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DEVELOPMENT OF A PRIORITY RATING SYSTEM

FOR HIGHWAY SAFETY IMPROVEMENTS

CHAPTER I - INTRODUCTION

1.1 Problem Identification

Many hazardous locations and situations exist in our local street

and highway system that create safety problems. A method to determine

the relative importance of these safety hazards on roads in local jur-

isdictions does not presently exist.

Local highway agencies are faced with the problem of identifying

safety hazards and establishing priorities for the improvements

necessary to eliminate them. Local funds for these improvements are

limited; consequently, identification of those improvements yielding

the greatest benefit would aid decision-makers in establishing highway

improvement programs. Further, federal aid funds presently available

for safety improvements require documentation that demonstrates the

need for eligible improvements by indicating the nature and extent of

the safety hazard and its relative importance in the local highway

program.

1.2 Purpose

The purpose of this study is to develop a rating system that sets

priorities for safety improvements on the street and highway system of

local jurisdictions.
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The objectives of the study are to:

(1) Classify the types of safety hazards on local roads,

(2) Develop relationships between safety hazards and

accident potential using available literature,

(3) Develop a hazard index to rank locations with different

hazardous conditions, and

(4) Develop a priority rating procedure that rates

safety improvements based on accident potential.

1.3 Scope

This study is oriented toward analysis of highway safety problems

for local jurisdictions. The procedure developed assists local juris-

dictions in establishing highway safety improvement programs.

The study is restricted to those factors having to do with level

of exposure and physical condition of the location, such as lane width,

shoulder width, curvature, etc. Environmental factors and vehicle-

related factors are not directly investigated.

Chapter II presents the study framework, hazard classification,

and discussion of the factors that are treated in this study. The

procedure and relationships developed to analyze the relative hazards

of railroad crossings are presented in Chapter III. In Chapter IV,

techniques to analyze the hazards at intersections are discussed.

Chapter V discusses the procedure used to analyze the safety problems

related to geometrics. Roadside hazards and techniques to identify

problems associated with this type of hazard are discussed in Chapter
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VI. The procedures for prioirty ratings and ranking of hazards for

safety improvements are presented in Chapter VII. Conclusions and

recommendations for further research are presented in Chapter VIII.
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CHAPTER II - BACKGROUND

The purposes of this chapter are to present the procedure adopted

to analyze highway safety problems, to categorize hazards and to sum-

marize the factors that contribute to accidents for each category.

These factors are identified through results of a questionnaire survey

and a literature review. Summary of literature reviews for each cate-

gory of hazards are presented in Appendices A through E.

2.1 Study Framework

Safety improvement programs require an effective means for identi-

fying hazardous or potentially hazardous locations. A procedure for

identification of hazardous locations is presented in a companion to

this report (72).

This report presents procedures to set priorities for safety im-

provements on locations which are identified as being hazardous. Fig-

ure 2-1 illustrates the analytical framework for these procedures.

The analysis of highway safety problems is divided into six steps:

Step 1. Classification of Hazards - A review of literature

indicates that the factors contributing to accidents differ

for various types of hazards. For example, warning devices

are found to be related directly to intersectional and rail-

road crossing accidents, but have little effect on accident

potentials for roadside or geometric accidents. Consequently,

hazards are classified into four categories:

(1) Rail-Highway Grade Crossings,

(2) Intersections,

(3) Geometrics, and



START INVESTIGATION

CLASSIFICATION OF HAZARDS

5

ROADSIDE
HAZARDS

GEOMETRICS
RAIL-HIGHWAY

GRADE CROSSINGS
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INTERSECTIONS

DETERMINATION OF HAZARD INDEX

IDENTIFICATION OF THE' MOST HAZARDOUS
LOCATION WITHIN EACH CLASS OF HAZARDS

ESTIMATION OF ACCIDENT
POTENTIAL FOR
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ESTIMATE THE SEVERITY
OF ACCIDENTS

PRIORITY RATING

Figure 2-1 Study Framework
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(4) Roadside Hazards.

Step 2. Determination of Hazard Index - A method is pre-

sented to obtain a numerical value that indicates the po-

tential hazards at a location. This value is called the

hazard index.

Step 3. Identification of the Most Hazardous Locations -

The hazard indices alone are good indications of potential

hazards at any location, and could be used to set priorities

for improvements within each class of hazards. However, the

purpose of this study is to compare the relative hazards of

all hazards, regardless of class.

In this study, hazard indices are adoped to rank the

hazardous location within each category of hazards. Through

this ranking, the most hazardous locations are identified

and selected for further analysis. The rating of hazards of

all classes is done in the next step, using accident poten-

tial as a common base of comparison.

Step 4. Estimations of Accident Potential The locations

selected in Step 3 are then analyzed to estimate the expected

accident potential. The appendices present summaries of

the literature on each hazard category and a detailed dis-

cussion of the models adopted for this study. The accident

potential is based on the expected accidents per year at a

hazardous location.

Step 5. Estimation of Accident Severity - In this step, the

percentage of fatal and non-fatal injury accidents are esti-

mated. These statistics are based on statistics given in

the literature (13,38,62,68).

Step 6. Final Priority Rating At this point, the expected

number of fatal and non-fatal accidents are estimated for

each of the selected locations in the four hazard categories.
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The estimated number of fatal and non-fatal injury accidents

for each location are compared to determine priorities for

safety improvements. The location with the highest number

of fatal and non-fatal injury accidents receives the highest

priority on the list of safety improvements.

2.2 Safety Factors

This section summarizes factors that are associated with each of

the following hazard categories:

(1) Railroad Crossings,

(2) Intersections

(3) Geometrics, and

(4) Roadside Hazards.

2.2.1 Factors Influencing the Accident Potential at Railroad Crossings

A number of factors have been identified as important to safety at

railroad crossings. Some bear quantifiable relationships with acci-

dents, other factors can be treated qualitatively.

(1) Highway Volume (V). Highway volume is a very impor-

tant factor in determining accident potential. As

the highway volume increases, the likelihood of the

simultaneous arrival of a vehicle and train at a

crossing also increases (3,5,7,13,16).

(2) Train Volume (T). The number of train movements

over a crossing, as with highway volume, directly

influences the probability of simultaneous arri-

vals (5,7,13,16,17).

(3) Protective Devices (P). Many devices are employed



to advise drivers of the presence of crossings and

trains. They are broadly characterized as passive

or active. Passive devices, such as crossbucks and

stopsigns, only advise of the presence of a cross-

ing, while active devices, such as automatic gates,

bells and flashing lights, advise drivers further

that a train is present. Active devices are intended

to reduce the need for a driver to observe the train

substantially and to eliminate decisions about their

relative arrival times at the crossing. In this

study, the following protection devices are treated:

(1) Crossbucks and no-protection crossings,

(2) Wigwags, flagmen, bells, etc.,

(3) Flashing lights, and

(4) Automatic gates.

(4) Location (Urban/Rural). The type of surroundings

for the location of a crossing, i.e. rural or urban

setting, influences accident potential. There are

a number of underlying factors that give rise to

this influence.

First, speeds of both trains and highway vehicles

are likely to be lower in urbanized areas. Second,

sight obstruction in the vicinity of a crossing is

greater in urban areas. Third, urban crossings have

a higher proportion of crossings with active de-

vices (13).

Many states use a population criterion to distin-

guish urban and rural areas. Typical values of

this criterion range from 1,000 to 2,500 population

(13).

(5) Highway Speed. Speed is expected to have an influ-

ence upon both accident frequency and accident

severity. A driver has less control over his vehicle
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as speed increases, and the braking distance varies as the

square of velocity.

(6) Number of Train Tracks. The number of tracks influences

the frequency of train-involved accidents. Trains oper-

ating on parallel tracks may be hidden by a train on the

near track, and further, a driver may think it is safe

after one train has passed (13,16).

A number of factors that do not show quantifiable relationships

with accident and that are not treated in this study include:

(1) Train Speed. The influence of train speeds upon accident

potential may be expected to be similar to that of vehicle

speeds. However, this expectation has apparently not been

experimentally verified in previous works (13,19). Train

speed may also be expected to influence accident severity.

(2) Sight Distance. The importance of sight distance at cross-

ings is recognized in many studies (1,6,13,16), but lack of

uniformity of measurement and evaluation impeded attempts

to reach generally valid and useful conclusions.

(3) Road Surface. Pavement condition has not been found to

have any direct relation to accident potentials (16) at

railroad crossings.

2.2.2 Factors Influencing the Potential Accidents at Intersections

A number of factors affect the safety at intersections:

(1) Traffic Volume. Previous studies have found that traffic

volume is also an important factor for accident potential

at intersections (28,30). Studies show that accident rates

are more sensitive to an increase in traffic volume on the

minor street than on the major street (22).

(2) Protective Devices. Different types of controls seem to
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have varying levels of effectiveness in preventing an ac-

cident (27). In this study,the following warning devices

are considered:

(a) yield control,

(b) two-way stop,

(c) four-way stop, and

(d) signals.

(3) Average Approach Speed - The average approach speed is

seen to have a significant relationship to accident occur-

rence at intersections (38).

2.2.3 Factors Influencing the Potential for Roadside Accidents

The following factors are important for roadside accidents:

(1) Distance of the Object from the Pavement Edge - There is

little doubt that when all other factors are equal, an

object that is closer to the pavement is more hazardous

than one that is farther away (58,64). The relevant dis-

tance is measured from the right hand edge of the travel

lane to the nearest point on the object.

(2) Speed - Speed is of importance to the roadside hazard for

several reasons. First, the time required to travel a

fixed distance is inversely related to the speed of vehi-

cle, therefore, a driver has less time to react a higher

speeds. Secondly, the impact energy of the vehicle is

proportional to the square of the velocity, therefore, at

higher speeds the severity of collision is much higher.

(3) Traffic Volume - The volume of traffic is important be-

cause it is related to the encroachment rate, that is,

the number of vehicles that leave the roadway per mile

per year (68,69).

(4) Geometric Factors - The principal roadway geometric con-
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ditions related to roadside accident experience are the

curvature, grade, and the placement of the fixed object,

i.e., inside, outside of the curve, or tangent (68).

The side slope factor is not included in this study, even though

it may be very important in analyzing the roadside hazard accidents.

However, quantitative data on influence of this factor on accident po-

tential is not available at this time.

2.2.4 Factors Influencing the Potential for Geometric Related Acci-
dents

The geometric factors influencing accidents include:

(1) Pavement Width - The pavement width has a direct relation-

ship with accidents (40,49). With all other factors being

equal, wide pavements seem to be safer than narrow pave-

ments, as long as lane widths do not get wide enough to

permit two vehicles to use them.

(2) Shoulder Width - Past studies show that shoulders of ap-

proximately six to seven feet are the optimum for safety

on rural two-lane highways (40,44). Narrower shoulders

create hazards since they cannot be used as a refuge for

troubled cars. Wider shoulders create hazards since driv-

ers tend to drive on the shoulder or leave their vehicles

parked for extended time periods.

(3) Gradients - Accident rates are found to be directly pro-

portional to the rate of grade on downgrades (40,46,49).

Steeper grades have higher accident rates.

(4) Sight Distance This is a very important factor in ana-

lyzing accidents. Sight distance is felt to have a direct

correlation with accident occurrence.



12

(5) Traffic Volume - Several investigators (40,42) have con-

cluded that traffic volume is the most significant single

factor for geometrics-related accidents.

(6) Degree of Curve - Curvature and accident rates are found

to be directly proportional, that is, sharper curves have

higher accident rates (40).

(7) Structural (Bridges) - Bridges that are of the same width

or narrower than the approach pavement width have higher

accident rates (40).

A number of other geometric factors are not treated here that may

influence accident frequency or severity:

(1) number of lanes,

(2) frequency of vertical curves, and

(3) frequency of horizontal curves.

No quantifiable relationships or accident rates for these factors

can be found in the literature.
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CHAPTER III - RAILROAD CROSSINGS

Accidents at railroad crossings have been a matter of public con-

cern for many years. Although they account for less than 0.1 percent

of all motor vehicle accidents, the number of people killed and injured

in each accident is high (16). This is illustrated by the fact that

each year approximately 2.5 percent of all motor vehicle deaths occur

at railroad crossings (16).

Flashing lights and gates have been shown to reduct the number of

accidents that occur at railroad crossings (13). However, the instal-

lation and maintenance cost for this type of protection is high (14).

This makes it extremely important to select the locations for improve-

ment carefully, to maximize anticipated benefits. An evaluation must

also be made to determine that an increase in safety could not be ob-

tained through other highway improvements with the same funds. Appen-

dix "A" presents a review of the literature and a summary of findings

for railroad crossings.

The purpose of this chapter is to define techniques that may be

used to compare the relative hazards of railroad crossings.

3.1 Procedure

This section describes the relationships and techniques adopted to

analyze problems at highway-railroad grade crossings based on the lit-

erature review on Appendix "A". The analysis is divided into two cat-

egories:

(1) Development of a Hazard Index, and

(2) Estimation of Accident Potential.
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The hazard indices alone are good indication of potential hazards at

railroad crossings and could be used to set priorities for railroad

crossing improvements. However, a common base of measurement is needed

to set priorities for all types of hazards. Accident rate is one such

basis, and in this study accident potentials are estimated for all types

of hazards to perform the final priority rating.

3.2 Development of Hazard Index Formula

The purpose of the hazard index formula is to assign a value to

each crossing that indicates the potential hazard. The more hazardous

the crossing, the higher its index is with respect to indices for

other crossings. Through the use of the developed indices, the most

hazardous railroad crossing can be selected for further analysis.

As discussed in "Appendix A", a number of studies have developed

hazard index formulas (10, 13, 16, 17). Table 3-1 illustrates eleven

of these formulas which have been developed by different agencies and

states (17).

Bezkorovainy (7) applied the eleven formulas of Table (3-1) to

180 railroad crossings in Nebraska and concluded that each formula

gave basically the same ranking of crossings, with the primary difference

between these formulas being the complexity in the analysis. The New

Hampshire formula is found to yield the best fit of the composite

arithmetic mean of the eleven hazard formulas.

Because all formulas give basically the same ranking, the New

Hampshire formula, which requires the least amount of information and

is easiest to apply, is adopted for this study.
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Severity Factor

Number cf Traffic Lanes
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The New Hampshire formula ranks the crossings in accordance to

their level of activities. The level of activity is the product of

the highway's average daily traffic and the train volume. The higher

the level of activity, the greater the chance of accident. The formula

H.I. = (V)(T)(P)

where:

H.I. = hazard index,

V = average daily traffic,

T = average daily train volume,

P = protection factor (values from 0 to 1).

(3-1)

The protection factor is an indication of the effectiveness of the

warning devices at the crossing; the better the control, the lower the

hazard index value. Table 3-2 shows the relative influence of protec-

tion factor on the hazard index (15).

3.3 Accident Estimation Formula

Also needed in the overall analysis is the ability to estimate

accident potential per crossing per year. Results of a prior study by

Bellomo, Lemer, and Schoppert (13) is used to obtain these estimates.

Linear regression analysis was employed to determine formulas for acci-

dent potential at individual crossings. Expressions are a function of

the crossing location and protection type, and are stratified into two

types: (1) train involved accidents and (2) non-train involved acci-

dents. These relationships are treated in the following paragraph.
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TABLE 3-2. Relative Hazard Associated with Various Types of

Grade Crossing Protection (Reference 15)

TYPE OF PROTECTION PROTECTION FACTOR (P)

Automatic Gates 0.184

Manual Gates, Full Time 0.301

_Flashing Light Signals, Single Track 0.352

Flashing Light Signals, Multitrack 0.605

Wig-Wag 0.583

Manual Gates, Part-time 0.699

Watchman 0.712

Automatic Bell 0.783

Reflectorized Crossbucks 0.833

Painted Crossbucks 1.000
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3.3.1 Train Involved Accident Occurrence. Multiple linear regression

analysis was used by Bellomo, et al. (13) to develop the models to es-

timate the train involved accidents at crossings. The best fitting

equation is of the following form:

C (V) C
3
(VT)

-y = C +
1

+ C (T) +
1 o 1000 2 1000

+ C4 (V 2T) + C5 (Tracks)

where: yl = dependent variable (accident rates),

C. = regression coefficients,

V = average daily traffic,

T = average number of trains per day.

The dependent variable, y, may be in the form of accidents per

year (ACC/year), accidents per 1000 vehicle train exposures per year

(ACC/VT.1000), or accident per volume raised to the 0.2 power times

train volume per year (ACC/V° 2/uear), or accident per train volume per

year (ACC?T/year). The form used is dependent upon the type of protec-

tion at the crossing, and highway volume exposed to that crossing.

