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ABSTRACT

The Virginia Department of Highways and Transportation uses
a lane marking designated mountain pavement marking (MPM) cn *two-
lane highways in mountainous areas. This special marking con-
sists of a single broken vyellow line supplemented with "PASS
WITH CAUTION" signs. The standard Manual of Uniform Traffic
Control Devices (MUTCD) passing and no-passing zones are not
marked, with the result that passing maneuvers are not prohibited
even when sight distances are inadequate for prevailing speeds.
This practice has been criticized by the Federal Highway Adminis-
tration, highway safety officials, and motorists. Consequently,
the Research Council undertook a study to evaluate this centerline
marking pattern. The evaluation adopted was made in the form of
a before and after study. The before study entailed a literature
review, a questionnaire survey of motorists and officials of other
states, the recording of passing maneuvers at different sites
using a movie camera, the collecting of data on traffic character-
istics, and an analysis of accident data. The information obtained
on passing maneuvers was then used to develop guidelines on
minimum lengths of passing zones and minimum sight distances. The
after study entailed the collection and analysis of data on
passing maneuvers and traffic characteristics at sites marked with
the MUTCD marking patterns based on the guidelines developed. It
was determined that traffic characteristics do not significantly
change when centerline markings are changed from MPM to the
standard MUTCD marking and that the minimum passing zones and
passing sight distances given in the MUTCD are inadequate for safe
passing maneuvers. It was also determined that the minimum sight
distances discretionally used in Virginia are too conservative.
The data collected on passing maneuvers during the after study
showed that the guidelines developed for minimum passing zones and
sight distances are adequate for passing maneuvers on two-lane
highways in mountainous areas.
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INTRODUCTION

Uniform standards for rcad markings, signs, and signals are
used to convey information to drivers and thus improve the safety
and operational aspects of highways. National standards for
devices that regulate and control traffic are given in the
Manual on Uniform Traffic Control Devices for Streets and Highways
(MUTCD).'17 While the general provisions of the MUTCD are approved
for use on all public highways, conformance with the standards set
forth is required only on federal-aid highways.

Section 3B-1 of the MUTCD notes that centerline markings on
two-lane highways are used to separate traffic travelling in
opposite directions. In order to provide additional information
to drivers, marking patterns are used to delineate passing and
no-passing zones as follows:

1. A single, broken, yellow line where passing is permitted
in both directions.

2. A double line consisting of a broken yellow line and a
solid yellow line where passing is permitted in one
direction.

3. A double line consisting of two solid yellow lines where
passing is prohibited in both directions.

The meanings of these marking patterns are conveyed to Virginia
motorists in the driver's manual and through driver education
courses.(2) The results of a study by the Federal Highway Adminis-
tration indicate that the majority of the drivers correctly
interpret the meanings of these centerline patterns.

The long-standing policy of the Virginia Department of
Highways and Transportation is to use the centerline marking
standards outlined in the MUTCD. The Department, however, has
been using a special marking on two-lane highways in mountainous



areas since the early lQHOs.Cu) This special marking, designated
"mountain pavement marking (MPM)," consists of a single, broken,
yellow line supplemented with "PASS WITH CAUTION" signs as shown
in Figure 1. Passing maneuvers are not prohibited by the use of
the solid yellow line even when sight distances are inadequate
for prevailing speeds. The decision to pass is, therefore, left
entirely to the judgment of the motorist. The argument in

favor of this marking pattern is that motorists can legally pass
slow-moving vehicles, which would not be possible for long
distances if these roads were marked in compliance with the MUTCD
standards because of their circuitous alignment.

FIGURE 1. MOUNTAIN PAVEMENT MARKING AND
"PASS WITH CAUTION" SIGN.

This practice of marking two-lane highways in mountainous
areas has been criticized by the Federal Highway Administration,
highway safety officials, and motorists. (%) 1In keeping with the
national emphasis on providing uniform road marking and the
Department's continuing interest in promoting safety and efficien-
cy on the highways of the Commonwealth, the Research Council under-
took a study to evaluate the MPM pattern.



The final report of this study consists of two volumes.

This first volume documents -—

1.

2.

the methodology used in carrying out the study;
the results from an analysis of data collected;

a description of the models developed for min-
imum passing sight distances and minimum lengths
of passing zones;

recommended guidelines for establishing passing
and no-passing zones; and

the expected consequences of implementing the
recommendations.

Volume II gives —

1.

a detailed statistical analysis of the collected
data;

the step-by-step development of the kinematic pass
model and the multiple linear regression model;

the development of the suggested requirements for
passing zones and passing sight distancej; and

an analysis of headway distributions in queues.

PURPOSE AND SCOPE

Tt
i ;

The purpose of the study was to determine whether the MPM
should be replaced with the standard MUTCD marking patterns or
some other marking system, and, if so, to recommend guidelines
that could be used by the Department of Highways and Transportation

to determine the appropriate marking pattern.

.Emphasis was placed

on a comparison of the effects of the MPM and the standard MUTCD
markings on the safety and operational aspects of travel such as

vehicle speeds, volumes, and passing maneuvers.

of the study were to —

-
4.

examine the public's interpretation of the road
marking and signing systems;

The objectives

determine the safe and acceptable passing distances;

w



3. outline the legal implications of using a non-MUTCD
roadway signing system;

4. determine if significant differences exist between
the observed operational and safety characteristics
for the MPM and the MUTCD marking pattern; and

5. make recommendations that could be used to determine
appropriate marking patterns.

The scope of the study included a literature review, a
questionnaire survey of marking practices in other states, data
collection on selected two-lane highways in mountainous areas,
and a motorist opinion survey.

METHODOLOGY

The study methodology entailed the following tasks.

Literature Survey

A literature survey was conducted through the facilities
of the University of Virginia and the Virginia Highway and
Transportation Research Council. Also, contacts were made and
reports were collected through the Texas Transportation Institute
and the Federal Highway Administration. Reports on completed
studies concerning passing maneuvers were reviewed taking
cognizance of the peculiarity of the passing maneuvers under-
taken on two-lane, two-way highways in mountainous areas.

Questionnaire Survey of Marking Practices in
Other States

A questionnaire survey was designed to obtain information
on roadway markings and signing practices used for two-lane
highways in mountainous areas in other states. Information was
also sought on the tyves of non-MUTCD sanctioned marking patterns
that have been used by other states to determine the associated
advantages and disadvantages in using non-MUTCD marking patterns
(see Appendix A). Completed questionnaires were returned by the
District of Columbia, Puerto Rico, and all states except Nevada
and Mississippi.
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Inventory of MPM in Virginia

A list of the Virginia roads on which the MPM has been used
and the locations of these markings was compiled. The information
for this inventory was obtained from the Department's district
traffic engineers (see Appendices B, C, and D).

Site Selection

Using the inventory preparsd, several visits were made to
the counties having roads marked with MPM to identify suitable
sites for data collection. The selection of the sites were
based on:

1. Traffic volume — each study site should have an
average daily traffic greater than 1,000 to facilitate
the collection of adequate data on traffic character-
istics.

2. Operating speeds — the sites should reflect the range
of operating speeds on highways bearing the MPM.

3. Number of passing maneuvers — each site should offer
a reasonable chance for an adequate number of passing
maneuvers to be recorded during the study.

Using the above criteria, sections of Route 501 in Bedford
County (S-1), Route 311 in Roanoke County (S-2), Route 220 in
Alleghany County (S-3), Route 130 in Amherst County (S-4),
Route 116 in Franklin County (S-5), and Route 39 in Bath County
(S-6) were selected as the study sites.

Motorist Opinion Survey

A motorist opinion survey was conducted at the study site
on Route 130. The questionnaire was designed to determine if
motorists correctly interpret the meaning of the markings and
the supplemental signs (see Appendix E). Drivers' opinions of
the centerline pattern were also requested.

The survey was conducted by stopping and interviewing a
randomly selected number of drivers. Route 130 was selected for
the survey as it has geometric characteristics typical of two-
lane, two-way roads in mountainous areas and has a long
continuous stretch in the Lynchburg District striped with MPM
and a similar section in the Staunton District striped with the
standard MUTCD markings.



Field Studies

The field studies were the major activity and were
conducted to determine the operational effects of the MPM
(before study) and the standard MUTCD marking patterns (after
study). The before data were collected at the six study sites,
and were used in developing the guidelines for establishing
passing and no-passing zones.

Two of the sites, S-1 on Route 501 and S-5 on Route 116,
and a new site, S-5A on Route 116 near site S-5, were then re-
marked in accordance with the MUTCD marking natterns for passing
and no-passing zones using the guidelines developed in the study.
Data for the after study were then collected after allowing a
period of a few weeks for motorists to get acquainted with the new
markings.

Data Collection

Data collection consisted of two major tasks: the collection
of traffic flow data with an electreonic traffic data acquisition
system and the filming of passing maneuvers with a 16-mm movie
camera.

The traffic data recorder made by Leupold and Stevens, Inc.
was used for the first task. Operational data such as traffic
volumes, vehicle speeds, headways, traffic queues, and vehicle
classifications were collected for at least 24 continuous hours
during Tuesday through Thursday.

For the second task, the Canon Scoopic 16 MS 16-mm movie
camera was employed. The camera was placed at a point from which
the centerline pavement marking was clearly visible. A film
speed of 24 frames per second was used with Kodak Ektachrome
film 7241EE (ASA 80) on 100-ft. rolls.

Passing maneuvers were photographed with a zoom lens (12.5 mm -
75 mm) that allowed the camera operator to have a full field of
view at all sites. The camera positions were selected carefully
at each site so that the camera was placed on an extension of the
tangent portion of each site. Twenty-five rolls (2,500 feet)
of film were used to record passes for the before study and
four rolls (400 feet) for the after study.



Data Reduction

To reduce the traffic flow data collected by the TDR, the
software package traffic performance measures reporting system
developed by Leupold and Stevens, Inc.(8) was used.

The events filmed with the 16-mm camera were examined with
a photo-optical data analyzer that could change the speed of
the film projection and provide the stop action necessary to
extract the distance elements required for the analysis of
passing maneuvers.

From the projections on a screen, the completed passes were
identified using field notes and reduced traffic flow data.
Only the 38 passes with the complete information required for
the analysis were selected and the necessary distance elements
were measured. Among the 38, two performed by motorcyclists were
excluded since passes by motorcyclists, who generally complete a
pass in a shorter distance than drivers of other vehicles, might
bias the results. Four passes recorded on the downslope of site
S-3 were also discarded. The remaining 32 passes were determined
to be adequate for a minimum error on the mean passing distance
of + 6.5 ft. at the 95% confidence level.

Each selected pass was projected back and forth several
times to ascertain the correct locations of the important
vehicle positions. The measurements of centerline markings
taken at the sites were used to obtain the required distance
elements.

Development of Pass Models and Guidelines

A statistical and a kinematic pass model were developed.
The former was derived by a stepwise multiple linear regression
analysis on the data collected at the study sites. The latter
was based on the theory of kinematics, although it incorporated
statistical elements taken from the field data, and is called the
modified kinematic pass model in this report because it was
modified from a purely theoretical kinematic model. To expedite
the computation of various cases, this kinematic pass model was
programmed in FORTRAN IV for the CDC Cyber. It was found to
reasonably approximate the actual passing maneuvers.

In order to incorporate the impact of grade upon the passing
distance into the kinematic pass model, it was necessary to
account for the acceleration capabilities of vehicles on gradients.
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It was found that the data given in Acceleration and Passing
Ability(7) of the Consumer Aid Series by the National Highway
Traffic Safety Administration were adequate for general use, but
not sufficient for the objectives of this study. In this
reference, the conditions of the passing maneuver are set in
advance and do not reflect passing maneuvers on mountainous
roads. Therefore, the typical maximum acceleration rates given
in the Transportation and Traffic Engineering Handboock were

used for developing the kinematic pass model. (8)

The criteria and guidelines were, however, established on
the basis of the actual data; i.e., the results of a stepwise
multiple linear regression analysis. The reasonableness oi the
guidelines was double-checked using the data collected during
the after study.

Accident Analysis

The safety aspects of MPM were examined through an analysis
of reported accidents on several selected routes. The Summary
of Accident Data(8) for 1979, 1980, and 1981, and the breakdown
of accidents by type were used as the accident analysis data base.
Particular emphasis was given to identifying accidents related
to passing maneuvers.

Legal Issues

A review of federal and state codes and regulations was
conducted to ascertain the legal implications of using a non-

MUTCD-sanctioned pavement marking and signing system in mountainous

areas. Also, state laws on no-passing zones were examined.(10)

ANALYSTS

The following subsections summarize the results of the
analyses conducted on the data collected during the before study.
The analytical results of the after study will be discussed later
in another section.



Literature Survey

The literature survey undertaken during the study revealed
that although there have been studies concerning the requirements
for the length and sight distance for passing zones on two-lane,
two-way highways, most of them have dealt in general with the
passes performed on two-way highways with geometrically favorable
conditions,(11,12) opr with passes under experimental conditions.
These conditions, however, do not prevail on roadways marked with
MPM.

