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(ABSTRACT)

Overtaking and passirng maneuvers on two-larne rural roads is still one of the most complex
u situations drivers are faced with in everyday drivirng. In passing, drivers must judge the speed, ac-

celeration and deceleration capabilities of their own vehicle, that of the impedirng vehicle and the

speed and rate of closure of the oncoming vehicle. They also have to make decisions on the ade-

quacy of an acceptable gap and sight distance.

This report presents an investigation of the adequacy of the current ”Manual on Uniform

Traffic Control Devices" (MUTCD) for marking on two-larne, two·way roads. It examines the

existing criteria, problems associated with it and its reasonableness. Passing sight distarnces which

incorporates both the option of aborting or completirng the passing maneuver is presented.

A model describirng the kinematics of vehicle trajectories during the passing maneuver on

two-lane roads is utilized for this purpose. The model is based on the presence of a delirna zone

during the passirng marneuver. At this point, the decision to complete or abort the passirng maneuver

provides the same factor of safety. This critical position is located using the model. The parameters

that strongly influence the required sight distance are irnvestigated.

. Thus passing sight distances that will provide reasonable margin of safety throughout the

passing maneuver will be achieved. It is realized from the results that the current MUTCD passing

sight distance is inadequate from a safety standpoirnt, except for high accelerations and high decel-

erations.
I
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1.0 INTRODUCTION

On two-lane, two-way rural roads, the driver is faced with multiple decisions during an

overtaking maneuver. Most motorists have been faced at one time or another, with a passing zone

that seems too short for safe passing. Overtaking a slow vehicle on a two-lane road is among the

most complex and potentially hazardous situations in daily driving (Ref. 6). The driver who is

doing the overtaking, in a bid to cope with the situation, must be able to decipher and process the

relevant information presented to him in a dynamically changing frame of reference. He must be

able to make specific and quick judgements which would provide a good margin of safety should

_ he decide to complete or abort the passing maneuver. In such situations poor judgement can result

in a very undesirable incident.

About seventy-one percent of the highways are considered as two-lane, two-way highways

on which vehicles frequently overtake slower moving vehicles. Passing in this case must be ac-

complished on the opposing traffic lane. If passing is to be done with safety the overtaking driver

should have a sufficient sight distance ahead, clear of traffic, to execute the passing maneuver

without cutting off the impeding vehicle in advance of meeting an opposing vehicle. Similarly, he

must be able to abort the maneuver safely if he finds the opposing traffic too close when the ma-

neuver is partially completed. At each passing section the length of roadway ahead of the over-

taking driver should be equal to or greater than the minimum passing sight distance. Frequency
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l and length of passing sections for highways depend principally on topography, roadway geometry

(horizontal and vertical curvature) and cost. The minimum passing sight distance is sufficient for

a single isolated passing only.

The importance of the overtaking maneuver, furthermore, has implications for overall—road

safety. From the literature reviewed, it is seen that overtaking accidents on two-lane, two·way rural

roads are the severest of all accidents on rural roads. Seveteen percent of accidents being head—on

collisions.
In spite of the complexity of the overtaking maneuver, and despite the research done on this

issue, the investigation of "aborting" the passing maneuver has not been extensively carried out.

The Manual on Uniform Trafiic Control Devices (MUTCD) specifies the minimum passing sight

distances in connection with marking for demarcating passing and no-passing zones. Recent re~

search points out the inadequacy of the MUTCD for completing the passing maneuver, but fails

to address the issues of both completing and aborting the pass.

The major purpose of this research is to investigate the MUTCD passing sight distance re-

quirements for both completing and aborting the passing maneuver by the use of a kinematic

model.
The research approach and scope of this study will be to evaluate the passing practices of

drivers from data on prior research. Practices as determined from accident reports, current vehicle

- speciiications and performance (acceleration, deceleration, stopping ability) and their effects on sight

distance are examined.
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1

2.0 LITERATURE REVIEW AND PROBLEM

STATEMENT

2.1 Methods Used to Evaluate Passing Sight Distances

To properly outline the research and identify its objectives, it is first necessary to explain the

various techniques that have been developed for evaluating sight distances on two-lane, two-way
U

roads.
u

Over the years several studies have addressed the issue of sight distance and overtaking. The

efforts have been mostly observational with only a few analytical or theoretical calculations. Much

of the work in this area has mainly considered only completing the passing maneuver. Only a few

like Lieberman (Ref. 15), Saito (Ref. 5) and Herman (6) have touched on the issue of aborting the

passing maneuver as well. _

Early attempts to assess the adequacy of sight distances dates back to the late 1930’s and early

l940’s. Studies by Norman (Ref. 12) perhaps constitute the first comprehensive research on over-

taking maneuvers. It involved observation of 1635 overtakings using one hundred pneumatic tubes

spaced at frfty feet intervals on the road surface. Norman’s analysis gives details of acceptable gaps
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by drivers but not of gaps rejected. A similar study by Prisk (Ref. 17) and another by Norman (Ref.

16) indicated that the passing vehicle travelled to a point approximately abreast of the impeding

vehicle at about one-third of the left lane occupancy distance by the passing vehicle. _

Pretty and Miller (Ref. 14) also investigated gap acceptance by drivers wanting to overtake

on two-lane rural roads. Observations were made from vehicles being driven on straight level roads

at speeds of 30, 35 and 40 mph at two sites near Melboume. They recorded both rejected and ac-

cepted gaps, unlike those of earlier studies. They used maximum likelihood estimate techniques

and a log-probit analysis for their data. The authors noted that drivers make decisions whether or

not to overtake based on available gap, sight distance, speed of their vehicles as well as that of the

impeding vehicle and the estimated speed of the oncoming vehicle. They also found from a fit of

a log-normal distribution to the accepted gaps that, the estimated mean critical gap increases with

the increase in the speed of the overtaken vehicle. Their study however did not report the effect

of the speed of the oncoming vehicle on the size and gap accepted.
' In the early 1970’s, a number of theoretical and experimental efforts were directed towards the

improvement of the safety and efficiency of two·lane, two—way highways by improving no-passing

zone regulation and procedures. In 1971, Valkenburg and Micheal (Ref. 22) conducted tests at

three sites in Lafayette, involving 915 passing maneuvers, totaling 3000 miles of driving. Their test

centered on measuring the lengths of the passing maneuvers and the time to complete a pass for test

cars driven at speeds of 40, 50 and 65 mph. These speeds span a range of average traffic speed that

is usually found on two-lane highways. The types of passing vehicles were separated into four

groups, namely, automobiles, pickups, single unit trucks and semi·trailer trucks. The types of

passes examined were categorized into accelerative pass, fly pass, voluntary return and force or

hurried return. Their findings indicated that the mean length for the accelerative pass with a vol-

untary return by automobiles passing trucks was consistently longer at speeds of 38, 47 and 61 mph

than for other types of passes.

Herman (Ref. 6) ir1 1972 made a theoretical analysis based on his earlier research with Gazis

and others on the dilemma faced by drivers approaching an intersection during the green to amber
phase transition. At a critical position the driver is in a fix as to whether to accelerate and go

i
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i
through the intersection or decelerate and stop. He related this problem to overtaking on two·1ane

roads and developed a model which takes into account both the option of aborting or completing

a pass during the overtalcing maneuver. The similarity between these two problems had been

comrnented on by Valkenburg and Micheal in an earlier study.

