improvements; and 
5. Test the procedure under actual highway conditions. 

Research Tasks 

The research tasks for applying the theoretical concept to existing highways were as 
listed below: 

1. Identify those obstacles that constitute a hazard to a vehicle encroaching on the 
roadside; 

2. Assign a severity index value to each obstacle; 
3. Define vehicle encroachment criteria under which a roadside obstacle can be ex

pected to be impacted; 
4. Develop a procedure for locating obstacles alongside roadways and a mechanism 

to record the information needed for analysis of the hazard; 
5. Define viable safety alternatives for each hazard; 
6. Develop a mechanism for selecting safety alternatives for each hazard or group 

of hazards and for recording the information for comparative analysis of the selected 
alternatives; 

7. Develop computer techniques to incorporate the information collected in steps 1 
through 6 and analyze the cost effectiveness of the alternatives. 

8. Test the hazard identification list, the inventory procedure, the alternative selec -
tion procedure, and the computer analysis model. 

These tasks are discussed below, and examples are presented to illustrate the 
safety improvement procedure and the analysis results from the computer analysis 
model. 

IDENTIFICATION OF ROADSIDE HAZARDS 

To computerize the safety improvement evaluation procedure required that all roadside 
hazards be specifically identified. Basic to identifying roadside hazards is defining what 
a hazardous roadside obstacle is. Hazard connotes severity of impact. Technically, 
any roadside obstacle projecting above the ground surface, any surface depression, or 
any terrain feature that produces a vector change in vehicle acceleration can be con
sidered a hazard. 

Roadside obstacles that met this general definition of hazard were included in the 
hazard inventory list. In the basic list, no regard was given to the severity of impact. 
The basic list contained approximately 10 categories for classifying obstacles. 

Highway field trials were conducted to determine deficiencies in the basic list. 
These trial inventories revealed not only obstacles that had been omitted from the basic 
list but also the need for further subclassification of obstacles. Several extensions 
and refinements were made as a result of continued field trials. A list of roadside ob
stacles is given below; hazards were grouped under general identification code designa
tions and, where necessary, were further subdivided: 
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i. utiiity poies; 
2. Trees; 
3. Rigid signposts, including single-pole mounted, double-pole mounted, triple-pole 

mounted, cantilever support, and overhead sign bridge; 
4. Rigid luminaire support base; 
5. Curbs, including mountable design, nonmountable design (less than 10 in. high), 

and barrier design greater than 10 in. high; 
6. Guardrail or median barrier, including W-section with standard 6-ft 3-in. post 

spacing (including departing guardrail at bridge), W-section with other than standard 
spacing, bridge approach guardrail with decreased post spacing (3 ft 1 in.) adjacent to 
bridge, bridge approach guardrail with post spacing not dec r eased, post and cable, metal 
beam guard fence (barrier) in media n, and median barrier (concrete or equivalent); 

7. Roadside slope, including sod, rubble rip-rap, or concrete-faced positive or 
negative slopes; 

8. Ditches, including those formed by erosion but not those formed by intersection 
of front and back slopes; 

9. Culverts, including headwall or exposed end of pipe, gap between culverts on 
parallel roadways, and sloped culverts with or without grate; 

10. Inlets, including raised or depressed drop inlet and sloped inlet; 
11. Roadway under bridge structure, including piers and vertical- and sloped-faced 

abutments; 
12. Roadway over bridge structure, including open or closed gap behveen parallel 

bridges, rigid or semirigid br idge rail (smooth and continuous construction), other 
bridge rail (probable penetration, snagging, pocketing, or vaulting), and elevated gore 
abutm~nt; and 

1~. Retaining wall, including face and exposed end. 

For purposes of inventorying, all hazards were categorized as point hazards, longi
tudinal hazards, or slopes. This general classification system was selected so that 
inventory data could be recorded and the computer program logic organized. 

SEVERITY INDEX ASSIGNMENT 

The severity index is the relative measure of the effect on the vehicle or its occupants 
when a collision with an obstacle occurs. To quantify the severity of roadside hazards, 
we developed a two-part questionnaire and distributed it throughout the state of Texas 
to professionals in fields related to highway safety: design, operations, maintenance, 
law enforcement, and administration. 