The summary presented here, however, particularly relates to
the concept used for the MUTCD warrants for passing and no-
passing zones and the practices for marking no-passing zones.

A detailed literature review is found in reference 13.

The MUTCD Passing/No-Passing Zone Warrants

Section 3B-4 of the MUTCD states that "where the distance
between successive no-passing zones is less than 400 ft., the
appropriate no-passing marking (one direction or two directions)
should connect the zones."{(1l) This statement can be interpreted
as stating that the minimum length of a passing zone is 400 ft.
Since the MUTCD does not specify any speed range for this value,
the minimum passing zone of 400 ft. can be applied to any range
of the 85th percentile operating speeds. The responses to the
questionnaire survey of other states conducted in this study in-
dicate that approximately 33% of the states follow this interpre-
tation. Some states use minimum lengths longer than 400 ft.,
and others use lengths that vary according to the operating
speeds as shown in Appendix A. However, .studies have shown that
the MUTCD sanctioned minimum passing zone substantially under-
estimates the distance required for a passing maneuver when the
85th percentile speeds are greater than about 50 mph.(11,12)
Weaver and Woods, for example, suggest that where the distance
between successive no-passing zones is less than 750 ft., the
appropriate no-passing zone marking should connect the zones.(12)

Section 3B-5 of the MUTCD states that a no-passing zone
at a horizontal or vertical curve is warranted where the sight
distance is less than the minimum necessary for safe passing
at the prevailing speed of traffic as given in Table 1. It
should be noted that this requirement is based on different
criteria from those used for the AASHTO passing sight require-
ments. (14)
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TABLE 1]

MINIMUM PASSING SIGHT DISTANCE
BY THE MUTCD

85th Percentile Speed Minimum Passing Sight Distance
(MPH) (Feet)
30 500
40 600
50 800
60 1,000
70 _ 1,200

Source: Reference 1,

The forerunner of the MUTCD sight distance requirements is
given in Table 2. These suggested minimum sight distances, given
in reference 15, served as the basis for developing the MUTCD
requirements. Note that the speed difference used in this case
is not constant but Increases as the assumed design speed of the
road increases. Also, the speed of the oncoming vehicle is
not the same as that of the passing vehicle, as is assumed in
the AASHTO sight distance requirements.

TABLE 2

SUGGESTED MINIMUM PASSING SIGHT DISTANCES
BY THE 1940 POLICY

Assumed Design Speed (V), mph 30 Lo 50 60 70
Speed Difference (m), mph 10 12.5 15 20 25
Assumed Oncoming Vehicle Speed (VO), mph 25 32.5 40 47,5 55
Sight Distance for Flying Pass, ft. 440 550 660 660 660
Sight Distance for Delayed Pass, ft. 510 760 1,090 1,380 1,780

Suggested Minimum Sight Distance, ft, 500 600 800 1,000 1,200

Source: Reference 15,

10



The minimum passing sight distances specified by the MUTCD
for striping no-passing zones are equal to the suggested minimum
sight distances in Table 2, which are compromises between the
minimum sight distances required for "flying" passes and those
required for "delayed" passes.(IS) Figure 2 also shows sight
distance requirements for design purposes based on kinematic
theory, as was developed by the AASHT0.(16) A comparison of the
corresponding values in Table 2 and Figure 2 1indicates that the
suggested minimum sight distances given in Table 2 for speeds

between 40 mph and 60 mph are approximately equal to the d values
given for the appropriate speeds in Figure 2. It should be noted,

however, that the d, in Figure 2 is the distance travelled by
the oncoming vehiclé during the time the passing vehicle is on
the left lane.(16)

el Tl D ==l C=__£0
3= -7 [O33E013 Sl
2
s ,.( ™ s
di d2— ds

PASSING ONE VEHICLE AT (O MPH. LESS THAN
ASSUMED DESIGN SPEED, V. (m=10)

VA 30| 40| 50| 60| 70
V-m | 20| 30| 40| so| 60
S=V-m+20 40| so0| 60| 70| 80
a (table 4) 26| 21 17 13) 10
t=-/2135 6s, &l 98 a1 148
d, =44 (V-m) 88 | 132 ] 176 | 220 | 264
d,=25+1.47(V-m)t | 270 | 455 | 636 | 1028 | 1460
dy=l 47Vt 285 | 473 | 719 | 1068 |I512
d=d,+d,+d; 643 | 1060 | 1595 | 2316 | 3236
Rounded 600 | 1100 | 1600 | 2300 | 3200 |

FIGURE 2. TYPICAL PASSING SIGHET DISTANCE
CALCULATIONS. (REPRINTED FROM
REFERENCE 16, P. 9.)

11



Marking No-Passing Zones

Currently in Virginia, for rocadways striped with the MUTCD
marking patterns the double solid yellow line is used to stripe
a no-rassing zone using either the MUTCD requirements (see Table 1)
or the sight distance requirements sanctioned by the Department
(see Table 3), the latter of which are discretionally used in the
districts of the Commonwealth.

TABLE 3
MINIMUM PASSING SIGHT DISTANCES
BY VDH&T
- 83th Percentile Speed Min. Passing Sight Distance
(MPH) (Feet)
30 1,000
Lo 1,200
50 1,600
60 2,000
70 | 2,100

NOTE: These requirements are discretionally used by the
districts of Virginia. The MUTCD sanctioned
minimum passing sight distances are used also.

Whenever the requirements for passing sight distances are
compared and their adequacies or inadequacies discussed, the
concept used to derive those requirements should be clearly
stated, as passing sight distance requirements are established
on either the long-zone or short-zone concept. The current
MUTCD minimum passing sight distance requirements for marking
a no-passing zone are based on the short-zone concept. Under this
concept the passing vehicle must return to the right lane prior
to or at the beginning of the double solid yellow line indicating
the commencement of a no-passing zone. Consequently, the passing
driver must decide either to complete or to abort a pass at a
position upstream of traffic where either maneuver can safely
bring him back in the right lane when the oncoming vehicle appears

12
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in sight. The long-zone concept permits the completion of a
passing maneuver beyond the commencement of the marked no-passing
zone.<17) It should be noted that under this concept the sight
distances available at the start of the no-passing zone are
obviously longer than those used for the short-zone concept,

thus %ﬁggiding a buffer zone at the upstream end of the no-passing
zone.,

Weaver and Woods suggest a demarcation system to denote this
buffer zone, naming it the "advance dotted treatment." 12)  This
advance notification concept would provide the passing driver
a passing sight distance based on the long-zone concept. At the
same time i1t provides the short-zone concept for enforcement
personnel.(127 This demarcation system was tested in pilot field
studies, (17) and the final analysis was under way when this report
was prepared.

The adoption of the long-zone concept, however, may create
problems for enforcement when the buffer zone is striped with the
solid yellow line. As far as enforcement personnel are concerned,
the short-zone concept is preferred to the long-zone concent,
since the former defines a distinct position where a passing driver
should return to the right lane. The short-zone concept, there-
fore,(%geliorates the subjectiveness in determining driver viola-
tion.

Questionnaire Survey of States

A summary of the responses received from the District of
Columbia, Puerto Rico, and forty-eight states which returned
completed questionnaires is given on pages A-6 through A-8 of
Appendix A. In response to the question relating to the use of
MUTCD standard pavement markings, about 76% of those who responded
stated that they always specifically adhere to the MUTCD standards,
while the remaining 24% stated that they use these standards in
most cases. Four states — Arkansas, Hawaii, Massachusetts, and
California — use special pavement markings on twoc-lane highways
in mountainous areas.

In cases when operational or safety problems may arise because
0of the existence of several miles of continuous no-passing zones
on two-lane highways, about 71% of the states will carry out some
reconstruction to alleviate the problem rather than use special
pavement markings as is done in Virginia. The reconstruction
may be either the provision of climbing lanes or a realignment
of a section of the highway. About 14% of the states will either

13



[ e U]

increase law enforcement to reduce illegal passing maneuvers or
erect special signs. However, no specific or special problems
were reported by states which have long distances of two-lane
highways marked as no-passing zones.

In response to the question on whether passing and no-passing
zones are marked in accordance with the minimum passing sight
distances given in the MUTCD, 45 of the respondents indicated that
the minimum passing sight distance requirements in their states
are in accordance with the guidelines given in the MUTCD, while
4L states have standards which vary from the MUTCD, considering
additional factors such as grades and high percentages of slow-
moving trucks.

The information obtained from the survev of the states clearly
indicates that the use of non-MUTCD markings is not a common
practice, and that no serious problems have been observed where
long distances of no-passing zones have been marked on two-lane,
two-way highways because of inadequate sight distances.

Motorist Opinion Survey

Table 4 summarizes the results of the motorist opinion survey
conducted on Route 130, which included information on vehicle
registration, frequency of travel on the test route, trip purpose,
delay as perceived by the drivers, frequency at which drivers pass
vehicles moving in the same direction at no-passing zones, and the
necessity for marking passing/no-passing zones at the study sites.
The summaries given in Table 4 are based on 207 usable completed
questionnaires. This represents about 17% of the average daily
traffic on Route 130. The maximum error for this sample size
is + 6.8% at the 95% confidence level.

Vehicle Registration

Table 4 (a) shows the states of registration for the vehicles
driven by the motorists interviewed. This summary indicates that
a high percentage (75.5%) of the vehicles traveling on the study
site were registered in Virginia.

Frequency of Travel

Table 4 (b) gives the frequency at which the motorists
interviewed travelled on the road. The results indicate that only
about 50% of the drivers travelled on this road on a regular
basis, and about 15% were using the road for the first time on the
day of the interview. This suggests that it is desirable to use

1y



standard markings and signs on the road in order to accommodate
the significant percentage of drivers who do not regularly use
the rocad.

Trip Purpose

Approximately 53% of the motorists interviewed travelled the
study site for business purposes as shown in Table 4 (c). The
next major trip purpose was recreation, at about 25%, followed
by work trip at about 17%. It should be noted that the percentage
of recreational trips was quite substantial despite the fact
that the survey was conducted on a weekday. This is because Route
130 goes through the vicinity of Natural Bridge, a popular
recreational site.

Perceived Delay

Table 4 (d) summarizes the responses relating to delay.
Approximately 17% of the motorists interviewed indicated that
they had experienced delay within 2 miles of the study site.
About 60% of those who had experienced a delay attributed it
specifically to slow-moving vehicles, whereas 40% of them attri-
buted it to curves. Among those who had experienced delay, only
about one-third felt that the delay was either excessive or

moderate.

The analysis of the responses also showed that only about
18% of the regular users (daily and 2-3 times a week) indicated
that they had experienced delay. It can, therefore, be said that
delay was not considered to be a serious problem by the majority
of motorists.

Frequency of Passing

A summary of the responses obtained from motorists on how
often they passed vehicles moving in the same direction 1is
shown in Table 4 (e). This indicates that nearly 0% of the
interviewed motorists never passed and only about 11% regularly
undertook a passing maneuver. This suggests that although the
provision of the MPM makes it legal for one to undertake a passing
maneuver on long stretches of this road, very few motorists do so.

15



TABLE 4

SUMMARY OF THE MOTORIST OPINION SURVEY ON ROUTE 130

(a) Vehicle Registration

State Percent of Vehicles
Virginia 75.5
North Carolina 4.9
West Virginia 2.5
Tennessee 1.6
Others 8.8
No Resvonse 6.7

(v) Frequency of Travel on Test Section
q

Frequency Percent of Drivers
Daily 29.4
2 - 3 Times Weekly 18.6
2 - 3 Times Monthly 17.2
Rarely 18.6
First Time ©o14,7
No Response 1.5

Total 100.0

(c) Trip Purpose

Purpose Percent of Drivers
Work 16.6
Business 53.4
Shopping 1.5
Recreation 2L .6
Others 3.9

Total 100.0

16



TABLE 4 CONTINUED

(d) Causes and Degree of Delay

Delay Characteristics

Percent of Drivers

1. Perception a. Perceived 17.2
of Delay delay
b. Did not per- 82.8
ceive delay
Total  1C0.0
2. Reasons a. Slow moving
for Delay Vehicles
o Cars 0.5
o Trucks 9.8
b. Curves 6.9
c. Not applicable 82.8
Total 100.9
3. Degree of a. Excessive 0.5
Delay b, Major 0.5
. Moderate 2.0
d. Minor 2.5
e. No response 11.7
f. Not applicable 82.8
Total  100.0
(e) Frequency of Passes
Frequency Percent of Drivers
Daily 1.5
Several Time a Week 9.3
Rarely L7,.1
None 39.7
No Response 2.4



Provision of Passing and No-Passing Zones

Motorists were also asked whether they thought it was nec-
essary for passing and no-passing zones to be clearly marked on
the highway. An analysis of the responses showed that about
78% of them thought that it was important that the zones be
clearly marked, while only 19% indicated that it was not
important. The remaining 3% either had no opinion or were not
sure. This suggests that the standard MUTCD marking system for
the designation of passing and no-passing zones will be welcomed
by the majority of motorists using two-lane, two-way highways
in mountainous areas.