In addition, Troutbeck (Ref. 4) in Australia investigated sight distances for overtaking ma-

neuvers. Similar to the studies by Miller and Pretty, he used maximum likelihood techniques to

estimate his parameters. The study was rather comprehensive and involved a total of 3150 over-

talcings, with 1537 of these relating to long vehicles (10- 16 meter trucks) travelling at speeds between

55 and 85 km/h (34 and 53 mph). The duration of an event in this study could be determined to

a greater degree of accuracy than could the distances travelled by vehicles. The analysis, therefore,

gave more emephasis on time measures. The research vehicles were fitted with video equipment,

together with speedo-odometer and radar speed meters. Video cameras were fixed to the front and

rear of the test vehicle and by affixing mirrors near the lenses, the video system could record in four

directions simultaneously. A large coefficient of skewness of many parameters was noticed and it

was found that most overtaking parameters (especially overtaking times and distances) could be

better represented by a log-normal distribution rather than a normal distribution. He found among

other things that, in establishing the effect of the length of the overtaken vehicle on overtaking

times, the most important period is the time the passing vehicle spends along side the overtaken

vehicle. This time and length of vehicle was bound to be strongly correlated. If the length of the

overtaken vehicle was increased from 5 to 10 meters the mean overtaking times increased by 17

percent and 19 percent for accelerative overtaldngs by cars and flying overtakings by cars respec-
I

tively. Similarly, for the same increase in overtaken vehicle length, they mean overtaken distances

increased by 17 percent and 21 percent. Also it was indicated that, at the end of the overtaking

maneuver, driverstend to cut in on trucks more than when overtaking cars. The 85th percentile

critical gap was reported to increase as the speed of vehicle increases. Purthermore, the overtaking

times were significantly correlated at the 5 percent significance level, with the size of the accepted

gap. The accepted gaps were found to be highly correlated with safety margin. Also the 85th
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P 1
percentile critical gaps for cars overtaking cars at V km/hr was equal to the 85th percentiles critical

gaps for cars overtaking trucks travelling at a speed of (V — 13.5) km/hr.

Weaver and Woods (Ref. 9) and Weber (Ref. 10) have also briefly discussed the concept of

aborting the passing maneuver. Weber, however, discusses the issue much more and compares the

difference between some of the principles behind design and marking of no-passing zones.

Somewhat more recently, in the 1980’s, Lieberman (Ref. 15) and Saito (Ref. 5) investigated

the issue of both completing and aborting the passing maneuver on two-lane, two·way highways.

Saito’s derivations are a modification of Lieberman’s model. The model is a kinematic one. In

their derivations they fix such parameters as length of the irnpeding vehicle, space headway between

aborting and impeding vehicles and the gap between the rear bumper of the irnpeding vehicle and

the front bumper of the aborting vehicle. It is also assumed for analysis that the speed of the

oncoming vehicle and speed of the passing vehicle are the same. With these, they develop equations

on acceleration and deceleration (Saito) times and rates, as well as clearance distances. Saito used

the model to investigate the adequacy of the MUTCD passing sight distances for abortirzg the

passing maneuver only. He also centered his investigation mainly on passenger cars passing pas-

senger cars. His study found the MUTCD distances inadequate. Unfrotunately, he did not con-

sider both the option of completing and aborting the passing maneuver together. It is also

important to note that Saito’s model and that of Herman are rather different. Donaldson (Ref. 8)

discusses Saito’s findings and comments that he should have investigated the issue of cars passing

trucks in more detail. Saito, however, did investigate for passenger cars passing trucks 55 feet long.

His cornputations and graphical representation imply that a significant increase in the collision-zone

is affected by the attempt of passenger cars to pass trucks. Nevertheless, his own considerationofthis

conclusion is very brief. ' (

. Recently, Polus and Tomecki (Ref. 3) have conducted experimental studies at sites near

Pretoria in South Africa. Data were collected at two sites on level two-lane, two·way rural road

sections. The volume of the first site was 100 vph and 200 vph on the second road. Instrumented

vehicles were driven simultaneously along each section at speeds of 37.5, 43.8, 50.0 and 56.3 mph

(60, 70, 80, 90 km/hr). The vehicles were equipped with multi-purpose data acquisition and proc-
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essing system called Traffic Engineering Loggers (TEL). The data extracted from the TEL were

divided into accelerative and flying overtaldngs.

Their frndings indicated that a negative correlation existed between the maximum speed dif-

ference and the speed of the overtaken vehicle. Analysis of speed variability of the passing vehicle

during the process, revealed that for accelerative maneuvers, when the initial speed was low the final

· speed was higher and vice versa. Furthermore, for all maneuvers, the speed of the overtaking ve-

hicle was almost constant throughout the overtaking process. This is in agreement with fmdings of

Saito, Lieberman, Weaver and Woods.

2.2Pr0blems with Existing Design and Marking Principles

2.2.1 Present Criteria for Passing on Two-Lane, Two-Way Roads

Before discussing the present criteria used for marking, it is essential at this time to define the

minimum passing sight distance. The "Minimum Passing Sight Distance" represents the minimum

sight distance at which a passing driver must first be able to perceive an opposing vehicle from a

critical position to permit execution of the pass with sufficient and safe clearance (Ref. 2, 5, 9, 10,

22). When available sight distance is less than the minimum sight distance a no·passing zone is

warranted. Figure 1 shows the various positions of the passed vehicle, overtaking vehicle and the

oncoming vehicle as defined by the minimum passing sight distance.

The Manual on Uniform Traiiic Control Devices (MUTCD) (Ref. l) is used by most states

for marking passing and no-passing zones. Markings have defmite and important functions to

perfonn in the proper scheme of trafüc control. In some cases they are used to supplement the

regulations or warnings of other devices such as trailic signs and signals. In other cases they are

2.0 LITERATURE REVIEW AND PROBLEM STATEMENT 7



I

Notes: P — Passing Vehicle
_

I — Impeding Vehicle

O — Oncoming Vehicle

Fngurc I. Rclutavc Posntons uf Passmg, Impcding and Opposing Vchiclcs in a Passing Muncuvcr
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used to convey information to motorists which cannot be obtained from other devices (Ref. 1).

Thus they serve as effective regulatory warnings which could not otherwise be made understandable

by other devices. In brief, road markings can be said to have the advantage of conveying warnings

or information to the driver without diverting his attention from the roadway.

The present pavement markings used by the MUTCD to delineate traffic flow and no-passing

zone on two-lane, two·way highways consist of broken yellow line and solid lines. A double line

consisting of two normal solid yellow lines delineates the separation between travel paths in oppo-

site directions where overtaking is prohibited in both directions (Section 3A-6, 3B-l, Ref. 1). A

double line consisting of a normal broken yellow line and a normal solid yellow line delineats a

separation between travel paths in opposite directions where overtaking and passing is permitted

with care for traffic adjacent to the broken line. lt is prohibited for traffic adjacent to the solid line.

This is a one—direction, no-passing marking. Figure 2 shows typical longitudinal marking applica-

tions for two-lane, two-way roads.

