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ABSTRACT
A RE-EVALUATION OF HIGHWAY NO-PASSING ZONES
by David Chapman Bacon

A re-evaluation of the no-passing zones on two-lane rural
roads was made in an effort to update some of the present design
criteria.

A questionnaire was designed in an effort to better under-
stand the driver, his passing and driving practices, and his
acceptance of current and proposed practices for marking no-passing
zones.

The required distances, necessary to pass, were computed
from present day acceleration data and compared with existing
design criteria.

Accidents in no-passing zones, in the areas covered by the
questionnaire, were checked in an effort to find the most hazardous
passing maneuver.

The changes in required passing distances with current
acceleration data are compared with increases in required passing
distances due to the lower silhouetted vehicles.

Results show that there should be a lowering of the driver
eye height, used in marking no-passing zoneé, as well as an increase
in the length of the minimum passing sight distance, used in both

design and marking of crest vertical curves.
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CHAPTER 1
INTRODUCT ION

The purpose of this thesis was to re-evaluate no-passing
zones on two lane rural roads, with special emphasis on; 1) Driver
passing practices and understanding of marking techniques, 2) Changes
in vehicle performance characteristics, 3) Driver eye height as
effected by vehicle design. The effect of these factors on design
and marking practices will be discussed. Marking policy complete-
ness and clarity of meaning was also considered, but only as a by-
product of the:re-evalnation.

The rationale for marking no-passing zones was developed in
1988-1941 and has been used by engineers for the past twenty years,
with the tacit assumption that it was and is adequately understood
by the driver. There is no evidence, however, that the acceptance
and understanding of the fairly complex no-passing zone policies,
by the public, has ever been analyzed. It was felt that a check of
the driver's actual passing practices and observance of marking
techniques, would not only be highly desirable, but actually, be
necessary as a basis upon which to evaluate the present policies.
Furthermore, the national standards (2) for marking no-passing zones
are still based on acceleratiog rates, driver eye height and driver

characteristics determined in 1938-1941. These existing standards

(a) This number indicates the author's reference in the
bibliography, unless a footnote is given. Ref. here is No. 1.



are outdated for some present day vehicle characteristics. It was
recognized that vehicle dimensions, acceleration rates, driver

characteristics and passing practices would have to be studied and
brought up to date. Recent research concerning vehicle dimensions

and driver eye height(b)

has shown ever-increasing numbers of lower
silhouetted vehicles on our highways, made up of both imported
foreign cars and our own domestic cars. A check of the up-dated
marking criterias’9 showed very little consideration given to the
lower silhouetted vehicles or to the increases in acceleration
rates.

This thesis concentrates on updating some of the design
criteria. The following methods were used to obtain this goal;
1) A questionnaire was designed in an effort to better understand
the driver, his passing and driving practices, and his acceptance
of current and proposed practices for marking no-passing zones,
2) Required passing distances were computed from present day accel-
eration data and compared with existing design criteria, 3) Accidents
in no-passing zones, in the a;eas covered by the questiomnaire,
were checked in an effort to find the most hazardous passing
maneuver, 4) The changes in required passing distances with curreat

acceleration data are compared with the increases in required

passing distances due to the lower silhouetted vehicles.

(b) Research includes Ref's. 8, 5, 7, 10, 13, 14, 15.



CHAPTER 1I
REVIEW OF LITERATURE

The present national policy(c) to determine safe passing
sight distances on two-lane rural highways is based on work done
by C. W. Prisk!? from 1938-1941 and published by the Highway
Research Board in 1941. These figures were based on extensive
field observations of driver behavior during passing maneuvers.
The minimum passing sight distances for no-passing zones are listed
in Table 1. Using these distances and the driver eye height, the
no-passing zones are marked on the highway(d). The national
policy(e), as well as most state policies, says that the driver eye
height should be taken to be 54 inches. These conclusions are
based on work done up to 1951. Since that time, much has been
published concerning the driver eye height and its effect om high-
way design, the most extensive coverage is by K. A. Stoaex(f).
He published an articlel8 on driver eye height and no-passing zomes,
in 1958, along with others in the traffic field amnd in 1960 amother

urticlel4

concerned with vehicle dimensions and performance charac-
teristics. His latest published articlel® deals with vehicle
dimensions and highway design. Im all of these articles, Stomex

expressed growing concern over the increasing number of lower

() Ref. 1 pp.117-121

d) Ref. 9 p. 847

) Ref. 1p. 25
Ref.13,14,15



TABLE 1

MINIMUM PASSING SIGHT DISTANCE
FOR DESIGN OF TWO-LANE HIGHWAYS

Design Speed (MPH) 30 40 50 60 70

Assumed passing speed 30 40 48 55 60

Minimum passing sight
distance (in feet)

