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ABSTRACT 

The Virginia Department of Highways and Transportation uses 

a lane marking designated mountain pavement marking (MPM) on two- 
lane highways in mountainous areas. This special marking con- 
sists of a single broken yellow 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 pass.ing 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 passinz zones and 
sight distances are adequate for passing maneuvers on two-lane 
highways in mountainous areas. 
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INTRODUCTION 

Uniform standards for road 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 Highwazs 
(MUTCD). (I) 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-I 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: 

I. 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. (3) 

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 1940s. 
¢4• 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 i. 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 I. MOUNTAIN PAVEMENT MARKING AND 
"PASS WITH CAUTION" SIGN. 

This practice of marking twoulane highways in mountainous 
areas has been criticized by the Federal Highway Administration, 
highway safety officials, and motorists. (5) In 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 

I. the methodology used in carrying out the study; 

2. the results from an analysis of data collected; 

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

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

5. the expected consequences of implementing the 
recommendations. 

Volume I! gives 

i. a detailed statistical analysis of the collected 
data 

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

3. the development of the suggested requirements for 
passing zones and passing sight distance; and 

4. an analysis of headway distributions in queues. 

PURPOSE AND SCOPE 

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 MP• and the standard MUTCD 
markings on the safety and operational aspects of travel such as 
vehicle speeds, volumes, and passing maneuvers. The objectives 
of the study were to 

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

2. determine the safe and acceptable passing distances; 



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 recom•nendations 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 types of non-MUTCD sanctioned marking patterns 
that havebeen 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. 



Inventory of MPM in Virginia 

A list of the Virginia roads on which the HPM 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 prepared, 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 

I. Traffic volume each study site should have an 

average daily traffic greater than !,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 MP_•. 

3. Number of passing maneuvers each site should offer 
a reasonable change 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-I), 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 0ninion 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 strined 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-massing zones. 

Two of the sites, S-I on Route 501 and S-5 on Route 116, 
and a new site, S-SA 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 develoned 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 

mar k in g s. 

Data Collection 

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

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 !6-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 a!l 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.(6) 

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 th• projections on a screen, the completed passes were 
identified using field notes and reduced traffic flow data. 
0nly 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 downs!ope 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. 



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 Transnortation and Traffic Engineering..H.andbook were 

used for developing the kinematic pass model. • 

The criteria and guidelines were, however, established on 

the basis of the actual data; i.e., the results of a stenwise 
multiple linear regression analysis. The reasonableness of 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(9) 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 rezuiations was 

conducted to ascertain the legal implications o,f using a non- 

MUTCD-sanctioned pavement marking and signing system in mountainous 
areas. Also, state laws on no-passing zones were 

examined.(10) 

ANALYSIS 

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 passin• 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,(ll,!2) 

or with passes under experimental conditions. 
These conditions, however, do not prevail on roadways marked with 
MPM. 

The sum•nary 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 Passin•INo-Passing Zone Warrants 

Section 3B-4 of the HUTCD states that "where the distance 
between successive no-passing zones is less than 400 ft., the 
appropriate no-passing markin• dir 
should connect the zones. 

''(I)° (one ection or two directions) 
This statement can be interpreted 

as stating that the minimum length of a passing zone is 400 ft. 
Since the HUTCD 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 fol°low 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 HUTCD 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.(ll,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 I. It 
should be noted that this requirement ms based on different 
criteria from those used for the AASHT0 passing sight require- 
ments.(14) 



TABLE I 

MINIMUM PASSING SIGHT DISTANCE 
BY THE MUTCD 

85th Percentile Speed Minimum Passing Sight Distance 
(MIPH) (Feet) 

3o 5o0 
•o 6oo 

5o 8oo 

60 i, 000 
70 i, 200 

Source: Reference I. 

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 AASHT0 sight distance requirements. 

TABLE 2 

SUGGESTED MINIMUM PASSING SIGHT DISTANCES 
BY THE 1940 POLICY 

Assumed Design Speed (V), mph 30 40 50 60 70 

Speed Difference (m), mph I0 

Assumed Oncoming Vehicle Speed (V0) mph 25 
Sight Distance for Flying Pass, ft. S0 

Sight Distance for Delayed Pass, ft. 510 
Suggested Minimum Sight Distance, ft. 500 

12.5 15 2O 25 
32.5 40 47.5 55 

550 660 660 660 
760 1,090 1,380 1,780 
600 800 1,000 1,200 

Source Reference 15. 

I0 



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" pas•es.(15) Figure 2 also shows sight 
distance requirements for design purposes based on kinematic 
theory, as was developed by the AASHTO.(16) A comparison of the 
corresponding values in Table 2 and Figure 2 indicates that the 
suggested minimum sight distances given in Table 2 for speeds 
between 40 mph and 60 mph are approximately equal to the d 

3 
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 vehici• during the time the passing vehicle is on 

the left lane. (16) 

d• 

PASSING ONE VEHICLE AT IO M.RH. LESS THAN 
ASSUMED DESIGN SPEED, V. (m:lO) 

V 

S=V-rn÷20 

• (teble 4) 

,30 4O 50 60 7O 

20 30 40 SO 60 

4O 5O 60 TO 8O 

2.6 2:1 

6.5 8.1 

88 132 

!.7 1.3 1.0 

9.8 12.1 14•5 

176 2_20 26z• 

dz:2S÷l.47(V-m)t 270 455 6•,,6 IO28 1460 

d•:l. 47 Vt Z85 473 719 1068 1512 

d:d,÷dz*d3 

Rounded 

6/-+3 1060 1595 2316 3236 1 
600 

!100' 
16OO 2300 3200 

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

II 



Harking No-Passing Zones 

Currently in Virginia, for roadways striped with the •JTCD 
marking patterns the double solid yellow line is used to stripe 
a no-passing zone using either the MUTCD requirements (see Table I) 
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 ,•±o•.^ •T•,•o 
BY FDH&T 

85th Percentile Speed Hin. Passing Sight Distance 
(?•S•) ( S• t ) 

3o 1,000 
ao i, 200 
50 I, 600 
60 2,000 

70 2,L•O0 

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

•Yhenever 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 nassing 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 



in sight. The long-zone concept permits the completion of a passi• maneuver be•Tond the commencement of the marked no-pas•ing 
zone. 

7) It shoul• be noted that under this concent the sig•nt 
distances available at the start of the no-passing zone are 
obviously longer than those used for the short-zone concept, 
thus n•roviding a buffer zone at the upstream end of the no-passing 
zone. 

I12 

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 it nrovides the short-zone concept for enforcement 
personnel. (12] 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 cor•cerned, 
the short-zone concept is preferred to the long-zone concept, 
since the former defines a distinct position where a passing driver 
should return to the right lane. The short-zone concent, there- 
fore, ameliorates the subjectiveness in determining driver viola- 
tion. ( 12 ) 

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 two-lane highways 
in mountainous areas. 

In cases when operational or safety problems may arise because 
of 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 
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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 
4 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 survey of the states clearly 
indicates that the use of non-HUTCD 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 Reg.istration 

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

T.rip 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 nopular 
recreational si•e. 

Percei,•ed 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. 