According to the MUTCD, centerline markings are desirable on paved highways in rural

districts on two-lane, two-way pavements 16 feet or more in width, with prevailing speeds greater

than 35 mph. It requires that "where center lines are installed, no-passing zones shall be established

at vertical and horizontl curves and elsewhere on two and three lane highways, where an engineering

study indicates passing must be prohibited because of inadequate sight distances. Furthermore, the

present criteria demands that the no-passing zone for a two-lane, two-way shall be parallel and ex-

tended along the centerline throughout the no-passing zone.

The sight distance used for marking no-passing zones are based on the 85th percentile speed.

The object height and drivers eye height are both 3.5 feet. The criteria for delirreating no-passing

zone on a vertical curve is based on the distance at which an object 3.5 feet above the pavement

surface can just be seen from a point 3.5 feet above the pavement. Figure 3 is an illustration of

how this is deterrnined. Similarly, passing sight distance on a horizontal curve is the distance

measured along the centerline between two points, 3.5 feet above the pavement on a line tangent

to an embankment or other obstruction that cuts off the view on the inside of the curve. The

method is illustrated by Figure 4. A summary of the MUTCD minimum passing sight distance

2.0 LITERATURE REVIEW AND PROBLEM STATEMENT 9
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j requirement for various speeds is given in Table l. The beginning of a no—passing zone is that point

at which the sight distance becomes less than specified in Table 1, while the end is the point where

the available sight distance becomes greater than those specified. Q
In comparison, the AASHTO (Ref. 2) passing sight distances are somewhat higher than those

of the MUTCD. The reason is due to design philosophy. It is the principle of AASHTO that, if Ö
total sight distance is provided at the beginning of a passing opportunity, a driver may sequentially

execute each element of a passing maneuver comfortably with full visual knowledge throughout the

overtaking. The idea is to allow adequate separation distance between the two opposing vehicles

j at the completion of the maneuver. This view is shared by Weber (Ref. 10) and Weaver and Woods

(Ref. 9).

The amount of available sight distance can be decreased below this total distance value until

a point at which sight distance ahead becomes the smallest necessary to perceive an opposing ve-

hicle in time to safely complete a passing maneuver once the driver is comrnitted to the execution

of the maneuver. This in essence predicates minimum passing sight distances and forms the basis

of the marking sight distance definition.

Even though the MUTCD sight distnces are being investigated, it is pertinent as a matter of

comparison to describe AASI·ITO’s criteria as well. The AASHTO policy divides the passing sight

distance (see Figure 5) into two phases, which are subdivided into:

• Distance traversed during premaneuver time, dz,
• Distance traveled in the left lane by passing vehicle, dz,
• Clearance distance between the passing and on-coming vehicle, dz,
• Distance travelled by the opposing vehicle, while the overtaking vehicle occupies the left lane,

da.

The passing sight distance given for design purposes is the summation of dl, dz, dz, and da It is

important to note that AASI—ITO’s sight distance requirements are obtained from plan and profile

drawings, by the use of a straight edge which is marked for height of drivers eye and height of object

2.0 LITERATURE REVIEW AND PROBLEM STATEMENT ll



— I

Table I. MUTCD Passing Sight Distance Requirements

85th Percentile Speed Sight Distance
(mph) (feet)

30 500

60 600

50 800

60 1000 _

70 1200
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J

(opposing vehicle). AASHTO uses an object height of 4.25 feet. Figure 6 shows the procedure

used by AASHTO.
i

2.2.2 Current State Practices for Marking
J

There are two concepts which most states use for establishing and marking no-passing zones

on two-lane, two·way highways. These are the short zone concept and the long zone concept.

The short zone concept prohibits driving on the left side of an applicable yellow line

throughout its length. Human factors studies conducted at the Texas Transportation Institute (Ref.

9) show that drivers actually interpret driving on the left side of the solid yellow line to be illegal

and unsafe. Valkenburg and Michael (Ref. 22) point out the shortcoming of the short-zone con-

cept. They explain that it is physically impossible for rnotorists always to complete a passing rna-

neuver without crossing the yellow line because of the limited visibility of no·passing zone signs and

pavement markings. No-passing zones designated under this concept are established when sight

» distance clearance is below those specified by the MUTCD (Refs. 9 and 22). Consequently, most

states have laws that incorporate the short·zone concept.

The alternative to the short zone concept is the long zone concept. This permits completion

of a passing maneuver across the solid yellow line, that is, beyond the beginning of the marked
i

no·passing zone. Sight distances under this concept are however longer. The basic idea behind this

concept is to allow a driver who is so far advanced into a passing maneuver, ample opportunity to

complete. This is to prevent a driver from severe or hazardous braking in an attempt to avoid

crossing the yellow line. Table 2 compares the passing sight distances under both concepts with

that used for design. Research conducted at the Texas Transportation Institute indicate that:

2.0 LITERATURE REVIEW AND PROBLEM STATEMENT I5
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Figure S. Passing Sight Distance for Two-Lanc Two-Way Roads (AASIl'I‘0)
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Table 2. Comparison of Passing Sight Disatnccs for Dcsign und Marking

Minimum Sight Distance (ft)
85th ggiääntlle Design Marking

(mph) Short Zone Long Zone

40 1500 600 1050
50 ·1800 800 1300
60 2100 1000 1600
70 2500 1200 1900
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- I
• Almost all states employ the short zone concept of no—passing zone delineation. Illinois,

Louisiana, Maine, Missouri, Pennsylvania, and Vermont however, enforce passing operation

on the long zone plnlosophy.
• Wisconsin and California states permit minimum passing zones less than 400 feet in

mountaineous areas.
• Idaho, Illinois, Indiana, Kansas, Kentucky and Wisconsin use the regulatory DO NOT PASS

sign as a general statewide practice. Idaho uses it because pavement marking is not a regulatory

device. Seven other states use it selectively for unique geometry and visibility during snow.
• Vermont uses a PASS WITH CAUTION sign and pavement markings in mountaineous areas.
• At least thirty-four states use the NO PASSING ZONE sign, sixteen of which use it statewide

I

while eighteen use it selectively.

Tables 3 and 4 give details of all state practices.

2.2.3 Problems Associated with the Passing Maneuver

The issue of overtaking on two·lane roads is multi-faceted. It requires good judgement of

time gaps, distances and speeds. One of the problems associated with overtaking on two-lane roads

is that of accidents. A contributing factor to such accidents is limited sight distance. Consequently,

one can infer that poor horizontal and vertical alignment that exist on roads create hazards that

frequently are the indirect causes of accidents. Sight distance is especially important because the

passing vehicle during the passing maneuver occupies the lane used by the oncoming vehicle. Ob-

viously, wamings of inadequate sight distances for passing should be clear and motorists should

always be certain about the meaning of such wamings. Some states emphasize the dangers in

overtaking by adding regulatory signs in addition to pavement marking.