Table 3-3 shows which variable should be used for a given condition.

Table 3-3 shows the values for the regression codfficients for a

variety of crossing situations which are used to estimate accidents

from equation 3-2.

Accident rates typically increase with increasing vehicle and



TABLE 3-3 Best-Fitting Regression Equations - Train Involved Accidents

(After Reference 13)

Case
Volume
Range

Dependent
Variable

fly',

Regression Coefficients

CO Cl C2 C3 C4 Cs

1-Urban
Cross-
bucks

0-500 ACC 0.0147 -0.0147 -0.0029 0.0074 0.0011 0.0145
500-5000 ACC -0.0015 0.0201 -0.0144 -0.0053 0.0070 0.0194

Over 5000 ACCT -0.5193 0.0781 1.1798 -0.0206 -0.1699 0.0261
2-Urban Wig
Wag, Flag-
man, Bells

0-500 ACC -0.0176
____

0.0730 0.0229 0.0535 0.0000 -0.0112
500-5000 ACC 0.1326 -0.0474 0.2572 0.0489 -0.0746 0.0162

Over 5000 ACC/VT 0.0040 -0.0003 0.0004 0.0002 0.0000 0.0021
3-Urban
Flashing
Lights

0-500 ACC -0.0560 0.1147 0.0693 0.0573 -0.0262 0.0241
500-5000 ACC 0.0064 0.0103

1

0.0494 0.0072 0.0136 0.0248
Over 5000 ACC 0.0144 0.0037 0.0006 0.0000 0.0457

4-Urban
Automatic

Gate

0-500 ACC/VT
_0,0565
1.7348 -3.4902 -0.0743 0.1571 0.0000 0.0014

500-5000 ACC/VT 0.0141 -0.0036 -0.0002 0.0002 0.0000 0.0014
Over 5000 ACC/VT 0.0043 -0.0003 -0.0002 0.00001 0.0000 0.0006

5-Rural
Cross-
bucks

0-500 ACC -0.0146 -0.0075 -0.1615 -0.1415 0.0714 0.0141
500-5000 ACC

ACC/V.2T
0.0092
-0.1693

0.0336
0.0002

-0.0227
0.0083

-0.0043
0.00001

0.0079
-0.0010

0.0164
0.0065Over 5000

6-Rural Wig
Wag, Flag-
man, Bells
7-Rural
Flashing
Lights_

0-500 ACC 0.0427 -0.1952 0.3569 1.0341 -0.2043 0.0430
500-5000 ACC 0.0313 -0.0062 0.0006 0.0036 -0.0031 0.0044

0-500 ACC 0.0044
-

0.0186 0.0178 -0.0233 0.0087 0.0052
500-5000 ACC 0.0567 0.0173 -0.0656 -0.0077 0.0197 0.0138
Over 5000 ACC/VT 0.2211 -0.0213 -0.0231 0.0112 -0.0131 -0.0138

8-Rural
Automatic

Gate

0-500 ACC
ACC/V2T

0.0883
0.0096

-0.2032
-0.0018

0.0000
0.0008

0.0201
0.0002

0.0024
-0.0003

0.0098
-0.0007500-5000

Over 5000 ACC 2.3569 0.0000 -0.5787 0.0000 -0.0173 -0.7615

00
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train volumes and decrease with level of protection (13). A higher

accident potential is found in rural areas than in urban locations.

In rural areas the speeds of both trains, and vehicles are higher than

in urban areas. Also, in rural areas most of the crossings are pro-

tected with passive devices, such as crossbucks, stop signs, where-

as, active devices, such as gates, are used in urban areas. Train

volume apparently has much less influence upon accident potential at

gates than with other protection types. (17)

3.3.2 Non-Train Accidents - Non-train accident data are available from

very few states. Non-train accidents at crossings include accidents

within a radius of 300 feet. The range of variables considered are

consequently limited (13).

The best fitting equation is:

.

ACC = .0075 - (.168 V) - (.0189T) +
(

+ (.0038V 0.2T) +
10049VT)1000

(.1987VTM)
1000

(3-3)

where:

ACC = expected non-train accidents per year,

T = average daily train,

V = average daily traffic.

This equation shows that the non-train accidents are related to

traffic volume, train volume and various vehicle train exposure items.
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3.4 Speed Adjustment for Accident Rates in Rural Areas

It is suggested by Bellomo et al. (13) that if average train speed

and highway speed limits are known for a rural crossing with train vol-

ume of three or fewer trains per day, the following modifications are

justified. Where traffic volumes are less than 500 vehicles per day,

the accidents estimate modified for speed is:

ACC' = ACC + 0.007(St - 25) + 0.0003(Sv - 30) (3-4)

Where volume ranges from 500 to 5,000, the accident estimate modified

for speed is:

ACC' = ACC + 0.0004(Sv - 40) (3-5)

With traffic volumes greater than 5000, the equation is:

ACC' = ACC - 0.0006 (St - 45). (3-6)

where: ACC' = the modified accident frequency (accidents

per year per crossing),

ACC = accident frequency estimated from equation,

S
t

= Train speed, mph

S
y

= vehicle speed, mph

3.5 Outline of Procedure

In the previous sections, relationships are presented that des-

cribed the importance of different factors and their effects on
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accident potentials. In this section, the steps to analyze safety haz-

ards at highway-railroad crossings are illustrated based on the rela-

tionships presented earlier.

Step 1. Collection of Data. The following data should be

collected for each crossing to be studied:

(a) average daily traffic,

(b) average daily train volume,

(c) type of protection,

(d) crossing location (e.g., urban/rural)

(e) number of tracks.

Step 2. Development of Hazard Indices. After collecting the

necessary data, apply the Hazard Index formula (equation 3.1)

to each individual crossing. The relative hazard values for

differentlptotection.types (P) are shown in Table 3-2.

Step 3. - Ranking of the Crossing. After determining the hazard

indices for each crossing, assign priority according to their

hazard index values. The higher the hazard index, the greater

the need for improvements.

Step 4. Expected Accident Estimation. After assigning the haz-

ard index for each crossing, select the ten most hazardous

crossings on the list. Use the appropriate equations for these

crossings, (equations 3-2 through 3-6) to determine the estimated

expected accidents (train involved and non-train involved). Add

the two types of accidents in order to obtain the total accident

potential at each crossing. These hazardous locations are compared
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against locations having other hazards using the accident estimates, as

discussed in Chapter 7.

3.6 Example

This example illustrates the proposed procedure for railroad cros-

sings.

Table 304 gives the summary of conditions at 10 sample crossings.

The step-by-step solution to estimate hazard index, and accident poten-

tials follows:

(1) Determine the hazard index for each of the crossings:

The hazard index formula from Equation 3-1 is:

HI = iV)(T)(P)

where: V = average daily traffic,

T = average daily train volume,

P = protection factor.

For example, for crossing number 18:

HI = ((@)(0.583) = 8.16

Table 3-5 illustrates the results for all crossings.

(2) Estimate the accident potentials (Train involved and non-

train involved accidents) at each crossing. For example,

for crossing number 10.

a) Train involved accident, calculated using Equa. 3-2

ACC/VT = 0.0040
(0.00033)(7000)

+ (0.00045)(2)
1000

(0.0002)(7000)(2)
+ (0.0021)(2)

1000

ACC/VT = 0.0040 - 0.00231 + 0.0009 + 0.0025 + 0.0042



TABLE 3-4 Summary of Conditions

Crossing
Number

ADT
(Vehicles/Day)

TPD
(Trains/Day)

Type of Control
Number
of Tracks

Crossing Location

1 2,000 2 Crossbucks 1 Urban

2 6,000 1 Flashing Lights 1 Urban

3 4,000 3 Wig-wag and Bells 1 Rural

4 1,000 5 Crossbucks 2 Rural

5 3,500 2 Wig-wag and Bells 1 Urban

6 6,000 3 Automatic Gate 1 Urban

7 1,200 2 Crossbucks 3 Rural

8 4,500 1 Automatic Gate 1 Rural

9 1,500 4 Wig-wag 2 Rural

10 7,000 2 Wig-wag and Bells 2 Urban
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TABLE 3=5 Hazard Indices at Crossings

Crossing
Identification

Hazard Index Ranking*

1 2.0 9

2 2.2 8

3 6.98 2

4 5.00 3

5 4.07 4

6 3.31 6

7 2.40 7

8
.83

10

9 3.50 5

10 8.16 1

TABLE 3-6 Accident Potential at the Crossings

Crossing *

Identification
Train-Involved

Accident
Non-Train In-
volved Accident

Total
Acc/yr

No. 10 .134 .506 .637

No. 3 .020 .345 .365

No. 4 .079 .119 .198

No. 5 .077 .252 .329

No. 9 .052 .167 .219

* ordered according to hazard index
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. . ACC/year = (0.0096)(7)(2) = 0.134

b) Non-train accident, calculated using equation 303:

1686)(7000)
ACC/year = 0.0075 -

(0.
(0.0189)(2) +

1000

(0.0049)(7000)(2) (.1987)(2.
2
)(7000)

+ (0.0030)(7000
.2
)(2) +

1000 1000

ACC/year = 0.503

Total Accidents/year = 0.134 + 0.503 = 0.637.

Table 3-6 shows the results for all crossings. Based on the results of

these example calculations, crossing number 10 receives the highest

hazard ratings and has the largest accident potential.

3.7 Summary

This chapter has presented and illustrated procedures to rank the

relative hazards of railroad crossing and to calculate the accident po-

tential for each crossing. The rating of railroad crossing hazards

relative to hazards of other categories is presented in Chapter 7.
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CHAPTER IV - INTERSECTIONS

About 25 percent of all reported accidents, nearly half of all

fatal accidents in urban areas, and 10 to 15 percent of rural fatal

accidents occur at intersections (39).

The removal of sight obstructions and improvement of sign visibil-

ity have been shown to reduce the number of accidents that occur at

intersections. However, the cost of removing sight obstruction is

usually high. For this reason, a method is required to identify those

intersections which produce a high benefit-cost ratio after improvements.

Review of literature and past studies (18,19,20,26) reveal that

there has not been a method defined to determine an index which indi

cates the potential hazard at intersections.

This chapter presents techniques to compare the relative potential

hazards of intersections.

4.1 Procedure

This section describes the relationships and techniques adopted to

analyze safety problems at intersections based on the literature review

in Appendix "B". The analysis is divided into two parts:

(1) Development of a Hazard Index, and

(2) Estimating the Accident Potential.

The hazard indices alone are a good indication of potential hazards at

intersections and could be used to set priorities for intersection im-

provements. However, a common base of measurement is needed to set

priorities for all types of hazards. Accident potential is one such
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basis, and in this study accident potentials are estimated for all

types of hazards to perform the final priority rating.

4.2 Development of Hazard Index Formula

The purpose of the hazard index formula is to assign a value to

individual intersections, that indicates the potential hazards. The

more hazardous the intersection is, the higher the index value is.

Through the use of this index, the most hazardous intersections can be

identified for further analysis.

The characteristics of conflicts: intersections and railroad

crossings are similar. Hazard index formula similar to that developed

for analysis of railroad crossing, is adopted here to define the

hazard indices for intersections. The formula is:

H.I. = (V1)(V2)(P) 4-1

where:

HI = hazard index

V1 = average daily traffic on major street in 1000's

V2 = average daily traffic on minor street in 100Cs

P = protection factor

The protection factor is an indication of effectiveness of the

warning devices at the intersection: the better the control, the lower

the hazard index value. Table 4-1 shows the relative influence of

protection factor on hazard index. These valueswere developed by

Syrek (27). using a before and after study.

4.3 Development of Accident Potential Estimating Techniques

The final priority rating analysis requires an estimate of
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TABLE 4-1 Relative Hazards of Different Protection Type

(After reference 27)

Protection Type Protection Factor

No protection 1.00

Yield .88

Two-way stop .72

Sianal .66

Four-way stop .49
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accident potential for intersections. Results of a prior study by Webb

(23) is used to obtain these estimates. Regression relationships devel-

oped by Webb are divided into three groups according to the approach

speed.

(1) For speeds less than or equal to 25 mph the equation is:

ACC = 0.03 (V
1
)
0.55

(V
2
)
0.55

(2) For speed ranges between 25 and 45 mph, the equation is:

ACC = 0.14 (V
1
)
0.45

(V
2
)
0.30

(3) For Speeds greater than 45 mph, the equation is:

ACC = 0.28 (V
1

)
0.51

2
)
0.29

(4-2)

(4-3)

(4-4)

where: ACC = expected accidents per intersection per year,

V
1

= average daily traffic on major street in 100's

V
2

= average daily traffic on minor street in 100's

The above relationships were developed for four-legged signalized

intersections. To estimate the accident potentials for other types of

controls, the relationships must be modified, according to the relative

effectiveness of different ptoections devices. Modifiers (P) have also

been developed by Syrek (27), resulting in the following equations:

(1) For approach speed less than or equal to 25 mph

55
ACC = (0.03)(Pi)(V1)

0.
(V2)

0.55

(2) For approach speeds ranging between 25 and 45 mph:

ACC = (0.17)(Pi)(V1)0.45
(v2)0.30

(3) For approach speeds greater than 45 mph:

ACC = (0.28)(Pi)(V1)
0.51

(V2)
0.29

(4-5)

(4-6)

(4-7)
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where: ACC = accidents per intersection per year

P. = modifying factor for protection type i

(from Table 4-2)

V
1

= ADT of major street, in 100's

V
2

= ADT of minor street in 100's

Table 4-2 presents the relative hazards associated with the differ-

ent control devices and the values for modifying protection factors.

Equations 4-5 through 4-7 must also be adjusted to estimate the

accident potentials for three-way intersections. These correction fac-

tors adopted are from a study by David, et al. (38). Table 4-3 gives

the correction factors. Therefore, to obtain the expected accident po-

tentials for three-way intersections, the accident potential for four-

legged intersections are multiplied by these correction factors:

ACC' = ACC x (CORR) (4-8)

where: ACC' = Accident potential for three-way intersections

ACC = Accident Potential for four-legged intersections

(Equations 4-5 through 4-7)

CORR = Correction factors to adjust to three-way inter-

sections (Table 4-3).

4.4 Outline of Procedure

In the previous sections, relationships and techniques are pre-

sented that describe the importance of different factors and their ef-

fect on accident potential. In this section, the steps to analyze

safety hazards at intersections are illustrated.
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Table 4-2 Relative Hazards and Modifying

Factors for Different Control Devices

Type of
Protection

Relative
Hazards

Modifying factors
(Pi)

1. No Protection 1.0 1.52

2. Yield control .88 1.33

3. Two-way stop
control .72 1.09

4. Signalized .66 1.00

5. Four-way stop .49 .74
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TABLE 4-3. Correctiow,Tactors (CORR) for Three-way Intersections

by Percent of Cross Traffic (After Reference 38)

rafter reference 38)

Major Street
Average Daily

Traffic

Percent Cross Street Traffic

< 10% > 10%

Minor Street Width Minor Street Width

< 20 ft 20 to 40 ft < 20 ft 20 to 40 ft

< 5000

5000 - 10,000

.552

.778

.667

1.620

.824

.750

1.0

1.389
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Step 1. Collection of data. Following data should be collected

or estimated for each intersection:

(a) average daily traffic of each approach

(b) type of protection

(c) type of intersection (four-way, or three-way)

Step 2. Development of Hazard Indices. After collecting the

necessary data, apply the hazard index formula (equation 4.1)

to each individual crossing. The relative hazard values for

different protection types (P) are shown in table 4-2.

Step 3. Ranking of the intersections. After determining the

hazard indices for each intersection, assign the ranking for

the intersections according to their hazard index values. The

higher the hazard index is, the greater the need for improvement.

Step 4. Expected Accident Potential. After ranking the inter-

sections, select the ten most hazardous intersections on the list.

Use the appropriate equations for these intersections (equations

4-2 through 4-7) to determine the estimated expected accidents.

4.5 Example

This example illustrates the proposed procedure for intersections.

Table 4-4 gives the summary of conditions at sample intersections.