Frequ.ency of Passing 

A summary of the responses obtained from motorists on how 
often they passed vehicles moving in the same direction is 
shown in Table 4 (e). This indicates that nearly 40% 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 massing 
maneuver on long stretches of this road, very few motorists do so. 
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TABLE 

SUMMARY OF TP,• MOTORIST OPINION SURVEY ON ROUTE !30 

(a) Vehicle Registration 

State Percent of Vehicles 

Virginia 7•. 5 
North Carolina •. 9 
West Virginia 2.5 
Tennessee 1.6 
Others 8.8 
No Response 6.7 

Total i00.0 

(b) Frequency of Travel on Test Section 

Frequency Percent of Drivers 

Daily 29.4 
2 3 Times Weekly 18.6 
2 3 Times Monthly 17.2 
Rarely 18.6 
First Time i4.7 
No Response 1.5 

Total 100.0 

(c) Trip Purpose 

Purpose Percent of Drivers 

Work 16.6 
Business 53.4 
Shopping i. 5 
Re creation 24.6 
Others 3.9 

Total 100.0 
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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 i00.0 

2. Reasons 
for Delay 

a. Slow moving 
Vehicles 

o Cars 

o Trucks 

b. Curves 

c. Not applicable 

Total 

o.5 
9.8 
6.9 

82.8 

i00.0 

3. Degree of 
Delay 

a. Excessive 

b. Major 

c. Moderate 

d. Minor 

e. No response 

f. Not applicable 

o.5 

0.5 

2.0 

2.5 
11.7 
82.8 

Total 100.0 

(e) Frequency of Passes 

Frequency Percent of Drivers 

Daily i. 5 
Several Time a Week 9.3 
Rarely 47. ! 
None 39.7 
•o Response 2.• 

Total I00.0 
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Provision •of Passin Z 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. 

Descrintion of Study Sites 

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

Site S-I 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. 
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Sites S-3 and S-4 have relatively short sight distances 
(700 ft. to 800 ft.), flanked by sharp horizontal 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. 



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. 



Traffic 0nerating 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 quite low on these roadways. The AHT for selected 
time periods were in most cases less than I00 vehicles per hour. 
0nly 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 spee'ds at the study sites are summarized in Table 9. 
The table shows that apart from S-I, 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 I0 mph at the study sites. 
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TABLE 8 

TRAFFIC MIX AT STC•DY SITES 

Site 
No. 

S- 2 

s-3 

s-6 

Route 
Number 

Rte. 501 

Rte. 3!! 

Rte. 220 

Rte. 130 

Rte. i16 

Rte. 39 

Direction 

NB 
SB 

EB 
WB 

NB 
SB 

EB 
WB 

SB 

({) 

87.6 
95.3 

81.7 
77.1 

Trucks 
b 

6.2 
10.7 

omitted 

c Tractor 
Trailer 

({) 

12.1 
12.2 

O.& 
0.1 

Total 

100.0 
I00.0 

100.O 
i00.0 

i00.0 
!00.0 

I00.0 
100.0 

100.0 
100.0 

a Ca•s 2-axle vehicles 
b Trucks : 3- or •-axle vehicles 
c Tractor trailer 5-axle vehicles 
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Queuein• 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 I0 summarizes the queueing characteristics of the 
sites. It is obvious that the average number of queues her hour 
increased along with the increase in traffic volumes. Apart 
from site S-I, 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 ungrade. As would be expected, the average 
queue speeds on ungrades were lower than those on downgrades 
The average number of vehicles per queue was approximately 2.5. 

Speed Difference Between 0nposite 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-I 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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TA• 10 

T'C• Q•JEU IN• CHARACTERISTICS 

Site 
No. 

S- i 

S- 2 

s-3 

s-6 

Route 
Numo• 

Rte. 

Rte. 220 

Rte. 130 

Rte. 116 

Rte. 39 

Direction 

SB 

EB 

SB 

EB 

SB 

Avg. Number 
of Queue 
per Hour 

21 .S 
19.5 

omitted 

Avg. Number 
of Vehicles 
per Queue 

2.6 
2.8 

2.5 
2.4 

Avg. Queue 
Speed 
(HPH) 

39.9 

NOTE The values shown in the table were obtained from the samples 
taken from the time groups: 

8:•0 i8".•0 for sites S !, S •, and S A 

6:30 18:_50 for sites S 2 and S 5 
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Figure 4 shows the cumulative distribution curve of the 
speed differences between passing and impeding vehicles. As 
shown in the figure, approximately 62% 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 Book employs a-constant 
!0 mph as the speed difference for comnuting passing sight 
distances for any speed range. (14) 

!00 

8O 

60 

4O 

2O 

T T • 

85th Percentile 
= 20.8 mph 

Mean : 16.1 mph 

iSth Percentile 4 mph 

0 I0 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 Smeed. The •UTCD 
employs the off-peak 85th percentile speed as a variable to compute 
minimum passing sight distances.(1) Table !i shows that this 
general assumption is also reasonable for two-way highways in 
mountainous areas. 

Table i! 

SPEED OF PASSING VEHICLE VS. 0FF-PEAK 85TH PERCENTILE SPEED 

Site Mean Speed of 0ff-Peak 85th 
No. Passing Vehicles, mph Percentile Sneed, mnh 

S-I 55.0 54.0 
S-2 47.0 48.0 
S-3 47.O 47.0 
S-4 42.0 43.0 
S-5 42.7 45.0 

Accident Analysis 

It was originally intended to determine whether there were 

any significant differences between passing related accident 
rates on sections of roads striped with MP}• 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 massing r•lated accident rate for al • sections of roads 
striped with MPM with that for all sections of road striped with 
the MUTCD markings within each district. Although this analysis 
did not lead to definite conclusions on the influence of the type 
of center!ine 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 MPH vs. total 
accident rates on sections o, = road with •JTCD 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. 

33 



0 0 0 0 



• 4-) 4-) 4-) 
0 0 0 0 

•-q co • c• 
c'q c• oq 0"• 
0 c'q 0 0 

35 



Legal Issues 

The purpose of this part of the study was to determine 
whether Virginia or its employees 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 partial!• responsible for 
damages. A complete report on this analysis is given in Appendix 
F. The examination, however, led to the following conclusions. 

!. 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 •wo alternatives either the •_•@±•D 
will be viewed as establishing mandatory minimum 
s•andards 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-VTCA decisions indicate that Virginia will adopt the 
latter view. 

3. In regard to the reasonableness of the mountain marking 
policy, the state's case is bolstered to the extent that 
the nolicy 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 •.!ODELS 

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 Affe.ct.ing Passing Distance 

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

Passing .speed (PS) 
O Available sight distance (ASD) 

Speed difference between passin Z 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 Izss 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 presentation of the passing maneuver. 
Among the distance elements shown in the figure, PD, D3, D 9, G2, 
and X' are extracted from the passes filmed with the 16-m• 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 comnlete 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. 

is the distance traveled by the passing vehicle to 
complete 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 69%, which is approximately equal 
t• the 67% assumed by AASHT0 for the distance traveled while 
the passing vehicle occupies the left lane. 

D 
a 

is the distance traveled by the passing vehicle to 
comp!e•e 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 !•% 

lower than the value stated by Weaver and Woods. 

The after spacing (G 2) 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 it 
encroaches on.to the left lane. The .ratio 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 

(18) Prisk also reported that X' was approximately 0.65 of G2"45 
reported that the average before spacing was ft. compared 
with an 83 ft. after spacing..(18) 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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P : Passing vehicle 

I : 
Impeding vehicle 

0 : 
Oncoming vehicle 

PD : 
Passing d'istance the distance traveled by the passing 
vehicle while ir is on the left lane. 

D 3 = Distance traveled by the passing vehicle from the "head 
and tail" position, where the passing vehicle catches up 
with the impeding vehicle, to completion of the pass. 

D 9 : Distance traveled by the passing vehicle from the abreast 
position to the ¢omp!etion of the pass. 

X' : Space headway retained by the passing vehicle just before 
it encroaches onto the left lane: before spacing. 

: Space headway left for the impeding vehicle by the passing G2 
vehicle when it completes the pass: after spacing. 