2.0 LITERATURE REVIEW AND PROBLEM STATEMENT 19



Table 3. State Practices for Delineating No-Passing Zones

htntrun Length Uxes Iequietory Stgws At Ihn hwlet-¤v7 Stgnt It uu; ¤n.r„;1nq long

SML! Io-Ikssthq sauren IOQINHINQ ol ho-ntttnq Zones Ind of h¤·P•sttho lones ronntng (un.;)
DNA lohe ÜÜIHQ Io-vuutng

hegton C¤h<-evt zum llt) Suteutoe Seletttrely Stetentoe Sdecttrely Stauvta Select!ve!y

huoena 4 Short Im I4-! II-! 1
Maske 10 Short 400 I4-! ' I4-2 h.S. h.S.
Artxone S Short 400 I.S. I.S. I.S. I.S. I
Arkenset I Short 400 h,S. I.S. I.S. I.S. I.S. I.S.
Calttornte S Short hohe hohe Ime hohe 1
Coloreoo I Short 00 hohe hohe Ian hohe hohe
COHNGCIICUS I I.S. Ia) I4•! I.S. l-5- *-5- *-5-

. 0e!•r•n 3 h.S. IN hone hohe hune 9::.-22 h.S. I.S.
Flortoe I Short Ia! I.S. I.S. I.S. h.S. h.S.
Georqte I Short 4<X1 I.S. I.S. I.S. I _

' hnett I Short Iw NOBO hohe Ion hohe hohe hohe
Ioeho 10 Short IG! I4-! I4-2 I
I!!tnots S Short (I) 400 II-! II-! I
lhotue S Short 400 I4-! II-! I
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han haroshtre ! Short Iw „ I4-! I.S. I.S. I
ku Jersey ! Short 00 I.S. I.S. I.S. I.S. I
ha Rxtco I Short 4M I4-! I4-2 I
ha vork ! Short 400 I4-! II-! I
horth Caroline S Short M I.S. I.S. I.S. h.S.
horth ßakota I Short Ih

’ ‘ I.S. I.S. LS- i I-5-

Geto , S Short 400 I4-! I4-2 I
0k!eho•a I Srort IQ . I4-! I4-2 hme hohe
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n I
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Table 4. State Practices for Delineating No-Passing Zones (continuation)

SoeclalPractlce 'aveent HvenentS"“
"*V^ Oenlqn Oeenarcatltll or Nrvnq Isartnng Lnne narenaq sngn**9‘¤¤ Crnterla trlurla Crlterla Systeo nldth (Ih) Maintenance Manntenance

Alabama 9 IASNTO wlw • 2-llne 4 Innually As neededAlaska IO n.S. wlw - Z-llne 4 n.S. n.S.Arlxona 9 MSNTO wlw • 2-llne 4 n.S. I.S.Artansas I n.S. wlw - 2·lTn• 4 I.S.n.S.Calnlornnla9 I•.S. wlw I I 2-llne 4 I.S. I.S. ·Colorado I n.S. wlw • 2·llne S I.S. n.S.
connectlcut 1 «.s. (II (21 2-llne 4 -Delaaare J AASMTO wlw • z-lnee 4 n.S. n.S.florida 4 n.S. wlw . Z-une 4 I.S. n.S.
Georgia 4 n.S. wlw • 2~lIne 4 I.S. I.S.nuatl 9 IZ) wlw - 2·IIne 4 n.S. n.S.Idaho IO n.S. wlw ~ 2—lIne 4 n.S. n.S.Illlnots S n.S. wlw • 2·IIne 4 I.S. I.S.Indiana S n.S. wlw • 2 I J-line 4 I I I.S. I.S.I Ioaa 7 n.S. wlw · Z~lIne 4 I 4.S I.S. I.S.Kansas 7 I.S. wlw · Z~lIne S M needed M neededKentucky 4 n.S. wlw (2) 2·l1ne 4 nnnually A; neededLouisiana I n.S. wlw · 2·IIn• 4 hnnually As needed
lalne I ALSNTO wlw — 2·lTne 4 I I Innaally M needed
Maryland 3 n.S. wlw • 2-llne 4 I S Nnnually Is neededMassachusetts l n.S. wlw · 2·lIne 4 I 6 n.S. n.S.nncnnean S n.S. wlw • 2•lIne 4 I.S. I.S.nnnnesota S n.S. wlw · 2~lIne 4 n.S. n.S.Illssisslpot 4 n.S. wlw (2) 2-line 4 Iennually M an-eeeansssourl 7 n.S. wlw (Z) 2·IIne 4 Lemth n.S.wntana I n.S. wlw (ll • 2·lIne 4 I.S. I.S.neoraska I ILS, wlw 2—lIne 4 n.S. n.S.nevada 9 ALSNT0 wlw - 2-lnne 4 ¤.s, l,S.
neu navoshlre I n.S. wlw · 2·l1ne 4 annually M needed
neu Jersey I (I) wlw • i. 2~lIne 4 hnnually M neededneu Maico I n.S. wlw · 2—lIne 4 I.S. n.S.ne, sort I n.S. wlw (I) 2~ltne 4 I I n.S. n.S.
north Carolina S n.S. wlw · 2·lIne , I I.S. n.S.north Oakota 8 MSIITO wlw · Iéllne a Innually n.S.Odo S n.S. wlw · Z-Ilne 4 I.S. n.S.ülahona I n.S. wlw — 2·l1ne 4 I.S. I.S.
ongen IO ¤.s. neuw I2) · 2-llne 4 4.s. a.s.
Pennsylvania J LLSNTO wlw - 2-line 4 I-unth n.S.Ihode Island I I.S. wlw · I.S. n.S. I.S. n.S.South Carolina 4 I.S. wlw · 2·lIn• 4 n.S. n.S.South Dakota I n.S. wlw - 2·I4ne 4 I.S. n.S.Tennessee 4 n.S. wlw · 2—llne 4 I.S. n.S.Texas I Texas wlw 4man I n.S. wlw · 2-llne 4 •.s. n.S.
vermnt 1 nn.s. II) (ll 2-Ilrne 4 ¤.s. ¤.s.
Vtrglnia J n.S. wlw (l)· 2·lIne 4 I.S. n.S.
vasnnnqton IO n.S. wlw • 2-line 4 I.S. n.S.
west vnrqsma 3 n.S. wlw · 2-lsne 4 n.s. n.S.

· ulsconsln S n.S (I) _ 2-llne 4 Mnnuelly
lyulng I I.S. Nflw (U UH!) Z•llh• 4 Nnnually n.S.

note: n.S.••‘not Stated'
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More often, the cnterion used for determining whether a problem exists is the occurrence of

a statistically significant number of accidents. A study of the case of the accident will reveal where

the problem actually lies. It is a common misconception that the occurrence of accidents consti-

tutes the problem. Actually, it is rather the end result of a problem that exists. Information re-

garding the driver’s decision-making process during an overtaking maneuver is rather minimal.

Observational and experimental research by Farber (Refs. 18 and 19) on the behavioral and

judgemental aspects of the passing problem have found 5 percent of overtaking on two—lane, two-

way rural roads to be hazardous.