The step by step solution to estimate the hazard index and accident

potential follows:

(1) determine the hazard index for each of the intersections (Eq. 4-1)

HI = (V1) (V2) (P)

where:

V
1
= major street average daily traffic in 1000's

V
2
= minor street average daily traffic in 1000's



Table 4-4 Summary of Conditions at
Sampled Intersections

Intersection
Identification

Type of
Protection

Type of
Intersection

V
1

(VPD)

V
2

(VPD)

Approach
SpeedCross T Type

A Signalysed x 4000 1500 20

B No Control x 1000 800 30

C Four Way
Stop x 6000 2500 25

D Two Way
Stop x 3000 2200 20

E Stop Signal x :1500 800 25

F Yield x 800 300 15

G Signal x 3000 1200 30
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P = Protection Factor.

For example, for intersection C:

HI = (4)(1.5)(0.66) = 3.96

Table 4-5 illustrates the results for all intersections.

(2) Estimate the accident potential for four most hazardous

intersections. For example, for intersectin "C", the

accident potential is:

ACC = (0.17)(0.74)(60)
0.45

(250.30)

Acc = 2.09 Accidents per year

Table 4-6 shows the results for selected locations.

Based on the results of these example calculations, intersection

"C" receives the highest hazard rating and has the largest accident

potential.

4.6 Summary

This chapter has presented and illustrated the procedure to rank

the relative hazards of intersections and to calculate the accident po-

tential for each intersection. The rating of intersection hazards rel-

ative to hazards of other categories is presented in Chapter 7.
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Table 4-5 Hazard Indices at
Sampled Intersections

Intersection
Identification

Hazard Index Ranking

A 3.96 3

B .80 5

C 7.35 1

D 4.75 2

E .60 6

F .21 7

2.38

Table 4-6 Accident Potentials at
Selected Intersections

Intersection
Identification

Accident Potential
ACC/Year

C 2.09

D 1.16

A 1.01

G 1.66



37

CHAPTER V - GEOMETRICS

The increased use of motor vehicles has continued to produce traf-

fic fatalities, injuries and accidents. In 1975 in the U.S. for example,

there were 16.5 million accidents, more than 46,000 fatalities, 1.8 mil-

lion disabling injuries, and an estimated loss of 21.2 billion dollars

in the cost of injuries and property damage (63). Although most acci-

dents are not directly traceable to highway deficiencies, highway con-

dition can not be disregarded (63).

This chapter defines relationships and techniques to compare the

relative hazards of different geometric conditions. These conditions

include horizontal alignment, vertical alignment and cross-sectional

elements.

5.1 Procedure

This section describes the relationships and techniques adopted to

analyze safety problems due to geometric deficiencies based on the lit-

erature review in Appendix C. The analysis is divided into 2 categories:

(1) Development of a hazard index, and

(2) Estimation of accident potential.

The hazard indices alone are a good indication of potential hazards,

and could be used to set priorities for geometric improvements. How-

ever, a common base of measurement is needed to set priorities for all

types of hazards. Expected number of accidents is one such basis. In

this study, accident potentials are estimated for all types of hazards

to perform the final priority rating.
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5.2 Development of Hazard Index Formula

The purpose of the hazard index formula is to assign a numerical

value to a section of the highway that reflects its relative potential

hazard. These indices are used to rank the most hazardous location of

those with geometric deficiencies.

The following equation is recommended for defining the hazard

index:

0
H.I. = 2.5 (S.R.)

1.25
log

CC

0R)

where:

H.I. = hazard index,

C.R. = condition rating,

S.R. = service rating.

(5-1)

This expression is based on work by Baerwald (64). The hazard index

provided by this equation is used to determine the most hazardous loca-

tions in this hazard category. The components of this hazard index

approach are discussed below.

5.2.1 Condition Rating. This rating is a measure of the present physi-

cal condition of a roadway expressed as a numerical index. The condition

rating has a maximum value of 100 and is composed of various elements

that indicate the physical condition of the highway section. Based on

findings presented in Appendix C, the following geometric features appear

to be of primary importance:

(1) pavement width,
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(2) shoulder width

(3) horizontal alignment,

(4) vertical alignment,

(5) sight distance.

The formula to obtain the condition rating is:

C.R. = WF
1
P
1
+ WF

2
P
2
+ WF

3
P
3

+ WF
4
P
4

+ WFS P,_ , (5-2)

where:

C.R. = condition rating

WF. = relative safety weight assigned to a given factor
1

P.
1

= 'Modifying factors for different conditions. A value

of less than 1.

Accident rates, developed by Raff (40), are used to determine the

relative safety weights. Table 5-1 illustrates the average accident

rates for different geometric factors. These values give the relative

safety importance of a given factor. For example, horizontal alignment

factors contribute more to accident potential than pavement width.

The formula to calculate the relative safety weight is:

WF.
1

= (ACC.) (.
1=

) (5-3)
1 5

100

.E ACC.
1=1 1

where:

WF. = relative safety weight,

ACC1 = accident rate for a given factor, (see table 5-1)

EACC. = the sum of all accident rates.
1

(1) Pavement Width (WF
1
) - The average accident rate associated

with pavement width is 2.20 (Table 5-1). Therefore, the relative



40

Table 5-1 Average Accident Rate for Different
Geometric Factors

(After reference 40)

Factor Accident Rate

1 - Pavement width 2.20

2 - Horizontal Alignment 2.60

3 - Vertical Alignment 2.30

4 - Sight distance 1.73

5 - Shoulder width 2.30



safety weight is:
41

100WF1 = (2.20)(
2.20 + 2.60 + 2.30 + 1.73 + 2.30

) = 20.0

This value means, that pavement width accounts approximately for

20 percent of the accidents related to geometric deficiencies.

The effect of pavement widths narrower than the ideal of 24 feet

is introduced into the condition rating by a modifying factor (P). The

value of the modifying factor, P, is determined from:

average accident rate with the best pavement width condition
accident rate with a pavement width deficiency

This modifying factor may range from 0 to 0, depending on the degree of

deficiency. Again, accident rates which have been developed by Raff

(40) for different pavement conditions are used to quantify these modi-

fying factors. Table 5-2 gives the accident rates and the modifying

factors for different pavement width conditions.

(2) Horizontal Alignment (WF2). As given in Table 5-1, the ave-

rage accident rage associated with horizontal alignments is 2.60. There-

fore, the relative safety weight for horizontal alignment is:

WF
2

= (2.60) (100/11.13) = 23.0

This value says, that horizontal alignment accounts for about 23 per-

cent of accidents related to geometric deficiencies.

The same rpocedure as used for the pavement width is used to deter-

mine the modifying factors for different degree of curves. Table 5-3

illustrates the accident rates and modifying factors for different de-

grees of curvature.



Table 5-2 Accident Rates and Modifying Factors for
Different Pavement Width Conditions

Pavement Width
(ft)

Avg. Accident*
Rate

Modifying Factors

(P) **

>24 2.0 1.0

22 - 23 2.13 .94

21 2.27 .88

20 2.43 .82

18 3.09 .65

16 4.53 .44

Based on Raff's study (40)

** p 2.0

Accident rate associated with given pavement width

42
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Table 5-3 Accident Rates and Modifying Factors for
Different Degrees of Curvature

Degree of
Curve

Accident*
Rates

Modifying Factors **

(P2)

<2° 1.45 1.00

2 - 4.0 1.94 .75

4.1-6.0 2.42 .60

6..1-8.0 2.77 .52

8.1-10.0 3.05 .48

> 10.0 2.40 .43

* Based on Raff's study (40)

** P2= 1.45
accident rate associated with different degree of curve

Table 5-4 Accident Rates and Modifying Factors for
Different Gradients

Gradient Accident*
Rates

Modifying Factors**

(P3)

> -3% 2.20 1.0

-3.1 to -5.0 2.48 .89

-5.1 to -6.0 3.05 .72

-6.1 to -7.0 3.96 .56

< -7.0 4.95 .44

Based on Raffts study (40)

** 2.20

accident rates associated with a given gradient
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(3) Vertical Alignment Table 501 indicates that the average

accident rate for vertical alignment is 2.30. The relative weighting

factor for safety with respect to vertical alignment is:

WF
3

= (2.30) (100/11.13) = 21

This value means that vertical alignment is responsible for about 21

percent of the accidents in this category.

Table 504 gives the accident rates and modifying factors associated

with different vertical alignments. The procedures used to develop the

modifying factors is the same as used for pavement width. Only negative

grades are treated since positive grades are not found to contribute to

accidents (40).

(4) Sight Distance (WF
4
)- The average accident rate associated

with sight distance is 1.73 Table 5.1. Therefore, the relative safety

weighting factor is:

WF
4

= 1.73 (100/11.13) = 15

This value indicates that 15 percent of geometrics-related accident

occurrences are related to signt distance obstruction. In general, the

safest condition is with a sight distance of 2400 feet or greater. The

same procedure used for other factors is employed to develop the modify-

ing factors. Table 5-5 gives the values for accidents and the modify-

ing factors for different sight distance conditions.

(5) Shoulder Width (WF5) - Table 5-1 indicates that the average

accident rate associated with shoulder width is 2.30. Therefore:

WF
5

= (2.30)(100/11.13) = 21
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Table 5-5 Accident Rates and Modifying Factors Associated
with Different Sight Distance Conditions

Sight
Distance, ft.

Accident*
Rates

Modifying Factors**
P4

> 2400 1.10 1.0

2200 - 2400 1.30 .85

1800 - 2200 1.50 .73

1400 - 1800 1.80 .61

1000 - 1400 1.95 .56

600 - 1000 2.15 .51

600 2.40 .46

* Based on Young (56)

**
p4

= 1.20
accident rate associated with a given sight
distance

Table 5-6 Accident Rates and Modifying Factors Associated
with Different Shoulder Width

Shoulder
width

Accident*
Rates

Modifying Factors**
P5

< 2.0 2.91 .76

2.0 - 4.0 2.70 .81

4.1 - 6.0 2.44 .92

6.1 - 7.0 2.20 1.0

7.1 - 9.0 2.70 .81

* Based on Raff's Study (40)

** P5 = 2.20
accident rate associated with a given shoulder width
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This value means that shoulder width accounts for approximately 21 per-

cent of accidents in this category. The best shoulder width for two-

lane, two-way roadways is about six or seven feet (40).

Table 5-6 gives the values for accident rates and modifying fac-

tors for other shoulder widths.

(6) Combine Values - Based on the above analysis, the condition

rating equation (5-2) becomes:

C.R. = 20P1 + 23P2 + 21P3 + 15P4 + 21P
5

(5-4)

where: C.R. = condition rating

P.=Modifying factors (Tables 5-2 to 5-6)

This condition rating is used, together with the service rating, to

determine a hazard index.

(7) Adjustment for Presence of Bridges The condition rating ob-

tained from equation 5-4 is for a roadway section without any bridges.

To determine the effect of bridges, this equation must be modified.

The following equation is used to account for the presence of bridges:

CR
(EACCi)(CR)(SL)

(BCR) (.4)
'

(SL)(EACCi + .4) (SL)(EACCi = .4)

where: CR' - modified condition rating

EACC. = the sum of accident rates for the five different

geometric factors (Table 5-1).

BCR = bridge condition rating

CR = condition rating

SL = section length
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Using the average accident rates for the factors presented in Table

5-1, the sum of accident rates is 11.12. Therefore, the modified con-

dition rating equation becomes:

CR'
(11.13)(CR)(SL) (BCR) (.4)

(11.13)(SL + .4) (11.13)(SL + .4)
(5-5)

The bridge condition rating (BCR) is quantified by using the acci-

dent rates obtained from a study by Raff (40). Figure 5-1 shows the

accident rates versus the difference between bridge width and roadway

width. According to Raff's data, the accident rates, for bridges whose

widths are 1.1 feet narrower than roadway width, are,lower than the

accident rates for bridges of the same width as the roadway width. This

may result from:

(1) lower traffic volume,

(2) lower running speeds due to the presence of the narrow

bridge, and

(3) the increased alertness caused by the obvious hazard.

However, in this study the assumption is made that the accident rate is

constant for bridges whose widths are the same or narrower than the

roadway width. This assumption is represented by the dash line in

Figure 5-1. Based on these assumptions, the following equation is

recommended for defining bridge condition rating:

CBR = 100 - (Accident rate)(100)

where: BCR = bridge condition rating

For example, for a bridge width that is four feet wider than the roadway,



48

alMIP1111110. MINOR 11MIIM - JON,

low volume
low speed

Bridge narrower than / Bridge wider than
roadway width roadway width

FIGURE 5-1 Relationship Between Bridge

Width Accident Rate
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the accident rate for 3.1 to 5.0 feet width would be assumed, and the

BCR is:

BCR = 100 - (0.30)(100) = 70

Table 5-7 gives the accident rates and BCR for all conditions.

5.2.2 Service Rating. This rating is a measure of the relative expo-

sure to different conditions. Exposure is directly proportional to the

volume of traffic on a given roadway. This rating indicates that sec-

tions with higher average daily traffic have higher exposure to hazards;

therefore, they should be given more weight. The maximum value assumed

for this rating is 50. The following equation is recommended to define

the service ratings:

S.R. = 50 K (5-7)

where: S.R. = service rating,

K = modifying factor.

Accident rates which are obtained from a study by Raff (40) are adopted

to quantify the modifying factors. Table 5-8 illustrates the accident

rates and the modifying factors for different volume levels. These ser-

vice rating values, along with the condition ratings, are used in

equation 5-1 to determine the hazard index.

5.3 Development of Models to Estimate Accident Potential

The purpose of this section is to present the technique developed

to estimate the increment of accidents over and above the accidents ex-

pected on a section with ideal geometrics. The "ideal" section is

defined in this paper as having:
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Table 5-7 Accident Rates and Bridge Condition Rating Associated with
Different Bridge Width Condition

Relative Bridge Width

to roadway width

Accident Rates*
ACC/MV

BCR*

Bridge width wider .

by less than 3.0 ft. .40 60

Bridge Wider by:

3.1 - 5.0 ft. .30 70

5.2 - 7.0 ft. .16 84

> 7.0 0 100

* Based on Raff's study (40)

* * BCR = 100 - (Accident Rates) (100)

Table 5-8 Accident Rates and Modifying Factors
for Different Traffic Volumes

Average Daily Traffic Accident Rates* Modifying Factors**
(K)

< 500 1.35 .40

500 - 1000 1.50 .45

1100 - 2000 1.85 .55

2100 - 3000 2.35 .70

3100 - 4000 2.75 .80

4100 - 6000 3.05 .90

>6000 3.40 1.00

* *

Based on Raff's study (40)

K
accident rate

3.40
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(1) Pavement width of 24 feet,

(2) Horizontal curves of less than two degrees,

(3) Vertical grades flatter than three percent grade,

(4) Sight distance of 2500 feet or more, and

(5) Shoulder width of six to seven feet.

The incremental accident rate is used because no improvement in

safety would be realized if improvement to higher standards than shown

as ideal were made.

Based on accident rates given by Raff (40), it is found that the

relationship between the incremental accident rates and physical features

of highways are additive. The formula that describes this relationship

is:

TARI =
(AAp AAHc A AG AASD AASH)

where:

TARI = Total accident rate increment

AA = Pavement width accident rate increment

AA
Hc

= Horizontal alignment accident rate increment, ACC/MVM

(5-8)

AA = Grade accident rate increment, ACC/MVM

=Sight distance accident rate increment, ACC/MVM
AASD

AA
SH

= Shoulder width accident rate increment, ACC/MVM

The following paragraphs describe the procedure used to quantify

these accident rate increments:
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(1) Pavement width accident rate increment - Accident rates from

the study by Raff (40) are employed to quantify the accident rate

increments for pavement width. The incremental accident rate is the

difference between the accident rate for pavement widths of less

than 24 feet, and the accident rate for a 24 feet pavement. For

example, for pavement width of 21 feet, the incremental accident rate

is:

AAp = 2.27 (ACC /MVM)- 2.0 (ACC/MVM) = .27 ACC/MVM

Table 5-9 shows the accident rate increments for all pavement width,

with a 24 ft. pavement width assumed as ideal.

(2) Horizontal alignment accident rate increment Accident rates

from the study by Raff (40) are used to quantify the horizontal

curve accident rate increments. The procedure, used for pavement

width, is applied to obtain the accident rate increments. Tab-

le 5-10 shows the accident rate increments for various curvatures.

An ideal roadway for safety does not have curves sharper than 2°.