Field Studies

The field studies were of the before and after type. In the
before study, data were collected at the study sites with the MPM,
whereas for the after study, two of the sites and a newly selected
site were re-marked with the MUTCD marking patterns, using the
guidelines developed in the study. In this section, the results
of the analysis on the before data will be presented, as they
are used to develop the proposed guidelines presented. The
results of the analysis on the after data will be given later
when a comparison of these two data sets is made.

Description of Study Sites

The locations of the selected study sites are given in Table
5 and descriptive data in Table 6. Figure 3 provides panoramic
views.

Site S-1 on Route 501 has a sag-shaped vertical alignment
that differentiates it from the rest of the sites. The horizontal
curvatures on its approaches are quite mild compared with those of
the rest of the sites, except site S-2 on Route 311. Also, it
has a relatively longer sight distance, which permits motorists
to drive at a higher speed.

Site S-2 has a very steep grade, with mild horizontal
curvatures on both approaches. At this site most of the passes
were started on the steepest upgrade portion at the entrance of
the site and completed just before or after a low crest caused
by the succeeding milder grade, which is located approximately
in the middle stretch of the site.

18
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Sites S-3 and S-4 have relatively short sight distances
(700 ft. to 800 ft.), flanked by sharp horizental curves on

both approaches.

Site S-5 provides probably the best condition for investi-
gating the passing maneuver on mountainous roads. This site
has a moderate sight distance, steep grade, and sharp curves on

both approaches.

Site S~6 was eventually excluded from the analysis because
of the low traffic volume and the low number of passes recorded

during data collection.
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Site — 1 on Route 501.

Site — 2 on Route 311.

FIGURE 3. PANORAMIC VIEW OF THE STUDY SITES.
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Site 3 on Route 220.

Site 4 on Route 130.

FIGURE 3 CONTINUED.
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Site 5 on Route 116.

Site 6 on Route 39.

FIGURE 3 CONTINUED.
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Traffic Operating Characteristics

The analysis on traffic operating characteristics was under-
-taken for the elements listed below. A detailed discussion on
these elements is found in Volume II of this final report.

® Traffic volume

® Traffic mix

® Operating speed

® Queueing characteristics

® Speed difference between the opposite lanes

® Speed difference between passing and impeding vehicles

® Speed of passing vehicle and 85th percentile operating
speed

Traffic Volume. As shown in Tables 6 and 7, the traffic
volumes were gquite low on these roadways. The AHT for selected
time periods were in most cases less than 100 vehicles per hour.
Only sites S-2 and S-5 had distinct peak hour volumes as shown
in Table 7. The peak hour traffic consisted mainly of commuters
to the cities nearby.

Traffic Mix. Table 8 shows the percentage traffic mix at
the study sites. Vehicles with three or more axles, "trucks"
and "tractor trailers" together, represented from about 2%
on Route 116 to about 20% on Route 130.

Operating Speed. The mean, 85th percentile, and 15th
percentile speeds at the study sites are summarized in Table 9.
The table shows that apart from S-1, which has a relatively
long sight distance, the 85th percentile speeds were approximately
between 40 and 50 mph and that the mean speeds were between 35
and 45 mph. The 15th percentile speeds were in the range of 30
and 40 mph. These data suggest that the requirements for passing
and no-passing zones on two-lane, two-way highways in mountainous
areas should be developed for operating speeds ranging from 30 mph
to 50 mph. On the average, the speed difference between the 85th
and 15th percentile speeds was 10 mph at the study sites.
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TABLE 8

TRAFFIC MIX AT STUDY SITES

Site Route Direction Cars® Trucksb Tractor®
No. Number Trailer
% (%) (%)
NB 87.6 9.5 2.9
S -1 Rte. 501 B 95.3 2.7 5.0
EB 95,1 2.9 1.0
- 1
S-2 Rte. 311 WB Sl by 1.5 1.0
NB 9L, h 2.7 2.7
S -3 Rte. 220 SB 93.9 2.7 3.4
EB 81.7 6.2 12.1
- L Rte, 13
S Rte. 130 WB 77.1 10.7 12.2
, NB 98.4 1.2 0.4
S - 5 R‘te. 110 SB 95')4’ 4.5 0.1
S-56 Rte. 39 ———|omitted -——-
a

lars = 2-axle vehicles
Trucks = 3- or L-axle vehicles

Tractor trailer = 5-axle vehicles
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Queueing Characteristics. A queue was defined in this study
as two or more vehicles traveling in the same direction, with a
maximum headway of six seconds between any two consecutive
vehicles. Table 10 summarizes the queueing characteristics of the
sites. It i1s obvious that the average number of queues per hour
increased along with the increase in traffic volumes. Apart
from site S-1, the average queue speeds ranged from about 35 mph
to 45 mph. The lowest, recorded for the west lane of Route 130,
may have reflected the relatively high percentage of multi-axle
vehicles on this upgrade. As would be expected, the average
queue speeds on ubgrades were lower than those on downgrades.
The average number of vehicles per queue was approximately 2.5.

Speed Difference Between Opposite Lanes. The difference in
speeds between opposite lanes on most two-lane, two-way highways
is not sufficiently great to be considered in the determination
of minimum passing sight distances. However, for two-lane, two-
way highways in mountainous areas, the speed difference between
the upgrade and downgrade may be large enough to warrant con-
sideration.

To determine whether there was a significant difference be-
tween the speeds on the opposite lanes, means test for two
independent samples with the standard deviations known was used.
At the 95% confidence level, the speed difference on the upgrade
and downgrade was not significant at sites S-1 and S-4, which
have grades of 3.2% and 4.3%, but was significant at sites S-2,
S-3, and S-5 with grades of 7.8%, 5.4%, and 7.0%, respectively.
The maximum speed difference between the opposite lanes was
7.0 mph.

Speed Difference Between Passing and Impeding Vehicles. The
speeds of impeding vehicles varied from 15 mph to 45 mph, whereas
those of the passing vehicles ranged from 30 mph to 64 mph. These
findings indicate that because of the geometric conditions of the
roadway at these sites, motorists will not likely attempt to
pass if their desired speed is less than 30 mph.
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TABLE 10

QUEUEING CHARAZTERISTICS

Site Route Direction | Avg., Number | Avg. Number | Avg, Queue
No. Number of Queue of Vehicles Speed
per Hour per Queue (MPH)
S o+ - NB 5.2 2.4 LA, 0
S- 1) Rte. 50! SB 3.5 2.5 18,0
B 21.L 2.6 Ly b
- p-‘. . 11 * '
5-z e 3 WB 19.5 2.8 39.5
N B 7.3 2.5 41,9
- 2
S-3 | Rte. 2200 o L7 2.L 39.9
E3 3.7 2.4 334
- L’ h e, o !
S Rte. 1301 43 L. 2.2 34,0
- NB 14,2 2.5 Ll 0
- R A
S-5 | Rte. 1o o 13.3 2.5 36.8
S-6 Rte. 39 ———- omitted ----
i
NCTE The values shown in the table were obtained from the samples

taken from the time groups:
8:30 - 18:30 for sites S -1, S~ 3, and S - 4

6:30 - 18:30 for sites S - 2 and S - 5§



Figure 4 shows the cumulative distribution curve of the
speed differences between passing and impeding vehicles. As
shown in the figure, aporoximately 32% of the passing vehicles
passed the impeding vehicles with a speed difference at or
greater than 15 mph. This may indicate that motorists tend to
aim at a higher desired passing speed on mountainous roads with
limited sight distance than on non-mountainous roads with higher
sight distances in order to complete the pass in the shortest
possible distance. The AASHTO Blue Becok employs a constant
10 mph as the speed difference for computing passing sight
distances for any speed range.

100 T T T T

L 85th Percentile = 20.8 mph -

80 | -

Mean = 16.1 mph

4o L -

20  15th Percentile = 1144 mph N
0
| L i N S
0 10 20 30

Difference in speed in mph

FIGURE 4. CUMULATIVE DISTRIBUTION OF SPEED DIFFERENCE
BETWEEN PASSING VEHICLE AND IMPEDING VEHICLE.
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Passing Speed vs. Off-Peak 85th Percentile Speed. The MUTCD
employs the off-peak 85th percentile speed as a variable to compute
minimum passing sight distances.(l) Table 11 shows that this
general assumption is also reasonable for two-way highways in
mountainous areas.

Table 11

SPEED OF PASSING VEHICLE VS. OFF-PEAK 85TH PERCENTILE SPEED

Site Mean Speed of Off-Peak 85th

No. Passing Vehicles, mph Percentile Speed, mph
S-1 55.0 S4.C

S-2 47.0 48.0

S=-3 47.0 47.0

S-4 L2.0 43.0

S-5 uz2.7 45,0

Accident Analyeis

It was originally intended to determine whether there were
any significant differences between passing related accident
rates on sections of roads striped with MPM and similar rates on
adjacent sections of the same roads striped with MUTCD markings.
This would have facilitated a direct comparison, since the
influences of other variables would have been eliminated to a

certain extent. It was, however, impossible to undertake this
analysis because there were inadequate data on passing related
accidents for each site. It was, therefore, decided to compare

the passing related accident rate for all sections of roads
striped with MPM with that for all sections of rcad striped with
the MUTCD markings within each district. Although this analysis
did not lead to definite conclusions on the influence of the type
of centerline marking on the occurrence of passing related acci-
dents, as the influence of other factors was not eliminated, it
is the opinion of the authors that the results do give broad
indications of the influence of the type of centerline marking.

Accident analyses using the student t-test were conducted for
the following cases.

® Passing related accidents on sections of road with MPM
vs. passing related accidents on sections of road with
MUTCD marking. These accidents involved at least one
passing maneuver.
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® Total accident rates on sections of roads with MPM vs. total
accident rates on sections of road with MUTCD marking.

Summaries of the accident analyses are shown in Tables 12
and 13. These results do not indicate that there are any reasons
to assume that accident rates are higher on the sections striped
with MPM.
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Legal Issues

The purpose of this part of the study was to determine
whether Virginia or its emplcyees could incur tort liability
because of the Commonwealth's mountain marking policy. The
analysis was based on the assumption that a plaintiff could show
that the markings at an accident site were not in conformance
with the MUTCD standard markings and that confusion created by

the nonstandard markings was at least partially responsible for

damages. A complete report on this analysis is given in Appendix
F. The examination, however, led to the following conclusions.
1. Virginia's policy does not create a tort claim under

federal law. Thus, a plaintiff would have to sue
under the Virginia Tort Claims Act.

2. Because the Virginia Tort Claims Act has been in effect
for a relatively short time, the Virginia courts have
not had an opportunity to articulate how they will
analyze acts of nonconformance to determine whether
they amount to negligence. Virginia courts will
choose between two alternatives: >ither the MUTCD
will be viewed as establishing mandatory minimum
standards or are such that nonconformance will be
viewed as prescribing a desirable but noncompulsory
standard such that the jury may consider the MUTCD
standards as a yardstick in determining whether the
degree of nonconformance amounted to negligence.
Although other states have split over these two approaches,
pre-VICA decisions indicate that Virginia will adopt the
latter view.

3. In regard to the reasonableness of thé mountain marking
policy, the state's case is bolstered to the extent that
the policy was motivated by empirically established
gains in traffic efficiency and safety. On the other
hand, the state's case is hindered by the fact that
Virginia did not follow MUTCD procedures for proposing
and testing the new markings.

DEVELOPMENT OF MODELS
Two models for predicting passing distances were developed.

One was based on a statistical analysis of the data collected
during the before study. This involved an analysis of variance
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(ANOVA) to determine the variables which significantly affect
the passing distance and a stepwise multiple linear regression
analysis on them. The other model was based on a theoretical
kinematic analysis, and eventually was modified to reflect the
results of a statistical analysis of the data obtained at the
study sites. The proposed guidelines were, however, established
from the model based on the stepwise multiple linear regression
model because it conforms more accurately to the actual passing
maneuvers observed at the study sites.

Factors Affecting Passing Distance

It was first necessary to determine which factors affect the
passing distance (PD). The following four factors were examined
for this study.

® Passing speed (PS)

® Available sight distance (ASD)

® Speed difference between passing and impeding vehicles (m)
® Grade (g)

The single factor (one-way) ANOVA was used for each variable
as the limited spread of the available data did not permit a
multifactor analysis. In order to reduce this interdependence
of the variables, the study sites and the data were grouped
into different treatments, as shown in Table 14, so that the
impacts of one factor would prevail. A summary of one-way
ANOVA for each factor is given in Table 15. As shown in the
table, PS and ASD have a distinctively significant correlation
with PD, whereas m and g have a moderately significant
correlation with PD. It was, therefore, decided to consider
these four factors in developing the pass models. As discussed
later, it was found during the development of the pass models
that g will not be a major factor as long as PS is lower than
50 mph and g is l2ss than approximately 10%. It was also
found that speed is related to ASD, which led to the exclusion
of ASD from the model developed.