Figure III-2 810 1265 1675 2040 2310

Rounded 800 1300 1700 2000 2300

Source of Table: "A policy of Geometric Design of Rural Highways",
by American Association of State Highway Officials, Washington D.C.,
1954, p. 121



silhouetted vehicles. His findings show a potential minimum eye
height of 42-43 inches, in contrast to the average of 47 inches in
1961.

D. W. Loutzenheiser and E. R. Haile Jr.” have done work along
the same lines as Stonex, yet don't express as much comcern about

the decreasing vehicle height. But C. E. Lees

» who did an extemsive
study in Texas on driver eye height, was concerned when he found
that 15 percent of all the vehicles he studied had a driver eye
height of less than 48 inches. Lee reworked the design charts for
paséing and non-passing crest vertical curves. He suggested that
the marking of no-passing zones be based on a more represemtative
driver eye height than that u;ed to daée. Based on this work done
by Lee, Stomex amd others, some states have adopted lower driver
eye heights in their marking practices. The new Manmual on Uniform
Traffic Control Devicesa, suggests the use of 48 inches im the
marking of na-passing zones, as does the revised version of the
Michigan Manual’
‘The need for uniform stamdards for no-passing zome markings
is demonstrated drastically in am article by L. W. COrderz, in the
October 1959 Edition of "Traffic Engineerimg", which lists the
driver eye heights used by various states, as the height of
instrument (HI), as follows; "For instance, 80 states survey no-
passing zones by using a 4 foot 6 inch HI at both the beginning
and end of the zone. One state used a § foot HI at both ends;

7 states used 4 foot 6 inch HI at the beginning of the zone but



varied from 3 foot 6 inches to a 4 inch HI at the end of the zone;
6 states used a 3 foot 8 inch HI at both ends; One state uses a 4
foot HI at the beginning and a 1 foot HI at the end of the zone,
and one state had no policy." The article also listed the minimum
sight distances used by the various states to determine if a no-
passing zone is necessary; "One state was reported as using a 1600
foot minimum overtaking and passing sight distance; 9 states use
1000 feet; one state uses 950 feet; 8 states use 800 feet; one
state uses 750 feet; 2 states use 700 feet; one state uses 660 feet;
3 states use 600 feet; 10 states use 500 feet; one state uses 400
feet; and 11 states vary the distance with design or posted speeds.”
This shows a great deal of inconsistency among the states with regard
to the national code, even if there have been improvements since
the introduction of the new national Manual.

Some work has been done on measurement of passing maneuvers.
0. K. Norman published an articlell that discusses a repeat of the
passing study done by Prisk!? in the period 1938-1941. This latest
study was performed in 1957, and shows that the present day vehicles
spend a shorter time in the left-hand lane, but use a greater
distance to éomplete the passing maneuver. Table 2 shows a
comparison of the 1938 and 1957 studies. This article was the only
published work on passing practices that could be found.

A search of the literature revealed only one article dealing
with driving questionnaires. E. Levonian and H. W. Case® did a

study in 1960 on the responses to a driving questionnaire by



TABLE 2

COMPARISON OF PASSING PRACTICES IN 1938 AND 1957

Study ' 1957 Study
Section 1938 Study 1954 or Older 1955-57
Vehicles Vehicles

Number of passings studied

Total 608 160 316

Average speed of passed vehicle

Average
(MPH) 35 38 39

Average speed of passing vehicle while in left-hand lane

Average
(MPH) 45 - S1 52

Average time passing vehicles were in the left-hand lane

Average
‘(sec) 10.2 10.1 9.7

Average distance passing vehicles were in the left-hand lane

Average
(Feet) 640 760 740
Average speed of free moving vehicles
AZS;:§G 41 45 45

Source of Table: "Driver Passing Practices", by 0. K. Norman,
Highway Research Board Bul. 195, 1958, p. 10



Los Angeles high school students. This study was mainly concerned
with the responses given by the different sexes, social groups, and
the vehicle code and penal code violators. It did not deal with
driver passing practices.