C = Clearance distance between the passing and oncoming vehicles 
at completion of passing maneuver. 

FIGURE 5. DISTANCE ELEMENTS EXTRACTED FROM THE FILMS. 



TABLE 18 

RATIO OF THI• SPACE HEADWAYS: F i = 
X'/G 

2_ 

Speed of Passing 
Vehicle (MPH) 

3O 

35 

4O 

45 

5O 

55 

X ,a F 1 G 2 
(ft) 

34 

44 

54 

64 

74 

84 

G2b 
(ft) 

59 

68 

77 

86 

95 

104 

F 

0.58 

0.65 

0.70 

0.74 

0.78 

0.81 

Average F 1 0.71 c 

a 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 C• 0.05) 

G 2 is the space headway left for the impeding vehicle when the passing vehi 
completes the pass. 

G 2 
1.80 V +4.96 

r = 0.50 
(Correlation significant at o•.= 0.05) 

c Prisk's study reports that X' is about two-thirds of G2.(Reference 18) 
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Multiple Linear Regression Hodel 

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 BMDPIR. (19) The analysis showed that PS had 
the greatest impact on PD, and was followed in order by ASD, 
m, and g. Further analysis also 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 mu!tico!inearity 

-" PS was related to ASD and existed amongst the variables, 
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 + 9.689 (V) 12.448m 
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 nerformed entirely in the right lane and that the 
passing vehic!• would encroach onto the left lane after completion 
of the acceleration phase. As given by this theoretical kinematic 
pass model, 
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Note The definitions of the distance elements 
are found in Appendix E, Vol. II. 

FIGURE 7. PASS SCENARIO AND DISTANCE ELEMENTS 
0F THE PASSING MANEUVER. 
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PD = D 
2 + D 

3 

V 2 V 
= 

(,•. m X) + (X + G ) 
m • 2• m 2 

(For the derivation of this 
model see Volume !I) 

where 

PD passing distance in feet; 
V = 

passing speed in ft./sec. 
m = sneed difference in ft./sec, between nassing 

and impeding vehicles when passing vehicle 
is in the" left lane; 2 

• = 
acceleration in ft./sec. 

G• = space headway in feet between passing vehicle and 
± impeding vehicle before the passing maneuver 

commences 
• = snace h•adway in feet after the com.oletion o• a 

pass and 
X = length of impeding vehicle in feet. 

This model pr'oduces negative values for a distance element D•. 
;_des (See Volume II Th•_s suggests that the nassing vehicle coi • 

with the impeding vehicle during the acceleration phase, since the 
former •s still traveling in the right lane based on the assumption 
made. 

To alleviate .•his problem, the ratio (F I) of the before 
spacing (X') was incorporated into the after spacing (Gg). The 
d•ta taken in this study showed that X' was approximately 70% 
of G 2. The passes in this study were performed mostly by 
passenger cars. This meant that G. and G^ were similar. There- 
fore, it was reasonable to say 

tha• X' beZapproximately 70% 
of G I. For this reason, the modification was made based upon 
the following assumption" 

X X' 
= 

G 
I 2 

In other words, the passing vehicle would encroach onto the left 
lane when the starting snace headway (G of the acceleration 
phase was shortened to a•proximately 70• of its distance 
(0.70 G•). Using this value, the modified kinematic model was 
developgd as" 
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• • 2GI- 2•/ V- + 0.3G 
! 

(For the derivation of this.model see Volume II.) 

This model was program•ned in FORTR•Z 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 4). 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 •o• the three values of 
• as this modeq indicates that for sne•ds less than 50 mph 
g is not a major factor. 

Su..•.gested Minimum Lengths of Passin.z Zones 

A passing zone is analogous to PD in thi°s 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 zones, 
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 
limit) 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 I0 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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LEGEND 

o m S i0 mph 
• i0 • m 

S 12.5 mph 
1,000 Q 12.5 <m S 15 mph 

• 15 < m, S 20 mph 
$ 20 <m, 20 mph 

a) 

3O 35 40 45 50 55 60 65 

Passing Speed or 85th Percentile Speed, mph 

a) 95% £onfidence band on regression model with 
m = 12 mph (upper limit) 

b) Regression 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 >•!NIMUM_ LENGTHS OF PASSTNG_ m•i•mS•n'T• 

85th Percentile 
Speed 
(MPH) 

3O 

35 

40 

45 

5O 

55 

Minimum Lengths of Passing Zones 

Suggested by 
this study a 

(FT.) 

560 

610 

660 

710 

750 

8OO 

MUTCD b 

(FT.) 

400 

400 

400 

4OO 

4OO 

400 

aRounded to the nearest i0 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 i), 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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Su•g• esLedc Passing Si.sh•_• D•stance• Requirement• 

In this study, passing sight distance (PSD) was defined as 
the summation of the distance between the cr,•ica! Dos•_tion (CP) 
and the position at completion of a pass, the clearance distance 
between the passing and the oncoming vehicles at completion of 
a pass (C), and the distance tPave!!ed by the oncoming vehicle 
while the passing vehicle travels from the critical position until 
the latter comn]...r_•.•__, •..z r•turns• to the -•ight• lane (D 

a 
) This 

relation is shown in Figure !O. 

In order to commute the values of PSD for different values 
of PS it was first necessary to locat= t •= C ° of a massing 
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 wa• used in 
this study. L•berman_• deve•on, ed• -] kinematic model which _•cated 

•=• • •he d •!eration •ate of the massin• that CP moves •n•mn s on e 
venmcle and m. -,•ne passina• motormst must decide earlier to 
abort as the deceleration rate decreases. 

To determine CP in this study, the deceleration ra-•es 
required for a pa£sing 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 v•h{cie in line with 
front @£ impeding vehicle), and a nosition intermediate between 
the 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 intermediate 
position was located at 2/3 PD, which is a value used by the AASHT0 
to develop PSD requirements for design purposes. The selection of 
these positions for testing was based on the assummtion that CP 
w•l• be between the head and •=• position and the abreast position. 
This assumntion_ is :o_•_ca c{ I •=s it is easier to abort a pass when 
the •massing vehicle is down.st •=•am of the head and rail position, 
while it will be easier to complete the pass when the passing 
vehicle is upstream of the abreast position. Values of PD were 
determined from the regress •on model 

• o• an m o• 12 mph. This 
value of m was used for the same reason discussed earlier. The 
deceleration rates necessary for an abort maneuver startin£ at a 
point to have a clearance distance equal to the clearance distance 
for a pass maneuver starting at the same point (see Figure Ii), 
were calculated for different passing speeds and are shown in 
Table 18. Details of the calculations are shown in Volume I! of 
this report. 
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CP 
DCP 

0 

0 

0 

P 

! 

0 

CP 

DCp 

D 
4 

: 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 

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

= Clearance distance between the passing and Oncoming 
vehicles at completion of pass 

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

FIGURE I0. CRITICAL POSITION AND DISTANCE ELEMENTS 
NECESSARY TO COMPUTE PASSING SIGHT DISTANCES. 
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_,T•,_ has b=en• reported by Wilson that average •_ce±== •e•a+'_ •_•on 
rates fo • comfort did not ex=e =• a ft./ • and th=t dr•v=rs 
generally consider decelerations of about !! ft./sec. 2 to be 
undesirable and 14 ft./sec 2 to be uncom=or•able and noss•,•iy 
alarming. (9- !) 