Analysis of Data on Passing Maneuvers

A major objective of this study was to investigate the passing
maneuver performed in the geometrically restricted sections on
two-lane, two-way highways in mountainous areas. In this sub-
section, the results of the analyses conducted on the distance
elements of the filmed passing maneuvers and the factors affecting
the passing maneuvers are presented.
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Figure 5 is a schematic presentaticn of the passing maneuver.
Among the distance elements shown in the figure, PD, D3, Dg, G2,
and X' are extracted frcm the passes filmed with the 16-mm camera.
The definitions of these elements are shown in Figure 5. See
Volume II for an in-depth discussion on this subject.

In this study, PD is defined as the distance through which
the passing vehicle travels to complete a pass after it has
encroached on the left lane; i.e., the distance through which
the passing vehicle travels on the left lane with its body
partially or completely in the left lane.

D, is the distance traveled by the passing vehicle to
comple%e a pass after it has caught up with the impeding
vehicle at the latter's rear bumper. The mean percentage of
D, to the PD was found to be £€9%, which is approximately equal
t5 the 67% assumed by AASHTO for the distance traveled while
the passing vehicle occupies the left lane.

D, is the distance traveled by the passing vehicle to
complete a pass after it has become abreast of the impeding
vehicle. Weaver and Woods state that this distance is approxi-
mately 2/3 PD.(12) In this study on passing maneuvers on two-
lane highways in mountainous areas +the mean percentage of
D, to the PD turned out to be 56%, which is approximately
18% lower than the value stated by Weaver and Woods.

The after spacing (G,) is the space headway that the
passing vehicle maintains®from the impeding vehicle when it
completes a pass, whereas the before spacing (X') is the space
headway that the passing vehicle retains just before 1it
encroaches onto the left lane. The ratic of these two space
headways was computed for several passing speeds as shown in
Table 16. The ratio is directly related to the passing speed.
The average ratio was approximately 0.70. Prisk's study
reported that X' was approximately 0.65 of G .(18) Prisk also
reported that the average before spacing was 54 ft. as compared
with an 83 ft. after spacing,(l8) In this study of mountainous
highways an average of 56 ft. was obtained for the before
spacing compared with an average of 79 ft. for the after spacing.
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= Passing vehicle
= Impeding vehicle

= Oncoming vehicle

= Passing distance — the distance traveled by the passing

vehicle while it is on the left lane.

= Distance traveled by the passing vehicle from
and tail" position, where the passing vehicle
with the impeding vehicle, to completion of

= Distance traveled by the passing vehicle from
position to the ¢ompletion of the pass.

= Space headway retained by the passing vehicle

the "head
catches up
the pass.

the abreast

just before

i+ encroaches onto the left lane: before spacing.

= Space headway left for the impeding vehicle by the passing
vehicle when it completes the pass: after spacing.

= C(Clearance distance hetween the passing and oncoming vehicles

at completion of passing maneuver.

FIGURE 5. DISTANCE ELEMENTS EXTRACTED FROM THE FrILMS.
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TABLE 16

RATIO OF THE SPACE HEADWAYS: F‘1 = X‘/G2

Speed_of Passing x'? = Fl G2 sz P
Vehicle (MPH) (£t) (££) 1
30 34 59 0.58
35 44 68 0.65
40 54 77 0.70
45 64 86 0.74
50 74 95 0.78
55 84 104 0.81

Average Fl = 0.71¢

% X' is the space headway that the passing vehicle maintains
when it encroaches onto the left lane.

X' 1.99 V - 25.30
r 0.57
(Correlation significant at & = 0.05)

b G, 1s the space headway left for the impeding vehicle when the passing vehi

completes the pass.

G2 1.80V + 4,96
r = 0.50
(Correlation Significant at oc= 0.05)

¢ Prisk's study reports that X' is about two-thirds of GZ.(Reference 18)
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Multiple Linear Regression Model

The results of the analysis of variance (ANOVA) indicated
that each of the four variables considered — PS, ASD, g, and
m — had some impact on PD. To determine and incorporate the
relative importance of each of these variables, a stepwise
multiple linear regression analysis was performed using the
software package BMDP1IR.(19) The analysis showed that PS had
the greatest impact on PD, and was followed in order by ASD,
m, and g. Further analysis alsoc showed that for speeds less
than 50 mph the effect of g on PD was negligible. As can be seen
from Figure 6 the analysis also showed that multicolinearity
existed amongst the variables, i.e., PS was related to ASD and
g. This finding necessitated the exclusion of ASD and g from the
model. The regression equation was, therefore, finally developed
using the two major variables of PS and m. The equation thus
obtained is

PD = 266.397 + 8.688 (V) - 12.ukL8m ,
where
PD = passing distance in feet,
V = passing speed (off-peak 85th percentile speed) in
mph, and
m = speed difference in mph .

Figure 6 shows partial printouts for this model. The
coefficient of correlation is 0.77.

Kinematic Pass Model

A theoretical model based purely on kinematic theory was
first developed, then modified by incorporating the data obtained
on the space headway between the passing and impeding vehicles
at the completion of the pass. The first model was developed
based on the pass assumptions shown in Figure 7. An initial
assumption made for this model was that the acceleration phase
(D,) would be performed entirely in the right lane and that the
passing vehicle would encroach onto the left lane after completiocn
of the acceleration phase. As given by this theoretical kinematic
pass model,
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PD = D2 + D3 (For the derivation of this
model see Volume II)
YVY
=!(Gq—m2—X)+L(X+G),
m 1 2—' m 2
a
where

PD = passing distance in feet;

V = passing speed in ft./sec.;

m = speed difference in ft./sec. between passing

and impeding vehicles when passing vehicle
is in the' left lane;

o = acceleration in ft./sec.

G, = space headway in feet between passing vehicle and
impeding vehicle before the passing maneuver
commences ;

= space headway in feet after the completion of a
pass; and

X = length of impeding vehicle in feet.

(D]
™
1

This model produces negative values for a distance element I,.

(See Volume II.) This suggests that the passing vehicle collides
with the impeding vehicle during the acceleration phase, since the
former is still traveling in the right lane based on the assumption

made.

To alleviate this problem, the ratio (F,) of the before
spacing (X') was incorporated into the after spacing (G,). The
data taken in this study showed that X' was approximate%y 70%
of G,. The passes in this study were performed mostly by
passénger cars. This meant that G, and G, were similar. There-
fore, it was reasonable to say tha% X' be"approximately 70%
of G,;. TFor this reason, the modification was made based upon
the Tollowing assumption:

X! X!

1 L:l G,Z

In other words, the passing vehicle would encroach onto the left
lane when the starting space headway (G;) of the acceleration
phase was shortened to approximately 70% of its distance

(0.70 G,). Using this wvalue, the modified kinematic model was
developé&d as:

F
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m m v m 0.6G
= = - = + - - - -
PD = 1 <v 2> ¥ <2Gl M> (v m> =221 )+ 0.36,
‘ (For the derivation of this model see Volume II.)
This model was programmed in FORTRAN IV and run. Partial outputs

are shown in Figure 8.

The PDs computed by the modified kinematic model, listed in
the PDA column in Figure 8, show that although steep grades
directly affect PD, the difference would be small up to 50 mph
compared with those for speeds greater than 50 mph.

figure 9 shows plots of PD vs. PS for both the kinematic
and regression models for an m of 12 mph. As determined earlier,
85% of all passing maneuvers were carried out at an m equal to

or greater than 12 mph (see Figure u4). Figure 9 also shows a
plot of the regression model for an m of 16 mph, which is the
mean of the observed differences. PDs for the kinematic model

were computed as the average of volumes for the three values of
g, as this model indicates that for speeds less than 50 mph

59

g 1s not a major factor.

Suggested Minimum Lengths of Passing Zones

A passing zone is analogous to PD in this study. It is the
distance travelled by the passing vehicle in the left lane during
the course of a passing maneuver. Within this distance the
passing vehicle encroaches onto the left lane, takes over and
passes the impeding vehicle, and returns to the right lane upon
completion of the passing maneuver.

In developing the proposed minimum lengths of passing zcnes,
two factors were taken into consideration. First, the value of
m used in the regression model was 12 mph. This assures that
the lengths of passing zones suggested will be equal to or greater
than the actual PD of 85% of all passing maneuvers. Second, in
order to provide for passing maneuvers which do not commence at
the beginning of the passing zone, the 95% confidence level (upper
1limit) of the obtained regression model was used. The relation
between this model and the actual data is shown in Figure 9.
Table 17 summarizes the suggested minimum lengths of passing zones
rounded to the nearest 10 ft. From this table it can be said
that the MUTCD sanctioned minimum passing zone requirement
(400 ft.) is inadequate on two-lane, two-way mountainous roads
even at 30 mph.
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Passing Distance, ft.

LEGEND
o m £ 1C mph
® 10 <m £ 12.5 mph
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Passing Speed or 85th Percentile Speed, mph

a) 85% confidence band on regression model with
m = 12 mph (upper limit)

b) Kegression model with m = 12 mph

c) 95% confidence band on regression model with
m = 12 mph (lower limit)

d) Mean regression model with m = 16 mph

e) Kinematic model

FIGURE 9. ACTUAL PASSING DISTANCES VS.
PREDICTED PASSING DISTANCES.
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TABLE 17
SUGGESTED MINIMUM LENGTHS OF PASSING ZCNES
85th Percentile Minimum Lengths of Passing Zones
Speed 5
(MPH) Suggested by MUTCD
this study?
(FT.) (FT.)
30 560 400
35 610 400
40 660 400
45 710 400
50 750 400
55 800 400

%Rounded to the nearest 10 ft. The upper limit of 95% confidence
band of the regression model was used to develop the suggested
minimum lengths of passing zones.

bAn interpretation of Section 3B-4 of the MUTCD (Reference 1), which
states that "where the distance between successive no-passing zones
is less than 400 ft., the appropriate no-passing marking (one direc-
tion or two directions) should connect the zones."
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In this study, passing s PSD) was dafined as
the summaticn of the distance , critical position (CP)
and the position at completion of a pass, the clearance dlS ance
between the passing and the oncoming vehicles at comple ion of

a pass (C), and the distance travelled by the oncoming vehicl

-
1

®

while the passing vehicle travels from the critical position until
the latter completely returns to the right lane (D). This
relation is shown in Figure 10. '

In order to compute th= values of PSD for different values
of PS, it was first necessary to loccate the CP of a passing
maneuver. CP was defined by Lieberman as the point where "the
decision by the passing vehicle to complete the pass will afford
it the same clearance relative to an oncoming vehicle as will the
decision to abort the pass. 20)  The same concept was used in
this study. Lieberman develcoped a kinematic model which indicated
that CP moves depending on the deceleration rate of the passing
vehicle and m. The passing motorist must decide earlier to
abort as the deceleration rate decreases.

To determine CP in this study, the deceleration rates

required for a passing vehicle to abort a pass from different
positions were determined. The positions considered were the
head and tail (front of passing vehicle in line with back of
impeding vehicle), abreast (front of passing vehicle in line with

nt of impeding vehicle), and a position intermediate between
tne first two. The data obtained from the field studies showed
that the head and tail position was located, on the average, at
0.69 PD from the position at completion of a pass and the abreast
position was located, on the average, at 0.56 PD. The intermediats
position was located at 2/3 PD, which is a value used by the AASHTO
to develop PSD requirements for design purposes. The selection of
these positions for testing was based on the assumption that CP
will be between the head and tail position and ths abreast position.
This assumption is logical as it is easier to abort a pass when
the passing vehicle is downstream of the head and tail position,
while it will be easier to complete the pass when the passing
vehicle 1s upstream of the abreast position. Values of PD were
determined from the regression model for an m of 12 mph. This
value of m was used for the same reason discussed earlier. The
deceleration rates necessary for an abort maneuver starting at a
point to have a clearance distance equal to the clearance distance
for a pass maneuver starting at the same point (see Figure 11),
were calculated for different passing speeds and are shown in
Table 18. Details of the calculations are shown in Volume II of
this report.

52



Cp

S - DY
=
O
o
+
QW
—~ 0
[T
g A
O

CP ©

J pe cde D

Passing vehicle
Impeding vehicle
Oncoming vehicle

Critical position from which the passing vehicle can still
abort a pass and return to the right lane with reasonably
comfortable and safe deceleration rates

Distence travelled by the passing vehicle between the
critical position and completion of pass

Clearance distance between the passing and oncoming
vehicles at ccmpleticn of pass

Distance travelled by the oncoming vehicle while passing
vehicle travels from critical position till it completely
returns to right lane

FIGURE 10. CRITICAL PCSITION AND DISTANCE ELEMENTS

NECESSARY TO COMPUTE PASSING SIGHT DISTANCES.