For example, for a five degree curve the accident rate increment is

AAHC
= 2.42 (ACC/MVM) - 1.45 (ACC/MVM) = .97 ACC/MVM

(3) Grades accident rate increments - The accident increments

on grades are based on Raff research (40). Table 5-11 illustrates

the accident rate increments for all grades, with grades flatter

than 3% set as the ideal for safety. An example calculation of the

accident rate increment for downgrade of -5% gives:

AAG = 2.48 (ACC/MM 2.% (ACC/NW = .28 ACC/MVM

(4) Sight distance accident rate increments - The accident rates

developed by Young (56) are employed to quantify the sight distance
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Table 5-9 Pavement Width Accident Rate Increments for All
Pavement Width

(After reference 40)

Pavement
width

Accident
rate

Accident Rate
increments

24 2.0 0

22 - 23 2.13 .13

21 2.27 .27

20 2.43 .43

18 3.09 1.09

16 4.53 2.53

Table 5-10 Horizontal Alignment Accident Rate
Increments for All Curvatures
(After reference 40)

Degree of
Curve

Accident rate Accident rate
increments

< 2° 1.45 0

2 - 4.0 1.94 .49

4.1- 6.0 2.42 .97

6.1- 8.0 2.77 1.32

8.1-10.0 3.05 1.60

>10.0 3.40 1.95
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Table 5-11 Grades Accident Rate Increments
for All Grades
(after reference 40)

Grade % Accident Rates Accident Rate
Increments

> - 3% 2.20 0

-3.1 to -5.0 2.48 .28

-5.1 to -6.0 3.05 .85

-6.1 to -7.0 3.96 1.76

< -7.0 4.95 2.75

Table 5-12 Sight Distance Accident Rate Increments
forAll Sight Distances
(after reference 56)

Sight Distance
(ft)

Accident Rate Accident Rate
Increments

> 2400 1.10 0

+

2200 - 2400 1.30 .20

1810 - 2200 1.50 .40

1400 - 1800 1.80 .70

1000 - 1400 1.95 .85

600 1000 2.15 1.05

< 600 2.40 1.30
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accident rate increments. The accident rate increment is the

difference between the accident rate for a given sight distance,

and the accident rate for a sight distance of 2400 feet or more,

which is set as ideal for safety. Table 5-12 gives the accident

rate increments for all sight distances. For example, the calcula-

tion of the accident rate increment for this table with a sight

distance of 1200 feet yields:

AA
SD

= 2.08 (ACC/MVM) - 1.20 (ACC/MVM) = .88 (ACC/MM

(5) Shoulder width accident rate increment - The accident rates

developed by Raff (40) are again used to quantify the accident rate

increments for shoulder width. For example, for a shoulder width

of four feet the accident rate increment is:

RASH = 2.70 (ACC/MVM) - 2.20 (ACC/MVM) = .50 (ACC/MVM)

Table 5-13 illustrates the accident rate increments for all should-

er widths. Notice that the ideal shoulder width for safety is six

to seven feet.

5.4 Outline of Procedure

In the previous section, formulas and procedures to evaluate the

problems due to geometric deficiencies are presented. In this section,

steps to analyze safety problems due to geometrics defects are illus-

trated. The steps are:

Step 1. Collection of Data. The following data should be collec-

ted or estimated:

(a) average daily traffic
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Table 5-13 Shoulder Width Accident Rate Increments,
for All Shoulder Width
(after reference 40)

Shoulder
Width

Accident
Rate

Accident Rate
Increments

< 2.0 2.91 .71

2.0 - 4.0 2.70 .50

4.1 - 6.0 2.44 .24

6.1 - 7.0 2.20 0

7.1 - 9.0 2.70 .50
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(b) pavement width

(c) shoulder width

(d) sight distance

(e) degree of curve

(f) gradient, in %

(g) presence of bridge. In case a bridge is present, obtain

the width of bridge.

(h) speed

Figure 5-2 is a worksheet that can be used to record these data.

Step 2. Development of Hazard Indices. After collecting the neces-

sary data, apply the hazard index formula to each section:

100
H.I. = 2.5 (S.R.)

1.25
log (

C.R.)

where:

H.I. = hazard index

C.R. = condition rating

S.R. = service rating

Step 3. Ranking of the Sections. After determining the hazard in-

dices, an initial ranking of the priority sections under study is

made according to the hazard indices. The higher the hazard index

is, the greater the need for improvement.

Step 4. Expected Accident Estimation. After assigning priorities,

select the ten sections with the highest hazard indices. Apply the

equation which is discussed in the last section to obtain the esti-

mated accident potential at each location.
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Location

Pavement width

Shoulder width

Degree of curve

Sight distance (passing)

Gradient

Traffic Volume (vehicle per day)

Bridge information (in case of presence)

bridge width

bridge width
Roadway pavement width

Speed mph

FIGURE 5-2 Hazardous Location Identification Worksheet

(Geometrics)
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5.5 Example

This example illustrates the proposed procedure. Table 5-14 gives

the summary of conditions at the sample sections. The step by step solu-

tion to estimate the hazard index and accident potential follows:

(1) determine the hazard index for each section; the hazard

index formula from equation 5.1 is:

100
H.I. = 2.5 (S.R.)

1.25
lo

g (C.R .)

For example, for section "A":

C.R.

C.R.

C.R.

S.R.

H.I.

=

=

=

=

=

20P1 + 23P2 + 21P
3

20(.82) + 23(.75)

80.00

50(.55) = 27.5

2.5(27.5)
1.25

log

+ 15P

+ 21(1.0)

100

4
+ 21P

+ 15(.56) + 21(.81)

35.13
80)

Table 5-15 gives the Hazard Index and ranking of all sections.

(2) estimate the accident potential for each section using

equation 5-7.

For example, for section "A":

TARI = .43 + .49 + .85 +.50 = 2.27 ACC/MVM

ACC -
(2.27)(365)(1)(2000)

= 1.66 ACC/Year
1,000,000

Table 5-16 gives the results for the four most hazardous sections.



Table 5-14 Summary of Conditions at Sampled Geometric Locations

Section
identi-
fication

Pave-
ment
width
(ft)

Shaul-
der
width
(ft)

Sight
dis-

tance
(ft)

_

Av.daily
traffic
(VPD)

Degree
of
curva-
ture

grad-
ient

Bridge Bridge
width

Speed
mph

,

Drainage
Condition

Section
Length

% Yes No

A 20 4 1000 2000 4° flat x 45 fair 1.0

B 28 2 1800 6000 -4% x 22 55 good 1.5

C 22 6 900 1500 6° -2% x -- 55 good 2.0

D 21 3 1200 3000 7° flat x 25 55 poor .,.

E 24 1 1500 4500 3° -5% x -- 55 fair 0.5

F 18 6 1500 500 9° flat x 45 poor 1.0

G 20 2 500 1000 5° -4% x 15 35 fair 1.8
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Table 5-15 Hazard Indices for Different
Geometric Locations

Section
Identification

Condition
Rating

Service
Rating

Hazard
index

Ranking

A 80 27.5 35.13 5

B 88.9 50 39.11 3

C 80.6 22.5 26.42 7

D 74.95 27.5 45.40 2

E 81.0 45 61.40 1

F 75.19 22.5 34.93 6

G 71.53 20 33.43 4

Table 5-16 Accident Rates and Frequencies
for Selected Geometric Locations

Section
Identification

Accident
Rate/MVM

Accident Frequency
ACC/Year

E 2.13 1.79

D 2.94 .64

B 1.48 4.86

G 3.48 2.29
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5.6 Summary

This chapter has presented and illustrated procedures to rank the

relative hazards of geometric related problems. It has demonstrated the

calculation of accident potential for the various hazard types. The

rating of geometric hazards relative to hazards of other categories is

presented in Chapter 7.
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CHAPTER VI - ROADSIDE HAZARDS

Collision of vehicles with fixed objects adjacent to the roadway has

received increased attention in recent years (69). Most fixed object acci-

dents involve a single vehicle. National statistics indicate that these

single vehicle fixed object (SVFO) accidents account for approximately

seventeen percent of all reported accidents (68). These statistics also

indicate that the probability of occupant injury in SVFO accidents is

significantly higher than other accidents. These two characteristics

clearly show that SVFO accidents constitute a sizeable and critical com-

ponent of the highway safety problem.

This chapter presents techniques to analyze the SVFO hazards and

an example to illustrate the proposed procedure.

6.1 Procedure

The analysis of single vehicle, fixed object accidents is stratified

into the two parts:

(1) development of hazard index formula,

(2) development of a model to estimate the expected accident

potential.

6.2 Development of Hazard Index Formula

The purpose of the hazard index is to assign a numerical value that

reflects the relative hazards of the locations that have roadside ob-

stacles present. The highet the index, the more hazardous the location

is.
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Based upon the literature review (Appendix D) and previous research,

the factors of primary importance are:

(1) traffic exposure,

(2) roadway geometrics, and

(3) _fixed object placement.

Traffic volume partially reflects the exposure of vehicle to road-

side objects. However, it is apparent that volume alone is not suffi-

cient to describe single vehicle fixed object accident experience. If

all other factors remain constant, multiple vehicle accident experience

increase at higher volumes, while single vehicle accidents decrease.

Numerous studies in the past few years have attempted to relate

roadway geometrics to accident occurrence (68, 70). The few accident

studies that have concentrated on fixed object accidents on rural high-

ways have found that alignment, object placement, and roadway width

are the most critical physical factors.

The hazard model developed by Hall and Mulinazzi (68) is used in

this study:

H.I. = K f(D) f(S) f(SI) f(V) f(G) (6-1)

where:

HI = hazard index,

f(D) = factor for lateral placement of the object from the

pavement edge

f(S) = speed factor,

F(SI) = severity index factor,

f(V) = traffic volume factor,
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f (G) = geometric factor,

K = normalizing constant, an arbitrary value of 100.

The influence of each of these independent variables is treated

below.

(1) Distance. - When all factors contributing to roadside hazards

are equal, an object that is closer to the roadway is more haz-

ardous than one that is farther away (68). The distance is measured

from the edge of pavement including shoulders. The use of dis-

tance range is recommended, because it is time consuming to

obtain the exact measurement for each object. The recommended

ranges are:

(1) less than 2 feet,

(2) 2 to 4 feet,

(3) 4 to 8 feet,

(4) 8 to 15 feet, and

(5) 15 to 30 feet.

Data on the probability of striking an object at a given distance

away from the pavement edge, is given by Wright (70). These data

provide the basis to quantify this factor. The lateral placement

factors, f(D), adjusted to a basis of unity. Table 6-1 illustrates

the values of f(D).

(2) Speed - The speed factor is important to the roadside hazard model

because it reflects accident severity, and also accounts for prob-

ability of an impact. Numerous studies (69, 70) have found speed
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Table 6-1 Lateral Object Placement Factors
for Roadside Objects
(after reference 68)

Distance, feet f(D)

<2 1.00

2 - 4.0 .92

4.1 - 8.0 .82

8.1 - 15.0 .59

15.1 - 30.0 .30

Table 6-2 Values of Speed Factors

Speed, MPH f(S)

55 1.00

50 .85

45 .72

40 .59

35 .48

30 .38

25 .29
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difference, rather than absolute speed, contributes most to

accident occurrence. There is evidence that vehicles traveling

more than 10 mph faster than typical vehicle speeds on a roadway

are involved in a high percentage of single vehicle accidents

(63). The factor developed by Hall (68) to quantify the speed

effect, is:

f(S) = (S + 10)
2

where:

S = posted speed limit, mph.

The relative speed factors are determined, using a speed of 55

mph as the base. Table 6-2 gives the values for speed factor.

(6-2)

(3) Severity Index - The severity index (SI) for reported fixed object

accidents serves as the best criterion to judge the seriousness of

accidents involving the various types of objects. The severity

index is a numerical value that incorporates the percentage of

fatal and nonfatal injury accidents. The severity indices adopted

here were developed by Glennon (67). Table 6-3 shows the severity

indices of different road objects. The significance and use of

these severity indices is discussed in Chapter 7.

_(4) Traffic Volume - The volume of traffic on a roadway is included in

the roadside hazard model because it reflects the encroachment

rate. The encroachment rate is defined as the number of vehicles

leaving the roadway per mile per year. The traffic volume factor

is determined based on encroachment rates as a function of volume



68

Table 6-3 Severity of Obstacles

(after reference 67)

Obstacle
Size

Severity
IndexLength X Width

Utility Poles 1 X 1 .53

Luminaire Support

Rigid 1 X 1 .53

Breakaway 1 X 1 .22

Curbs 1 X 0
unit analysis

.43

Guardrail 1 X 0

unit analysis
.33

Bridge abutment 1.X 0 .43
ends & wall face unit analysis

Bridge abutment 1. X 0 .70
ends 4 pier ends unit analysis

Raised drop
inlet

1 X 1 .70
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Table 6-3 Severity of Obstacles (cont.)

Size Severity
IndexObstacle Length x Width

Fill slops

> 2:1

1 X 0
unit analysis

70

3:1 .53

4:1 .43

5:1 .33

< 6:1 .22

Cut slops 1 X 0
unit analysis

1/2:1-1:1 70

11/2:1 .53

2:1 .43

3:1 .33

4:1 .22

Trees 1 X 1

> 13 in (0 .70

11-12 in 4) .53

8-10 .43

5-7 .33

2-4 .22
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from a study by Hutchinson (66). The maximum encroachment rate

occurs at an average daily traffic of 3100 - 3500. This is used

as the unit base to determine the traffic volume factor, f(V).

The values for traffic volume factors at other volumes are given

in Table 6-4.

Geometries - The principal roadway geometric conditions related

to fixed object accident experience are the curvature, grade, and

the placement of the fixed object. The placement that is, on

the inside of a curve, the outside of a curve, or a tangent is

easily determined in the field (68).

Data from a study by Hall (68) have been combined with

findings reported by Wright (70) to assess the relative hazard

of these various conditions. A base factor of unity is assumed

for the worst condition. The worst condition is defined, as a sec-

tion located on curves greater than six degrees, with grade smaller

than -5%, and an object located on the outside of the curve. The

geometric features are weighted as shown in Table 6-5. The table

gives the values for the geometric factor, f(G), as a function of

roadway grade, curvature, and object placement.

An example is presented at the end of this chapter, which

illustrates the proposed procedure.

6.3 Accident Estimation Formula

This section presents the technique recommended to obtain the

expected average accident potential for roadside hazards. The tech-

nique was developed by Glennon (67), and is modified slightly in this
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Table 6-4 Values for Traffic Factors

Traffic Volume f(V)

0 - 500 .11

510 1000 .33

1100 - 2000 .63

2100 3000 .93

3100 3500 1.00

3600 4000 .87

4100 5000 .64

5100 - 6000 .42
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Table 6-5 Combined Geometric Factors f(G)
(after reference 681

Curvature Placement

Grades

>-2% -2% -- -5% <-5%

<3° Inside .108 .135 .215

Tangent .133 .167 .265

Outside .25 .315 .500

3 ° -6° Inside .129 .163 .258

Tangent .159 .200 .318

Outside .300 .378 .600

>6° Inside .215 .271 .430

Tangent .265 .534 .530

Outside .500 .630 1.000



study. The accident model is of the form:

ACC =
E

II,P(x>d)
10,560
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5.14w 2 prx>,d+64w(2J-1)1-`,
(31.4 )P >0+3)]

).11n J1 L 2n
)

(6-3)

where:

ACC = number of accidents per year,

E = encroachment frequency, number of encroachment per mile per

year,

L = the length of the roadside obstacle, feet,

P(x>d) = probability of a vehicle lateral displacement greater than

lateral distance of the obstacle (see Table 6-3),

w = width of the obstacle, feet,

n = number of increments for the hazard associated with the ob-

stacle width. A reasonable subdivision is that for width up

to two feet, each one foot of width is represented as one

increment,

J = the number of the obstacle-width increment under considera-

tion.

The encroachment frequencies (E) developed by Hutchinson and

Kenedy (66). Their findings are combined with findings reported by Raff

(40) to assess the encroachment frequencies for different horizontal

alignment conditions. Figure 6-1 shows the results that are adopted

for this study. To obtain the encroachment frequencies from this figure,



1000 2000 3000 4000

Average Daily Traffic, ADT

5000 6000 7000

Figure 6-1. Encroachment Frequencies, with Relation to Average

Daily Traffic for Different Degree of Curvature (66)
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use the selected average daily traffic and the proper curve for the de-

grees of curvature, and read the encroachment frequency from the

ordinate.