The dece•erat{on rates commuted for the d "== •_. erent nositions 
•,,•._e than compared with the acceptable deceleration rates. _t 
can be seen ,•at while the deceleration rates for 0.69 PD and 
2/3 PD are within acceptable !imi<s• those for 0.5• PD are 
relatively higher and exceed comfortable limits when passing 

•cid• to soe=•s are greater •han 40 mph. Tt was, therefore, 
s•!ect CP as 2/3 PD, whmch •s in co•_o•mmzy with th• assumot•on 
made by *he AASH•0 for •he distanc trave•lec while the oass¢•c 
vehicle occupies the left lane. This position was, therefore: 
used to determine the PSD reauirements as shown in Table 
The values given in this table were c•!cu!ated with the assumotion 
that the oncoming vehicle was trav•ing aS the sneed of the passing 
vehicle. This study has revealed, however, thar for grades higher 
than 5%, there may be significant differences between speeds in 
opposite lanes, although the maximum speed differenc,e observed 
was • mph. This factor was, therefore, taken into consideration 
in developing PSD requirements for soeed differences up to 5 mph 
and between 5 mph and i0 mph. The suggested values are shown 
in Table 2 0. 
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TABLE 19 

COMPARISON OF MINIMUM PASSING SIGHT DIS%•NCE REQUIR•IENTS 

85th 
Percentile 

Speed 

30 
35 
40 
45 
5O 
55 

Clearance 
Dis tance 

C a 

(Ft.) 

100 
125 
150 
175 
200 
250 

Suggested by 
This S tudy 

(Ft.) 

645 
735 
825 
910 

i000 
1115 

MUTCD 
b 

(Ft.) 

5OO 
55O 
600 
700 
80O 
900 

VDH&T c 

1,000 
1, i00 
1,200 
i, 400 
1,600 
i, 800 

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

where 
PSD 4/3 PD + C 
PD Passing distance (ft.) from regression model for m 12 •H 

C Clearance distance (ft.) estimated from AASHTO 

aobtained by interpolatinz (Ref.14). 

blnterDolated. 
CThis requirement is discretionally used. The VDH&T also uses 

the MUTCD. 
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TABLE 20 

SUGGESTED PASSING DIST•LNCES FOR TWO-LANE, TWO-WAY HIGHWAYS 
WITH THE SPEED DIFFERENCES ON UP & DO t•SLOPE 

GREATER OR LESS THA•N 5 MPH 

Upslope 85th 
Percentile 
Speed (VI) 

(•PH) 

30 
35 
4O 
45 
50 

(•t.) Passing olgh= Distance 
Downslope SSth Percentile Speed (Vh) Range 

V• •< V h 
< (V• + 5.0) (V• + 5.0).< V h 

< (V 1 + •0.0) 

700 
800 
885 
970 

1095 
1200 

800 
870 
950 

1070 
1190 

Where 

2 
PSD' 3 PD I + C h + D h 

PSD' adjusted passing sight distance, in ft. 
PD 1 passing distance for lower speed, in ft. 
C h clearance distance for higher speed, in ft. 
D h distance travelled by omcoming vehicle at 

higher velocity during time passing vehicle 
travels from critical lane to completion of 

pas•. 
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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 passin• 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. For 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 PSD of about !,000 ft. for a safe passing maneuver 
based on the proposed guidelines. The maximum PSD available at 
this s•e, however, is 900 ft This immedia•Ty su•sts that 
the MPH encoura•es• 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-I 
conform with the proposed guidelines, while those of sites S-2, 
S-3, and S-4 do not, as the ASDs at these latter sites are lower 
than those of the proposed guidelines (see Table 21). Although 
the ASD at site S-5 is 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-I 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-Sa, 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 

C•iPARISON OF GEOMETRIC CHARACTERISTICS 
AT STUDY SITES •{ITH PROPOSED GUIDELINES 

Study 
Site 

S-I 
S-2 
S-3 
g-4 
S-5 
S-5a 

85th Percentile 
Speed 
(•) 

54.0 
47.-0 
47.5 
42.0 
42..7 
50.0 

Proposed Guidelines 
Min. Passing Min. Sight 
Zone (Ft.) a Distance b 

1105 
940 
945 
85O 
855 

i000 

Available 
Sight Distance 

795 
725 
730 
680 
685 
750 

1420 
900 
800 
720 

1060 
1850 

Passing 
Zone 

(Ft.) 

82O 

4OO 
760 

a Calculated from regression model • 12 M.P.H.) 

b Calculated from 4/3 PD + C 

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

Since site S-I 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 =• 

•. was nrovided 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-Sa was re-marked 
using the MUTCD marking pattern. A passing zone of 750 ft. was 
provided in each direction as shown in Figure 14. Table 22 also 
sum•narizes the alterations made for the after-study. 

Comparison of Traffic 0pe.rating Characteristics. 

The before and after data were compared for the following 
traffic operating characteristics at sites S-I and S-5. 
Table 23 shows the samnle 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- •Pk., 

8O0 ft. 

SB 
.,yncnburg 

NB 

800 f•. 

After }"UTCD Passing/No-passing }..'arking 

FIGURE 12. CENTERLINE PAVEMENT MARKING PATTERNS 
ON SITE S-I, ROUTE 501. 
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SB 

Max. ASD 1,060 ft. 

NB 
To Roanoke 

Before- MPM 

Max. ASD 1,060 ft. 

NB 
To Roanoke 

After MUTCD No-passing Marking 

FIGURE 13. CENTERL!NE PAVEMENT MARKING PATTERNS 
ON SITE S-5, ROUTE 116. 
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Max. ASD 1,8•0 f•. 

Before MPM 

SB 

1,090 ft. 750 ft. 

(i0'-30' skips) 

(I0'-30' skips) 

750 ft. i,090 ft. 

NB 

Roanoke 

After MUTCD Passing/No-passing Marking 

FIGURE 14. CENTERLINE PAVEMENT MARKING PATTERNS ON 
T• ROUTE iI 6 S•E S-5A, 
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TABLE 22 

Site 
No. 

S-I 

S-5 

S-5A b 

Route 
Numb e r 

501 

116 

116 

CONIDITIONS FOR THE AFTER STUDY 

Before After 

MUTCD passing/no-passing zone 
marking patterns 

MpM 
a 800 ft. passing zone 

MUTCD no-passing zone marking, i.e., 
MP•[ double solid yellow line, for the 

entire length of the study site and 
on the approaches 

MP•I •fUTCD passing/no-passing zone 
marking patterns 

750 ft. passing zone 

asatisfies 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 Sneed 

Figure 15 shows the distribution of operating sneeds in 
percentages for the two phases. The difference in mean sneeds 
was not significant at the 5% significance level as shown in 
Table 26, except for the southbound lane of site S-I, 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 • 

Queueing Characteristics 

Table 27 comnares 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 queues 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 norma distribution were ner•ormed on the 
average queue speeds for the before and after phases and the 
results are shown in T•ab!e 28. 0nly 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 0ueues 

The headway distribution in queues was examined to determine 
whether the replacement of the MPM with the MUTCD marking pattern 
had an influence. Figure 16 shows two cases of this analysis. 
It was found out that the shifted (i.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 •CCTCD 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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0.3000 

Site S-! on Route 501 

0.2500 

0.2000 

0.1500 

0.I000 

0.0500 

0.0000 

-0.60(t !.0) P(h > t) e 

(Fit at • 0.05 

0 1.0 2.0 3.0 4.0 5.0 6.0 

Time Headway, Seconds 

Before 

0.2500 

0.2000 

0.1500 

0.1000 

0.0500 

0.0000 
0 1.0 

-o.45(t 1.o) P(h > t) e 

(Fit at • 0.05) 

2.0 3.0 4.0 5.0 6.0 
Time Headway, Seconds 

After 

FIGURE 16. COMPARISON OF TIME HEADWAY DISTRIBUTION IN QUEUES. 
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0.2500 

0.2000 

0.1500 

0.i000 

0.0500 

0.0000 
0 

Site S-5 on Route 116 

(Fit at • 0.05) 

\°\ 

1.0 2.0 3.0 4.0 

Time Headway, Seconds 

Before 

5.0 6.0 

0o 2500 1' T T 1 1' 

0.2000 

0.1500 

0.i000 

0.0500 

0.0000 

-0.45(t- 1.0) P(h • t) e 

(Fit at • 0.05) 

2.0 3.0 4.0 

Time Headway, Seconds 

After 

FIGURE 16. CONTINUED. 