Investiagtion of accident reports on two-lane roads in the United States (Refs. 23, 24 and 25),

with particular reference to overtaking, showed that in 1970, 2.3 percent of the total number of fatal

accidents and 3.4 percent of all accidents that occurred were related to improper overtaking. In

1974, improper overtaking accounted for 8 percent of all the fatal accidents, 9.6 percent for fatalities

on rural roads and 1.4 percent for fatalities on urban roads. Also it accounted for 4.4 percent of
i

all injury accidents, 1.4 percent for urban roads and 8.6 percent for rural roads. Of the accidents

that occurred in that year, it accounted for 5.7 percent of the total number of accidents, 3.7 for ur-

ban roads and 9.9 for rural roads.
Similarly, in 1980, the statistics showed that 1.7 percent of all fatal accidents were due to im-

proper overtaking, 1.4 percent of all fatal accidents on ruban roads and a corresponding figure of

1.9 percent for rural roads. Injury accidents on urban roads were 0.6 percent and 2.2 percent on

rural roads. For total number of injury accidents in that year it accounted for 1.2 percent. It also

accounted for 2.2 percent of all accidents, 1.6 percent of all urban road accidents and 3 percent of

all rural road accidents. These are summarized in Table 5.

Thus, it can be concluded that on the average 3 to 4 percent of all fatal accidents and about

4-6 percent of all accidents on rural roads are due to improper overtaking. From a total number

viewpoint, an average annual figure of 47,400 fatalities would put fatal accidents due to improper

overtaken between 1,400 to 1,900. This figure though insignificant would cost approximately 1
350-500 million dollars annually (Refs. 9 and 30).

2.0 LITERATURE REVIEW AND PROBLEM STATEMENT 22 }
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Polus and Tomecki (Ref. 3), found that accidents involving overtaking on rural roads are

much more severe than other types of rural road accidents. The reported accidents on two-lane,

two·way roads account for 2.3 percent of all rural road accidents and 7 percent of the fatalities.

The percentage of major injuries in the head-on collision category account for about 43 percent of

all rural road accidents. Even though their figures seem higher tha.n those reported in the United

States, the importance of the problem created by overtaking accidents is self-evident.

Another problem associated with overtaking, which often times is neglected, is that of driver

A misapplication and misrepresentation of signs. It has been found that conventionally placed yellow

no-passing strip used by most states, does not satisfy driver informational needs during the passing

maneuver (Ref. 7). A critical review of the states’ practices for delineating no-passing zones, indi-

cate that drivers can be confused by the different signs and markings applied across the country.

2.3 Reasonableness of the MUTCD Passing Sight

Distcmces

Sight distance is the distance along a roadway that an object of specified height is contin-

uously visible to the driver. This distance is dependent on the height of the drivers eye above the

road surface and the height of side obstructions within the line of sight.

The pararneters to be discussed are object and driver eye heights, speeds of passing, opposing

and impeding vehicles and relative speeds during the overtaking maneuver. An important compo-

nent in the passing maneuver is the vehicle. Its performance characteristics dictates the minimum

distances whereby one vehicle can overtake another. From an engineering standpoint it is the in-
tegral component which is used in establishing the minimum passing zone lengths. As such, ve-

2.0 LITERATURE REVIEW AND PROBLEM STATEMENT 24



hicular characteristics and dimensions should be given due regard in developing a safe criteria for

passing operations.

Vehicle physical dimensions, particularly object height and concomrnittant driver eye height

are the major elements for perceiving an approaching vehicle. Therefore the criteria for delineating

no-passing zones should logically consider the limitations imposed by these two variables.

Donaldson (Ref. 8) points out that inadequate safety is particularly acute when Vehicles with low

power and low height of eye (such as many subcompact cars) attempt to pass large trucks at 85th

percentile speeds ir1 excess of 44 mph.

The current MUTCD uses 3.5 feet for both object and eye height for marking purposes. The

old criteria used 3.75 feet. However review of both manuals indicate that the minimum sight dis-

tance requirements remains unchanged. The reduction in object and eye height would increase the

number of no-passing zones.

Research by Khasnabis and Taddi (Ref. 13) show that for crest vertical curves, a 3·inch re-

duction in eye height causes a 5.3 percent change in length of curve. AASHTO confirms this and

indicates that change in eye height from the 3.75 feet to 3.5 feet has the effect of lengthening min-

imum crest Vertical curves by approximately 5 percent, thereby providing 2.5 percent more sight

distance. The impact of this is shown in Figure 7. Inspection of Figure 7 reveals that the crest

vertical length changes from about 100 to 400 feet, by a reduction in eye height from 3.75 feet to

3.5 feet. This View is shared by Uzan and others (Ref. 24).

Another issue to be tackled is that of speed. It has been found by Weber (Ref. 10), Glennon

and Weaver (Ref. 11) that the relative velocity between the passing Vehicle and the impeding Vehicle

is different for the MUTCD and AASHTO. AASHTO uses a speed differential of 10 mph.

However with the MUTCD the relative velocity ranges from 10 mph to 25 mph for passing speeds

of 30 mph to 70 mph. The MUTCD also assumes that the speed of the oncoming vehicle and that

of the passing vehicle are not identical. An inspection of Table 6 shows that the difference in speed

between the oncoming and passing vehicle increases from 5 mph to 25 mph for passing speeds of

30 mph to 70 mph.

U
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Table 6. Assumcd Spceds of Passed, Passing and Oncoming Vehicles For Givcn Design Spccds

Design Speed Design E Marking
(mph) Passed Passing Opposing Passedi Passing Opposing(mph) (mph) (mph) (mph) (mph) (mph)
30 26 36 36 20 30 25

h

40 34 44 44 27.5 40 32.5
5 50 41 51 51 35 50 40

60 4 7 5 7 5 7 40 60 4 7 . 5
70 54 64 64 45 70 55
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Findings of research by Polus and Tomecki (Ref. 3) indicate a maximum average relative

velocity of 19 mph for the 320 vehicles studied. Their results also showed the speed differential to

be 18.7 mph at a passing speed of 57.8 mph and 16 mph for passing speed of 61.2 mph. A similar

situation is reported by Troutbeck in an Australian study of 680 passing maneuvers (Ref. 4). lt is

reported that the mean relative velocity was 26.5 krn/hr (16.4 mph) for accelerative overtaking by

cars and 17.8 km/hr (ll mph) for accelerative overtakings by commercial vehicles when the over-

taken vehicle was travelling at 70 km/hr (43.2 mph). The study also indicated that relative velocity

decreases as the speed of the passing vehicle increases. This is confirmed by Polus and Tomecki

and the research by Weaver and Glennon. Glennon and Weaver found that the speed differential

between the passing and impeding vehicle decreases from 10.97 mph at a 50 mph passing speed to

a relative velocity of 6.8 mph for a passing velocity of 65 mph.

Furthermore, considering the fact that the critical case in the passing maneuver would be a

situation where the oncorning vehicle and passing vehicle travel at about the same speed, the

MUTCD’s assumptions seem rather liberal.

From the review so far, it is well established that sight distances during an overtaking are very

crucial. However, it is realized most of the studies have been limited to completing the passing

maneuver only and not tackling the issue of either completing or aborting together. Thus, there is

the need for further investigation to explore the extent of the inadequacy of the MUTCD passing ,

sight distance.
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i 3.0 THEORY
3.1 What Is Passing Dilemma?

Before the model describing the kinematics of the passing maneuver can be properly under-

stood, it is prudent to give an insight into how it is physically performed. A schematic diagram

(Figure 8) showing the distance elements in the process of overtaking is used. The positions shown

are relative to a moving coordinate system with respect to an irnpeding vehicle, I. The origin of this

system is at the front of the passing vehicle at position, A.