The section length (L) of the highway over which the particular

roadside obstacle influence is prevalent affects the occurrence of fixed

object accidents (61". For continuous objects such as cut and fill

slopes and guardrails, the section length of the roadside hazard influ-

ence is equal to the length of the roadside hazard itself. However, if

the obstacles are single objects such as trees, poles, sign posts, etc.

that are spaced at an incremental length (SP), some portions of the road

on each side of the object are not affected. Two possible conditions

are possible with objects that are spaced along the roadway:

(1) the section length associated with the object is greater than

the spacing between the successive objects. In this case, the

spacing between objects is used as L in equation 6-3", In math-

ematical terms:

If len > SP (6 -4)

where len = w cot e + d csce + L
1

(6-5)

then: L = SP

where:

len = the section length associated with the roadside

obstacle, feet,

w = width of the obstacle, feet,

d = average width of vehicle, feet,

L
I
= length of the obstacle, feet

(6-6)



76

SP = spacing between successive objects, feet

8 = angle of encroachment, degrees.

In case of more than two objects, then

L = (n-1) SP (6-7)

where:

n = number of objects.

Assuming an average of six feet for the width of the vehicle and an

angle of 11° for encroachment (67), the criteria becomes:

(len = 5.14w + 31.4 + L1)
1

(6-8)

(2) The section length associated with roadside obstacle is smaller

than spacing between the successive objects. In this case, the

object length is used for variable L in equation 6-2. In math-

ematical terms:

If len < SP

where len is defined by equation 6-3

then L = L
1

where L = length associated with a roadside obstacle, feet,

= length of obstacle, feet.

(6-9)

The probabilities of striking the object at various distances from

the pavement edge are developed by Wright (70) for rural roads in

Georgia. Table 6-6 illustrates the results. These are the values that

are used in equation 6-2.
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6.4 Outline of Procedure

In the previous section the relationships for analyzing the road-

side hazards are presented. In this section the steps to analyze safety

at roadsides are illustrated. The steps are:

Step 1. Collection of Data. The following data should be

collected for each section to be studied:

a - average daily traffic

b - posted speed limit

c - degree of curvature

d - gradient

e - object placement (inside a curve, outside a curve,

or tangent)

f - type of object

g - distance away from pavement edge

h - distance between successive objects.

Step 2. Development of Hazard Indices. After collecting the

necessary data, apply the hazard index formula, equation 6-1,

to each individual section.

Step 3. Rank of the Sections. After determining the hazard

indices for each section, rank the hazardous locations accord-

ing to their hazard index values. The higher the hazard in-

dex is, the greater the need for improvements.

Step 4. Expected Accident Estimation. After assigning the

hazard index for each section, select the ten most hazardous

locations on the list. Estimate the accident potential using

equation 6 -3.
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6.5 Example

This example illustrates the proposed procedure. Table 6-7 gives

the summary of conditions at the sample sections. The step by step so-

lution to estimate hazard index and accident potential follows:

(1) Determine the hazard index for each of the locations. The

hazard index from equation 6-1 is:

H.I. = 100 f(D) f(s) f(SI) f(V) f(G)

For example, for location "A":

H.I. = 100 (.92)(1.00)(.70)(.87)(.30)

H.I. = 16.80

Table 6-8 illustrates the results for all locations.

(2) Estimate the accident potential for each location (equa-

tion 6-2). For example, for location "A", from equation 6-7:

13 in
len = 5 ( + 31.4 + (

3 in
'1412 in/ft' '12

1

in/ft) =
38.05

which is less than the spacing between trees. Therefore,

from equation 6-6:

L = (n 1)SP = (5 - 1)(30) = 120 ft

ACC =
4. 2

(120)(.93) + (31.4)(.76) + (5.14) (.55)
A 10,560

ACC
A = 1045200

(138.30)
56

ACC
A

= .06 accident/year

Table 6-9 shows the results for selected locations.



Location
Identification

TABLE E-7. SUMMARY OF CONDITIONS AT SAMPLED LOCATIONS

Object Types
Over 1 Mile

Section

A

Ii

C

II

5 trees 13",:,

spaced g 30 feet

Utility Poles

Bridge abutment
Pier ends

Fi slop 2:1

Breakaway
Sign Support

Raised Drop
Inlet

Tree 8' cp

Cu ts lop 1!,:

Object Size
Lateral Object
Distance From
Pavement Edge*

Traffic
Volume

Speed
Limit

Curvature Gradient
Placement

Inside
Curve

Outsi e
Curve

Tan

Length Width

1 1 2 4000 55
30

2% X

1 1 IS 6000 55 1° -7% X

°5 0 1 1500 45 6° -3% X

4000 0 1 3500 50 4° flat X

1 4 2 2200 35 2° -8% X

1 1 2 4800 55 Tangent -10% X

1 1 10 5500 55 Tangent

o

flat X

500 0 1 1000 25 10 -8% X

Lateral distance measured trom shoulder edge
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Table 6-8 Hazard Indices for Sampled Locations

Section
Identification Hazard Index Ranking

A 16.80 1

B 2.82 6

C 14.20 2

D 7.68 4

E 4.52 5

F 10.92 3

G 1.42 8

H 2.68 7

Table 6-9 Accident Potential at Selected Locations

Section
Identification Object Type Accident Potential

A trees .06

C bridge abut-
went, pier
ends

.012

F Raised drop
inlet

.005

D Fill slop 2:1 1.33

(no guardrail)
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6.6 Summary

This chapter has presented and illustrated the procedure to rank

the relative hazard of roadside obstacles. Based on the analysis of the

eight locations, section "A" with a hazard index of 16.8 is ranked as

the most hazardous in physical terms. However, section "D" with 1.33

accidents per year is the most hazardous location with respect to acci-

dent potential.

The rating of roadside hazards relative to hazards of other cate-

gories is presented in Chapter 7.
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CHAPTER VII - PRIORITY RATING

This chapter discusses how the analysis procedures given in

Chapters 3 to 6 are combined in a rating system that sets priorities for

safety improvements. In this chapter the expected accident potential

and the severity of accidents are used to set the final rating. Figure

7.1 presents the priority rating framework.

7.1 Estimation of Fatal and Non-Fatal Injury Accidents

The following paragraphs discuss the methods adopted to determine

the accident severities for each hazard category:

7.1.1 Railroad Crossings

The statistics shown in Table 7.1 are adopted from a study by Alan

M. Voorhees and associates (13). The values of Table 7.1 are developed

from detailed accident data. To determine the expected number of fatal

plus non-fatal injury accidents, multiply the expected accidents, which

is obtained from the models presented in Chapter 3, by the values given

in Table 7.1. To illustrate the procedure the expected number of acci-

dents for the example in Chapter 3 (Table 3.6) are repeated in Table 7.2.

These accident rates are multiplied by severity rates given in Table 7.1

to determine the severity of accidents, for example for crossing No. 10.



Railroad
Crossing

Estimated Accident Potential

Intersection Geometries
Roadside
Hazards

Estimate the Number Estimate the Number Estimate the Number Estimate the Number

of Fatal + Non-Fatal of Fatal + Non-Fatal of Fatal + Non-Fatal of Fatal + Non-Fatal

Injury Accidents for Injury Accidents for Injury Accidents for Injury Accidents for

Railroad Crossing Intersection Improvements to Roadside Hazard

Improvements Improvements Geometries Improvements

Compare the Number of Fatal Plus Non-Fatal

Injury Accidents for Improving All Categories

Final Rating

FIGURE 7.1 Priority Framework
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TABLE 7.1 Distribution of Accident Severity for

Railroad Crossing Accidents

(after reference 13)

Category Fatal Plus Non-Fatal
Injury Accidents

Property Damage

A. Train-Involved
Accidents

Urban 0.32 0.68

Rural 0.44 0.56

B. Non-Train In-
volved Accidents

Urban 0.37 0.63

Rural 0.53 0.47



85

TABLE 7.2 Accident Potential at Selected Crossings

Crossing
Identification

Train-Involved
Accidents (ACC/yr)

Non-train Involved

Accidents (ACC/year)

No. 10 0.134 0.506

No. 3 0.020 0.345

No. 4 0.079 0.119

No. 5 0.077 0.252

No. 9 0.052 0.167
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TABLE 7.3 Expected Number of Fatal Plus Non-Fatal Injury

Accidents for Selected Crossings

Crossing Identification
Expected Number of Fatal Plus
Non-Fatal Injury Accidents

No. 10 0.230

No. 3 0.192

No. 4 0.098

No. 5 0.118

No. 9 0.111
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Total Fatal Plus Non-Fatal Injury Accidents

(0.134)(0.32) + (0.506)(0.37) = 0.23 Acc/year

Table 7.3 gives the severity of accidents for all selected crossings.

The values of Table 7.3 are used to compare hazards at railroad cross-

ings with other types of hazards.

7.1.2 Intersections

Table 7.4 presents the statistics that reflect the distribution of

accident severity for intersections. These values are adopted from a

study by David and Norman (38).

To determine the expected number of fatal plus non-fatal injury

accidents, multiply the expected number of accidents obtained from

equations given in Chapter 4 by the values given in Table 7.4. To il-

lustrate the procedure, the accident potentials found for the examples

given in Table 4.6 are used. This table is repeated as Table 7.5. For

example, for Intersection "C":

Fatal Plus Non-Fatal Injury Accidents = (2.09)(.22) = .46 ACC/year

Table 7.6 gives the expected fatal plus non-fatal injury accidents for

all example intersections. These values are the accidents and their

severity for intersections hazards with the injuries and fatalities

compared for other types of hazards.
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TABLE 7.4 Distribution of Accident Severity at Intersections
(after reference 38)

Fatal Plus Non-Fatal
Injury Accidents Property Damage

0.22 0.78

TABLE 7.5 Accident Potentials at Selected Intersections

Intersection Identification Expected No. of Accidents Acc/yr

C 2.09

D 1.16

A 1.01

G 1.66

TABLE 7.6 Expected Number of Fatal Plus Non-Fatal Injury Accidents

at Selected Intersections

Intersection Identification
Expected Fatal Plus Non-Fatal

Injury Accidents AccLyr

C 0.46

D 0.26

A 0.22

G 0.37
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7.1.3 Geometries

Tamburi (62) developed the estimates of accident severity for var-

ious geometric related hazards. Table 7.7 illustrates the severity

values adopted for this study. To determine the expected number of

fatal plus non-fatal injury accidents, multiply the expected number of

accidents by the values given in Table 7.7. The accident potentials

given in Table 5.16 are exemplified to illustrate this procedure.

Table 5.16 is repeated as Table 7.8 for convenience. For example, for

Location "B":

Fatal Plus Non-Fatal Injury Accidents = (4.86)(.32) = 1.56 Acc/yr

Table 7.9 gives the values of fatal and injury accidents for all loca-

tions. The values of Table 7.9 are then used to rate the relative

hazard of geometric related hazards with other types of hazards.

7.1.4 Roadside Hazards

Table 7.10 presents the statistics on accident severity for dif-

ferent types of roadside objects. These values were developed by Glen-
,

non (6-/) .

To determine the expected number of fatal plus non-fatal injury

accidents, multiply the expected number of accidents obtained from equa-

tion 6.2 in Chapter 6by the appropriate severity values given in Table

7.10. The accident potentials given for the example situations in

Table 6.9 are used to illustrate the procedure. Table 6.9 is repeated
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TABLE 7.7 Distribution of Accident Severity for Accidents

Related to Geometrics

(after reference 62)

Highway Type
Fatal Plus Non-Fatal

Injury Accidents
Property Damage

1. Rural

2-lane 0.46 0.54

3-lane 0.42 0.58

2. Urban

2-lane 0.32 0.68

3-lane 0.29 0.71

TABLE 7.8 Expected Number of Accidents Related to Geometrics

Location Identification ExpectedtNo. of Accidents Acc/yr

E 1.79

D 0.64

B 4.86

G 2.29
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TABLE 7.9 Expected Number of Fatal Plus Non-Fatal Injury Accidents

for Selected Locations

Location Identification
Expected Fatal Plus Non-Fatal

Injury Accidents Ace/yr

E 0.82

D 0.29

B 1.56

G 0.96
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TABLE 7.10 Severity of Obstacles (After Reference 67)

Obstacle Size (Length x Width) Severity Index

Utility Poles 1 x 1 0.53

Luminaire Support

Rigid 1 x 1 0.53

Breakaway 1 x 1 0.22

Curbs 1 x 0 0.43

Unit Analysis

Guardrail 1 x 0 0.33

Unit Analysis

Bridge Abutment Ends 1 x 0 0.43
and Wall Face Unit Analysis

Bridge Abutment Ends 1 x 0 0.70

and Pier Ends Unit Analysis

Raised Drop Inlet 1 x 1 0.70

Fill Slopes 1 x 0
Unit Analysis

Greater than 2:1 0.70

3:1 0.53

4:1 0.43
5:1 0.33

Less than 6:1 0.22

Cut Slopes 1 x 0
Unit Analysis

1/2:1 1:1 0.70

11/2:1 0.53
2:1 0.43

3:1 0.33
4:1 0.22

Trees 1 x 1

Greater than 13" cl) 0.70

11 12 0.53

8 - 10 0.43

5 - 7 0.33

2 - 4 0.22
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as Table 7.11. For example, for Location "D":

Fatal Plus Non-Fatal Injury Accidents = (1.33)(.70) = .93 Acc/yr

Table 7.12 gives the severity of accidents for all locations. The

values of Table 7.12 are then used to rate the relative hazard of the

roadside hazards with other types of hazards.

7.2 Priority Rating

The expected number of fatal plus non-fatal injury accidents for

each prospective improvement is used to assign priority ratings to dif-

ferent locations. Table 7.13 gives the priorities assigned to example

locations, which have been analyzed in this study. The relative order

of magnitudes of the values for expected fatal plus injury accidents

gives the relative importance for each improvement location since these

are estimates of the number of severe accidents.
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TABLE 7.11 Accident Potentials for Example Roadside Hazards

Section Identification Object Type
Accident

Potential Acc/yr

A Trees 0.06

C Bridge Abutment,
Pier End

0.012

F Raised Drop Inlet 0.005

D Fill Slope 2:1 1.33

(No Guardrail)

TABLE 7.12 Expected Fatal Plus Non-Fatal Injury Accidents

for Selected Locations

Section Identification
Fatal Plus Non-Fatal

Injury Accidents Acc/year

A 0.0420

C 0.0084

F 0.0035

D 0.9300



TABLE 7.13 Priority Rating Assigned to Selected Locations

Location
Ranking

Expected Fatal Plus
Non-Fatal Injury

Accidents

Priority
Ranking

A. Railroad Crossings

No. 10 0.230 9

No. 3 0.192 11

No. 4 0.098 14

No. 5 0.118 12

No. 9 0.111 13

B. Intersections

C 0.46

D 0.26 8

A 0.22 10

G 0.37 6

C. Geometries

E 0.82 4

D 0.29 7

B 1.56 1

G 0.96 2

D. Roadside Hazards

A 0.042 15

C 0.0084 16

F 0.0035 17

D 0.93 3

95
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CHAPTER VIII - CONCLUSIONS AND

RECOMMENDED RESEARCH

This report has presented a procedure to set priorities for highway

safety improvements. Hazards have been classified into four categories,

and the factors and procedures for each category have been discussed and

analyzed separately. The limitations of analysis for each hazard cate-

gory have been presented. Recommended research for future work is dis-

cussed in this chapter.

8.1 Conclusions

It is clear from the literature review that the safety hazards con-

cepts, which have been applied extensively to limited access facilities,

are generally lacking for low volume highways and streets.

The analysis procedures and relationships developed are based on

statistics and techniques presented in current literature. Most of the

models adopted are based on past studies. Many of these techniques were

developed for limited access facilities and have been adopted here to

low volume applications.

The data used were obtained from studies on various types of facili-

ties, and some require adaptation to the volume levels relevant for this

research. This limitation on data must be considered in analyzing the

models presented in the previous chapters to various conditions. For

example, it is possible to arrive at negative values when solving the
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regression equation for accident estimation for railroad crossings.

This is due to the limited range of data used to derive these equations.

A comprehensive literature review indicates that the causes of ac-

cidents are so complex that they cannot readily be related to physical

conditions. Consequently, meaningful factors may not have been included

or the most significant relationships identified. No measures for psy-

chological aspects of the drivers have been included since they cannot

be controlled by control devices or design improvements. It is likely

that much of the unexplained variation in accident rates are due to

driver behavior and characteristics.