5.0 6.0 
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Effects on Passing Haneuvers 

Passing maneuvers were filmed at sites S-! 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 o • and compliance with the .•,•u• •i•CD marking patterns, 
and the other was the adequacy of the proposed minimum lengths 
of passing zones. 

Motorists' Interpretation and Compliance 

At site S-! 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 motorists would correctly 
interpret the marking and also comply with it. 

Evaluation of the Pronosed Passing Zone Lengths" 

A total of 24 passing maneuvers were filmed at site S-I and 
25 at site S-5a. At site S-I, 92% o = the passes were completed 
within the proposed minimum length of nassing zone for the 85th 
percentile speed. At site S-SA, 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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Summary of Before and After findings 

The comparisons of the before and .after data produced 
several significant results as sum•marized below. 

The replacement of the HPM with the standard MUTCD 
passing and no-passing zone marking patterns did not 
produce substantial changes in the traf{ic oneratinc 
characteristics. 

Although some passing zones designated by the MPH would 
be changed into no-nassinc• zones, the queuing_ character- 
istics were not significantly a!tered• therefore, the 
increase in de!a•.T would be minimal, if any. 

The standard MUTCD marking patterns not only provided 
better indications of segtions of roads sui•ab!e for 
pass{ng maneuvers, but also encou, a•_d 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 adequate 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 0pnortunity 

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 
1-mile segments and numbered. Then, four segments were randomly 
chosen from each MPM road, and the ASDs were measured at each 
quarter of the selected i-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 road or section of road. 
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Table 90 summarizes the results of this survey. It is 
estimated that appmoximately S0% of the MPM roads would remain 
open as passin Z zones and the rest would be desiznated as no- 
passing zone. It should be noted, however, that several sections 
of the MPM roads are not suitable for undertakin Z passing maneu- 

vers and that, in general, motorists would not pass at these 
sections. Therefore, the implementation of the proposed guide- 
lines usin Z 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 assumntion that passine 
related accident rates on sections of road-s striped with 
are higher than the rates on sections of roads striped with 
standard MUTCD markinzs. 
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TABLE 30 

•TI•\ OF ZO 

District 

Bris%ol 

Lynchburg 

Salem 

Staunton 

•oute 

,,.,e 58 
Rte. 63 
Rte. 70 
Rte. 72 
Rte. 72 
R%e. 83 
Rte. 83 

56 

Rte. 
Rte. 
Rte. 6! 
Rte. 

Number of 
Randomly 
Selected 
Segments 

!2 
2O 

8 

8 
2O 
2O 

1,,4 

16 
16 
16 
16 

Number of 
Sites for 
Possible 
Passing Zone 

Average 

Expected 
Passin• 
Zones 

25 

25 
2.5 
.38 
3O 

29.0 

38 
19 
13 
25 

Average 23.8 

Ex.rected 
No-Passing 
Zones 

62 
7o 

62 
81 
87 

76.2 

Rte. 39 
Rte. 60 
Rte. 220 
Rte. 250 

20 
8 

12 
12 

2O 
50 

Average 32.3 

8O 
50 

83 

67.7 

Grand Average 28.8 

Confidence Interval 22.8 33.8 
(95 { Confidence Level) 
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SUMMARY OF FINDINGS 

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

I. A large majority of the states (approximately 76%) 
always adhere to the MUTCD standards, while the 
remaining 24% use the standards in most cases. 

2. 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. 

3. Approximately 14% of the states increase law enforce- 
ment or erect special signs to reduce illegal passing 
maneuvers. 

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

5. The use of non-•UTCD 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. •mong 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 four the majority of motorists interviewed. 

7. 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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9. The speed difference between the opposite lanes for 
•he• 85•h• percentil•__• operating speed for the peak_ 
and off-peak hours combined ranged from zero to 
7 mmh. If the difference is large (say more than 
5 mnh), it would be safer to use different 85th 
percentile operating spee•s•. _,=or downgrades and_ un-.• 
grades to compute passing sight distances. 

!0. On mountainous highways, where the a,;ailable sight 
distance was limited, motorists tended to pass with 
differences in s•eed S •_•_eater than the •0 mph •ited 
in the AASHTO Blue Book. Slightl}/ more than 60% 
of the sampled passing vehicles traveled with a 15 
difference in sneed. The iSth nercen:i!e sneed dif- 
ference was 11.4 mph. These £indings may imply that 
the massing drivers are more pressed to complete the 
pass in a shorter length on mountainous highways than 
on ordinary, !es.s restr•c•mv• two-lane, two-way high- 
ways. 

Ii. The lowest speed of the passing vehicles was 
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. 

]2 The mean soe=d of the passing vehicles samnled was 
found to be approximately equal to the off-peak 
85th percentile speeds at the study sites. Th.e use 
oe the prevailing off-peak 85th nercentile speed for 
the determination of passing sight distance requirements 
on two-way highways in mountainous areas is, therefore, 
reasonable. 

13. The distance traveled by the passing vehicle between 
the head and tail position and the nosition 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 nosition and the nosition at 
completion of pass was on the average about 56% of 
the passing distance. 

•,_ter snacing 14 The ratio of the before spacing to the -= 

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

15. On two-lane, two-way highways in mountainous 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 t•,•pe of kinematic model. 

Results of Analyses 

17. 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 passingvehicles to safely complete a 

pass even at a 30 mph passing speed. 

18. 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. 

19. The minimum passing sight distance requirements 
developed in this study using the long-zone concept 
are longer than the MUTCD requirements. The proposed 
requirements are long enough to provide safe deceler- 
ation rates and clearance distances. 
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20. In the before and after study, the replacement of the 
M•_• with the HUTCD markings did not create significant.. 
differences between the traffic flow characteristics 
noted for •n• •wo mark•_ng systems 

Legal Issues 

21. A study of the tort liability issues indicated that 
it cannot be concluded that Virginia or its employees 
incur tort i •ability because of the Commonwealth's 
mountain marking policy, as •ne decision will be based 
mainly on how the courts ana!vze specific acts of 
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. 

C ONCLU S i 0NS 

The motorist opinion survey showed that the majority of the 
motorists correctly interpreted the _k•JTCD 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 •IPM 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 HUTCD requirements for the minimum lengrh of passing 
zones and minimum passing sight distances should, however, be 
revised because they were found to be inadequate for motorists 
to complete passing maneuvers safely. 
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REC 0MME NDAT I ON S 

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

I. 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, 
400 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 yellow 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 For supnlemental signs denoting nassin• and no-passing 
zones, the conventional si.zns such as the MUTCD W14-3, 

" "DO NOT •ASS," "NO PASSING ZONE, and the MUTCD R4-1, 
are recommended. 
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/TABLE 31 

SUGGESTED MINI}F•%i PASSING ZONE AND PASSING SIGHT DISTANCE 
REQUIR/•[ENTS FOR TWO-LA/NE, TWO-•.#Ay HIGZ•AYS 

IN MOUNTAINOUS AREAS 

85th 
Percentile 

Speed 
(•) 

30 
35 
40 
45 
50 
55 

Min. Passing Zone Length 

Proposed 
(Ft.) 