The first part of the questionnaire consisted of 98 hazard comparison statements with 
which respondents were requested to agree or disagree. The second part consisted of an 
evaluation of 52 roadside hazards andconditions; respondents were requested to numer
ically rate the potential hazard of each on a 0 to 10 linear rating scale. A rating of 0 
indicated negligible injury to vehicle occupants, and 10 indicated probable fatality. 

Although the linear scale is convenient for consistent ratings from field personnel, 
it has some inherent disadvantages in the cost-effectiveness model. In particular, a 
change in the severity index value means different things at each end of the scale. For 
example, a change from 9 to 7 represents a reduction from a highly probable fatal im
pact to one producing only injury, whereas a numerical change from 4 to 2 represents 
only minor significance, both being property-damage-only impacts. Therefore, the 
linear hazard indexes were adjusted on a nonlinear scale in proportion to cost relation
ships associated with property damage, injury, and fatal accidents; the cost of a fatal 
accident was set at $200,000 . 

VEHICLE ENCROACHMENT CHARACTERISTICS 

The quantification of certain traffic operating characteristics is vital to Glennon's con-
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ceptual model. The specific information required includes roadside encroachment 
frequency, encroachment orientation, lateral displacement, and vehicle speed. The 
distribution of encroachment frequency and lateral displacement developed by Hutchinson 
and Kennedy (4) is included in the computer analysis model. The 11-deg encroach-
ment angle selected by Glennon was also used in this research with a 60-mph vehicle 
speed. 

DEFINITION OF SAFETY IMPROVEMENT ALTERNATIVES 

An approach similar to that used in establishing the hazard list was used to define 
possible safety improvements for each hazard. An extensive list was developed of 
possible improvements for each obstacle on the hazard inventory list. The list was 
expanded to include improvements to groups of obstacles that occur along the roadside. 
During this phase, any improvement was included in the list without regard to cost, re
sulting severity, or, to a certain degree, the practicality of the improvement. The 
basic list was taken to the field repeatedly to determine deficiencies and was extended 
or refined as necessary until a final list was selected. 

APPLICATION 

General Procedure 

The approach used to obtain hazard information involved conducting a detailed physical 
inventory of the highway. Although time-consuming, this method permitted accurate 
determination of all necessary roadside obstacle information. The inventory technique 
offered several other advantages also. On-site assessments of the hazard were made 
with respect to the roadway cross section and the relationship of one hazard to others 
in its immediate vicinity. In many cases, on-site inspection was necessary to fully 
evaluate potential remedial treatment. The need for precise hazard location, in con
junction with the on-site remedial evaluation, led to the decision to conduct a physical 
inventory of the total roadway. From this decision evolved the concept of a safety 
team simultaneously conducting the hazard inventory and making improvement recom
mendations. 

The procedure to evaluate safety improvements for roadside hazards comprises 
three related functions: 

1. Conducting a detailed inventory of the highway system to identify and locate each 
roadside hazard, 

2. Recommending feasible safety improvement alternatives for each hazard or 
group of hazards, and 

3. Evaluating the recommended safety improvement alternatives by using a com
puterized cost-effectiveness model. 

In the inventory phase, the milepoint of each applicable hazard is identified by using a 
vehicle equipped with an odometer that records to one-thousandth of a mile (approxi
mately 5 ft). As each hazard or group of hazards is located and evaluated, recom
mendations for remedial safety improvement are made. Hazard inventory information 
and improvement recommendations are recorded on forms described later in this paper. 
The hazard inventory information and improvement recommendations are the basic 
input for the cost-effectiveness model. 