In a recent report on highway safetyl6, J. C. Young17 and
H. E. Hilts4 showed comparisons of "Accident rates related to sight
distance on two-lane roads", and "Accident rates related to frequency
of sight distance restrictions". The results of these two reports
are shown on Tables 3 and 4. They show a higher accident rate when
the sight distance of the crest vertical curve is less than 800 feet
and also when the frequency of the restriction is between 1 and 2
per mile of roadway, thus supporting the contention that changes
are needed in marking practices for no-passing zones, when compared
to the article by L. W. Corderz, where 26 states use 800 feet or

less.



TABLE 3

ACCIDENT RATES RELATED TO
SIGHT DISTANCES ON TWO-LANE ROADS

Sight Distance ’ Accident rate (Per
(Feet) Million Vehicle-miles)

Less than. 800 2.4

800-1500 1.9

1500-2500 1.5

2500-Over 1.1

Source of Table: "Building Safety into Our Road
System", by J. C. Young, California Traffic
Safety Conference, Proceedings, 1950
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TABLE 4

ACCIDENT RATES RELATED TO FREQUENCY
OF SIGHT RESTRICTIONS

Frequency of Restrictions Accideﬁt Rate (Per
(Number per mile) Million Vehicle-miles)

Less than 1 3.5

l-1.9 | 4.1

2 - 2.9 3.8

3 -3.9 3.2

4 -4.9 ' 2.8

Source of Table:‘"Safety'an Essential Element of Highway
Engineering Design Practices™, by H. E. Hilts, Highway
Engineering Conference, University of Utah, Proceedings,
1947



CHAPTER 1I1

METHOD OF STUDY

Driver Characteristics and Passing Practices

When considering amy type of re-evaluation of the present
design amd marking criteria for crest vertical curves, some con-
sideration must be given to the driver himself. What does the
yellow line and the roadside "Do Not Pass" sign mean to the
driver? Considerable thought was given to find a method by which
one could learn something about the driver's understanding of the
marking techniques amd his passing practices. A self-administered,
questionnaire survey was finally decided upon. Questionnaires were
filled out at the time of driver license remewal. This foi- of
distribution was considered to be the most favorable, simnce it was
expected to give a representative sample of age, sex, amd occupation
within the test area. Questions were asked om; 1) Driver character-
istics, 2) Driver passing practices, 3) Driver understandimg of
preseat and proposed marking techniques. The development, distribu-
tiom, codimg and possible amalysis of the questiommaire are discussed
in detail in Appendix A. The final form of the questiomnnaire is
shown as Form 1.

The amalysis of the questionnaire provided a listing of the
total percents that answered each question and also each question
compared against every other questiom. This form of analysis

supplied so much data concerning the driver amd his passimg

11
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practices, that it will be published separately. Parts of this
report, dealing with passing practices and marking techniques are
used in this thesis. A discussion of the results of the questiom-

nraire follows im Chapter 1IV.

Required Passing Distances

In order to check the present minimum sight distamces used
for design of crest vertical curves agaimst those required for
present day vehicles, the formmlas used for determiming these
distances were re-evaluated. Requests were sent to the leaders of
the automotive imdustry for passenger vehicle acceleration data.
From acceleration rates, or curves of the acceleratiom performance
for presemt day passenger vehicles, new minimum sight distances
required for various vehicle lengths,starting speeds, and headways
were computed. Passing distamces were computed on Michigan State
University's Control Data 160-A Computer. These computations pro-
duced time and distance required to complete a passing naheuver and
the final speed upon completion of this maneuver. It was necessary
to assume the vehicle length, starting gap, and starting speed.

For the purpose of this thesis, the initial speed and startimg gap
were considered to be of the same numerical value, or 40 MPH initial
speed and a 40 foot starting gap. The passing distances for a
number of representative vehicles were computed. The speed-time
curves for these various vehicles are shown im Appendix B as Graph 1.
The lemgth of the vehicle being passed was varied from 20 feet to 60

feet and the starting speed from 30 to 40 MPH and up. It was also
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assumed that the passed vehicle would remain at a constant speed.
The distances associated with the passing maneuver are shown in
Figure 1. The acceleration data used, method of computing the new
distances, and the theory behind the formulas are discussed in
Appendix B. The results of the computations are discussed in

Chapter 1V.