560 400 
610 400 
660 400 
710 400 
750 400 
800 400 

MUTCD 
(•t.) 

Min. Passing Sight Distance 

Proposed 
(•t.) 

645 
735 
825 
910 

i000 
11!5 

MUTCD 
(Ft.) 

550 
550 a 

600 
700 a 

800 
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 

Interpolated. 
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Cen:erline ?aveme.nt ,'.•.arking Practices For Two-Lane Highways 

Does your Department use the pavement marking standards out- 

lined in the Manual on Uniform Traffic Control Devices (1971 
FHWA }•.UTCD with subsequent revisions) for centerlining two- 

lane highways? 

O 

Yes, adhere specificaiiy to •fUTCD 
Yes, in most cases 

No. Please outline ,your policy or enciose a copy of 

your standards. 

With regard to each "-em :• .isted below, please :ndicare the pave- 
ment marking practice used in your state for marking two-lane hi.ghways. 
A_lso, please note any exceptions to the practice. 

Item Pratt ice Execrations 

a. Center!ine mark and gap lengths 
b. Width of center!ine 

c. Width of edgeline 
d. Color of ce,nterline 

e. Color of edgeiine 
f. Hinimum width of pavement centerlined 

g. •linimum width of pavement edgeiined 
h. Minimum traffic volume warrant for 

cent erlines 
i. Minimum traffic volume warrant for 

edgelines 
j. Other considerations. Please specify 

type. 

•:=•se •escribe any non-,\!UTCDmarkings used by your De•arament on 

two-lane [•igi:wa'/• and ou•liue traffic, geometrical, or environmental 
conditions tl•at you feel justify tl•e use of special marking. 

*No resmonse was •=c={ved =• .,,ss:ssic.pi. •m Nevada or >-• 



patterns ou t:,'o-lane bt•tlwav.q.• wi•er• •_ passing =ones cannot 
be permitted foc several miles or more due to restricted 
sight distances? 

Yes. Please describe tl•e pattern(s) used and indicate 
ehe guidelines you use to determine where nonstandard 
markings are applied. 

Does your s•a•e have continuous sections of two-lane highways on 

which a do,,ble solid v=•l•w c=•ter!ine is used to .Drohib •'• oass- 

ing for several miles or more due to restricted sight distances? 

Yes. 

No reply. 

If either •'TCD or non-MUTCD patterns are used to mark continous 
sections of two-lane highways where restrictive sight distances 
limit passing opportunities, olease indicate any problems that 
have been observed with regard to the following items. 

Item Observation 

a. Pass cid _n• ac ents 
b. lllegal passing maneuvers 

c. Public complaints 
d. Slow-moving vehicles causing delay 

to normal traffic flow 
•._ Driver und=•standing•, oF. •he• .markin•=.code 
f. Other problems or benefits• Please 

specify type. 

If you have-observed operational or safety problems related to 
continuous no-passing zones on two-lane highways where sight 
distancesare restricted for several miles or more, what actions 
have been taken to improve conditions? Check one or more 
actions if applicable. 

c. IP 
Construct climbing Lanes 
Erect special s.igning. •ndica•e message 
Increase law enforcement =o reduce illegal passing 
maneuvers 

Reconstruct higi•way to provide adequate sigh• distance 
for passing 
Other. P•_ase spec•zv action. 
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!0. 

Ii. 

12. 

!3. 

[f ',;our st•Ee [s using a non-}IUTCD marking patter:• o• tw.o-iane 
h[gl•way.•, on wi•at percentage of •he to[ai two-lane highCay mile- 

age is the noustandard .marking used? 

a. •- tess than 5% 
b. ! 5% to 10% 

c. 10% to 15% 
d. • Greater than 15% 

e. • Unknowm 
f. • Not applicable 
g. $ No reply 

Are no-passing zones marked in accordance with the minimum passing 
sight distances outlined in the HUTCD for the various prevailing 
of • peak 85•h percenni!e speeds? 

Yes 
No 
No reply 

For the 85th percentile off-•eak s•eeds listed below, 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 Leng t h 
of a Passing Zone 

Minimum Length 
of a No-Passing Zone 

(MP[I) (Fee t) (Fee t) 

30- 

50 
55 

In addition to sight distance considerations, what other factors do 

you use to determine the minimum lenB•h of a passing zone? 

a. 
b. 

c. 

d. 

eo 

,'Ion e 

Grades 
High percentage of slow-moving trucks 
Avai!abiiity of oti•er passing zones in the area 

Other. Please specify factor 
No reply 

Is • ]=gal in your state to begin a passin• maneuver in • passing 
zone and end the pass in • no-passinB •one, i.e., by crossing the 
solid line to complete the pass? 

• Yds 

3 No reply 



15. 

L6. 

17. 

18. 

L9. 

Zased on your e:<perience, do you feel traffic flow would be 
enl•ancc,d witl• [[tt.].e effect •n i•ig•way safer'; if the drLver 

was ,•,'•m[tte•• to complete a pass..[n a uo-•assin•• zo,•c7, •'i•ase• 
o_• e a reason •or your answer? 

•0 Yes. Reason ]• S•@ •S 

• No reply 

In addition to pavement markings, are other traffic control devices 
used to emphasize the exisLence and extent of a passing or no->ass- 
ing zone? 

"fes. Please give the type of device used and message 
content. 
No. 

•aen designing passing sigh• distances for two-lane highways, does 

your Department use the design standards outlined in the •SHO 
Policy on Geometric Design of Rural Highways (!965 Bl.ue Book)? 

•'es 

:'•o Please describe your design practice or enclose a 

copy of your standards or guidelines. 

• No reply.. 

Does your organization con•emp!ate changing either the marking 
pattern or the standards used to mark passing and no-passing 
zones in the near future? 

Yes. Please indicate the type of change anticipated. 

No. "" .2 

• Uo reply 

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

Does your organization have any planned, ongoing, or comDle•ed 
s•udies involving •he investigation 
•he centerline marking pattern on •raffic opera•ions and safe•y 
or criteria for marking passing and no-passing zones? 

Phone (Area Code) 
or p•ease include a copy of the report or indicate 
project status. 
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Z0. Addi.•iot•al comments or observations 

Would you like a copy of our final report on this project? 

•7 Yes 

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 *ith data from other juris- 
dictions and summarized in the final report. If you have an,/ 
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. 
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S•-•h•{Y FOR QUESTION #3 

(Inch) (Inch) (Ft. 