A primary consideration throughout this research was that the procedures developed 
be implementable on existing highways and within real-world constraints, primarily 
time constraints. Conducting an inventory requires a substantial expenditure of per
sonnel and equipment. To minimize these costs, methods and measuring devices were 
designed to obtain the hazard information as easily and quickly as possible yet with the 
necessary accuracy. 
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The lateral boundaries within which saiety improvements will be made are determined 
by the administrator, although in most roadside improvement programs the primary 
and secondary recovery areas (30-ft lateral clearance) are generally sufficient. Avail
able information (!) indicates that safety improvements within this region benefit ap
proximately 85 percent of drivers encroaching the roadside. The inventory procedure 
developed in this research includes all roadside hazards located in the median or 
within 30 ft of the outer edge of the traveled lane. 

Inventory Team 

The quality of the analysis depends to a very large degree on the quality of the input 
data. Inasmuch as the recommendations for alternative safety improvements govern 
to a great extent the cost-effectiveness results, the inventory team must have con
siderable experience in traific operations, geometric design, maintenance, and cost 
estimating. Field trials of the inventory procedure indicated that a four-person team 
represents an efficient working force, to include as a minimum a driver, a data recorder, 
and two decision makers to recommend saiety improvements. The more experienced 
the team members are, the more flexibility there is to rotate duties. The following 
procedure was found to work very efficiently. The driver assumed the responsibility 
of identifying each hazard as he drove along the highway at low speed; he stopped 
adjacent to each hazard to read the odometer. All hazard inventory data were recorded 
by a member of the team who was familiar with the hazard inventory form. The driver 
called out the hazard milepoint and identified the hazard by name. These were recorded, 
and necessary identification codes were assigned. Offset distances and other applicable 
data were recorded while two decision makers evaluated the hazard situation to select 
improvement alternatives. The decision makers completed the improvement form. 

Recording Existing Hazard Information 

Because there are so many hazards that must be inventoried along a section of roadway, 
the coding process must be systematic for eventual analysis by computer. The inven
tory team manually recorded all necessary information on each roadside obstacle in
cluded in the hazard inventory list on a one-page form. The hazard inventory form 
(Figure 1) was developed in several stages and reflects repeated field trials and modi
fications resulting therefrom. The form is applicable for both controlled- and non
controlled-access roadways; the analysis procedures are accommodated within the 
computer analysis model depending on the highway type and classification code entered 
on the form. 

The form was developed to permit direct transfer of inventory data to computer card 
for entry to the cost-effectiveness program. Only those data within the numbered 
spaces in each box are entered on computer cards ; the number below each space denotes 
the column number on the computer card. 

Since any roadside obstacle encountered can be classified in only one of the three 
possible categories, only the information in the box containing the particular hazard 
type is recorded on the form to fully describe the hazard. Boxes 1 and 2 are com
pleted on every form; only one of boxes 3, 4, or 5 is completed on each form. 

Recording Safety Improvement Information 

A roadside hazard improvement form was designed to provide a mechanism to record 
improvement information in a format acceptable for computer analysis . The hazard 
improvement form (Figure 2) was also developed as a result of repeated field trials. 

Recorded on the hazard improvement form are the recommended saiety treatments; 



Figure 1. Roadside hazard inventory form. 
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it provides the data for computation of the after condition hazard index for cost
effectiveness analysis. Box 1 and only one of boxes 2 through 5 are completed on each 
form. 

COMPUTER ANALYSIS MODEL 

The computerized evaluation analysis performs the cost-effectiveness mathematical 
computations and is structured so that all possible alternatives can be evaluated with 
a minimum of input information. Therefore, it was desirable to incorporate within the 
analysis model hazard severity, vehicle encroachment, and other such information. 
This reduced the input requirements to specific hazard information such as dimensions 
and location and specification of a particular improvement. 

The computer analysis model, written in FORTRAN, uses 39 subroutines and a main 
program. In addition to simplifying the logic and model validation, subroutines provide 
the necessary flexibility for modifying or extending the analysis procedure to accom
modate unique situations that may be encountered in the field. 

Capabilities of Analysis Model 

The model is capable of evaluating four improvement alternatives for a single hazard 
or a hazard grouping containing a maximum of 15 hazards with four improvement al
ternatives per hazard. Only in rare instances were more than two alternatives required. 