A vehicle P, the passing vehicle, which has attained its maximum relative velocity Vll, catches

up with a second vehicle, which is the slow moving or irnpeding vehicle. A distance dl is travelled

in which time the driver assesses the situation whether to pass or not. This time period is referred

to as the pre—maneuver time. It depends on the driver’s judgmentl of the speed of his vehicle, that

of the opposing vehicle O, reaction time and acceleration.

Once the decision to pass is made, he moves to the left lane and travels for a distance dz. It
will also be noticed that during the left lane occupancy time by the passing vehicle, the opposing

vehicle moves a certain distance, d., from the position B. If the maneuver is to be executed suc-

cessfully, then after completion there should be a clearance distance dg between vehicles P and O.
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If a decision to abort is however made, then this should be done before a certain critical position.

Between the critical positions for either aborting or completing the passing maneuver, there is a

zone where it is neither safe to complete or abort. This zone is referred to as the passing dilemma

zone.
Based on this rationale, it is evident that the passing vehicle should have sufficient sight dis-

tance to be able to either complete or abort the maneuver. This can be done by making the di-

lemma zone zero. Under such situation the passing vehicle always has at least one safe option.

The following section deals with derivation of the passing dilemma model.
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3.2 List of Vuriables Used

d, ='
Distance traveled during the perception and reaction time

dz = The left lane occupancy distance travelled by the passing vehicle

ds = Clearance between the passing and the opposing vehicle

da = Distance travelled by the opposing vehicle while the passing vehicle occupies the left lane

a, = Acceleration

az = Deceleration

D, = Perception reaction time to complete the passing maneuver

Dz = Perception reaction time to abort the passing maneuver ·

D = Additional separation to oncoming vehicle that is gained by the dropping back of the passing

vehicle

V, = Relative velocity between the passing and impeding vehicle
V, = Velocity of the impeding vehicle

K, = Velocity of the passing vehicle

V, = Velocity of the opposing vehicle

V = Closing rate between the passing and opposing vehicle

X = Relative position of the passing vehicle 4

X, = Critical distance for completing the passing maneuver
A

X, = Critical distance for aborting the passing maneuver
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3.3 Derivation of the Passing-Dilemma Mode]

The passing-dilemma model which will be used for the analysis in this report is based on a

similar one developed by Herman (Ref. 6). In deriving the model, it is assumed that there is a

constant acceleration a, , for completing the maneuver and a constant deceleration C12 , for aborting.

To take into account the effect of decision-reaction time lags, it is assumed that acceleration and

deceleration begin after time D, and D2, respectively.

The maximum relative velocity, VC, of the passing vehicle with respect to the impeding vehicle

is:

VC = Vp — VI...............(1)

As explained earlier, during the left lane occupancy time, the opposing vehicle O, traveling at a

velocity VC, moves a certain distance. Since we are dealing with a moving coordinate system, there

is a closing rate, which is expressed as:

V = VC + V,.....................(2)

The time for the oncoming car to reach the retum position C, that is, the maximum time for

° completion of the pass is:

T, = (S — D)/V.............(3)
D

The distance D, is the additional separation to the opposing vehicle by the dropping back of vehicle

P. The time taken for the opposing vehicle to reach the position A, which is the maximum time

for aborting the pass is:
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From equations 3 and 4, it can be seen that the time taken for completion T,, is less than the time

for aborting the pass T2 , by an amount of D/V.

In order to complete the maneuver and avoid collision, then the relative distance RD, which

the passing driver must travel should be less than or equal to the relative distance RD, he is able to

travel. The distance RD, is expressed as:

RD V0 Dl„...........(5)

Using Newton’s equation of motion, the relative distance that he is able to travel in the time interval

(T, — D,), is of the form:

i _ 1Rg - VD(T, — 0,) + -56,0, — 0,)2....................(6)

Thus for safe completion RD S RD. If RD = RD, then there was nearly a collision. Thus, this is the

minimum margin of safety to avoid collision, Therefore from equations 5 and 6,

(D — X) — VD D, S VD(T, — D,) + %a,(T, — D,)2........(7)

Substituting the value of T, from equation 3, equation 7 becomes:

(D · X) S V6 D1. + V6l($ " D)/V ‘ Dr] + %¤1l(·8 ‘ D)/V " D1]2----(8)

From the above equation, the critical position X„, for completion of the maneuver at a maximum
‘ acceleration C12, that is, the minimum relative distance at which the passing vehicle P, can be and

still complete passing safely, is given by:

XC S D — VD(S — D)/V — -ä-a,[(S — D)/V — D,]2....(9)

However if the driver should decide to abort, then the relative distance of the passing vehicle P,

with respect to the safe return position A, behind the irnpeding vehicle, should be less than the
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distance Y, the vehicle is able to drop back at a deceleration rate 61,, in a time intexval T,. An ine-

quality which describes this is of the form:

X S Y

That is

xs(10)

where tl and L are the time and distance required to nullify the relative speed. The passing vehicle
‘ would only begin to drop back when the relative velocity becomes negative. The quantities tl and

L are expressed as

H = VO/az.............(11)

L = Vj/20.,..............(12)

The maximum relative distance X,, which the passing vehicle can advance, at a maximum deceler-

ation rate a2, is obtained by substituting equations 4, ll and 12 into 10 and solving for X. This is

given by:

X. S —ä·¤2{$/V — D2 * Vo/a2l2 " Vo D2 — Vj/2¤2··-(13)

' From equations 9 and 13, it is seen that there is always one alternative when X, less than

X,(X, S X,). This situation is shown in Figure 7. Inspection of Figure 7 shows that when X is

greater than X, the passing vehicle can complete the maneuver. If X is less than X,, then completion

is not possible. Similarly if X is greater than X,, then the passing vehicle cannot abort, but rather

has a greater margin of safety for completion. Thus when X is between X,ar2dX, as in Figure 9, then

he can either complete or abort.

However, this is always not the case. When X, is greater than X,(X, > X.), as shown in
Figure 10, the passing vehicle cannot complete when X is less than X,. Also when X is greater than
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E; I=

_ Notes:
(i) Cannot complete before E(ii) Cannot abort after F

(iii) Can either abort or complete between E and F

Ä
Figure 9. Relative Positions of Vehicle to Complete or Abort the Pzmsing Mancuver
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X„, aboxting is also not possible. In this case when X is between XcarzdX„, that is between position

G and H, the passing driver is in a dilemma. Under this situation it is neither safe to complete or

abort. This is passing dilemma zone described earlier on. The only choice left for the passing ve-

hicle will be to evade. Therefore it is realized that during the passing maneuver, drivers are faced

with the following options:

i) Safe to complete

Safe to abort

ii) Safe to complete

Unsafe to abort

iii) Unsafe to complete

Safe to abort

iv) Unsafe to do either (there is a passing dilemma).