53




TSASSVd dITMOdY ANV dILITIHOD Y04 NOILISOd TVOLLIMO J0 NOIIVOOT “TT ddn91d
I pue ¢4

u29mMlaq 20UadayJIp poads - w
I pue 4 ua2amieq deg =z 9 "33 UT SOURLISTpP 20UBARITD = )
A . jueisuo) = jJ
pd 5 7! S
*1J ur ‘souerisip 3UrsSSEd = pg 3TOoTY»A JuTWOOUQ) — ﬁlo Q
w - A ‘ el
5 + 3 n,w
m\.pM — AatooTep = A @1oTYysa Burpsdwy — _ MW_
*D¥S UT JaAnauRW g .
jaoqe Jo 23a27dwod o3 2uTl = @\ Z \.uL -~ 23}PJd UOT3IRIDTIOD] = p a7oTYa2a 3ursseg — _ mlu
™ -
(Pd F - 3N & °
D+ Pd F 2 =30+ 0+ (L3I P 5%~ 2N
% s ~
ll 9 _ll-
~{ T ={T}__ ~{T]
Cot= i I TG
- | -] —_—
_ JA _ 10 _ ( H_.UWNIP\/V g0
: 4 o H
n K-
b ot
b
)
o
S
AIH/HHHH_ ~{ 1] d3rzNyodv ssvd
0] (5] T — =4 ]
, *Aillillllltm 3 V“u 9 v“l Pd 3 \“
¢ 00O
w %
| Pt
ot e
b) =0
oM
3+

JILATINOD S5Vd



= Ny

"H'd W 21 = W YITM Topow uoTsSsai8oal Uo paseq saduelsSTp Surssey

* I9ANDUBW
Surssed 2y3 103 20urBISTP 202UBIBITOD 2yl 03 Tenba ST YOoIym 20UBISIP 9OUBABITO ®©

Ul SJTNS9X 3BYJ 93BI UOTIBID[IO9P B YITM Jue] IJYSTI 94yl 03 uaniax puer uorjfsod

TEOTITAD 9yl woijJ JAaAnduew JUTITIOoge 9yl 3IBIS 03 paunsse ST I]OTyaa Burssed ay] :930N

sseq 30 uoriofdwo) JO UOTIITSOJ

2], wo1d UOTITSOd TEOTITID JO UOTIBDOT]

Syl 6°01 7*01 GS
VKAl 9°6 1°6 0S
€11 L8 £°8 %

86 Gt Z°L 0%

1°8 €°9 0°9 g

0°L VAR 1°6 o€
7098/ 3d 7098/ 1 2098/ "3d HdR

(pP) ® (P)
91y ..mwowc 218y .H@UOQ 21 ey .H@UMQ
ad 96°0 :aseaaqy a €/¢ ad 69°0 :TTes % pPed3H poadg
9TTIUu=d19d
uI6e

SHONVISIA ONISSVd’
NHZATD NIHLIM SNOILISOd TVILILI¥D QIIVWILSH WO¥A
SYHANINVIL ONISSVd 1d09V 0L SHLVE NOTIVIITADHA

8T J1dVl

55



r-\

-~

T4+

It has been reported by Wilson that averags deceleration
rates for comfort did not exceed ¢ ft./sec.?, and that drivers
generally consider decelerations of about 11 ft./sec.? to be
undesirable and 14 ft./sec.? to be uncomfortable and pcssibly
alarming.(21)

The deceleration rates computed for the different positions

were then compared with the acceptable deceleraticn rates. It

can be seen that while the deceleration rates for 0.689 PD and
2/3 PD are within acceptable 1limits; those for 0.56 PD are
relatively higher and exceed comfortable limits when Dass*dg
speeds are greater than 40 mph. It was, therefore, dacided to
select CP as 2/3 PD, which is in conformitv with the assumpiion
made by the AASHTO for the distance travelled while the passing
vehicle cccupies the left lane. This position Was, thereiore,
used to determine the PSD req;ire ments as shown in Table 189.

The values given in this table were calculated with the assumpti
that the oncoming vehicles was Lpavéﬂlng at the speed of the pass
vehicle. This study has revealed, however, that for grades high

than 5%, there may be significa

nt differences between SDDeuS in

opposite lanes, although the maximum speed difference cobserved
was 6 mph. This factor was, Therefore, taken into consideration

in developing PSD reguirements for speed differences up
and between 5 mph and 10 mph.
in Table 20.

to 5 mph
The suggested values are shown

on

4.1'1»’
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TABLE 19

COMPARISON OF MINIMUM PASSING SIGHT DISTANCE REQUIREMENTS

85th b .
Percentile Clearance Suggested by MUTCD VDH&T
Speed Distagfe This Study
C

(MPH) (Ft.) (Ft.) (Ft.) (Ft.)
30 100 645 500 1,000

35 125 735 550 1,100

40 150 825 600 1,200

45 175 910 700 i,400

50 200 1000 800 1,600

55 250 1115 900 1,800

Note: The suggested minimum passing sight distances computed using
the following equation:

PSD = 4/3 PD + C
where PD = Passing distance (ft.) from regression model for m = 12 MPH
C = Clearance distance (ft.) estimated from AASHTO

d0btained by interpolating (Ref.l4).
b
Interpolated.

“This requirement is discretionally used. The VDH&T also uses
the MUTCD.
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TABLE 20

SUGGESTED PASSING DISTANCES FOR TWO-LANE, TWO-WAY HIGHWAYS
WITH THE SPEED DIFFERENCES ON UP & DOWNSLOPE
GREATER OR LESS THAN 5 MPH

Upslope 85th Passing Sight Distance (Ft.)
Percentile Downslope 85th Percentile Speed (Vy) Range
Speed (Vy) V1 &£ v, < (Vp +5.0) (Vi +5.00 & vy, < (Vp + 10.0)
(MPH)
30 700 800
35 800 870
40 885 950
45 970 1070
50 1095 1190
55 1200 -

2
PSD' = 3 PDy + G, + Dy

PSD' : adjusted passing sight distance, in ft.

PD; : passing distance for lower speed, in ft.

clearance distance for higher speed, in ft.

Dnp : distance travelled by oncoming vehicle at
higher velocity during time passing vehicle
travels from critical lane to completion of
pass.

‘here
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COMPARISON OF BEFORE AND AFTER DATA

The adequacy of the proposed guidelines and their effect
on traffic characteristics when used to provide passing zones
using the MUTCD standard marking patterns were evaluated. It
was originally intended to use all of the test sites for the
after study, but this was not possible as the geometric and traffic
characteristics at some of these sites did not conform with the
guidelines developed for providing passing zones. Tor example,
the 85th percentile speed at site S-2, where several passes were
recorded during the before study, is about 58 mph. This requires
a minimum P3SD of about 1,000 ft. for a safe passing maneuver
based on the proposed guidelines. The meximum PSD available at
this site, however, is 900 ft. This immediately suggests that
the MPM encourages motorists to undertake passing maneuvers at
sections of roads with sight distances less than the minimum
required for a safe completion of the pass or a comfortable
aborting of the pass.

The traffic and geometric characteristics at site S-1
conform with the proposed guidelines, while those of sites S-2,
S-3, and S-4% do not, as the ASDs at these latter silites are lower
than those of the proposed guidelines (see Table 21). Although
the ASD at site S-5 1is greater than the minimum proposed for the
85th percentile speed at this site, this distance reduces to a
value less than the proposed minimum within 400 ft. from the
point of the maximum (see Table 21). It is, therefore, not
possible to provide an adequate length of passing zone based on
the proposed guidelines. Taking these factors into consideration,
it was decided to use the following sites for the after study.

® Site S-1 on Route 501 — To evaluate the adequacy of the
passing zone requirements, and the effect of changing from
MPM to MUTCD marking of the passing and no-passing zones
on traffic characteristics.

® Site S-5 — To evaluate the effect of changing from MPM to
MUTCD marking of no-passing zones, and to determine the
extent to which motorists comply with the no-passing
zone marking.

® Site S-5a, a new study site on Route 116 — To evaluate the
adequacy of the proposed guidelines. The 85th percentile
speed at this site was determined as 50 mph and the
maximum ASD was 1,850 ft.
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TABLE 21

COMPARISON OF GEOMETRIC CHARACTERISTICS
AT STUDY SITES WITH PROPOSED GUIDELINES

85th Percentile Proposed Guidelines Available Max.
Speed Min. Passing Min. Sight Sight Distance Passing
(MPH) Zone (Ft.) & Distance b (Ft.) Zone
(Ft,) (Ft.)
54.0 795 1105 1420 820
47.0 725 940 900 -
47.5 730 945 800 -
42,0 680 850 720 -
42,7 635 855 1060 400
50.0 750 1000 1850 7690

Calculated from regression model (m = 12 M,P.H.)

Calculated from 4/3 PD + C

This is the maximum length at the site within which the ASD is greater
than or equal tec the proposed minimum sight distance
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Conditions for the After Study

Since site S-1 was found to have geometric characteristics
which satisfy the minimum requirements for a passing zone as
proposed in this study, the site was re-marked using the MUTCD
pattern and minimum lengths proposed in this study. A passing
zone of 800 ft. was provided in each direction as shown in
Figure 12. Site S-5 was re-marked as a no-passing zone using
the MUTCD pattern as shown in Figure 13. Site S-5a was re-marked
using the MUTCD marking pattern. A passing zone of 750 ft. was
provided in each direction as shown in Figure 1lu. Table 22 also

summarizes the alterations made for the after.study.

Comparison of Traffic Operating Characteristics

The before and after data were compared for the following
traffic operating characteristics at sites S-1 and S-5.
Table 23 shows the sample size and limits of tolerable error for
each traffic characteristic compared.

Average Hourly Traffic Volume

Table 24 shows a comparison of the average hourly traffic
volumes for the before and after phases for selected time groups.
The means test using the t-distribution showed that the difference
in mean average hourly traffic volumes was not significant at a
5% significance level. These similar before and after traffic
volumes were helpful in delineating the effects of changing the
centerline marking.

Traffic Mix

Table 25 gives a comparison of the traffic mix for the
before and after phases. As shown, the difference in traffic mix
ratios between the phases was not significant at a 5% significance
level.
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1,675 ft.

Before — MPM

SB

Lynchburg

800 f=.

800 ft.

-

NB

After — MUTCD Passing/No-passing Marking

FIGURE 12.

CENTERLINE PAVEMENT MARKING PATTERNS
ON SITE S-1, ROUTE 501.




Max. ASD 1,060 ft.

To Roanoke

Before — MPM

Max. ASD 1,060 ft.

= ——

B
/.
NB

To Roanoke

After — MUTCD No-passing Marking

CENTERLINE PAVEMENT MARKING PATTERNS

FIGURE 13.
‘ ON SITE S-5, ROUTE 116.
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lax. ASD 1,840 ft.

A

k —
Before - MPM
1,080 ft 750 ft.
B (10'-30" skips)
fffffiji —
NB
(10'-30' skips)
Roanoke

750 ft.

1,090 ft.

A
A
1

After — MUTCD Passing/No-passing Marking

FIGURE 1u. CENTERLINE PAVEMENT MARKING PATTERNS ON
SITE S-5A, ROUTE 11ls6.
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TABLE 22

CONDITIONS FOR THE AFTER STUDY

. Site Route Before After
No. Number

MUTCD passing/no-passing zone
marking patterns

S -1 501 MPM
800 ft. passing zone®

MUTCD no-passing zone marking, i.e.,
S-5 116 MPX double solid yellow line, for the
entire length of the study site and
on the approaches

s-5AP 116 MP ‘ MUTCD passing/no-passing zone
marking patterns

750 ft. passing zone

%satisfies proposed minimum length of passing zone for 85th percentile speed.

bThiS'new study site is located approximately 2.0 miles south of site S-5,
with an ASD of about 1,850 ft.
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Operating Speed

Figure 15 shows the distribution of operating sveeds in
percentages for the two phases. The difference in mean speeds
was not significant at the 5% significance level as shown in
Table 26, except for the southbound lane of site S-1, where the
average speed increased by 1.6 mph, and the northbound lane of
site S-5, where the speed increased by 2.5 mph during the peak
period. ©Notice that the latter increase took place in a no-
passing zone striped with a double solid yellow line. At site
S-5, however, the overall speed difference was not significant
at the 5% significance level, which indicated that there would be
only a minimal difference, if any, caused by the replacement of
the MPM.

Queueing Characteristics

Table 27 cocmpares the queueing characteristics of the phases.
The queue cut-off time used in this study was 6.0 seconds. As
shown in the table, there was no significant difference between
the two types of marking patterns. The student t-tests showed
that the difference in average numbers of gueues per hour was
not significant at the 5% significance level. The difference in
average numbers of vehicles per queue was also not significant.
Means tests using a normal distribution were performed on the
average queue speeds for the before and after phases and the
results are shown in Table 28. Only the difference in mean
queue speeds on the northbound lane of site S-5 was found to be
significant at a 5% significance level, and this increment was
only a 1.5 mph increase. These results indicate that substitution
of the MUTCD marking patterns did not significantly alter the
formation of queues.