No-Passing Zone Accident Study

In considering the driver characteristics in the counties
chosen for distribution of the questionnaire, it was felt that a
check of the no-passing zone accidents would give some idea which
passing maneuver characteristic was the most hazardous. After
checking with the Traffic Division of the Michigan State Police,
it was found that the accidents were filed by year, township, and
county, and this classification would lend itself readily to the
analysis desired. The development of the analysis forms and the
results of one county are discussed in Appendix C. This analysis
proved to be not feasible because of the difficulty in determining
if the accident had actually happened in a no-passing zone.

No-passing zone accidents were also explored on a state-
wide basis, using the IBM card filing system of the Michigan Sta@g
Highway Department's Traffic Division. This analysis was also not
carried out because there seemed to be too few incidents, incomplete
coverage, and no relation to the counties used in the study. A
discussion of the study and recommendations for further work are

found in Appendix C,
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FIGURE 1
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CHAPTER IV

ANALYSIS OF RESULTS

Driver Passing Practices and Observance of Marking Techniques

The percentages of the total sample that answered each
question on the questionnaire and the percents that did not answer
(NA) are shown on Form 2. The distribution of the percents, on
question S5A or passing at the beginning of the no-passing zome,
shows that many people do cut the start of the yellow line, comn-
gidering both "only in rare cases" and "yes" as affirmative responses.
This type of passing maneuver has been performed by 62% of those who
answered the questionnaire.

The majority of the drivers, 81%, will not pass entirely
within the zone, but when asked if they would pass at the end of
the zome, 42% said they have, when the "rare" amd "yes" responses
are totaled. This lack of observance of the end of the mo-passing
zone should cause serious concerm of the present standards,
especially in view of the variability of standards among the
different states.

A major point to be considered is the combinatiom of driver
responses to the passing questions, especially in relationship xo.
the evaluation of the marking policy. Table 5 is a grouping of
some of the interesting combimations that were found when studying
passing practices. Only 40% of the drivers indicated what could be

comnsidered the correct driving practice. This allows that "rare"

16
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0. When apprcacbing a No-passing zone, which do you notice first? (cheek one per grovy

During the daytime: During the night:
a. The yellow line [:] 49.4% a. The vellcw line [:] 86.55%
3o Tov
b. The sign D4s-47% b. sign D 54¢3%
c. I don't know D 5.04% ¢. 1 don’t know D 8.85%
7. Do you feel' that the prespnt. s&:smm of marking No-passing zones ig adequate?
78.0 19, 2.7
yes no
8. Would a isrge yellow sign like this cne No Pas=ing placed on the lefthand
68.86% 28.72% 2.
side of the road, at the start of the yeliow line, be belpful? yes ne D

* Not in suitable form to be placed here.
17 THANK YOU FOR YOI'R TIME

92
NA
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TABLE $

PASSING PRACTICES OF DRIVERS

Response Combination . Percent
Heading of of Total
Group  SA SB SC SD "‘Group Number Number
1 Rare No No Yes Correct 216
No No No Yes Driving 208
Rare No Rare Yes Practice 132 .
556 40.64%
2 No No No No Never 29
Pass .
49 3.58%
3 Yes Yes Yes Yes Always 29
Pass __
’ 29 2.12%
4 Yes No No Yes Pass at 98
start, but
not in or
at end of -
zone . 98, 7.16%
S Yes No Yes Yes Pass at 75
start and 12
end, but not 65
in’' zone _28
180 13.16%
6 No No Yes Yes Pass at end, 65
No No Rare Yes but not in 47
or at start _
of zone 112 8.19%
7 Sub Total 1024 74.85%
8 Any combination not Unexplained 236
covered above patterns -
236 17.25%
9 One or more no-answer No-answer 108
responses in each patterns -
108 7.90%
10 Total 1368 100.00%
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violations of the beginning and end of the no-passing zone be con-
sidered good driving. Group 8 in Table 5 are those response patterms
that had no appirent logical arrangement. Group 9 imcludes all
patterns which had one or more blamks. Adding the percemt that
never pass to those that pass correctly, and subtraéting from 100%,
leavee about 56X of the drivimg population that don't pass the way
the highway engineers intend them to pass. This makes the placement
and lengths of the no-passimng zome a critical part of the highway
design and nirking, because when considering length alome, any
distance removed from the required distance increases the chances
for head-on collisions. The required diséance mentioned here is
that distamce required in the left-hand lame to complete the passing
maneuver. The lack of observance and its effect om the re-evalnatiom
of no-paseing zomes will be discussed in the next chapfcr.