Alabama i5-25 & 

Alaska I0-30 & 
6-18 Arizona i0-30 

.•mkans as i0-30 
California 7-17 a 

Colorado L0-30 
Connecticu• 15 -25 
Delaware i0-30 
Dist. of 
Columbia* 

Florida I0-30 

Georgia I0-30 
Hawaii i0 
Idaho 20-30 d 
illinois !0-30 
Indiana I0-30 f 
Iowa i0 30 
Kansas 12.5-37.5 
Kentucky 25- !SJ 
Louisiana !0-30 
Maine !5 -25 
Mar,, land i0-30 

>!as ac hu- 
sects I0-30 

Hichigan 12.5-37.5 
Minnesota !0-40 
':lississippi 
•.•is sour 
Hontana 10-30 n 

Nebr=_ska !0-30 
Nevada 
New Hamp- 

shire 10-30 

New jersey 15-25 h 

New Mexico 10-]0 f 
New York 15-25 h 
North 

Carolina 
North 

Dakota I0-30 
Ohio !0-30 

Oklahoma "!'2'- 33 
0re,on 15-25 
Pennsylva- 

nia l@ -]0 
Puerto Rico 15-25 
Rhode Solid 

is land Dbl. Line 
South 

Carolina !0-30 
South 

Dakota 
Tennessee !0-30 
Texas I0 -30 f 
Utah i2 
Vermont 
Virginia 
•Jas hin• non 10-30 
",4. Virgin i.• 10-30 

Wisconsin 15-35 

4 Yellow •inite Uone 

4 Yellow t,•ni e 

4 Yellow 
4 Yello• I•n ite 
• Yellow •ite 
4 Yellow •i t e 

4 Yellow 

Yellow 

4 'fellow 

4-5 'fellow 
4 'fellow 
4 Yel lo'• •ite 
A Yellow 
&h Yellow 
& Yellow 
4 Yellow 5•ni te 

4 Yellow 
A Yellow •Caite 
4-6 Yellow 

Ye!low 

Yellow 
Yellow •,,Zn t e 
Yellow •nite 
Yellow 
Yellow •,/ni e 

Yellow 
Yellow 

Yellow 

Yellow •i=e 
Yellow 

Yellow 
Yellow %•ite 

Yellow •ite 

Yello:• 
Ye i ! o• •,fn i t e / 

Ye!lo•; 
Yellow 
Yellow 

Yellow 
Yellow •i •e 

Yellow •.•i• e 

Yellow •.•ite 

Yellow •ite 
Yellow •ite 
Yellow 
Yellow 
Yellow b•ite 
Ye low m 

Yellow •.•i te 
Yellow 

Ye 11 ow •.• i e 
Ye io• •/ni te 

17 

_b 
20 
16 

16 

22 

Non-Stand. 

16 
!6 
!8 
16 
16 

None 

None 
16 
16 

i6 

Non e 

None 

16 

!6 

!6 
16 

16 

16 
!6 

16 
16 

22 

!8 

16 
18 
!6 

!6 
!6 
2O 
!6 

!6 

20 
22 
2O 

2O 
24 
20 c 

20 

20 
16 

20 

2•k 
20 

20 
None 
None 

_i 

20 

20 

18 
16 

16 

16 

20 
22 

20 
20 

24 

20k,J 

24 

22 
26 

20 
2O 

20 

None 

None 
.None 
None 
None 
None 
None 
250 A•DT 

N.A. 

250 ADT 

All Rds. 
None 
None 
--e 

None 

:•one 
300 ADT 
None 
250 ADT 
None 

None 
None 
None 

225 ADT 
None 

None 

None 

250 ADT 
None 

!00 ADT 

None 
None 
None 
None 
None 

250 .•DT 
250 VPD 

Non e 

None 

300 VFD 

None 
500 VPD 
None 
250 ADT 

None 
300 ADT 

None 

None 
None 
None 
None 
None 
None 
250 AADT 

Freeway 
Only 
250 ADT 

A! I Rds. 
None 
•one 
I000 •,T 
None 
••one 
:lone 
None 
None 

None 

None 
None 
None 

None 

200 ADT 

None 

250 ADT 
None 

I00 ADT 

None 
None 
None 
None 
None 

250 ADT 
250 VPD 

None 

None 

None 

!CO0 VPD 

};one 
None 
•,/on e 
250 ADT 

_l 
300 ADT 

See Questionnaire 

a. 12' ]6' on high speed roads 
b. Cente.•-'i-e.. is placed cn'-'•., where two ":ehicle.• 
c. WLzh centerline; 15' •;i•houc ccnc•r!tne 
d. 7.3' •5' 
e. "Si4nifican• •.raffic volumes" 
f. •5' 25' • atace.i •n indiana 

h. lO' 

can 9as• safely 



SLaY OF HINI•L•I LZNG•q OF P•SSING ZONE IN FEET 
(Question !! cf Ques•ionnai:e) 

State 
85th Percentile Speed (mph) 

3O 4O 5O 

Alabama.* 400 600 800 
Alaska 441 588 735 
Arizona 350 500 500 
Arkansas 500 500 500 
California !,100 1,500 1,800 
Colorado* 500 600 800 
Connecticut 400 400 400 
Delaware 300 400 499 
Dist. of 

Columbia 
Florida 500 500 500 

Georgia 
Hawaii 400 400 400 
Idaho 600 600 600 
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* 500 600 800 
New York 400 400 400 
North Carolina 400 400 400 
North Dakota I,i00 1,500 1,800 



SUMMARY OF M-:,!IMUM 

SkaZe 
85th Percentile Speed (mnh) 

30 4O 50 

Ohio 
Oklahoma 
Oregon 
Pennsylvania 
Puerto Rico 

400 400 600 
400 400 400 
40O 40O 600 
400 400 600 

Rhode island* 500 600 800 
South Carolina 400 500 400 
South Dakota 400 400 400 
Tennessee MUTCD MUTCD MUTCD 
Texas 400 400 400 
U •a,.• MUTCD MUTCD MUTCD 
Ve_ mo,• t 
Virginia* 500 600 800 
Washington 400 400 400 
West Virginia 400 400 400 

Wisconsin 528 528 660 
Wyoming 400 450 480 

*These states may have g{ven =•e minimum passing 
sight distance requirements instead of the minimum 
length o = passing zone, which was the in•ent of 
this •.uestion. 
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SUMMARY OF MOTORIST OPINION SURVEY 
0• ROUTE !30, A!•IHERST COUNTY 





,_.H OUNCi• HIGHWAY & TRANSPORTATION RESEAR c'' C -T 

AP• •NDIX F 

Tort Liab•:=•:•-y for Mountain Harkings 

•s_.._ appendix briefly ex•=••_ "•'-:•-'-•,,•,•..,_:,... V:•ginia_. or _•s. 
._m•i•,==s•:•_ =ncur =crt •4ab__it••. v because of ._no •m•onwe__•,• s 
mountain marking polmcv. "or purpcses of •n=s analysis, 
ass•mm.ed that the. n•{•{•= can show :hat rhe markings 
acciden• site were not in conformance with MUTCD standards, and 
tha• confusion created by the nonstandard markings was at least 
parmia!ly resnonsibl= for •ne e•=•=s The examinatmon has !=d 
to •he following conclusions" 

I. Virginia's policy does not create a •ort claim under 
federal law. Thus, plaintiff would have to ground his 
suit in Virginia state law under the Virginia Torts Claims 
Act. 

2 Because the V•ginia Tort Claims Act has been in 
for a relatively short time, the Virginia courts have 
not had an opportuniry to articulate how they will analyze 
specific ac•s of nonconformance to determine whether they 
amount to n=•l•ence under the s•a•dard fo• culpability 
contained in the Act. Virginia courts will choose between 
two alternatives' either the vU•CD.• 

• 
wm,!"• be viewed as 

establishing mandatory minimum s•andards that are such th• 
•o•con•orm&•c• &•.c,•ts •o •e • • =._gence as a m.att•r of law 
or the MUTCD will be viewed as prescribing a desirable but 

"u•v may consider the noncomDulsory standard such that the ] • 
MUTCD standards as a yardstick_ in ie•=r• •=•_•_•._.• whether 
degr•=_• of nonconformance •ounted •o negligence. .Althou 
other states have split over these two approaches, D •= 
VTCA decisions indicat= that v•4 ; _n•a w • adopt the latter 
view. 



3. in arguing before a jury as to the reasonableness 
of the mountain_, marking mo!ic,T• the state's case 
is bolstered to the extent •nat the po!•cy was 
motivated bye. emDir•_cal]_•v estab l__•shed •a• ins in 
traffic efficiency and safety. This report •¢i!I 
go a long way toward laying •hat empirical founda- 
tion. On the other hand, the state•'s 

case •s 
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 preoared 
•or direct transcription into The mepomt on the study of M=M. 