Headway Distribution in Queues

The headway distribution in queues was examined to determine
whether the replacement of the MPM with the MUTCD marking pattern
had an influence. TFigure 16 shows two cases of this analysis.

It was found out that the shifted (1.0 second) negative exponential
curves would fit the time headway distribution in queues at a 5%
significance level. As shown in the figure, although not much
difference is identifiable, the accumulation of very short time
headways found in the before data were slightly reduced in the
after study and the distribution was spread slightly toward the
longer headways. This could be an improvement of driving safety

in the queue, and may be an indication that the MUTCD marking pat-
terns would provide better driving conditions in the queue than

the MPM. Nonetheless, the difference in means of the time headways
in the queues was not significant at the 5% significance level, as
shown in Table 29. The mean time headway ranged from 2.2 to

2.8 seconds.
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FIGURE 16. COMPARISON OF TIME HEADWAY DISTRIBUTION IN QUEUES.
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Effects on Passing Maneuvers

Passing maneuvers were filmed at sites S-1 and S-5A for the
after study. Two types of information were obtained from the
filmed passing maneuvers. One of them was the motorists'
interpretation of and compliance with the MUTCD marking patterns,
and the other was the adequacy of the proposed minimum lengths
of passing zones.

Motorists' Interpretation and Compliance

At site S-1 on Route 501, where the available sight distance
is approximately 1,400 ft., 87.5% of the passing motorists en-
croached onto the left lane in the first one-third of the
passing zone provided. On the other hand, at site S-5A, where
the available sight distance is about 1,850 ft., only 36% of the
sampled passing motorists encroached on the left lane in the first
one-third of the provided passing zone. Forty percent of them
started in the second one-third of the provided passing zone.
These findings may indicate that the passing motorists may delay
their decision to commence a pass when the perceived safety is
enhanced by the long ASD. .

About 70% of the passing motorists returned to the right
lane without intruding on the passing zone in the opposite lane
at both study sites. This indicates that the majority of
motorists would correctly interpret the MUTCD passing and no-
passing zone marking patterns.

Although passing maneuvers were not filmed at site S-5 where
the MPM was replaced with the double solid yellow line for the
no-passing zone, it was found from data taken by the electronic
data acquisition system that hardly any passing maneuvers occurred
at this site. This indicates that meotorists would correctly
interpret the marking and also comply with it.

Evaluation of the Proposed Passing Zone Lengths

A total of 24 passing maneuvers were filmed at site S-1 and
25 at site S-5a. At site S-1, 92% of the passes were combleted
within the proposed minimum length of passing zone for the 85th
percentile speed. At site S-5A, about 88% of the passes were
completed within the proposed minimum length for the 85th per-
centile speed. These figures suggest that the proposed minimum
lengths of passing zones are adequate.
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Ssummary of Before and After

The comparisons of the before and after data produced
several significant vesults as summarized below.

® The replacement of the MPM with the standard MUTCD
passing and no-passing zone marking patterns did not
produce substantial changes in the traffic operating
characteristics.

® Although some passing zones designated by the MPM would
be changed into no-passing zones, the queuing character-
istics were not significantly altered; therefore, the
increase in delav would be minimal, if any.

® The standard MUTCD marking patterns not only provided
better indications of sec¢tions of roads suitable for
passing maneuvers, but also encouraged motorists to
refrain from improper driving maneuvers, as shown by
a reduction in the percentage of very short headways.

® The proposed minimum lengths for passing zones developed
in this study proved to be acdequate and provided some
distance for the delayed passes if motorists chose to
do so based on their perception of safety in performing
a passing maneuver.

CONSEQUENCES OF IMPLEMENTING PROPOSED GUIDELINES

The major consequences of implementing the proposed passing
zone and passing sight distance requirements are probably
anticipated losses in passing opportunities and an increase
or decrease in accident rates. These are discussed below.

Pass Opportunity

The immediate concern would be the loss of passing zones
that theoretically exist on all sections of the MPM roads.
To estimate the reduction of such passing zones, several routes
were randomly sampled. Each sampled MPM road was divided into
l1-mile segments and numbered. Then, four segments were randomly
chosen from each MPM rocad, and the ASDs were measured at each
quarter of the selected l1-mile segment. Along with the available
ASD, vehicle speeds were sampled by a radar gun to estimate the
85th percentile speed for the sampled MPM rocad or section of road.
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Table 30 summarizes the results of this survey. It is
estimated that approximately 30% of the MPM roads would remain
open as passing zones and the rest would be designated as no-
passing zone. It should be noted, however, that several sections
of the MPM roads are not suitable for undertaking passing maneu-
vers and that, in general, motorists would not pass at these
sections. Therefore, the implementation of the proposed guide-
lines using the MUTCD sanctioned marking patterns would not
impose serious restrictions upon motorists. ‘

Accident Rates

As discussed in the section on accident analysis, the data
on passing related accidents are inadequate for any definite
conclusion to be made. It can, however, be said that there
is no evidence that will support an assumption that passing
related accident rates on sections of roads striped with MPM
are higher than the rates on sections of roads striped with
standard MUTCD markings.
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TABLE 30
ESTIVATED PERCENTAGES OF E&SSING/NO—PASSING ZONES
ON THE MPM ROADS BY THE SUGGESTED STANDARDS

Number of Number of Expected Expected
District (Route Randomly Sites for Passing No-Passing
Selected Possible Zones Zones
Segments Passing Zone (%) (%)
Rte. 358 12 3 25 75
Rte. 63 20 5 25 75
Bristol |Rte. 70 8 2 25 75
Rte, 72 L 1 25 75
Rte, 72 8 3 38 62
Rte., &3 20 5 30 70
Rie. 83 20 7 35 65
Average 29.0 71.0

}—L
N
=
[AN]
U
~2
N

Lynchourg|Rte. 56

Rte, 49 16 6 38 62
Salem Rte., 42 16 3 19 81
Ste, bl 16 2 13 87
Rte. 311 15 L 25 75
Average 23.8 76.2
Rte. 139 20 I 20 80
taunton {Rte., 60 8 L 50 50
Rte, 220 12 5 b2 58
Rte. 250 12 2 17 83
AverTge 32.3 67.7
Grand Average 28.8 71.7

Confidence Interval
(95 % Confidence Level)
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SUMMARY OF FINDINGS

The major findings from the study are summarized below.
Summary of Survey of States

1.

A large majority of the states (approximately 76%)
always adhere to the MUTCD standards, while the
remaining 2u% use the standards in most cases.

A large majority of the states (approximately 71%)
carry out some reconstruction to alleviate the
problem of inadequate sight distances on two-

lane, two-way roads rather than use special pavement
markings as is done in Virginia.

Approximately 1u4% of the states increase law enforce-
ment or erect special signs to reduce illegal passing
maneuvers.

No special problems have been observed in states which
have long distances of two-lane highways marked as
no-passing zones.

The use of non-MUTCD markings is not a common practice.

Summary of Motorists' Opinion Survey

6.

Approximately 17% of the interviewed motorists indicated
that they had experienced some delay. Among those who
had experienced delay, only about one-third actually
believed that the delay was either excessive or
moderate. Delay was, therefore, not a serious prob-

lem for the majority of motorists interviewed.

Approximately 78% of the interviewed motorists favored
clearly marked passing and no-passing zones, which
indicates that the majority of motorists will welcome
the standard MUTCD marking system for the designation
of passing and no-passing zones.

Field Studies

8.

More passes were observed on upgrade lanes than on
downgrade lanes. This demonstrates higher demands
for passing zones on upgrade lanes.
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12,

[
w

1y,

The speed difference between the opposite lanes for
the 85th percentile operating speed for the peak
and off-peak hours combined ranged from zero to

7 mph. If the difference is large (say more than

5 mph), it would be safer to use different 85th
percentile operating speeds for downgrades and up-
grades to compute passing sight distances.

On mountainous highways, where the available sight
distance was limited, motorists tended *to pass with
differences in speed greater than the 10 mph cited

in the AASHTO Blue Book. Slightly more than 60%

of the sampled passing vehicles traveled with a 15 mph
difference in speed. The 15th percentile speed dif-
ference was 11.4 mph. These findings may imply that
the passing drivers are more pressed to complete the
pass in a shorter length on mountainous highways than
on ordinary, less restrictive two-lane, two-way high-
ways.

The lowest speed of the passing vehicles was approx-
imately 30 mph. This may indicate that motorists
would not attempt a pass if their desired speed is
less than 30 mph due to the restrictive geometries.

The mean speed of the passing vehicles sampled was
found to be approximately equal to the off-peak

85th percentile speeds at the study sites. The use
of the prevailing off-peak 85th percentile speed for
the determination of passing sight distance requirements
on two-way highways in mountainous areas is, therefore,
reasonable.

The distance traveled by the passing vehicle between
the head and tail position and the position at
completion of the pass (see Figure 7) was on the
average approximately 69% of the passing distance,
whereas the distance traveled by the passing vehicle
between the abreast position and the position at
completion of pass was on the average about 56% of
the passing distance.

The ratio of the before spacing to the after spacing
was found to be approximately 0.70 on the average.
The average before spacing was 56 ft. after spacing
79 ft. These findings imply that if the passing and
impeding vehicles are of similar type, say passenger
cars, the passing vehicle would encroach on the left

82



15.

lane after it has reduced the starting spacing
by approximately 30%. Thus, the starting space headway
and the after space headway could be considered
equal for a pass performed by similar vehicles.

On two-lane, two-way highways in mountainocus areas,
although speed is a major factor affecting the passing
distance, the difference in speed between the passing
and impeding vehicles and grade, in that order, have
significant effects on the passing distance. Grade is,
however, not a major factor if the passing speed is
less than 50 mph.

Kinematic Pass Model

16.

The modified kinematic pass model developed in the
study approximates the actual passing maneuver reason-
ably. This indicates that passing maneuvers could be
simulated by this tvpe of kinematic model.

Results of Analyses

17.

18.

19.

The MUTCD requirements for marking no-passing zones are
not adequate to ensure safe passing maneuvers on
mountainous highways. The minimum length of 400 ft.
for a passing zone specified by the MUTCD may not be
adequate for passing vehicles to safely complete a

pass even at a 30 mph passing speed.

The Virginia Department of Highways and Transportation
sanctioned requirements for marking no-passing zones,
which are used discretionally in Virginia, are extremely
conservative. Such excessively conservative require-
ments may eliminate many possible passing zones, not
only on mountainous highways but also on two-lane,
two-way highways with more favorable geometries.

The minimum passing sight distance requirements
developed in this study using the long-zone concept
are longer than the MUTCD requirements. The proposead
requirements are long enough to provide safe deceler-
ation rates and clearance distances.



w/

20. In the before and after study, the replacement of the
MPM with the MUTCD markings did not create significant
differences between the traffic flow characteristics
noted for the two marking systems.

Legal Issues

21. A study of the tort liability issues indicated that
it cannot be concluded that Virginia or its employees
incur tort liability because of the Commonwealth's
mountain marking pclicv, as the decision will be based
mainly on how the courts analvze specific acts cf
nonconformance to determine whether they amount to
negligence. This will depend on whether the MUTCD
is viewed as establishing mandatory minimum standards
or are such that nonconformance amounts to negligence
as a matter of law or whether the MUTCD is viewed as
prescribing a desirable but noncompulsory standard.

CONCLUSIONS

The motorist opinion survey showed that the majority of the
motorists correctly interpreted the MUTCD sanctioned marking and
signing systems and preferred them to the MPM.

The null hypothesis tested was that there would be no
difference in the safety and operational characteristics
between the MPM and the standard MUTCD markings for passing
and no-passing zones. The before and after analysis showed that
this null hypothesis could be statistically acceptable, and that
the differences caused by the replacement of the MPM with the
MUTCD patterns would be minimal. Considering the motorists'
familiarity with them and their use on the rest of the two-way
highways in Virginia and those in other states, the MUTCD
standard marking patterns should produce a better driving
environment than the MPM on two-lane, two-way highways in
mountainous areas.

The MUTCD requirements for the minimum length of passing
zones and minimum passing sight distances should, however, be
revised because they were found to be inadegquate for motorists
to complete passing maneuvers safely.
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RECOMMENDATIONS -

Based on the findings from the study, the following
recommendations are offered.

1. The MPM should be replaced with the standard MUTCD
marking patterns for passing and no-passing zones.

2. Upon adopting the MUTCD sanctioned marking patterns,
the Virginia Department of Highways and Transportation's
minimum passing sight distance requirements (see Table
3) should not be used as they have been shown to be
too conservative.

3. Upon adopting the MUTCD sanctioned marking patterns,
the MUTCD sanctioned minimum length of passing zone,
L00 ft., should be increased to take into consideration
the factors which affect this distance as determined in
this study. (See Table 31.)

4. Upon adopting the MUTCD sanctioned marking patterns,
the long-zone concept should be used for determining

passing sight distances. The minimum passing sight
distances established, in this study are thus recom-
mended. (See Table 31.)