Additional data on driver passimng practices amd observamce
of markimg techniques is givem in a mumber of tables im Appemdix D.
Tables 14 through 20 show am amalysis rum betweem the differeat
responses to the four passimg questions, amd Tables 21 through 25
show responses to quecfious about the adequacy of the marking
techniques. It is interesting to mote that im Table 21, 8G% of the
drivers feel that the preseat marking system for mo-passing zones
is adequate, yet 70% of the drivers feel that the Iowa Pemnant sigm
would be a help. A closer look at this im Table 25 shows that 52X |
of the total respondents said "yes" to both questioms. Im other
words, these drivers feel the present system is adequate, but

another siga would help.
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Required Passing Distances

Using the equations developed in Appendix B, and car per-
formance data supplied by car manufacturers for vehicles in their
test fleets, passing times and distances, as a function of initial
speed for two critical car lengths of the vehicle passed, were
computed. Nine representative vehicle performance curves were used

in the computations, with the characteristics listed below:

Car No. Year Source Characteristics
1 1951 G.M. Best performing car 1951
2 1951 G.M. Poorest performing 1951
3 1962 G.M. Poor performing foreign
4 1958 G.M. Average of 1958 cars
5 1962 G.M. Best performing car 1962
6 1960 Ford Low performance car
7 1959 Foxrd Foreign small car
8 1963 Ford Foreign small present car
9 1963 Ford Medium performance car

Note that the source of this information is not identical
or even related to the make of the cars used. The make is not known
and should only represent typical cars on the road today.

It was desired to check the newly computed distances with

1 and the most recent researchll,

those used in the national standards
and an attempt was made to match the conditions of this earlier

work. Since the newly computed distances were not in a form that
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the average passing speed could easily be computed, it would be very
difficult to match the earlier work.

Initial speeds of 45, 55, 65 MPH were used to determine the
distances required to complete the passing maneuver. This assumed
that the passed vehicle travels at or near the posted speed and the
passing vehicle starts his passing maneuver a distance behind the
passed vehicle equal to the posted speed in feet. The most critical
case to be considered is when the passing vehicle is confronted with
opposing traffic. Therefore, the passing vehicle was assumed to
remain at full acceleration until back in the right-hand lane. The
results of the computations are shown as Table 6. Some of the
vehicles were unable to complete the passing maneuver in a reasonable
length in the higher speed ranges. The distances shown are from the
point of beginning acceleration, to the point of returning to the
right-hand lane. This distance is normally called "d," or the
distance covered while in the left-hand lane. The times are also
associated with this distance. As stated above, the final speeds
are based on the assumption that the passing vehicle remains at
full acceleration until it is completely back in the right-hand lane.

To determine the required passing sight distance for the
various posted speeds, there must be three other distances added:

1) The driver decision time or "dy", which is a function of speed;
S=vt where v=initial speed, t=reaction time which is 2-4 seconds
(will be taken as 3 seconds here), 2) The vehicle clearance at the

point of returning to the right-hand lane, or "ds", which varies
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with the speed and will be taken from the national standardsl,

3) The distance covered by the opposing vehicle or "dy", which will
be taken as the posted speed times two-thirds of the time required

to complete the passing maneuver. The new required passing sight
distances for the various posted speeds are shown in Table 7. These
values are shown for the vehicle groups and also for the speed groups.
At the bottom of the table are the values taken from the existing
standardsl.