Error and Flag Messages 

Because operation of a computer program relies on precise data input, error messages 
were incorporated into the program to identify input errors. Because of the complexity 
of the program and extensive branching within subroutines from several data sources, 
data input errors will occur. To avoid program termination (which would normally 
occur for each data error), the program bypasses erroneous data, prints out an error 
message, and continues with the next data input. 

Fifty-one error messages have been incorporated. The list of numbered messages 
is printed out for each computer run, and each error message is identified in the data 
output by reference number. Also printed out is the location within the program or 
subroutine in which the data error affected program execution. The message indicates 
the type of error and provides direction to remedy the data error. The program auto
matically terminates if 100 error messages are printed during any run. 

Analysis Model Data Output 

The computer output provides a listing of hazard data, improvement data including costs, 
and the cost-effectiveness value. Two case examples are presented to illustrate 
typical output. 

Case 1: Point Hazard in Median 

Figure 3 shows a typical point hazard-a set of three closely spaced bridge piers in a 
median. For analysis purposes, the three piers are considered as one point hazard with 
dimensions of the peripheral boundaries because a vehicle cannot pass between two adja
cent piers. The four safety alternatives evaluated are (a) remove the piers (replace the 
bridge with a s ingle-span structu r e), (b) install guardrail around the piers, (c) install a 
concrete median barrier integral with the piers, and (d) install an impact-attenuation 
system at the ends of the pier formation. Figure 4 shows the computer program out-



Figure 3. Hazard descri!>tion. l:llSfl 1. 

TRAFFIC 

FLOW 

~·~~WOE 

rf , 
~ ~ 

'' IJ ,, L'' 
a _ H11.002 

HAZARD 
IU:POINT 
i 11
--. 

TRAFFIC FLOW 
(INVENTORY SIDE) 

ADT• 150,000 (lOTAL) 

Figure 4. Cost-effectivene55 program output, case 1. 

H R 0 

HAZARD !DENT DESC END SEVER !TY OFFSET 
NO CODE CODE TREATMENT INDEX CODE 

BEG ENO 

100 II e2.s 

100 II ez.s 

100 II e2.s 

I 00 II a2.s z 

TYPE HIGHWAY : INTERSTATE !COO[ 081 
HIGHWAY CLASSIFICATION • CONTROLLED ACCESS -- INTERSTATE 

GROUP 
NO 

HIGHWAY NO • l 0 
COUNTY NO • 230 

DISTQICT NO • 19 
CONTAOL NO 11 26 
SECTJO"f NO ..:. 12 

RECORDING DIRECTION • I 
150 

20 IYRSI 
ADT 110001 

LIFE 
INTEREST 

OATE 
• 8.0(PERCENT) 
• l ft-T4 

M p 

HILE-POST IMPR !MPR SEVER !TY 
BEG END ALT CODE INDEX 

161. 002 161.008 1-1-1-0 o.o 

16 1 ... 001 161. 008 1-2-0-0 •HAZARD 

161.002 161.008 1-J-0-0 2.6 

161.0.:JZ 161.008 l-4-0-0 1.0 

E 

FIRST PRESENT 
COST lil'ORTH 

151 I Si 

225000 224999 

IMPROVEMENT NOT 

1500 1,990 

10000 12181 

N 

AN~UAL COST 
COST EFFECTIVE 

VALUE 
UI YRI 

22916 1011• 

COST-EFFECT I VE• 

zoz 96 

IZ•O 516 



11 

put for each of these alternatives. 

Case 2: Group of Hazards in Median 

Figure 5 shows the locations of five hazards in a grouping. Each cluster of trees is 
considered to be a point hazard within the group. The group also includes a guardrail, 
a critical slope, and a raised drop inlet. Each hazard within the group is inventoried 
individually. Although several alternatives exist, only two are discussed. The first 
alternative is upgrading the existing guardrail to full safety standards to protect the 
slope and leaving the other hazards as they exist. The second alternative is removing 
the guardrail, replacing the raised inlet with a flush inlet (removal of hazard), and re
moving the two clumps of trees. Figure 6 shows the analysis of these two alternatives. 