Finally, it should be noted that the analysis and procedures dis-

cussed in this report give_ the relative safety hazards. An economic

evaluation of safety countermeasures should also be made to determine

the most cost effective improvement. An estimate of the accident cost

savings can be made based on the data and procedures presented in this

report. The relative safety hazard ratings identify likely safety im-

provement alternatives. For each alternative the initial construction

cost and annual operating and maintenance costs must be determined. The

annual reduction in accidents for each improvement can be estimated and

assigned an economic value. A comparison of the benefits, that is, ac-

cident savings must then be compared with the costs of improvement using

an acceptable economic evaluation procedure.

8.2 Recommendations

The purpose of this section is to discuss the further work recom-
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mended in each hazard category and to increase the reliability of pro-

posed system for setting highway safety priority ratings.

(1) Railroad crossings. Based on findings from past studies

conducted in this hazard category (13,14), more work is needed

in the following areas:

(a) Safety factors - As it is presented in Chapter three,

not all the factors and their effects are treated in past

studies. Further analysis of the effects of sight obstruc-

tions, angle of crossing, and highway geometry on the ac-

cident potential and the hazard index is highly recommended.

Increased understanding of the impact of these factors

would improve the ability to identify and rank the hazard-

ous crossings.

(b) Estimation of accident potential - Based on findings

from literature, it is clear that most researchers assumed

a linear relationship between different factors and acci-

dent potentials. The linearity assumption may not be the

best relationship existed. Research is recommended to

define more precise relationship between accident potential

and possible influencing factors.

(c) Data collection and analysis - The review of litera-

ture reveals that the data provided by available studies

are limited. This limited data base decreases the accuracy

of the analysis for different crossing conditions. A

large scale study to define a comprehensive method that is
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applicable to different crossings is recommended. Addi-

tional data and analysis of the effectiveness of protection

devices would also be valuable.

(2) Intersection. Only limited research has been done in this

hazard category. Safety factors affecting accident potentials

are not well defined. An understanding of factors describing

intersection conditions and how they influence the accidents

is required.

A major study is recommended to define the effectiveness

of different control devices and their relationships to acci-

dent reductions. It is also recommended that a large scale

study be conducted to develop models to estimate accident po-

tentials for different types of intersection configurations.

(3) Geometries. The studies of effects of highway geometries

on accident potential have not always been in agreement (40).

A major reason for this disagreement is the lack of consistent,

comprehensive accident reporting of engineering and accident

data. An improvement in the recording system would assist re-

searchers in defining the factors that are the most highly

correlated to accident potential. Raff's study of accident

data is one of the most comprehensive studies of its kind that

has been conducted.

A more recent study of accident data is recommended to

define and update relationships between accident potential and

geometric factors. Development of these relationships would
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improve the accuracy of the results of proposed procedure.

(4) Roadside hazards. This category of hazards has received

increased attention in recent years. But unfortunately, most

of the research conducted on roadside hazards is related to

the Interstate highway system. Little work has been done on

other highway types, such as rural two-lane, secondary high-

ways, and low volume roads. A study to determine the effect

of different factors and their relationships to accident po-

tential for rural two-lane and individual roads is recommended.

Roadside encroachment data, which is used extensively in

freeway roadside hazard models, is not readily available for

other highway types. Better understanding of nature and fre-

quency of vehicle encroachment would improve the reliability

of proposed procedure.

This study provides the findings and procedures to set priorities

on safety improvements for local jurisdictions. The procedures devel-

oped here provide the techniques required by local highway agencies to

perform their safety improvement programming,.

Implementation

Implementation is an important part of this study. A primary pur-

pose of the second phase is to develop a user's guide manual. This

manual will be designed to summarize the techniques presented in this

paper, and to illustrate the step by step procedure to apply these

techniques.
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A second objective of this phase is to test the techniques and

evaluate the manual, in practice. The evaluation of the proposed man-

ual will investigate the ease of use, clarity of expression, and utility

of results.

A third objective of this phase is to adapt the relationships and

procedures to unique circumstances, which could make the proposed sys-

tem more specific to local conditions.
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APPENDIX A

RAILROAD CROSSINGS LITERATURE REVIEW

AND SUMMARY OF FINDINGS

This appendix presents a summary of past studies and their find-

ings on safety at railroad crossings. Safety at highway-rail grade

crossings has received a great amount of attention by previous resear-

chers. The bulk of the previous research falls into three general

areas, as follows:

(1) Development of hazard indices,

(2) Development of accident predictive equations,

(3) Analysis of before-and-after accident data and other

miscellaneous studies.

Research on hazard indices and accident predictive equations has

resulted in general agreement that vehicle and train volumes are the

most important factors (13,16). The use of vehicle and train volumes

as predictors of accidents and indicators of hazard simply recognizes

that a vehicle and a train must be present to have a collision. Obvi-

ously, if trains do not operate through the crossing in any hour or

period of time, there is no real possibility of a collision.

Other factors undoubtedly modify the basic probability of an ac-

cident with given vehicle and train volumes. The effects of sight dis-

tance, angle of crossing, number of tracks, number of lanes, and gra-

dients have all been measured and studied (13,16,17).

Before-and-after studies have provided valuable information on the

relative effectiveness of different warning devices (15,16). These
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studies show marked similarity in their findings, with close agreement

on the reductions in accidents that can be expected from the use of

each device.

A.1 Hazard Indices

The hazard index reflects the likelihood of a train-auto accident

at a crossing. Equations for hazard indices range from very simple to

very complex relationships. A review of the results of a number of re-

search efforts follows. The results applicable to this study are iden-

tified and discussed.

The Ohio railroad grade crossing priority report (1) and the 1964

West Virginia report (2) indicate that 50 percent of a priority rating

should be assigned on predicted accidents. In both reports, 10 percent

of the priority ratings is assigned on each of the following five fac-

tors:

(1) Train Speed,

(2) Approach Grade,

(3) Angle of Crossing,

(4) Number of Tracks, and

(5) Clear Sight Distance, at points 300 feet from the tracks

on the highway.

A North Carolina report (3) briefly discusses the rationale used

to arrive at the relative importance of various factors, such as train

speed, vehicle speed, the hours of the day and sight distance. An in-

vestigation of accident records indicates that accident probability in-

creases about 40 percent on a crossing with poor visibility from each



approach. The resultant hazard index formula from this study is:

VP
HI =

100
(10L + 20Y + 30H) + (4M + SE) + N(F

x + Ftr)

where: HI = hazard index

P = protection factor (1.0 for no protection, 0.85

for crossbucks, 0.40 for wigwag signals, 0.25

for flashing lights, 0.10 for automatic gates)

V =

L =

Y =

H =

M =

E =

N =

F
s

F
tr

=

ADT

number of trains per day with speeds < 30 mph

number of trains per day with speeds of 30-49 mph

number of trains per day with speeds of 50+ mph

number of trains between 6:00 AM and 4:00 PM

number of trains between 4:00 PM and Midnight

total number of trains per 24 hours,

sight distance factor

tracks combination factor.
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A-1

Reports published by the Oregon Highway Commission in 1956 and

1959 are based on five years of accident data at 400 crossings in the

1956 report (4) and redefined by five additional years in the 1959 re-

port (5). As in other reports, it is found that vehicle and train vol-

umes are strongly correlated to accident experience. Alignment, sight

distance and number of tracks are not as strongly related to accidents.

An important feature of the hazard index developed by the Oregon High-

way Commission is that it allows incorporation of a darkness factor.
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When train movements take place during darkness, the rating is computed

separately for daylight and darkness conditions, and the sum is used as

the hazard index. This equation is given in the form (1959):

Aa
HI = (V1 Tl P1) + 1.4 (V2 T2 P2)

Ae

where: V
1

= vehicle movement during daylight hours,

V
2

= vehicle movement during dark hours,

T
1

= train movement during daylight hours,

T
2

= train movement during dark hours,

P = protection factor (1.0 for crossbucks, 0.8 for

wig-wag signals, 0.6 for flashing lights and 0.2

for automatic gates)

Aa = actual number of accidents which occurred in a

five-year period

Ae = estimated number of accidents which occurred in

a five-year period.

A-2

Chubb (6) formed a composite hazard index developed using eight

different formulae applied to 25 crossing. The formula comparing most

favorably with the composite index is one developed by the California

Department of Public Works and Utilities in 1932. It is also the sim-

plest formula. It is the product of ADT, trains per day, accident his-

tory and protection factors. The formula is:

HI = (V)(T)(A)(P) A-3
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where: HI = hazard index

V = average daily traffic

T = average daily trains

= accident factor

P = protection factor.

Bezkorovainy (7) applied eleven hazard index formulae to 180 railroad

crossings in Lincoln, Nebraska and concluded that each formula gave es-

sentially the same rankings for crossings, according to their accident

potential. The hazard index formulae are shown in Table A-1. It is

concluded by Bezhorovainy that the New Hampshire formula best fits the

composite arithmetic average of all the rankings as determined from the

eleven tested formulae.

Overall, there is general agreement that current techniques for

computing the relative hazard of rail-highway crossings are reliable

(19). The basic difference between the several hazard indices that have

been proposed over the last several years is in their analytical soph-

istication.

One of the major criticisms leveled against the hazard index for-

mulae has been that they do not lend themselves to an economic evalu-

ation of loss. Rothrock (8) stated that economic loss should include

travel time delay costs, maintenance protection costs and accident

costs. He further stated that accident history is not necessarily a

good picture of future accident costs. Because many changes usually oc-

cur within the time period, there must also be studied to get an ac-

curage picture of safety and economic trade-offs.
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TABLE A-1 SELECTED HAZARD INDEX FORMLAS
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SYMBOLS

A; = Expected number of accidents in 5 years.
A, = Accident experience.

A1 = Accident probability factor.

Br = Train speed factor.

CR1 = Type and speed of train factor.
Dr - Alignment of track and highway factor.
F = Number of freight trains in 24 hours.
Gf = Approach gradient factor.

H.I. = Hazard index.
K = Additional parameter.

= Angle of crossing factor.
N1 = Number of tracks factor.
P = Number of passenger trains in 24 hours.

P' = Number of pedestrians in 24 hours.
Pc = Protection coefficient.

P1 = Protection factor.

Rf = Road approach factor.
S Number of switch trains in '4 hours.

SDR Sight distance rating.

t = Time crossing is blocked.
T Average 24-hour train volume.

Ti = Average daylight train volume.
Average train volume during dark hours.

Train volume factor.

V = iiV.erage 24-hour traffic volume.

Vi Average daylight trarlic volume.

V.2 "7 Average traffic volume during dark hours.

V Traffic volume factor.

Exposure factor.

X ---- Condition of crossing factor.

`if -7 Severity factor.

Z = Number of traffic lanes.
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A.2 Accident Models and Predictive Equations

The Peabody-Dimmick (9) equation is based on a study of five years

of accident data from 3,563 rural crossings in 29 states. Only cross-

ings with accident history were analyzed. The resulting accident pre-

dicting equation is:

.17 .151
(T)

Expected Accident in- five yr. = 1.28 (V
)

+ C
.171

P

where:

V = average daily traffic,

T = average daily train,

P = protection factor,

C = additional factor.

A-4

The additional factor, C, is obtained from Figure A-1, which gives

the variation of this factor for values at the unbalanced rating:

+ (T)
.151

V
.170

(1.28
.171

The Oregon Highway Commission developed its first accident predic-

tive equation in 1954 (4). The analysis is based on five years of acci-

dent data at 400 crossings. This equation is refined by five additional

years in the 1959 reports (5). The resulting predictive equation is:

Expected accident - 1 2
25 + 8.03 X 10 SVTPd - 1.58 X 10 VTPd

in five years
A-5
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where:

V = average daily traffic,

T = trains per day,

P = protection factor,

d = darkness factor.

The predicted accidents alone are not used as the criteria for priority

assignment. Instead, they are incorporated with the hazard index formu-

la as a ratio (see equation A-5). The hazard indices are then used to

assign priorities for safety improvements.

A 1960 report (10) by the New York Public Service Commission dis-

cusses another study that produced predictive equations. Thirteen years

of accident data were analyzed. All of the crossings with four or more

accidents were included. The resulting equations are:

For minimum protection:

T + 1 = (1.0937 + .06034Q - .003652A)(2.764P"337),

For flashing lights:

T + 1 = (.81124 + .06986Q)(1.690P'236)

For gates:

T + 1 = (.7788 .081553N)(1.205P
.178

)

where:

T = average daily trains,

Q = visibility factor,

A = acute angle. between highway and railroad,

P = protection factor,
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N = number of tracks.

Schultz (11) evaluated the influence of environment, topography,

geometry, and highway-rail traffic patterns on grade crossings accidents

on highways in rural Indiana. The data for this study are based on 289

crossings that had experienced at least one accident during a two-year

period and 241 accident-free crossings. The 289 crossings included most

of the rural crossings in Indiana with at least one accident in 1962 and

1963. The equation developed to estimate the hazard index is:

HI = .185 + .079N + .021W + .011T + .013V + .024D A-6

where:

N = number of tracks,

W = pavement width (feet),

T = trains per day (TPD),

V = ADT (in 1000's),

D = number of roadside distractions.

Newnan (12) analyzed 617 crossings on state highways in California

over an eighteen-year period (1946 - 1963). Predictive equations are dev-

eloped to estimate the accident occurrence over a two-year period. The

following accident predictive equations are developed for five types of

protection:

Crossbucks:

ACC/2 yr = .1956 + .0028V + .0037Q + .0324T + .0193E + .0307C

A-7
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Standard wig-wag:

ACC/ 2 yr = .315 + .0042V + .569N + .0373T - .0897G A-8

Other wig-wag, rotating and flashing lights:

ACC/2 yr = -.4634 - .0022V + .0357Q + .0139T + .1897C A-9

Flashing lights:

ACC/2 yr = .0262 + .0018V + .0290N + .0217T + .0356G + .0302C

A-10

Automatic gates:

ACC/2 yr = -.4.93 - .0037V - .0843N + .0136Q + .0192T + .1625C

where:
A-11

V = ADT (in 1000's of vehicles),

N = total number of tracks,

Q = weather visibility,

T = trains per day,

D = crossing angle, the acute horizontal angle between the

axis of the tracks and the roadway,

G = approach grade, absolute value of the slope of the roadway

adjacent to the crossings,

C = corner visibility. One + number of corners at which visi-

bility is impaired from a point on the road 400 feet ahead

of the crossing to a point 400 feet along the tracks be-

yond the crossing; the possible range of values is one to

nine.

Costs are then assigned to accidents and incorporated in an economic
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analysis to establish warrants for improvements. This report (12)

serves as an excellent source of info nation and methods of calculating

economic warrants and assigning priorities.

Alan M Voorhees & Associates (13) report present techniques for

assessing accident potential at rail-highway grade crossings. Accident

potential, measured in terms of the expected rate of occurrence and dis-

tribution by severity of accidents, is dealt with at three levels:

(1) Grouped Approach (Macro-Level Approach) - This approach

entailed collection or estimation of mean summary statis-

tics for the population of crossings. This approach was

based on analysis of about 1,500 detailed accidents des-

criptions and accident summary information from 30 states.

(2) Intermediate Level Approach - With this approach, crossings

are divided into different classes according to the type

of protection ( .g., crossbucks, flashing lights, etc.),

crossing location (urban or rural), and levels of vehicle

and train volumes. Relationships are developed to relate

the expected average accident occurrence within each class

of crossings.

(3) Individual Crossing Analysis (:Micro-Level Approach) This

approach is concerned with analysis of individual cross-

ings. The individual crossing is identified by the loca-

tion (urban or rural area), protection type, and level of

activity. Multiple linear regression analysis was employed

in developing a model to estimate the expected accidents
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at each individual crossing. Four dependent variables were

analyzed in depth: (1) accidents per year per crossing

(ACC/crossing/year), (2) accidents per vehicle-train ex-

posure per year (ACC/TV/year), (3) accidents for trans-

formed level of exposure, i.e., accidents for vehicle

volume to the .2 power times trains per day per year

(ACC/W2T/year), (4) accidents per train per year

(ACC/T/year). These four were selected after testing of

a large set of candidates.

This approach is then employed to estimate the accident potential

at individual crossings.

The micro-level model for train involved accidents is:

C
I
(V) C

3

000

(VT)

y = C
o

+
1,000

+ C2(T) +
1,

+ C
4
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.2
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where:

y = dependent variable,

C. = regression coefficients,

V = average daily traffic,

T = average daily trains.