In trying to develop some comparison between the newly
computed distances and the present standards, a number of difficulties
arise. The two minimum passing sight distances are not computed in
the same manner and the test vehicles vary greatly. To use only the
poorest performing vehicles would give unduly restricted passing
characteristics. To use an average of the characteristics for the
various speed ranges is too conservative for the best, but inadequate
for the poorest performing vehicles. An average also assumes equal
numbers of each vehicle group on the highway. But in order to get
at least a basis for some preliminary comparison, the average of
those vehicles that could complete a pass in each speed range was
used. The comparison of the minimum passing sight distance thus
obtained with that given in the national standards is shown in
Table 8. The percent increase, in each group is fairly close to
the findings of Normanll, who showed increases in the average
distances passing vehicles were in the left-hand lane of 17%. The
effect of these newly computed distances will be discussed in

Chapter V.
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TABLE 7

ELEMENTS OF SAFE PASSING SIGHT DISTANCE

Distances in Feet

Total Distance for Speed

Groups

Vehicle | Initia
Group | Speed |91 d2 d3  ds  Totail| 45 MPH | 55 MPH | 65 MPH

45 198 681 180 366 1425 1425

1 L)) 243 966 250 534 2002 2002
65 287 1358 310 792 2747 2747

2 45 198 871 180 493 1742 1742
85 243 1364 250 809 2666 2666

3 45 198 875 180 493 1746 1746
55 |243 1424 250 849 2766 2766
45 198 626 180 330 1334 1334

4 55 243 865 250 476 1834 1834
65 287 1214 310 696 2507 2507
45 198 528 180 267 1173 1173

S 55 243 727 250 384 1604 1604 _
65 |287 969 310 533 2099 2099

6 45 198 860 180 486 1724 1724

7 See Table 6

8 45 198 999 180 578 1955 1955

9 45 [198 725 180 396 1499 1499
S5 1243 1092 250 627 2212 2212

AASHO Standards for the various design
or Posted Speeds. 1470 1857 2175
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TABLE 8

COMPARISON BETWEEN PRESENT STANDARDS & NEWLY COMPUTED
PASSING SIGHT DISTANCES

Design Speed 45 MPH 55 MPH 65 MPH

Present Standards
Ref. 1 1470 1857 2175
(Feet)

Newly Computed
Average Value 1575 2181 2451
(Feet)

Difference in

(Feet) 105 324 276

Percent Increase 7.14% 17 .46% _ 12.70%




CHAPTER V
CONCLUSIONS & RECOMMENDATIONS

Conclusions

When considering the increases required in the lengths of
passing crest vertical curves due to the decreases in vehicle sil-
houettes, the lower silhouetted vehicles require longer curves. A
decrease of the driver eye height from 54 inches to 42 inches
(potential minimum) requires an increase of 1342 in the length of
the vertical curve(g). This increase is caused by the lower sil-
hbﬁetted vehicle having to be much closer to the crest of the curve
in order to see an approaching vehicle. Since the main éongern of
this thesis is a re-evaluation of the marking of the present zones,
the effect on design will be covered lightly. This increase of
© 13.42% makes many of the present summit curves unsafe. For instance,
a passing crest vertical curve, surveyed with a driver eye height of
$4 inches, and just having the required minimum sight distance of
1000 feet, would require a vehicle having a driver eye height of
42 inches to travel 134.2 feet further to have the sight distance
necessary to pass. This is assuming the critical case of two vehicles
approaching each other, both having the driver eye height of 42 inches.
In order to make this crest vertical curve safe, a re-survey with the

driver eye height of 42 inches would be necessary. \

(8) From formulas developed in Ref. 7.

26



27

This decrease in the driver eye height, or HI, would make the curve
a non-passing summit. This case is even critical when the curve is
already marked "No-Passing", and using the same basis (54 inch HI and
sight distance of 1000 feet, with curve just under). The lower
silhouetted vehicle, timing his passing maneuver to return just
before the yellow line, cannot see the approaching vehicle for 134
feet when the taller vehicle can, and should have been given the
yellow line sooner. Considering this along with the lack of observ-
ance by the driving population, of the ends of the yellow line or
no-passing zone, makes this situation one for grave concern. These
factors, coupled with the increases in minimum required passing
sight distances for present day vehicles, make the present standards
unsafe for much of the motoring public.

As discussed in Chapter IV, the increases of 7%¥-17% in the
minimum required passing sight distances for the various speed
ranges, give an average of about 13¥ in the newly computed distances.

These values are in addition to the increases needed for the lower

silhouetted vehicles.