5. Until a marking system which delineates the buffer
zone of the passing sight distances based on the
long-zone concept is nationally accepted, the short-
zone concept should be used for marking no-passing
zones. In other words, the double solid vellow line
is started at a location beyond which the minimum
passing sight distance requirements developed by the
long-zone concept will not be available.

6. Fcr supplemental signs denoting passing and no-passing
zones, the conventional signs such as the MUTCD Wli-3,
"NO PASSING ZONE," and the MUTCD R4-1, "DO NOT PASS,"
are recommended.
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"TABLE 31

SUGGESTED MINIMUM PASSING ZONE AND PASSING SIGHT DISTANCE

REQUIREMENTS FOR TWO-LANE, TWO-WAY HIGHWAYS

IN MOUNTAINOUS AREAS

85th Min. Passing Zone Length Min. Passing Sight Distance
Percentile
Speed Proposed MUTCD Proposed MUTCD
(MPH) (Ft.) (Ft.) (Ft.) (Ft.)
30 560 400 645 550
35 610 400 735 5504
40 660 400 825 600
45 710 400 910 7002
50 750 400 1000 800
55 800 400 1115 900 a
Note: When the speed difference on opposite lanes is equal to or

greater than 5 mph, use the suggested sight distances in

Table 20,

aInterpolated.
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Centerline Pavement Marking Practices For Two-Lane Highwavs

*
state AR gtates ,D.C.. PertoKico pate  June 1373

Does vcur Department use the pavement marking standards out-
lined in the Manual on UYniform Traffic Control Devices (1971
FHWA MUTCD with subsequent revisions) for centerlining two-
lane highways?

:3 [ . Tes, adhere specifically to MUTICD
)Z Yes, in most cases
0 No. Please outline your policy or enclose a copy of

your standards.

With regard to each item listed below, please indicate the pave-
ment marking practice used in your state for marking two-lane highwavs.
Also, please note any exceptions to the practice,

Item Practice Exceptions

a. Centerline mark and gap lengths
b. Width of centerline
c. Width of edgeline
d. Color of centerline See Summary ﬂmghei
e, Color of =sdgeline
f. Minimum width of pavement centerlined o
z. !inimum width of pavement edgelined
n, Minimum traffic wvolume warrant for

centerlines
i, Minimum traffic volume warrant for

edgelines
j. Other considerations. Please specify

tvpe. '

Please describe anv non- MUTCDmarkings used 5y vour Department on
two-lane highways and outline traffic, geometrical, or eavir onnenta«
conditions that vou feel justify the use of special marking.

_Exceptions in mountmnous areas in Kentudky . Misssuri
e hire ind i nate




a Noes

patterns on

be

your non=METenD

highwavs where

Depariaent
two-lane

s

any

permitted

sight distances?

3

_46

1- Ne Rij ‘o a +kg — | amd <01
ovly  mank. verkical warves, o
5. Does your stafe have continuous sections c¢f two=-lane hizhwavs on
which a double solid, wvellow centarline is used to prohibi:z pass-
ing for several miles or more due to restricted sight distances?
37 Yes,
A No.
) No reply.
7. If either MUTCD or non~-MUTCD patterns ara used to mark continous
sections of two-lane highways whera restrictive sigzht distances
limit passing opportunities, please indicace any problems that
have been observed with regard to the following items.
Item Observation
a. Passing accidents lnSugf‘,denf daiq --F-ep}ﬂ‘buﬁ
b. Illegal passing maneuvers < iy —~ \2wA
c. Public complaints nene Som 2
d. Slow-moving vehicles causing delay
to normal traffic flow : Neo Q:QHgm — on a-rud‘-’s
e. Driver understanding of the.marking code Ama A — ®oxtellent
f. Other problems or benefits. Please o
specify type.
3. If you have-observed operational or safety problems related to

7

7o lease
the guidelines
markings are apolied.

S

No.

contoriine
nassing
for several milas or more due to restricted

describe the pattern(s)
you use to determine

marking
zones cannot

used and indicate
where nonstandard

Mou.n'm,n mm‘km,qs LLS"J 9 A;:'mnsqs Vzrﬂm:a_ Ham

continuous no-passing zcnes on two-lane highwavs where sight

distancesare restrict
have been

ed for several

taken to improve conditions?

actions if applicablas

None
Construct climbing lanes
Erect special signing

maneuvers
3
for passing

2] Other. Please speciiy

o) No reply

miles or more,

wnat actions
Check one or more

Indicate message
Increase law enforcement to reduce illegal passing

Reconstruct highway to provide adequate sight distance

action. Condyict vehicle palloats —

improve S'Shﬁ' disrante
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I{ vour state i{s using a non=MUTCD marking pattern on Uwo-lane~ /=,
highways, on what percentage of the total two-lane highway mile- = -«
age is the nonstandard markling used?

a. 4 Less than 5%
b. 2 5% to 10%

c. ! 10% to 157

d. ) Greater than 157
. & Unknown

. 35 Not applicable

. 3 No reply

gQ M (D

Are no-passing zones marked in accordance with the minimum passing
sight distances outlined in the MUTCD for the various prevailing
of f-peak 85th percentile speeds?

Yes

45
ﬁE‘ No
—t—

No reply

For the 85th percentile off-peak speeds listed belcw, please
indicate the minimum length of a passing zone and the minimum
length of a no-passing zone marked in your state.

85th Percentile Speed Minimum Length Minimum Length
of a Passing Zone of a No-Passing Zone
(MPID) (Feet) (Feet) '
30
10 Ser Savewary Aadd T
50
55

(Apoerdia 7-%)
]
In addition to sight distance considerations, what other factors do
you use to determine the minimum length of a passing zone?

a. 15 Ylone
b. 10 Grades
C. 4 High percentage of slow-moving trucks

d. 8 Availability of other passing zones in the area
e, (! Other. Please specify factor

£. ! No reply -

Is it legal in wvour stats to begin a passing maneuver in 2 passing
zone and end the pass in a no-passing zone, i.e., by crossing tne
solid line to complete the pass?

T Yes
490 Yo
3 No reply



g

)

Based cn vour experience, do vou f=2el traffic flow would be
enhanced with lLittle ecfifect orn highway safetv 1f the driver
was permitted to complete a pass in a no-passing zone? Please
give a reason for your answer?
Leen Succs’SSA‘/ 7or yeaw — Only -»‘ﬂ—y"’«‘ pe
10 ‘fes. Reason _jp sem€ Qyeas
E No.  Reason __ddyerse 2d2e¥F on Stlery
b Yo reply f ' 17 ;7

In addition to pavement markings, are other traffic control devices
used to emphasize the existence and exteznt of a passing or no-gass-
ing zone?

43 “7es. Dlease give th of device used and message
<

e e
_, content. _Ng pass 1ﬂﬂ Zong Ponnqnf;
| No.

When designing passing sight distances for two-lane highways, does
your Department use the design standards outlined in the AASHO
Policy on Gacmetric Design of Rural Highways (1965 Blue Book)?

iig
éé: Yes
b No . Please describe your design practice or enclose a
copy of your standards or guidelines.

L  No reply
Does your organization contemplate changing either the marking
pattern or the standards used to mark passing and no-passing

zones in the near future?

1 Yes. Please indicate the tvpe of change anticipated.

Chande agmrnim 45 mank,
15 L{O. . 7 J

) Yo reply

Plesase describe the method {manpower and equipment required and
the criteria) your organization uses to determine locatiomn of
passing and no-passing zones on two-lane highways. If possible,
please enclose a copy of your field procedures.

Twro can meshed , Ranse tracking Aovice gcm/pufer;;ed Survess
’ . ! . -t o

Does vour organization have any planned, ongoing, or completed
studies involving the investigation of either the effects of
the centerline marking pattern on traffic operations and safety
or criteria for marking passing and no-passing zones?

gﬁ— Yes. Contact j‘m{[e: are Cat]ﬁ[wjf?' N IJn'sam ﬁ.‘z'd’!./lb,
EEEEEE— 7

o
I hsics op)
77

Phone (Area Code)
or please include a
nroject status,

opy of the report or indi:zace

A=l



19.

(Cont ivued) N

j% Mo
No reply

Additional comments or observations

wWould vou like a copy of our final report on this project?

ﬁ‘7 Yes
3 No

Your Name
Title
Mailing Address

Phone Number (Area Code) ( )

Thank you for your cooperation and assistance, The information you
have provided will be tabulated along with data from other juris-
dictions and summarized in the final report. If ybu have any
questions or would like more information concerning the study,

please contact: Martin R. Parker, Jr., Virginia Highway and Transpor-
tation Research Council, Charlottesville, Virginia, Telephone (804)
293-1908.

A-5



SMCLARY FOR QUESTION #3

0 A 3 C D € F G H I
~ Stace (Fe.) Inch) (Inch) (Fr.) (Fe.) (Fr.)
Alghama 15-25 & 4 4 Yellow Whice tlone tlone None None
1c-30 :
Alaska 16-30 &
5-18 A 4 Yellow thice 17 2 Hone Hone
Arizona 12-30 4 4 Yellow thire 19 22 Vone tione
Arkansas 10-30 4 4 Yellow Whitce 13 20 None None
CaliZornia 7-17a 4 4 ‘Yfellow White ~b MNone tione
Colorado 19-30 5 4 Yellow - White 20 20 Hone Neone
Connecticur 15-23 4 4 Yellow White 15 26 Nene Nane
Delaware 10-30 4 4 Yellow Whirze 16 20¢ 250 AADT 250 AADT
isc. of :
Columbia*’ 4 Yellow 22 N.A. Freeway
i Only
Florida 10-30 4 4 Yellow White Non-Stand. 20 250 ADT 250 ADT
Georzia 10-30 4-6 4-3 Yellow  lUhite 16 13 All Rds. All Rds.,
Hawaii 10-30 4 4 Yellow Whice 18 tone None None
Tdaho 20-30¢ 4 A Yellow  White 18 20 None tione
Illinois 10-30 . 4-5 4 Yellow White, 16 15 —e 1000 ADT
Indiana 10-30% 43 4 fellow  “hite* ) 13 tone
Iowa 10-30 4.5 4 Yellow White 20 tlone 2
Kansas 12.53-37.5 5 4 Yallow Wnite Nore Lone ane one
Kentucky 25-152 4 4 7ellow White ié 20, 300 ADT None
Louisiana 10-30 4 4 Yellow Whit None 24% lione Mone
Maine 15-2 4 A Yellow Wnite 15 2 250 ADT
Marvland 10-39 4-6 4-6 Yellow thite/ 16 13 None None
Yellow
Massachu-~ : :
setts 10-30 4 4 Yallow thite 15 20 None Mone
Michizan 12.5-37.5 4 4 Yellow  White L5 None None None
Minnesota 10-4(¢ 4 4 Yellow Wnite tione done Mone None
Mississippi Yellow  thice 1
Missourti 1G-30 4 A Yellow White 1 - 225 ADT
Monzana 10-3070 4 4 Yellow  thite None 24 None None
Nebraska 12-320 4 4 Zellow Thitce
Nevada fellow thite
New Hamp-
snire 10-30 4 4 Yellow White 15 20 None 200 ADT
New Jersey 15-250 4 4* Yellow Whize/ 16 20 None None
. fallow
New Mexico 19-30%< 4 4 Yellow White 16 13 250 ADT 250 ADT
New York 15-25h 4 4 Yellow White 16 15 None None
North
Carolina 12-30 [N 4 Yellow Whize 16 16 100 ADT 100 ADT
North
Dakota 10-30 4 4 Yellow hite 15 16 None None
Chio 10-30 4 4 Yellow Whice/ 16 15 Nene None
Yellow None Maone
Cklahoma 12-33 4 4 Yellow hite 18 20 lione Hone
Oregon 13-25 4 4 Yellow  UWhite 13 22 None None
Pennsylva-
nia 12-30 4 4 Yellow Whicze 15 20 250 ADT 250 aDT
Puerco Rico 15-25 4 4 Yellow Whice 1 20 256 VPD 250 VPD
Rhode Solid
s I:Land Dbi. Line 4 4 Yellow White 22 24 Hlone None
out!t .
Carolina 10-30 “ 4 vellow thite 18 20k, ) =K None
South
Dakota 13-30 4 4 Yellow  White 15 24 Vone None
Tennessae 12-30 4 4 7allow White 18 .
Taxas 19-30f & 4 Yellow  Whirze 15 22 300 VPD LCOG VPN
Ucah 12-28 4 4 Yellow  White 25
Yermont 19-39 A 4 Yellow  White 15 1 Yone Mone
Virginia 10-39 4l 6l Yellow - 15 20 500 vPD None
Washinzcon 10-30 4 4 Yellow  VWhite 20 20 None Monea
W. Virginia 10-30 4 4 Yellow Whice 16 18 250 ADT 230 ADT
Wisconsin 15-35 4 3 fellow White i6 13 None -1
Wwoming 13-23h 4 4 Yellow White 18 20 300 ADT 300 ADT

Siuy Intt QA0 O D

RN

4

See Questionnaire

12' - 36" on high speed roads
Centerline is placed cnly where two vehicles can pass safely
Wizh cencerline; 13" without cenrurline

3. 35
"Sizaificant =zraffic volumes”

5' - 23" a5 stared in Indlana

ooan fracuavs

!