The micro-level model for non-train involved accidents is:
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A.3 Before-And-After and Other Studies

The Illinois Commerce Commission (14) in 1965 published the results
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of a before-and-after study on automatic protection devices. Table A-3

shows the results. This table indicates that the relative hazards for

the three types of protection, assuming unity for crossbucks protection,

are:

Type of Protection Relative Hazard

Crossbucks 1.00

Flashing light signals .23

Flashing light

signals and gates
.22

One of the most comprehensive studies of this type was made by Hed-

ley (15) to determine the effect changes in protection devices had on

accident experience. He used the records of Wabash Railroad over a 20-

year period. His data included 321 crossings at which the protection

had been changed.

Hedley found the crossings protected by automatic gates had the

lowest accident experience, whereas those with non-automatic gates had

the highest. An accident quotient was obtained for ten types of protec-

tion. Using these data and assuming a value of one for non-reflector-

ized crossbucks, the relative hazards associated with various types of

protection are obtained. Table A-2 illustrates the results. These val-

ues are adopted for us in determining the hazard indices (equation 3-1)

for different protection types (P) in this study.
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TABLE A-2. Relative Hazard Associated with Various

Types, of Grade Crossing Protection

(After reference 15)

Type of Protection
Hazard
Index

Automatic gates .183

Manual gates, full time .301

Flashing light signals, single track .352

Flashing light signals, multitrack .605

Wig-wag .583

Manual gates, part-time .699

Watchman .712

Automatic bell .783

Reflectorized crossbucks .833

Painted crossbucks 1.000
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APPENDIX B

INTERSECTION SAFETY LITERATURE REVIEW

AND SUMMARY OF FINDINGS

This appendix summarizes the relationships and findings from re-

search on safety at intersections. About 25 percent of all reported ac-

cidents, nearly half of all fatal accidents in urban areas, and-about

ten percent of rural fatal accidents occur at intersections (39). The

number and type of accidents at intersections are strongly influenced by

the type of intersection, the details of design, the volume of traffic,

and the type of control devices used.

Taylor (18) found that rural three-way intersections consistently

had lower accident rates than four-way intersections. His findings are

summarized in Table B-1.

Staffeld (19) in a study conducted in the early 1950's found that

three-way intersections had consistently lower rates than four-way inter-

sections. This investigation dealt only with intersections having less

than ten percent cross-traffic and less than 5,000 total daily traffic.

Marks (20) studied subdivision layouts of various kinds to deter-

mine the accident frequencies and locations associated with different

street networks. He found that three-way T intersections have far fewer

accidents than conventional four-way intersections.

Wallen (21) found that accident rates per 100,000 vehicle miles in

two gridiron subdivisions are 2.1 and 1.9, while in a new subdivision

with limited access streets "primarily T intersections and a pattern
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clearly defining collector and minor streets" the rate is only 1.1.

In general, four-way intersections had higher numbers of accidents

than three-way intersections, from three to 20 times as many (39). On

this basis, Wallen (21) proposed redesign of existing streets in a grid-

iron subdivision to provide discontinuities in the grid pattern so that

collector and arterial streets would be clearly defined, and through-

movements on minor streets would be prevented.

McDonald (22) and Webb (23) both found good correlation between

traffic volumes and accidents in studies involving divided highway in-

tersections and signalized intersections. Their findings agree rather

well with each other and with similar work by Tanner (29) in England.

McDonald (22), after studying 150 divided highway intersections in

California, concluded that:

1. "Accident rates are more sensitive to changes in cross-

road (minor) volume than to changes in major road volume.

2. No relationship exists between accidents and the sum of

the major road and minor road volumes.

3. Low crossroad-volume intersections have higher accident

rates per crossroad vehicle than do higher crossroad-

volume intersections."

McDonald developed an equation to express the number of accidents

as follows:

ACC = .000783 (V
d
)
.455

(V
c
).

633 B-1
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where:

ACC = number of accidents per year,

Vd = average daily traffic entering from divided highways,

V
c
= average daily traffic entering from the crossroads.

The estimates so developed may not be accurate for each year since there

is considerable variation in the number of accidents at most intersec-

tions from year to year, but McDonald explains that estimates for a num-

ber of intersections or for one intersection for a number of years im-

proved the accuracy.

Webb (23) studied 97 signalized intersections in California using

techniques similar to those employed by McDonald. He found that the re-

lationship between traffic volume and accident occurrence for signalized

intersections followed essentially the same pattern as McDonald had

found for divided intersections.

Webb placed the intersections into three groups on the basis of ap-

proach speed. Although all of the intersections were in unincorporated

areas, he called these groups urban (approach speed 25 mph or less),

semi-urban (approach speed 25 to 45 mph), and rural (approach speed 45

mph or over). He then calculated the following equations to express the

relationship between traffic volume and accidents:

Approach Speed < 25 mph:

ACC = .030(V
1

.55
) (V

2
)
.55

25 < Approach Speed < 45 mph:

ACC = .17(V
1
)
.45

(V
2
)
.38

B-2

B-3



Approach Speed > 45 mph:

ACC = .28(V1)
.51(

V2)
.29

where:

ACC = number of accidents per year,

V1 100
(Average daily traffic on the major road),

100
(Average daily traffic on the crossroad).
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B-4

Webb found that three-way intersections had fewer accidents in the

low speed ranges and more accidents in the high speed ranges. This

method is employed in this report to obtain the accident potential at

signalized intersections.

Tanner (24) studied 232 rural three-way intersections in eight

counties in England and Wales. Tanner divided traffic volume at the in-

tersections into three quantities as shown in Figure B-1. He then cal-

culated the equations expressing the relationship between these move-

ments and accidents. The equations are as follows:

Ar = .0045 Qr
.56

Q
.62

B-5

Al = .0075 Q1.36Q
.88

B-6

where:

Ar = number of accidents per year involving vehicles turning right

out of the T stem and turning left into the T stem.

Al = number of accidents per year involving vehicles turning left

out of the T stem and turning right into the T stem.

Q = number of vehicles proceeding straight through.

Qr = number of vehicles turning right out on the T stem and left

into it.
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QI = number of vehicles turning right out of the T stem and left

into it.

The quantities of Q are in terms of average daily traffic.

FIGURE B-1. Vehicle Movement at Three-Way Intersections

(After reference 24)

In Tanner's research, as in that of McDonald and Webb in California,

the exponents are all in the general range of .5. In fact, Tanner sug-

gests that the square root of the product of volumes is sufficiently ac-

curate for use as a rule of thumb. The investigations in the three dif-

ferent countries indicate that involvement in accidents of crossroad or

minor road traffic is much higher per vehicle for low volumes than for

high volumes.

Glanville (25) reported in 1951 that a study of 100 intersections

in England had developed relative accident rates for different turning

and through-movements at three-way intersections. This was done by

"weighing the mean number of accidents per year at each of a number of

junctions and dividing by the product of the mean daily traffic flows in
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TABLE B-1. Comparison of Three- and Four-way Intersections

(After reference 1.8)

Number of Observations

Type of Intersection

Cross T, Y or Forked

Total Number of Intersections

Total Number of Accidents

Number of Accidents Per Intersection

944

2,358

2.50

4,157

1,685

.41
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each direction of the two streams concerned." Results are shown in Fig-

ure B-2.

FIGURE B-2. Relative Accident Rates At

Rural Three-Way Intersections

(After reference 25)

Baldock (26) studied the accident involvement of left-turning vehi-

cles. These were studied in relation to the volume of traffic making

the left turn movement. He found that involvement per vehicle is much

higher for low turning volumes than for higher volumes. Baldock reduced

the number of accidents to a frequency index. This index is the number

of accidents involving left-turning vehicles per year for an average

daily turning volume of one. Figure B-3 illustrates the relationship

between the frequency index and turning volume.

Syrek (27) made one of the most comprehensive studies of the rela-

tionship between traffic volumes, traffic accidents, and traffic control

devices in Los Angeles County. The study included some 420 intersec-

tions on the country/s major road system having either two-way or four-

way stops or traffic signals.
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FIGURE B-3. Accident Frequency Index

Related to Left Turn Volumes

(After reference 26)

Syrek also calculated the rates for particular types of accidents,

specifically rear end collisions, right angle collisions, and left turn

collisions. There were important differences in the rates which parti-

ally explains the variations for different devices and different volume

groups. These findings are of value in understanding and predicting

rate changes when the type of control is changed at an intersection. In

the following tables, Tables B-2 and B-3, Syrek compares the average

component rates for two- and four-way stops when the average daily traf-

fic for major and minor streets are 5,000 and 3,000, respectively.

He pointed out that reduction of right angle accidents has been

noted in many "before-and-after" studies. Yet, in other cases, four-way

stops have been found to boost accidents, mainly because of an increase

in rear end collisions. This can be expected to happen, as a rule, when

the average daily traffic of major streets is above 12,000.
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TABLE B-2. Accident Rate For Particular Types of

Accidents and Types of Control Devices

(After reference 27)

Condition
Two-Way Stop
Accident Rate

Four-Way Stop
Accident Rate

Right angle .60 .23

Rear end .07 .15

Left turn .05 .04

TOTAL .72 .42

TABLE B-3. Accident Rates For A Particular Type of

Accident For Major Street Volume > 12,000

(After reference 27)

Condition
Two-Way Stop
Accident Rate

Four-Way Stop
Accident Rate

Right angle .17 .44

Rear end .05 .34

Left turn .04 .07

TOTAL .27 .85
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Syrek emphasized that the installation of traffic signals at a low

volume intersection generally leads to an increase in accidents, however

traffic signalization of a high volume intersection usually results in

fewer accidents. Tables B-4 and B-5 illustrate these points.

As is apparent, two-phase signalization increases the left turn

accident rate in both cases. Below 12,000 ADT on the major street, the

increased frequency of left turn collisions cancels out the reduction of

right angle collisions. The reduced rate of right angle and rear end

collisions produces a net advantage for signalization with higher vol-

umes.

Finally, Syrek indicated that when comtemplating a control change

for purposes of accident reduction, the criterion for judging the inter-

sections should not be based on volume warrants, but on the likelihood

of decreasing the present frequency of accident occurrence.

The accident values for different types of control at intersections

are used in this study to determine the values for the protection fac-

tor.

Wenger (28) studied the before-and-after accident experience in re-

lation to two-way stops converted to four-way stops. Overall, the con-

versions resulted in a decrease of accidents from 606 to 192. The rates

per million vehicles dropped from .95 to .45. Reduction of injury acci-

dents was particularly marked, the rate dropping from .25 to .12.

As shown in Table B-6, Wenger calculated the rates on the basis of

collision types.

Solomon (29) studied 50 intersections with flashing beacons in Mi-
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TABLE B-4. Accident Rates for Low Volume

Intersections for Various Protection Levels

(After reference 27)

Condition
Four-Way Stop
. Accident Rate

Signal

Accident Rate

Right angle .35 .30

Rear End .14 .19

Left turn .07 .17

TOTAL .56 .66

TABLE B-5. Accident Rates for High Volume

Intersections for Various Protection Levels

(after reference 27)

Condition
Four-Way Stop
Accident Rate

Signal
Accident Rate

Right angle .44 .30

Rear end .34 .19

Left turn .07 .17

TOTAL .85 .66
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TABLE B-6. Accident Rates for Various Types at

Intersections Changed from Two- to Four-Way Stops

(After reference 28)

Condition
Two-Way Stop
Accident Rate

Four-Way Stop
Accident Rate

Right angle .56 .14

Rear end .10 .12

Pedestrians .05 .05

Head on .06 .02

Turning .18 .12

Personel Injury .25 .12
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chigan and found that accidents decreased 26 percent following their

installation. In addition, the number of persons killed or injured de-

creased 50 percent. He further found that accidents were reduced at all

types of intersections from 21 percent at four-leg intersections to 37

percent at five- and six-leg intersections. There was also a relatively

uniform reduction in collision types.

Solomon reported that in relation to the amount of traffic, the

beacons were least effective at high volume intersections and most ef-

fective at low volume.

Oregon Highway Department (30) studied eight intersections with

such beacons. Four of the intersections had an increase in accidents,

four had a decrease. However, in all cases there was a reduction of

accidents involving vehicles from the side street in conflict with those

from the main street.

Warinner (31) studied the effectiveness of flashing beacons at

seven intersections in Connecticut and Virginia and found that overall

change in accidents was negligible. Right angle collisions, however,

were reduced at every intersection where they had occurred prior to the

flasher installation.

Warinner (31) also studied the effect of the beacons on speed and

brake applications for vehicles in the main street traffic. He reasoned

that these might reflect the nature of driver behavior in response to

the flashing yellow indication. In general, he was unable to show any

significant change in either speed through the intersection or in the

number of brake applications when approaching a flashing yellow light.
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A study in Los Angeles County (32) examined comparative accident

experience of intersections with special left turn lanes in the median

but no special signal phase, and intersections with both features. The

results indicate an accident rate for turning vehicles without the spe-

cial signal phase was three times as great as the rate of intersection

having both the turn lane and special turning phase.

One of the first reported studies of the effects of traffic signals

was made by Vey (32) in 1933. He used data from Trenton and Philadel-

phia and information from 22 other cities throughout the country that

was compiled by the National Safety Council. His studies showed that

traffic control signals by no means resulted in fewer total accidents,

although they did reduce certain kinds of accidents.

In an investigation of 39 intersections in Michigan, Solomon (29)

found that, as a group, all intersections at which traffic control sig-

nals were installed had an accident increase of nearly one-fourth. The

greatest increases were in rear end accidents (200 percent increase),

head-on accidents (157 percent increase), and sideswipe accidents (74

percent increase).

In an Oregon study (34) accidents at twelve intersections were

found to increase from 214 two years before installation to 453 two

years later. Rear end collisions jumped from 48 to 250 in the same

period. The reasons for the increase in rear end collisions is easily

explained by the fact that a traffic signal alternately controls vehi-

cles to move or to stop. This results in some vehicles being struck

from the rear while stopped or stopping. Several studies have shown
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that rear end accidents are proportional to the number of vehicles re-

quired to stop. Because synchronized signals allow a platoon of vehi-

cles to pass along a street without stopping, they tend to reduce the

number of accidents.

DeLeuw Cather (35) studied yield-controlled intersections in four

different cities. Three of the intersections were studied while uncon-

trolled, and again after yield-control was installed. A total accident

sample of 38 was obtained. At one intersection, the average annual fre-

quency dropped from 2.7 (uncontrolled) to 1.0 (yield- controlled), a

change of 63 percent. The other two locations each dropped from about

1.8 to 1.4 accidents per year, or a reduction of 23 percent.

From the 16 total intersections controlled by yield signs, includ-

ing the after condition of the three previously uncontrolled ones, a no-

mograph was developed to estimate the "expected average total annual

accidents involving vehicles on a controlled approach to a yield-con-

trolled intersection." The nomograph uses the ratio of cross-street to

controlled approach ADT, the actual average and theoretical approach

safe speeds, the functional street classifications, and the geographic

location.

The findings of the various researchers to date indicate that yield

signs can be an effective control for many low volume conditions.

DeLeuw Cather also studied accidents at 30 urban intersections con-

trolled by two-way stop signs in four geographic areas having a good

balance of different functional classifications. From the data an acci-

dent prediction nomograph was prepared. It utilized:



145

(a) ADT on the controlled approach,

(b) ratio of cross-street to controlled approach volume,

(c) cross-street width,

(d) actual average speed and posted approach speed,

(e) geographic area,

(f) functional classification of streets.

This study recommended, as with yield signs, that a large scale study be

made to refine the method for general application.

DeLeuw Cather also studied 25 intersections controlled by four-way

stops and produced a nomograph for this type of control. It included:

(a) ADT on cross-streets,

(b) ratio of street volumes,

(c) actual and posted safe approach speeds,

(d) geographic area,

(e) functional classification of streets.

Hammer (37) analyzed the change from two-way to four-way stop con-

trol at six California highway intersections. A reduction was found in

accident rate from 1.97 to .46 accident per million vehicle miles, or

77 percent. Right angle accidents were reduced from 78 to 12. This

study concluded that the use of four-way stop control is satisfactory as

an interim measure pending traffic signal installation.

Surti (37) determined an index which has direct relationship to the

amount of accident exposure and is independent of past accident record.

This exposure index was developed for a four-legged non-signalized in-
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tersection.