To eliminate the problem of the dilemma zone, the following condition should be met for at least

one safe option always. The condition is

XC S XG

This inequality can be solved for the minimum sight distance by equations 8 and 13 and solving for

S. This is expressed as

1·‘%0Q[S/V - D2 - VO/a2]2 — V0 D2 - V;/2a2 = D — V0(S — D)/V — E-[(8 — D)/V — Dl]2

Expanding and simplifying the left-hand side (LHS) yields

LHS =

Q2 (12§ + 2122 Q2(15)

Similarly the right-hand side (RHS) yields
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G _: H

. Notes:(i) Cannot abort after G(ii) Cannot complete before H
(iii) Can neither complete nor abort between G and H

Figure l0. Relative Position of Vehicles Showing Delima Zone
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— I/0(S —— D)/V — %¤1[(S2 — 2SD + D2)/V2 — 2Dz(S — D)/V + D?)...(l6)

Comhining equations 15 and 16 and factorizing yields a quadratic given by:

a2(al + ¤2>$2 + 2V¤21— ¤1 D1 · @2 D2··—
D — (VO — az Dz)/V + é-C1l(Ü/V)2]= 0 .........(17)

Diviiding through by 2az, yields an cquation of the form

(1182 + 01/s + Y1/2 = 0........(18)

where

01 = (al + G2)/2.........(19) _

B = “' Gl D] " a2D2 "' Ü} D/V.....(20)

Y D2 — D ‘ (V0(Z1)

Solving 18 for the minimum sight distance yields

sm = 1/( — 6 + xdßitfaßy/211.............(22)

This minimum sight distance refers to the distance between A and B. Ilowever, for the purpose

of marking, the minimum sight distane required would bc from the point where Xz = Xa (that is

at E or G ). Thus the minimum sight distance for marking is of tl1e form

Smm = Sm - D......................(23)

AASIlTO’S values of dz are used as safety control variables. Equation 23 is the zero-passing di-
lemma zone model. This will be used for the analysis of the MUTCD passing sight distances.
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4.0 ANALYSIS AND RESULTS

4. I Analysis

From the passing dilemma model it is seen that the minimum sight distance is based on se-

veral variables. lt is therefore important to explain the assumptions relating to these variables that

have been used in this report.

It is assumed that the velocity of the oncoming vehicle and that of the passing vehicle are the

same. This is the most critical situation. This is the assumption used by AASHTO. A review of

studies by Prisk (Ref. 17), Polus (Ref. 3), Troutbecl< (Ref. 4) and Weaver and Woods (Ref. 9)

show that the same assumption has been made.

A relative velocity V0, of 10 mph is that which is used as a safety control variable to attest the

adequacy of the MUTCD passing sight distance. However, relative velocities ranging from 5 mph

I to 25 mph were also considered. The idea is to cover the entire range of relative velocities that the

MUTCD assumes. The value of 10 mph is based on frndings by Glennon (Ref. 11), Prisk (Ref.

17) and Weaver and Woods (Ref. 9). A decision reaction time of 1 second has been assumed. The

reason being that, in an overtaking situation, drivers are usually alert. Herman (Ref. 6) assumes this

in his analysis. Olson and Cleveland (Ref. 20) report values between 0.7 seconds and 1.3 secs.
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They given an 85 percent value of 0.95. This is consistent with what is reported with Troutbeck

(Ref. 4). He reports a figure of 0.9 sec. to be the 90th percentile value.

With regard to acceleration characteristics, values in the range of zero to 6 ft/sec? (O - 4

mph/sec) have been used. A review of 1976 t0 1980 vehicle acceleration capabilities (see Tables 7

and 8 and Fig. 11 ) indicate that the 95th percentile acceleration rate is 0.85 mph/sec (1.25 ft/secz)

This is the value adopted in determining the minimum sight distance for marking.

Deceleration characteristics used ranged from zero to 14 ft/secz. Lieberman (Ref. 15) indi-
cates that a deceleration rate of 0.37 g, where g is the acceleration due to gravity, is the maximum

value to abort a passing maneuver. Olson and Rothenberg (Ref. 29) confirm this and specify a

value of 8 ft/secz as a desirable deceleration rate, and a limit of 12 ft/sec:. Saito in another study

- (Ref. 5) reports that value of reasonably comfortable deceleration is in the proximity of 0.3 g, ap-

proximately 9.7 ft/secz. He also reports that deceleration becomes severe and uncornfortable above

13.9 ft/secz. Deceleration rates between ll ft/secz and 13.97 is referred to as undesirable deceler-

ation, while rates between zero and 9.7 ft/secz are classified as comfortable deceleration. These

figures have been summarized in Table 10. The maximum comfortable deceleration rate is that

which is as a safety control variable.

Using the parameters just discussed as safety control variables, a computer program in basic

was written to solve for the minimum passing sight distance, based on the zero-passing dilemma

zone model. A SAS graph program on the mainframe was used to generate the graph for the in-

vestigation. These programs are in Appendix B of this report.

4.0 ANALYSIS AND RESULTS 41



1

Table 7. Summary of Vehicle Acceleration Characteristiés

Acc. Tine Acc. Tine Acc. Time
45-65 mph 0-60 mph 0-30 mph

(72.4-104.6 km/h) (0-96.6 km/h) (0-48.2 km/h)
Model Bodystyle (sec) (sec) (sec)

Chevrolet Caprice Passenger

‘ Oldsmobile Cutless Passenger
Supreme Car 13°O 19*0 6*2

Dodge Monaco Pasäägger 8•8 13.7 5.1 -

Mercury Cougar Pasäägger 9•5 14.9 5.6
- Volvo 245 Pasäägger 9.7 15.7 · _

Plymouth Volare Passengers>2211112r v-6 car 6-6 13-2 *
Peugeot 504 Pasäägger 15.5

1
21,9 _ g

Toyota Mark II Pasäägger 10.5 15.5 _

Volkswagen Rabbit Coggict 9•1 14.5 5·2
gggggac Sunbird Cogggct 1z_0 16.0 g 5.4

u
Toyota Corolla CompactPassenger 12.2 18.2 6.4

Car
Ford Mustang II Compact

Passenger 10’0 16*8 5-9
Car

AMC Pacer Compact 9.4 15.6 5.6
Passenger _

Car
Pontiac Catalina Compact
Safari Passenger 9'7 14°3 5°6

Car

van 9.9 14.8 6.1

ggggggggt B@¤·~*"¤ 1111 1.1 14.2 2..2

ggg van 9.4 14.6 5.1
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P
Table 8. Frequency Distribution of Passing Times of Vehicles During HighSpeed Passing

Passing Average Frequency Cumulative Cumulative
Time Acceleration Frequency Percentage
Grou (mph/sec) ° (%)(secs

8-9 4.96 0 0
9-10 4.01 1 1 0.2

10-11 3.31 3 4 0.8
11-12 2.79 11 15 3.1
12-13 2.37 28 43 8.8
13-14 2.04 40 83 17.0
14-15 1.78 100 183 37.6

l
. ·

15-16 1.57 ’ 85 268 55.0
16-17 1.39 68 336 69.0
17-18 1.23 42 378 77.6
18-19 1.11 35 413 84.8
19-20 1.00 35 448 92.0
20-21 0.91 8 456 93.6

. 21-22 0.83 15 ·471 96.7
22-23 0.75 5 476 97.7

g 23-24 0.70 3 479 98.4
24-25 0.64 3 482 99.0
25-26 0.59 2 484 99.3
26-27 0.55 2 486 99.8

over 30 1 487 100.0
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Table 9. Acceptable Dccelcrution Rates

Deceleration Rate
ft/secz Condition

0 — 9.7 Comfortable deceleration
(preferred by driver)

9.7 — ll Acceptable deceleration

11 — 13.9 Undesirable deceleration

13.9 — 20 Severe and uncomfortable deceleration
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4.2 Results

Minimum passing sight distance was plotted against deceleration for different acceleration

rates (1, 2, 4 and 6 ft/secz) and speed (40, 50 and 60 mph). For each graph a family of curves was

plotted for relative velocities ranging from 5 mph to 25 mph.