TRV W e
< )
'




SUMMARY CF MINIMUM LENG
(Question 11 cf

™y

o ha

OF PASSING ZONE IN FEET
CQuestionnaire)

85th Percentile Speed (mph)
State -
30 40 50
Alabama * 400 500 goaQ
Alaska 441 588 735
Arizona 350 500 500
Arkansas 500 560 500
California 1,100 1,500 1,800
Coloradc* 500 600 800
Connecticut 400 400 400
Delaware 300 400 499
Dist. of
Columbia - - -
Florida 500 500 500
Georgia - - -
Hawaiil 400 400 400
Idaho 600 600 500
Illinois 400 500 600
Indiana 400 500 600
Iowa - - -
Kansas 400 400 400
Kentucky 400 400 400
Louisiana - - -
Maine 400 400 400
Maryland 400 400 400

- Massachusetts?® 500 600 800
Michigan 500 500 500
Minnesota 500 500 500
Mississippi - - -

" Missouri 400 400 400
Montana 600 600 600
Nebraska=* 500 600 800
Nevada - - -
New Hampshire* 500 600 800
New Jersey¥® 500 600 800
New Mexico * 500 600 300
New York 400 400 400
North Carolina 400 400 400
North Dakota 1,100 1,500 1,800



SUMMARY OF MINIMUM LENCTI OF TNG FEET
(contin ueﬂ)
85th Percentile (mph)
State
30 40 50
Ohio 400 400 600
Cklahema 100 400 400
rcgod 400 400 600
_nn=jtvaw’a 400 400 600
Puerto Rico - -
RPhode Island 500 600 800
Soutn Carolina 400 500 400
Scuth Dakota 400 400 400
Tennesse=2 MUTCD MUTCD MUTCD
Taxas 400 400 400
Jtah MUTCD MUTCD MUTCD
Yermont - - -
Jirginla * 500 600 800
Washington 420 400 400
West Virginia 400 400 400
Wisconsin 528 28 660
Wyoming 400 450 480
*These states may have given the minimum passing
sight distance requirements instead of the minimum
length of passing zone, which was the intent of
this guestion.
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APPENDIX T
Tort Liability for Mountain Markings
This appendix briefly explores whether Yirginia or its
emplovees incur tort liability because of the Commonwealth's
mountain marking policy. TFcor purpcses of *this analysis, 1t Is
assumed that the plaintiff can shcw that the markings at the
accident site were not in conformance with MUTCD standards, and
that ccrfus_on created by the nonstandard markings was at least
partially responsible for the damages. The examination has led
To the -ollow1ng ccnclusions:

1. Virginia's policy does not create a tort claim under
federal law. Thus, plaintiff would have to ground his
suit in Virginia state law under the Virginia Terts Claims
Act, ‘

2. Because the Virginia Tort Claims Act has been in effect
for a relatively shecrt time, the Virginia ccurts have
not had an opportunity to a***cu’*‘s how they will analvyze
specific acts of ncnconformance to determine whether the

amount to negligence under the standard for
contained in the Act. Vwrcl 1ia courts will
twe alternatives: eith *Fe MUTCD will be

-y

culpability
choose between
viewed as

es;aDllsklng mandatcecry minimum standards that are such that
nonconformance amounts to negligence as a matter of law,
or the MUTCD will be viewed as prescribing a desirable but
ncnccempulsory standard such that the jury may ccnsider the
MUTCD standards as a yardstick in deterllnlpg whether the
degree of nonconformance amounted to negligence. Although
cther states have split over these two approaches, pre-
VTCA decisions indicats that Virginia will adopt the latter

view.
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3. In arguing be‘o e a jury as to the reasonableness
of the mountain marking policy, the state's case
is bolstered to the extent that the nol was
motivated by empirically established galns in
traffic efficiency and safety. This report will
go a long way toward laying that empirical founda-
tion. On the other hand, the state's case is
hindered by the fact that Virginia did not follow
MUTCD procedures for proposing and testing the
new markings.

The remaining text of this memorandum has been prepar
for direct transcription into the report on the study of L.J.

-3

The F ‘eral Aid Highway Act, 1 conditions the release

of federal nds on the recipient state's use of safety

devices that comolv with standards flxed mr*HeSe;reCar]

of Transportation. 2 Similarly, uniform federal standards

for safety devices were necessary to review the highway

safaty plans_states submit to receive funds under the Highwayv
Safetr Act. 3 Pursuant to these statutes, the Federal Highway
Administration adeopted the marking standards in the Manual on
Uniform Traffic Control Devices (MUTCD). * Wnile the MUTCD
documents the nonconformity of Virginia's ﬂountaln markings,
at issue is whether the federal government's adoption of AUTCD
standards as a basis for the release of federal funds implie
that plaintiff motorists have a federal cause of action in

tort against states for damages arising from noncompliance.

A federal cause of action was denied in Daye vs. Pennsylvania. 6

l‘h D

(o}

In Daye, the court focused on whether a state's acceptance
of federal highway funds implied a waiver of immunity and
authorized private tort actions arising from nonstandard highway
design. The district court declared that in areas of traditional
state sovereignty, an offer of federal funds must expressly
contain or overwhelmingly imply a waiver for one to take effect.
The opinion not only concluded that the plaintiff failed to show
that a waiver ex1sted, it also stated that neither the Federal
Aid Highway Act nor the Highway Safety Act expressly authorized
private suits. 8 After concluding its discussion on the presence
of a waiver, the Dave decision held that the only sanction for
nonconformance undcder federal law was disqualification for funds,
and that honoring a private sanction, tort liagbilitv, was an
improper attempt to expand and redefine Congressional intent.

The circuit court upheld this conclusion, and added that only
Congress had the authority to append new sanctions.

~4

Although the United States Supreme Court has recognized
implied rights of private action in similar federal statutes, 1l
it has done so only after considering the propriety of expansively
interpreting federal law to the detriment of state soverelgn;y
This inhibition would be particularly strong in cases of 1‘cqway
regulation because of the Court's longstandlﬁg recognition of
state authority in this area. 12

i
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Since Dave precludes a fe
would have to ground his suit 1 rginia law. More specif-
ically the suit would be brought against an individual emplovee
under traditional common law doctrines, or against the Ccmmon-
wealth itself under the Virginia Tort Claims Act. (VTCA).
Virginia adopted the MUTCD, including the sections relating to
passing zcne markings, pursuant to statutory authority granted
to the State Highwayv and Transportation Commission over the
location, form and charaizer of traffic control devices used
on Virginia's roadways. The Commission is further required
to adopt a uniform system of markings that correlates_as closely
as possible to the systems adopted in sister states. 13 1In
examining whether Virginia's willful divergence from a seli-
imposed standard amouncs to culpable negligence, it is neces-
sary to distinguish between the standards of liability that
apply to state employees and those that would apply to the
Commonwealth itself.

ause of action, plainciit

der
o

[t

-
4
+
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¢l
30

=09
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At common law, state employees have always been personally
accountable for their acts; however, for an injured party to
prevail the act must be ''performed so negligently that it can
be said that its negligent performance takes him who did it
outside the protection of his emplovment." 16 The Virginia
Supreme Court recently discussed this standard:

Admittedly, no single all inclusive rule
can be enunciated or applied in determin-~
ing entitlement to sovereign immunity....
The difficulty in application comes when a
state employee is charged with similar
negligence... under such circumstances we
examine the function this employee was
performing and the extent of the state's
interest and involvement in that function.
Whether the act performed involves the use
of judgement and discretiocn is a consider-
ation, but it is not alwavs determinative.
Virtually every act performed by a person
involves the exercise of some discretion.
0f equal importance is the degree of control
and direction exercised by the state over ,
the emplovee whose negligence is involved.

-
-/

The above passage means that employees who exercise
professional judgement (i.e., engineers, physicians, account-
ants, etc.) in performing their duties will be judged, as
they always have, by the standards of their profession,
without regard to any immunity that their employer (the State)
may have. This standard will not be affected by the VTCA,
Since traffic engineers adopt mountain markings on well-
founded professional judgements regarding traffic efficiency
and safety, it is hard to conceive of such judgements
amounting to commow law negligence.

F-3
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The Commonwealth stands on different ground. Under the
VTCA, Virginia is expocsed to tort liability for the ''megligent
or wrongful acts or omissions' of its employees. 8 Because the

Act nas been in effect only since July 1982, the courts have
not had a sufficient opportunitv to link specific acts to this
standard. In making this linkage, Virginia courts will doubt-
lessly consider relevant precedents in other states.

Reference to other states' jurisprudence reveals two
approaches of incorporating the MUTCD into standards of neg-
ligence. The first approach, adopted in Washington, holds that
the MUTCD sets mandatory minimum standards for traffic control
devices. Failure to conform to the MUTCD is f£ius conclusively
deemed to te negligent  as a matter of law. °©
adopted in Kansas and Montana, does not_view the MUTCD as a
mandatory Standard with the rforce and efrect oI law; instead it
views the manual's standards as directory, describing a pro-
fessional consensus as to what devices are appropriate.but not
compulsory wunder standard conditions. 20 Under this approach,
nonconformity is not negligent per se, but che manual will be
admitted into evidence so that the jury may gauge the degree
of nonconformity in determining whether the deviation is un-
reasonable and amounts to negligence. There are strong ar-
guments for each approach. A per se treatment is justified
by the motorist's need to be able to rely on the uniformity
of the information ceonveyed by traffic control devices. A
comparative approach is supported by the traffic engineer's
need tc tailor devices within reason to unusual needs.

Any attampt to predict which approach will be taken in
Virginia involves an irreducible degree of speculation, but
one can assume that in contemplating this choice the court
will draw guidance from its common law perspective as well
as any relevanat statutory language.

At common law (pre-VICA), Virginia defined the scope of
governmental immunity by distinguishing between government
and proprietary functions. Governmental functions required
the independent judgement of a policy maker, while proprietary .
functions involved maintenance and other nondiscretionary tasks.
Sovereign immunity was _frequently extended to the former but
rarely to the latter. ¢~ In recent common law cases applying
common law sovereign immunity to traffic regulation, 22 the
Virginia Supreme Court held that this function was governmental
and could not give rise to liability. Since adoption of a per
se approach to nonconformance would amount to a complete
departure from Virginia's historical perspective, one would
predict that the court would adopt the more moderate approach
of allowing the MUTCD to be referenced by the jury in its
evaluation of the degree and negligence of a specific act of
nonconiormance.

The second approach



This approach can also be rarionalized by reference T
to the state statutes that motivated the adoption of the
MUTCD. In requiring the State Highway and Transportation

Commissiocn to adopt a uniform marking standard, the code
states that the marking system shall correslate with -
and'"so far as possible conform to the system adopted by
other states'. <5 From the phrase '"so far as possible,
one mav argue that the legislature foresaw and permitted
noncompliance where there was an adequate and reasonable
engineering rationale for the deviation. If this argument
is accepted, a per se approach would defeat the legislative
intent. On the other hand, that phrase might also have

been written to account for cases where budgetary conditions
censtrain the state from upgrading outdated devices to meet
MUTCD standards. If this was the purpose behind the
operating language, the legislative argument would be
irrelevant to the instant case.

"

Assuming that the per se approach is rejected in Vir-
ginia, the state must argue that the nonconformance was
reasonable, or at least not tantamount to a breach of its
duty to motorists on its highways. Cn the otuecr hand, cthe state's
case is eakened b the fact tl.at it knew of MUTCD-approved
procedures rfor proposing and testing new devices yet it refusad
to adopt them.

Based on this analysis, the following conclusions are made:

1. Virginia's policy does not create a tort claim under
federal law. Thus, plaintiff would have to ground
his suit in Virginia state law under the Virginia Tort
Claims Act, '
2. Because the Virginia Tcit Claims Act has been in effect
for a relatively short time, the Virginia courts have
not had an opportunity to articulate how they will
analyse specific acts of nonconformance to determine
whether they amount to negligence. Virginia courts
will choose between two alternatives:either the MUTCD
will be viewed as establishing mandatory minimum
standards or are such that nonconformance amounts to
negligence as a matter of law, or the MUTCD will be
viewed as prescribing a desirable but noncompulsory
standard such that the jury may consider the MUTCD
standards as a yvardstick in determining whether the
degree of nonconformance amounted to negligence.
Although other states have split over these two
approaches, pre- VICA decisions indicate that Virginia
will adopt the latter view.

3. In arguing before a jury as to the reasonableness of

£y

the mountain marking policy, the state's case is
bolstered to the extent that the policy was motivated
by empirically established gains in traffic efficiency
and safety. On the other hand, the state's case is
hindered by the fact that Virginia did not follow MUTICD
procedures for proposing and testing the new markings.
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