Recommendations

Since most of the highway mo-passing zones are marked by
surveying the curve with a given driver eye height and a minimum
sight distances’g, there must be changes in the criteria used with
the field procedure. Since there is an extensive lack of observance
of the ends of the no-passing zone, the full required sight distance

should be given the driver. The national average driver eye height
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was 47 inches in 1961, and a potential minimum is thought to be
42 inches; therefore, the lower value should be used to insure safe
roads for all the motoring public. To design for 85% of the drivers,
and to say "The small sports car and foreign cars don't amoumt to
much, so let's forget them", is not sound nor safe engineering
practice. The driver of the small vehicle should be given the same
consideration as the largest vehicle. Therefore the standard should
be such as to insure safe passing or adequate marking, as the case
may be. The driver eye height used for marking no-passing zones
and determining lengths of vertical curves, should be taken as 42 inches
The minimum passing sight distances should also be adjusted
for modern vehicle characteristics. These newly computed distances
are shown in Table 9. The full value of these distances should be
used, and not only a portion as done by some states. The driver has
shown that he rarely will pass within the zome, but oftem will
-violate both ends. The zone seems to mean to the driver that "I
don't have adequate sight distance once I'm at the yellow lime, but
before and after I do". Therefore, the line should be placed to
denote this fact. To assume the driver will not pass im an area
500 feet from the yellow line, marked on the basis of 1000 feet,
for a road and speed calling for 1500 feet, is not very sound when
considering the results of the driving questionnaire. For this
reasom, the full distance should be used in marking. Using these
nrewly computed distances does not mean that the no-passing zones will

be as long as these distances, but only that whenever the driver
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TABLE 9

RECOMMENDED MINIMUM PASSING SIGHT DISTANCES
FOR RURAL TWO-LANE ROADS

Posted Speeds

45 MPH 55 MPH 65 MPH

Distance Computed
ety T 1575 2181 2451

ist ded
Dis a?;:eigun ¢ 1600 2200 2500
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does not have this minimum passing sight distance he will be given
a yellow line.

It is also felt that the Iowa Pennant sign would greatly
decrease the violation of the start of the yellow line. This sign
is large enough to be seen at some distance prior to the start of
the zone and being placed on the left-hand side of the road would
not be blocked from view when passing trucks, as is the case with
the present "Do Not Pass" sign. The motoring public seems to feel
that this sign would help, for 68% said yes to question 8 on the
questionnaire. The Michigan State Highway Department obtaimned very

favorable results with the field test of the sign.
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APPENDIX A

Questionnaire Development
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Questionnaire Development

<

Design of Questionnaire

In the design of this questionnaire, it was felt that the
following information would be advantageous: 1) Driver's sex,
2) Driver's age, 3) Formal driving education, 4) Driver's reactioms
in various passing situations. The first attempt at a questiomnaire
is shown as Form 3. After discussion and a sample questioning,
there were changes made in the general form and also in the arrange-
ment of the third question. The result of this change is shown as
Form 4. In this new form the question about driver educatiom is
placed first in an ittenpt to make the questionnaire less formal.
Question 3C was omitted, but added again im the final forms of the
questionnaire as a check of the driver understanding. It was also
felt that Questior 3 om Form 3 should be made into two questioms to
limit the confusiom that could arise. Form 4 was then field tested,
by hamding out a small number of questionnaires to local drivers,
and was also discussed with personmel of Michigan State Uﬁiversity's
Driver Education Course. It was felt that the lead paragrabh should
state that the following questionnaire in no way would affect the
respondent's license renewal. The number of years driven was
considered useful information and was added as a questiom. Discuss-
iom léad‘to the adding of questioms asking whether the driver liked
to drive, amd if he felt uneasy about passing amother car. A
question abouf the adequacy of the pfesent marking systen.and a

£il1l-in to find if the driver did notice that the color of the
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delineators changed in the no-passing zone, was added at this time.
The result of the above is shown as Form 5. Form 5 was then field
tested and it was found that the fill-im or Question 9, would have
to be omitted because of the difficulty in coding the results.