Interpretation of Analysis Results 

The program output basically is of two forms-individual hazards (point, longitudinal, 
or slope hazards) or a group of hazards containing several hazards of the same category 
or of mixed categories but for which a single improvement is recommended. Case 1 
output is typical of the former; case 2 output illustrates the latter. For improvements 
to a group of hazards, the message "group" appears in the cost-effectiveness column 
adjacent to each individual hazard within the group except the last hazard. The cost
effectiveness value for the safety improvement of the complete group is shown adjacent 
to the last hazard in the group. 

The output column headings generally are self-explanatory; however, the cost columns 
require some amplification. The first cost is the net cost to improve the existing 
hazard to the desired level. Hazard 101 in Figure 6 (guardrail) requires a first cost 
of $650 to upgrade it to full safety standards. The annual cost is the sum of the first 
cost, the cost of routine maintenance, and the repair cost per collision, all annualized 
over the life of the object. The present worth is the annual cost discounted to the 
present at an 8 percent interest rate. Object life and interest rate may be varied in 
the computer program. 

Nature of the Cost-Effectiveness Value 

Cost-effectiveness analysis relates the improvement cost of a hazard to the degree of 
hazard reduction achieved in comparison to the existing state. The conceptual model 
(1) that forms the analysis basis of the work is probabilistic rather than being based on 
accident experience. The general form of the model is 

C/ E 

where 

= cost (to the agency) 
relative hazard reduction 

C/ E cost-effectiveness value (dollars per fatal or serious injury 
accident eliminated during the life of the improvement), 

cost annualized total cost (included normal annual maintenance 
cost and per-hit repair cost of the existing obstacle), 

(1) 

hazard reduction = difference in hazard index before and after improvement (h before -

h after). 

The cost elements, incurred at different points in time, must be converted to a common 
base. Annual costs over the life of the improvement are used in cost-effectiveness 



Figure 5. Hazard description, case 2. 
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analysis. A service life of 20 years and an interest rate of 8 percent have been as
sumed in the development of the cost-effectiveness computer program; however, other 
values may be substituted. 

The numerator in equation 1 is composed of three major cost elements: annualized 
cost of improvement, difference in annualized routine maintenance cost before and after 
improvement, and difference in the annualized cost of repair following each expected 
collision with the existing object and after improvements. The denominator is the dif
ference in the degree of hazard between the existing and the recommended improved 
states. The hazard index includes both the probability of the existing obstacle or the 
improvement being struck and the severity of the resulting collision. The difference 
in the hazard indexes before and after improvement is a measure of the effectiveness 
of the improvement. 

As the cost of an improvement increases, the relative desirability of the improve
ment decreases; and as the change in hazard increases, the relative desirability of the 
improvement increases. Thus, the analysis model is internally consistent, and the 
smaller cost-effectiveness value represents the higher priority improvement. 

The cost-effectiveness value is expressed as annualized dollars required to reduce 
one fatal or serious injury accident. The numerical value at which any given improve
ment alternative is considered to be cost effective is arbitrary. However, the cost
effectiveness analysis permits development of a priority listing of alternative improve
ments, and, therefore, improvements with large cost-effectiveness values are given 
lower priority. 

Priority Rankings for Improvement Alternatives 

Cases 1 and 2 represent only a sample of data obtained from a complete inventory. 
After the improvements throughout a particular section of roadway are evaluated, the 
various alternatives may be ranked in several ways : by cost-effectiveness value, by 
individual cost, by cumulative cost with respect to cost-effectiveness value, or in a 
variety of other ways depending on the desired use. 

Safety improvement programs established from the cost-effectiveness analysis must 
be reviewed carefully to determine the practicality of the improvements. For example, 
assume that removing a system of trees is given the highest priority. With the current 
emphasis on beautification and preservation of natural beauty, it may not be politically 
feasible to remove the trees, particularly if these trees were planted as part of a recent 
beautification program. Sound engineering is a vital ingredient in evaluating the output 
and establishing a safety improvement program. 