The David and Norman (38) study is based on a relatively detailed

on-scene inventory of the geometry, design features, and traffic counts

of 558 intersections coupled with police reports of the 4,372 accidents

during the three-year study period. Forty-one accidents are investigated

in depth by a multidisciplinary team to determine causal factors and to

evaluate the effects of federal safety standards on intersection accident

incidence and severity. Six design features are found to be accident

related:

1. Sight distance obstructions,

2- Street name signs,

3. Left turn storage lanes,

4. Raise marker delineation,

5. Bus stops and routes, and

6. Multiphase signalization.
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APPENDIX C

SAFETY OF GEOMETRIC FACTORS: LITERATURE REVIEW

AND SUMMARY OF FINDINGS

This appendix summarizes the relationships and findings of research

on the safety of geometric factors. This category of hazards includes

all types of safety hazards relating to the geometries of highways,

such as cross-section, alignment, grades, bridges, etc. A number of

the relevant factors has been studied by researchers.

Number of Lanes

A 1953 study by Raff of accidents on the primary roads of 15

states (40) provided significant insights into the relationship between

the number of lanes and accident rate.

A study by the British Research Laboratory (41) employed Raff's

data and found the following:

(1) Accident rates on all roads generally increase with in-

creasing traffic volumes.

(2) At higher volumes, accident rates on four-lane roads

without access control exceed those of two-lane roads.

Table C-1 illustrates the relationships between traffic volume,

accident rate and number of lanes. 'This table has been developed by

British Road Research Laboratory.

The Louisiana study (42) found that total accidents increased with

an increase in the number of traffic lanes when this variable is linked

in a regression equation with vertical alignment. When analyzed
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TABLE C-1. Accident Rates on Straight Roads for

Various Average Daily Traffic (41)

Average Daily Traffic Two-Lane Roads Three-Lane Roads

4,900 2.1 1.6

5,000 - 9,900 3.6 2.9

10,000 - 14,900 3.3 8.1

.__,
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separately, however, total fatal, wet weather, daytime and nighttime

accidents tended to decrease significantly with an increase in the num-

ber of lanes.

Kihlberg and Tharp (43) studied number of lanes, including two-lane

and four-lane highway types in their comprehensive analysis of accident

rates on rural highways. A major conclusion of this research is that

heavily traveled, four-lane, undivided roads with no access control

have higher accident rates than two-lane highways.

Lane Width

The effect of lane width on accident rates has not always been in

agreement in various studies. Stohner (44) reported no definite rela-

tionship between accidents and lane width. Morrison (45), exploring

the economic justification of pavement widening, reasoned that if wider

roads are safer than narrow ones, the benefits of widening, in terms of

saved accident costs, might be significant. He recognized that widen-

ing improvements are often considered warranted as safety measures, but

he could find no factual evidence to support this claim. Accordingly,

Morrison studied accident histories of two-lane roads of varying widths

in Michigan. On the basis of the evidence he was able to accumulate,

he concluded that pavements of 20 feet width are safer than pavements

of 15 to 18 feet. He estimated the cost of widening rural roads from

18 to 20 feet as a general rule.

These general findings in relating pavement width to traffic acci-

dents are confirmed by later research. The results of a study in
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Minnesota and another in England are in remarkably close agreement.

Figure C-1 shows the results.

Cope (46) sought to determine the safety effects of pavement wid-

ening on two-lane highways. The study covered about 240 miles of high-

way which had been widened from 18 to 22 feet. Accidents which occured

at construction and maintenance sites, at driveways and entrances, and

at intersections were excluded. He found reductions in accident rates

after widening which wanged from 21.5 percent for low volume roads to

46.6 percent for higher volume roads. In general, the data indicated

that widening is most effective in sections with high volumes and high

accident rates. Table C-2 illustrates these rates.

Oglesby and Altenhofen (47), in a study dealing with economics,

have recommended that roadbed widths of low volume (400 VPD) roads be

reduced. They suggest that there is little economic justification for

either shoulders of wide lanes on such facilities. They further recom-

mended that the constant width cross section be abandoned and that de-

sign standards stipulate maximum, rather than minimum roadbed widths.

The Louisiana study (42) on rural roads indicates that lane width

is a significant factor in injury and fatal accidents. Lane width is

also a relevant variable in wet weather accidents. Figure C-2 illus-

trates the results.

Raff (40) studied the effect of lane width at two different sec-

tions of the road: on tangent and on curves. Figures C-3 and C-4 show

the results of this study.

In general, there has been little recent research on the relation-

ship between lane widths and accidents that would seem to justify any
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FIGURE C-1. Accident Rates Related to Pavement Width
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TABLE C-2. Reduction in Accident Rates Related to Pavement Widening

from 18 Feet to 22 Feet (After Reference 46)

Original
Accident Rate

Percent of
Reduction

Original
Traffic Volume

Less than 1.5 21.5 2,170

1.5 - 1.9 25.2 2,284

2.0 - 2.4 34.4 2,700

Greater than 2.4 46.6 3,006
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FIGURE C-4. Accident Rate vs Pavement Width on Two-Lane Tangent
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change in the present, almost universal standard width for rural roads

of 11 to 13 feet.

Shoulders

Numerous studies have attempted to obtain a relationship between

accident rate and shoulder width. The common belief has been that wide

surfaced shoulders provide a refuge in times of emergency and encourage

better lateral placement of vehicles on the roadway. The results of

the studies are somewhat inconclusive because of inconsistencies in

findings.

Belmont (48) reached the conclusion that shoulders of approximate-

ly six-foot width are semmingly the optimum condition for rural two-

alne highways. Blensly and Head (49) reported a tendency for an in-

crease in accidents with an increase in shoulder width above eight feet.

Raff (40) found that there is no indication that shoulder width,

considered alone, has any bearing on the accident rate. Figure C-5

shows the relationship between shoulder width and accident rate.

Horizontal Alignment

Horizontal alignment features generally have been found to have a

strong influence on accident experience. Investigation by Raff (.40) of

all types of highways showed a pronounced rise in accidents as sharp-

ness of curvature increases. Figure C-6 shows the relationship between

accident rate and degree of curvature.

In a Minnesota surve, Kipp (50) reported similar increases. Glan-

ville (51) in a study of roads in Buckinghamshire, England, on the
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other hand, revealed a less pronounced increase for the flat and inter-

mediate curvatures, but a substantial rise in accident rates for the

sharper curves greater than eight degrees.

Babkov (52) accumulated data from several sources in the United

States and other countries and developed a composite relationship, shown

in Figure C-7. Here, the increase in hazard for the sharper highway,

is expressed as the relative number of accidents. As the graph shows,

road curvature flatter than three degrees produces a relatively small

decrease in accidents, while alinements with road curvature sharper

than three degrees produce a rapid increase in accidents.

Raff (40)also studied the joint effect of volume and curvature on

two-lane roads, as shown in Table C-3. At volumes below 5,000 vehicles

per day, the accident rate is lower on sharp curves than on moderate

ones.

Baldwin (53) found strong evidence, as shown in Figure C-8, that

accident rate declined with increases in curve frequency. It was con-

cluded that the introduction of a relatively sharp curve in a section

on which curves are infrequent presents a hazard several times that of

the same curve in a section where curves are frequent.

Tanner (54) conducted a series of "before-and-after" studies on

curves that had been improved in a number of ways. In all cases where

curves were realigned, injury accidents were reduced 80 percent. In

six cases where the superelevation was increased, injury accidents were

reduced 60 percent. In five cases where visibility was improved, in-

jury accidents were reduced 65 percent.
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TABLE C-3. Accident Rate on Two-Lane Curves by Volume of Traffic and Degree of Curve

(After Reference 40)

Degree of Curvature
Accident Rate per Million Vehicle Miles

0 4900 VPD 5000 or more VPD All Volumes

Less than 3 1.6 1.9 1.66

3.0 5.9 2.3 3.1 2.53

6.0 or greater 3.2 2.8 3.13
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Vertical Alignment

A number of studies have been made of the elements of vertical

alignment to determine whether they constitute hazardous conditions

Bowman (55), in an Ohio turnpike study, found that accidents were

related to grade. He concluded reasonable downgrades result in acci-

dent rates that are slightly higher than those recorded for level sec-

tions, and that upgrades, even when held to two percent, produce acci-

dents.

As a result of a series of statistical analyses, however, Raff (40)

in his study concluded that "on tangent highway sections there does not

appear to be any relationship between grade and accident rates."

In these analyses, the roads have been classified only by grade, so

it is possible that grade may have some effect on the accident rate when

the other appropriate features are held constant. Figure C-9 shows the

relationship between grade and accident rate on two-lane tangents.

J.C. Young (56) concluded that frequent changes in vertical align-

ment also introduce sight distance reduction at the crests of vertical

curves. The relationship between accident rate and sight distance is

shown in Figure C-10.

Effect of Volume

Attempts to determine the relationship between accident rates and

traffic volume date back to the late 1930's. Several investigators

have concluded that traffic volume is the most significant single fac-

tor in the estimation of traffic accident experience.
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One of the first such studies is reported by Vey (57). Investiga-

ting two-lanes in New Jersey, he found that the number of accidents per

million vehicle miles increases with volume up to 7,000 vehicles per

day, then decreases with further increases in volume.

The logical explanation of the decrease in accident rate above the

7,000 vehicles per day is that the two-lane highways become so congested

at that volume that speeds drop, and the behavior of traffic is drasti-

cally altered.

A study of rural roads in England, reported by Charlesworth (58),

finds a relationship between accident rate and traffic volume which is

described by the equation:

Personal Injury / MVM = 2.20 + 0.72 V (C-1)

where: V = Average Daily Traffic

The straight line portrayed by this equation has a slope similar

to the curves resulting from the Vey study. Charlesworth commented

that the straight line relationship is "inadequate, but reasonably

close".

The Interstate Accident Study reported by Raff (40) indicates that

the accident rate increases steadily with increasing volume, reaching a

maximum for roads carrying 8,000 to 9,000 vehicles per day. Heavier

traffic reduces the accident rate somewhat. This is due to congestion

and lower speeds. Figure C-11 shows the results of Raff's study.
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Structures

The effect of structures is treated in two parts. The relative

narrowness of the structures, for a ratio between the pavement width on

structures and the roadway width of less than one, is treated with the

geometric-related problems. Safety hazards due to the structure's abut-

ments are treated as roadside obstacles. Here, the relative narrowness

of structures is discussed.

Structures have been classified according to the relative width of

the roadway at the structure, on the bridge or in the underpass, as

compared with the adjoining pavement.

It is difficult to define a "narrow" bridge quantitatively in

terms of the roadway width, because this implies that width is the only

factor in the narrow bridge problem. Such factors as bridge width in

relation to approach width, sight distance, traffic volume, traffic

speed, all influence safety at any given bridge site.

D.L. Ivey (59) in his report indicates that there is very little

lateral movement of vehicles when approaching bridges more than 24 feet

in width. There is a movement of more than four feet towards the cen-

ter of the roadway in bridges 15 feet or less wide. Some observations

drawn from the data are as follows:

(1) Any bridges less than 24 feet in width should be con-

sidered a restricted width bridge, but not necessarily

a hazardous bridge site.

(2) Any bridge less than 18 feet in width should be con-

sidered a one-lane bridge.
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(3) Any bridge with a width of 15 feet or less should

be considered a hazardous site.

Therefore, two conclusions have been made based on driver reaction:

(1) Bridges over 24 feet in width are not recognized as

hazardous, since they produce only slight lateral

adjustment.

(2) Bridges 15 feet or less in width are recognized as

very hazardous since they produce extreme driver lat-

eral adjustment.

Figure C-12 illustrates the relationship between average lateral move-

ment and the ratio of bridge width to roadway width.

Figure C-12 also indicates that very little lateral adjustment may

take place if the ratio of bridge width to roadway width is 1.25 or

greater. As this ratio decreases, becoming 0.5, several lateral move-

ment of four feet is observed.

Speed

One of the most comprehensive studies of speed and its relation-

ship to accidents is reported by the U.S. Department of Commerce (60).

This study finds that for rural highways of modern design, moderately

high speeds are safer than are slow speeds or excessively high speeds.

The report adds, however, "This finding would not apply necessarily to

anything other than main rural highway conditions nor does it imply

that emphasis on proper speed control should be forsaken as a safety

measure" (60). The study also finds that accident severity increases

rapidly at higher driving speeds. Figure C-13 illustrates the rela-

tionship between speed and persons injured per 100 accident-involved
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vehicles.

Johnston (61) studies the results of speed-zoning along routes

U.S. 30 and U.S. 6 in Nebraska cities. In every case, the zoning in-

creased speeds by from 5 to 20 miles per hour, yet accidents dropped 34

percent. Other cities in Nebraska experienced a decrease in accidents

of 21 percent during the same period. This decrease may result because

speed zoning results in a uniformity of speeds, thereby reducing acci-

dents between vehicles.
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APPENDIX D

ROADSIDE HAZARDS LITERATURE REVIEW

AND SUMMARY OF FINDINGS

This appendix summarizes the relationships and findings of research

on the safety effects of roadside hazards. A review of literature in-

dicates that current knowledge about roadsize hazards is primarily for

high-speed limited access facilities. The application for proper road-

side safety design features, expecially on the Interstate Highway Sys-

tem is whosn to reduce accident occurrence and severity. The technical

literature contains only minimal reference to the adoption of roadside

safety techniques for non-freeway facilities. The following summarizes

some of the reports.

The National Safety Council (63) reports that fixed object acci-

dents account for 6.7 percent of urban and 21.4 percent of rural motor

vehicle accidents and account for 17.5 percent of urban fatal accidents

and 22.5 percent of rural fatal accidents in 1973.

Blumenthal (64) developed a model that depicts an accident as the

imbalance between human capabilities and the demands of the highway and

vehicle system, as shown in Figure D-1. The lower line represents the

demands made on the driver as he drives along a section of roadway.

These demands are a function of roadway geometrics, traffic and envir-

onmental characteristics, and vehicle and driver interaction. The

upper line represents the performance of normally skillful drivers, who

at any time can be careless, irresponsible, or affected by illness. A
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increase in the systems demand, such as narrow bridges; or a decrease

in driver performance, such as drunken driving, can lead to an accident.

In a study of 939 accident reports conducted by Baker (65), there

is unquestionable vehicle interference in 5.7 percent of the cases and

probable interference in an additional 3.8 percent. The remaining 90.5

percent are truly "single-vehicle" accidents.

A'study on Illinois roads by Baker (65) monitored damage to the

roadside on a sharp curve on a weekly basis for one year. There was

evidence of 40 single vehicle collisions, yet no accidents were repor-

ted. The failure to report minor property damage accidents can be a

reason for the high severity associated with those single-vehicle col-

lisions which do appear in the accident records.

Hutchinson (66) collected data on the nature of vehicle encroach-

ments on the medians of divided highways. The study found that certain

factors had rather consistent effects on the types of accidents. Spe-

cifically, light conditions, fatigue, roadway alignment, weather, road-

side signs, structures, and terrain features are all positively related

to the number of vehicle encroachments. The research also related the

frequency of vehicle encroachments to volumes, and developed the dis-

tributions of encroachment angles and lateral displacement of encroach-

ing vehicles. Figure D-2 shows the encroachment frequency for freeways.

Glennon (67) developed a hazard model for determining roadside

safety improvement programs on freeways. The model states that three

conditions must exist:

(1) The vehicle must be within the section of roadway

associated with the roadside obstacle,
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(2) Vehicle encroachment must occur, and

(3) The lateral displacement of the vehicle must be on

a course of impact with the roadside obstacle.

The model incorporates severity indices for types of hazards, the di-

mensions of the hazard, and the encroachment data from Hutchinson to

calculate a hazard index for any particular roadside obstacle. The

hazard index calculated by this method is the expected number of fatal

plus injury accidents per year.

Hall and Mulinazzi (68) developed a procedure that can be used to

determine priorities for the improvement of fixed objects along non-

freeways. The basic model is based on a combination of accident sever-

ity and probability. This research has attempted to identify and quan-

tify the parameters associated with accident severity and probability,

and to incorporate them into a hazard model. The model employs the var-

iables of vehicular speed, object type and placement, and roadway geo-

metries. This model permits the analyst to judge the relative hazard

of fixed objects along the roadside.

Hunter (69) describes the development and use of a computerized

system to facilitate the ranking of roadside fixed object treatments.

The system is designed to perform economic analysis of various fixed ob-

ject improvements on a roadway segment, such as determining the effect

of removing all obstacles within 30 feet of the edge of the pavement on

rural, two-lane secondary roads. Developed inputs for the system in-

clude:

(1) Frequency and severity of the accidents for each

given hazard,
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(2) Expected reduction in fatal, injury and property

damage accidents associated with implementation of

the treatment, and

(3) Initial costs and maintenance costs over the service

life of each treatment.