After a discussion with personnel from the Bureau of Social and
Political Research and the School of Psychology, it was felt that
there should be further regrouping of the questions and some changes
in the style used. If the responses were to be the truthful onmes
we required, the respondemt would have to be in a felaxed state'of
mind when answering. Therefore, the questions were rewritten a
number of iimes and sketches were added to the quéstions about
passing maneuvers. The result is shown as Form 6. After a small
sampling with this form, it was found that some color would have to
be added to denote the yellow line. This is sh?wn as Form 7. .A
sampling wifh this form showed that the addeq ré;ponse of "Only in
Rare Cases", would be necessary for all parts of Question 5, to
give the driver who would omly pass once im a great while, and omly
under rare conditioﬁs, a cﬁance to amswer more truthfully. This
change is showa as Form 8. Before the final sampling, Ques?ion S
wan’changed from "Would you pass here", to "Have you eyer.passed
here", in order to obtain the actual driving habits without the
influence of a right and wrong type choice. The final questionmaire

is shown as Form 9.
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Distribution of the Questionnaire

When first considering a questionnaire as a method of
obtaining driver characteristics and passing practices, a number of
methods were considered and discussed, and the use of driver license
renewal offices was considered the best suited location for distribu-
tion. The counties of Kent, Genesee, Ingham and Clinton were chosen
to give a cross section of the industrial, educational, political,
and rural communities in Mid-Michigan. A sample of the final ques-
tionnaire was shown to the Chief Examimer for the office of the
Secretary of State. This office approved the questionnaire‘and
wrote letters to the local sheriff and police departments concerned
requesting that they give all assistance they could without disturb-
ing their normal operations. The Chief Examiner also supplied the .
total renewals of operating licenses for all of éhe seven locations
for the year 1962. These values, along with the percentage break-
down, total forms issued and returned are shown in Table 10. The
number of questionnaires to be issued was chosen at 2000 to give a
comparable sample to the smaller renewal offices. The number of
unanswered questionnaires is fairly high in Genesee County because
their office was moved to a new location during the test period
and an added delay in analysis would have resulted if the remaining

questionnaires had been administered.

Questionnaire Coding

When the questionnaires were returned, it was decided that

a coding arrangement that could easily be placed on IBM cards would
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greatly aid the analysis, since a bivariate program was available

on MISTIC(h) for card type data. A coding scheme such as shown in
Table 11 was used to expediate the coding operation. It was found
that an overlay with these code numbers located at the holes cut for
viewing the responses, greatly aided the coding process. This data
was then placed on standard code sheets to assist in the card punch
operation. The computer program dictated that there be one card per
questionnaire and therefore the final was 1368 cards, plus the
necessary parameters. The age and years driven did not appear in a
suitable form to be compared with the other responses and had to be
placed in one digit form. The data deck was run to give the
comparison of the first digit of age against the second and then an
equal group breakdown was used in the recode of both age and years

driven. This breakdown is shown as Table 12.

Questionnaire Analysis Available

The computer program that was available could supply the
total numbers and percentages that answered each question and the
way that it was answered. It also was possible to compare each
question's results against the results of each of the remaining
questions. The row percentages, means, and standard deviatioms;
the colum percentages, means, and standard deviations; the total

percentages in each row, cell and column; and the "chi square" (2)

(h) Michigan State University's Computer in 1962
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distribution of each cell and the total table; the expected fre-
quencies of the cells; and the total table correlatiom could easily

be found with the computer program available.



QUESTIONNAIRE, ORIGINAL FIRST FORM

- FORM 3
PR
Ih Tal IWTDREST OF BUATHR AZGHUWAY SAFETY JUTCOTGAN STATE URIVELLTTE
VTONS YOUH COOPERATTON Ta Tuh aNORTHINT GF A FRY UREITICNLE LRCUT MR rHEweT
R, .‘.JCS

FLEASE anfiiit THE IEOTICNS AS Tl PIoTATn TO YOUR DRIVING HaBITS.
T3 YoUs

TRAFFIC NWGINEERTLC STAFF
CIVIL ENOINEERING DEPAWINVELT
MICIICAL STATE UnTVERSITY

1. SEX AGE
rmaie cr {emale Years
2. HAYE YOU EVER naD A CLASS Iw DnIVEW ECUCATION . ?

yes or no

3, IS IT SAFE FOL YOU TO PASS AnCTHER CARV If;
a. YOU CHROSS THE YSLICW LIKE O KETURNING TO YOUR LANE?(check one) YEST HOME
b. YOU CROSS TAE YRLLOW LINE TO BEGIH YOUR PASSING MANELVER?{ check <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>