The F=deral Aid •'.• v •.•=h•va• Act, conditions the release 
of federal funds on the recipient state's use of safety 
devices unat com•ly with standards f•xed by the Secretary 
of Transportation. 2 Similarly, uniform federal standards 
for safety• devices~ wer=• necessa•7_• to review the highway 
safeties. •!ans• s•a•es_ submit to receive~ funds under the Highway 
Safety• Act. 3 Pursuan• to these statutes, the Federal Hign,•ay 
Administration adooted the •.{anua• OE ma_•ing standards in the 
Uniform Traffic Control Devices (•-IUTCD). 4 •,•£nile the 
documents the nonconformity of Virginia's mountain markings 
at issue is whether the federal government's adoption of [-IUTCD 
standards as a basis =or the release of federal funds implies 
that plaintiff motorists have a federal Cause o = action in 
tort against states for damages arising from noncompliance. 
A federal cause of action was denied in D_aye vs. Pennsylvania. 6 

In Da•e, 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 tak• effect. 
The opinion not only concluded that the plaintiff failed to show 
that a waiver existed, 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 Daye decision held that the only sanction for 
nonconformance under federal law was disqualification for funds, 
and that honoring a private sanction, tort liability, was an 

• in 9 improper a•tempt to expand and redefine Cons. essiona_ ten•. 
The circui• court upheld this conclusion, and added that only 
Congress had the authority to append new sanctions. I0 

Although the United States Supreme Court has recognized 
implied rights of private action in similar federal statutes, !! 
it has done so only after considering the propriety of expansively 
interpreting federal law to the detriment of state sovereignty. 
l•nis inhibition would be particularly strong in cases of high•-ay 
regulation because of •he Court's longstanding recognition of 
state authority in this area. 12 



Since Daye prec!•des a federal cause of action, plain•_iff 
would have to ground inis suit in Virginia law. More specif- 
ical•,_,, t•e• sui• would be brought against an individual_ emp]o•ee_ 
under traditional common law doctrines, or against the Common- 
wealth itself under the Virginia Tort Claims Act. (VTCA). 13 
Virginia adopted the MUTCD, including the sections relating to 
passing zone • •'• •..a•,•_ngs, pursuant ,'o statutory authority gran, ed 
to the State Highway and Transportation Commission over the 
location, form and chara[[er 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. 15 In 
examining whether Virginia's willful divergence from a §elf- 
imposed st= • -d ne gence, ne es- _n•a~ amounts •o cu!pab• gli it is c 
sary to distinguish between •he standards of liabi!it• tha• 
apply to state employees and those that would apply to the 
Commonwealth itself. 

At tom, non law, state employees have always been personally 
accountable for their acts; however, for an injured party to 
prevail the act must be "pe•,ormed so negligently that i._ can 
be said that its negligent performance takes him who did it 
outside the protection of his emplo•rment." 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 cna•oed 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. 
bqnether the act performed involves the use 
of judgement and discretion is a consider- 
ation, but it is not always determinative. 
Virtually every act performed by a person 
involves the exercise of some discretion. 
Of e•ual importance is the degree of control 
and •irection exercised by the state over 
the employee whose negligence is involved. "• 

The above passage means that emD!oyees 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 VTCAo 
Since traffic engineers adopt mountain markings on well- 
founded professional judgements 
and safety, it is hard [o conceive of such judgements 
amounting to commow law negligence. 



The Commonweal•h stands on different .ground. Under the 
VTCA, Virginia is exposed to tort liability• for the "negligent 
or wrongful acts or omissions" o = its emmloyees. 18 Because the 
Act_ has been in effect only since July 1982, the cou.•:s have 
not had 

a sufficient opportunity •o link specific acts to this 
standard. In making this linkage, Virginia courts will doubt- 
lessly consider relevant precedents in other states. 

Re•=rence to o=•,er states' jurisprudence reveals two 
approaches of incorporating •he MUTCD into standards of neg- 
ligence. The first approach, adopted in Washington, holds that 
the MUTCD sets mandatory minimum standards for traffic control 
devices. •ai•ure ._o conform Zo •he M•TCD is •u• conclusively 
deemed to be_negligent as a matter of law. •ne second approach 
adopted i£ Kansas and Montana, does not view the MUTCD as a 
mandatory s•andard w•tn the force and effect of law; •nsEead it 

views the manual's standards as directorT, describing a pro- 
fessional consensus as to what devices are appropria•_e•but not 
compulsory under standard conditions. 20 Under this approach, 
nonconformity is not negligent per se, but •he manual will be 
admitted into evidenc=• so that the j u •T_• may gaug=• 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 conveyed by traffic control devices. A 
comparative approach is supported by the traffic engineer's 
need to tailor devices within reason to unusual needs. 

'Any attempt to predict which =_pproach will be •ken in 
Virginia involves an irreducible degree o{ speculation, but 
one can assume that in contemplating this choice the court 
will draw guidance from its common law perspective as well 
as any re!evanat statutory language. 

At conznon law (pre-VTCA), Virginia defined the scope of 
•overnmental 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 •re•uently extended to •ne fo•-mer but 
rarely to the latter. • In recent_ common •aw ses am• 

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 
•--•parture 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 
nonconforman ce. 



This a,•,•roach can also be rationalized by reference 
to •_he state statutes that motivated the adopt•_•on of the 
•.•i•.u. In requiring the State Highway and Transportation 
Commission to adoot a uniform marking standard, the code 
states tha• the markin• -.stem sha] 

,= 
s•, correlate with 

and"so far as possible conform to the system adopted b 7 
other starts TM• •23 From the mh•ase• "so fa-_ as possib•=_•, " 

one may argue that the legislature foresaw and permitted 
noncompliance where there was an adequate •nd reasonable 

• "• !e = th deviation engineer.n s ra•.ona •_or e If this argument 
is accepted a per se approach would de ==- =•_=t the leg•s!at•ve 
intent. On the other hand, that phrase might also have 
been written• to account for cases where budgetary conditions 
constrain the state from upgrading outdated devices to meet 
MUTCD s,-_andards. 7 = this was =he purpose behind the 
o•erating language, the iegisla•ive argument would be 
irrelevant to the •,nstan= case. 

Assuming that the oe• r s__e 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. Cm.. the other hand, •he state's 
case •- •cakcncd b •_•'-c fac• "l,a• i• knew of MUV•D-a•roved 
procedures for proposing. •nd test{_n• new devices 
to adopt them. 

Based on this analysis, the following conclusions are made. 

!. Virginia's policy does no.= create a tort claim under 
federal law. Thus, plaintiff would have to ground 

•in Tort his suit in Virginia state law under the V•r 
o 

ia 
Claims Act. 

2. Because the Virginia .r,_•r• Claims Act has been in effect 
for a relat•,vely sao. t time th@ 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 

•TT• will choose between two alternatives:either the •D 
will be •iewed as establishing m•datory minimum 
st•dards or are such that nonconfo•ance amounts to 
negligence as a matter of law, or the MUTCD will be 
viewed as prescribin• a desirable but noncompu!sory 
s•andard SUCh •ha• •he jury may consider the MUTCD 
standards as a yardstick in determining whether •he 
degree of nonconfo•ance amounted to negligence. 
Although other states have split over these •wo 
approaches, pre- VTCA decisions indicate that Virginia 
will adopt the latter view. 

3. In arguing before a jury as to the reasonableness of 
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 MUTCD 
procedures for proposing and resting e_he new markings. 
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