FIELD TESTING THE PROCEDURE 

The validity of the procedure-hazard identification, hazard inventory, hazard improve
ments, and analysis-is highly dependent on the strengths and weaknesses of each of the 
facets. Each was subjected to rigorous field testing during the developmental stage. 

One district in Texas was selected to validate the procedure and the analysis model 
under operational conditions. Several thousand roadside hazards were inventoried and 
analyzed during approximately 6 months. Separate data files were maintained for 
problem situations. After the data were collected, the problem areas were categorized. 
The hazard identification list was expanded where necessary to permit coding obstacles 
not previously included. The hazard inventory and improvement forms were modified 
to accommodate hazards and improvement alternatives not identified during initial field 
trials. 

The entire analysis model was reworked and expanded to be responsive to the prob
lems encountered in the full-scale implementation testing. All data collected were 
reanalyzed after the major program revision until the problems were alleviated. The 
procedure reported here represents the current status of the identification list, the 
inventory and improvements, and the analysis model as a result of all validation studies. 
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Since the latest procedural modifications were incorporated, the complete controlled
access roadway mileage in one district has been inventoried and analyzed; only very 
minor problems arose during procedure application. 

SUMMARY OF FINDINGS AND RECOMMENDATIONS 

The results of this research provide a rational procedure for evaluating safety alter
natives for roadside hazards and for establishing priorities to develop a safety im
provement program. This procedure uses a safety evaluation team to conduct a com
prehensive roadside inventory and recommend viable safety alternatives. The evalua
tive process and data forms developed provide an implementable method of obtaining the 
information necessary to use cost-effectiveness techniques in a consistent manner. 
The procedure can be applied throughout large regions, yet reflect cost differences 
that may exist within or between particular regions. 

This research has extended current technology from a basic concept for evaluating 
freeways to a practical procedure that is readily applicable on both controlled- and 
non-controlled-access rural roadways. In addition, the concept and procedures de
veloped in this research may be applied at the design stage to evaluate alternative de
signs; they are not limited to evaluation of existing hazards. 

The process developed in this research provides a technique to put a basic concept 
to work in the area of roadside safety for all types of roadways-a technique that is 
readily adaptable to individual requirements and agency policies. Full success of the 
process as an administrative tool for the development of a priority safety improvement 
program is dependent on its flexibility for modification and expansion that may result 
from further field implementation and subsequent research. 

Although the procedure can be implemented immediately, subsequent research will 
contribute to refinement and growth of the process. Specific recommendations for 
future research are as follows. 

1. Vehicle encroachment characteristics for non-controlled-access highways, par
ticularly those without medians, should be determined. The current analysis model 
incorporates encroachment data based on research findings concerning median en
croachments. 

2. Encroachment data applicable for horizontal curvature and bridges should be 
determined. These geometric features influence the encroachment characteristics 
and, hence, modify the encroachment data for tangent sections on which the analysis 
currently is based. 

3. Additional field trials of the procedure on non-controlled-access highways will 
identify deficiencies that may exist in inventorying or improvement alternatives. After 
approximately 1 year, the process should be revised, as appropriate, to reflect the 
input from the re13ults of the field trial. It is highly probable that the hazard inventory 
list will require extension to accommodate additional roadside obstacles. 

4. Computerized file systems should be developed to summarize model output for 
administrative use in developing a safety priority program. Such file systems must be 
structured to meet the needs of the particular user. 

5. As experience is gained through evaluation of analysis data from inventoried 
roadway mileage, it may become apparent that certain roadside obstacles currently 
being evaluated do not exhibit cost-effective improvements. The analysis output should 
be critically reviewed to identify those obstacles, and they should be omitted from sub
sequent inventorying or certain improvement recommendations that consistently produce 
non-cost-effective alternatives should be omitted. 

6. Close liaison between design personnelandthe safety evaluation team is encouraged. 
Only through cooperative effort can the results of the roadside safety evaluation be 
applied at the design stage where they can be most effectively applied to produce safer 
roadways. 
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