Also, graphs of minimum passing sight distance versus 85th percentile passing speed for dif-

ferent combinations of acceleration (2-6 ft/secz) and deceleration rates (4-14 ft/secz) were plotted.

Similarly, for each graph a family of curves was plotted for relative velocities ranging from 5 mph

to 25 mph. The plot of MUTCD passing sight distances was superimposed on both types of graphs

described. Only two graphs have been shown in this section. However, the entire range of accel-

eration and deceleration rates considered are shown in Appendix A of this report.

Analysis of the results indicate that the MUTCD passing sight distances are inadequate for

both completing and aborting the passing maneuver. They are only acceptable at high acceleration

and deceleration rates. Recommended passing sight distances based on the safety control variables

discussed are summarized in Table ll. The control variables used are:

• Acceleration - 1.25 ft/secz
• Deceleration - 9.7 ft/secz
• Relative Velocity - 10 mph

Alert perception - reaction time lags - 1 sec.
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Figure 12. Family of Curvcs of Passing Sight Distance Vcrsus Passing Speed
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Figure I3. Family of Curves of Passing Sight Distance Versus Dccelcration
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1 -Table 10. Recommended Minimum Passing Sight For Marking No-Passing Zones

Passing Sight Distance
Speed (ft)
(mph) Recommended Values MUTCD

30 400 500
40 710 600
50 1100 800

_ 60 1550 1000
· 70 2000 1200
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5.0 SUMMARY AND CONCLUSIONS

A kinematic model which incorporates both acceleration and deceleration during the passing

maneuver on two-lane, two-way roads has been presented. This model is based on the fact that,

during the passing maneuver, there exists a dilemma zone where it is neither safe to complete or

abort the pass. The formulations of the model is based on making the dilemma zone zero, thus

providing at least one safe option always. Sight distances are developed based on the zero-dilemma

zone model.

A parameter study was done to investigate the sensitivity of passing sight distances with ac-

celeration, deceleration, relative velocity and passing speed. The results were compared with the

MUTCD minimum passing sight distances which is used for marking no—passing zones on two-lane

highway roads. The results indicate that the MUTCD sight distances are inadequate for speeds

greater than 38.5 mph. They become increasingly inadequate as speed increases. The MUTCD

values are found to be only adequate at very high acceleration and deceleration rates. It is also

noticed that sight distances decrease with increase in deceleration and acceleration, but increase with

speed.

The report also shows that the MUTCD values are approximately the sum of AASHTO’s

clearance distances and distance travelled by the oncoming vehicle while the passing vehicle occu-
pies the left lane.
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Based on these results, it appears that the MUTCD minimum passing sight distances should
be reviewed. This report recommends passing sight distances based on the 95th acceleration rate
of 1.25 ft/secz and deceleration rate of 9.7 ft/secz This is the maximum deceleration in the com-

fortable deceleration zone. It is also based on a relative velocity of 10 mph and decision-reaction
time lags of l sec. These sight distances would provide greater margin of safety than those currently
used for marking.

It should be noted that, the recommended sight distances are based on 95th percentile accel-
eration capabilties of vehicles. However, it is possible to express acceleration as a function of speed.
This will produce sight distances close to the MUTCD values at low passing speeds. Thus the re-
commended passing sight distances are a bit conservartive at low passing speeds. The issue of ex-

pressing acceleration as a function of speed is an area that can be researched further.
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PROGRAM TO CALCULATE AND PLOT MINIMUM PASSING SIGHT DISTANCE

VERSUS PASSING SPEED

. ’ 50TED=0100
CLS

200 PRINT 'INPUT VALUES FOR ACCELERATION IN fc/sec/sec'4INPUT A1:DELTA1 = 1:DELTA2 • 1 ‘
·210 PRINT 'INPUT VALUES FOR DECCELERATION IN ft/sec/Sec':INPUT A2215 PRINT 'INPUT VALUES FOR PASSING VELOCITY IN MPH IN MULTIPLES OF 5MPH':INPUTVP

220 PRINT 'INPUT VALUES FOR RELATIVE VELOCITY IN MPH':INPUT VO °
400 IF VP >¤30 AND VP<40 THEN D1•145:D2¤47S500 IF VP>¤40 AND VP<50 THEN D1 ¤ 215:D2=640600 IF VP>=50 AND VP<60 THEN D1 = 290:D2=825
700 IF VP>=60 AND VP<70 THEN D1 = 370:D2=1030

. 710 IF VP=70 THEN D1 = 440:D2=1l00
800 IF VP=30 THEN SP=500
810 IF VP = 35 THEN SP = 550
900 IF VP=40 THEN SP=600
910 IF VP = 45 THEN SPS= 700
1000 IF VP=50 THEN SP=800
1010 IF VP = 55 THEN SP = 9001100 IF VP=60 THEN SP=1000 ,' 1110 IF VP = 65 THEN SP = 1100
1200 IF VP =70 THEN SP =1200
1205 IF TED=1 THEN RETURN
1300 D = D2

· 1400 V = (2*VP—VO)*1.47:ALPHA • (A1+A2)/2:BETA=·(Al*DELTA1+A2*DELTA2+A1*D/V)
1500 GAMMA•.5*A1*(DELTA1°2)+.5*A2*(DELTA2“2)—D-(1.47*VO·A1*DELTA1)*D/V +.5*A1*(DV)°2
1600 B=BETA:A=ALPHA:G=GAMMA:S= (-B+(B°2-4*A*G)“.5)*V/(2*A)
1610 SMIN = S — D2
1700 PRINT 'ACCELERATION =';Al;'ft/sec/sec':PRINT 'DECCELERATION =';A2;”ft/sec/sec':PRINT 'PASSING VELOCITY •';VP;'MPH':PRINT 'RELATIVE VELOCITY ¤';VO;”MPH':PRINT 'DESIGN SPEED=';VP;'MPH'
1800 PRINT' SMIN =';SMIN
1900 PRINT ' DO YOU NEED VALUES OF SMIN FOR OTHER VALUES OF PASSING VELOCITY?(Y/N)°
1910 INPUT J$:IF JS='N' OR J$¤'n' THEN PRINT 'PROGRAM TERMINATED' ELSE GOTO 8000
1912 END
2000 PRINT "DO YOU WANT A GRAPHICAL DISPLAY(Y/N)':INPb£ G$:IF G$='N' OR GS ="n'THEN PRINT ”PROGRAM TERMINATED':END
2010 SCREEN 2:WIDTH 80:CLS:KEY OFF
2020 LOCATE 10,1:PRINT 'SMIN':LOCATE 2S,34:PRINT 'P.SSING VELOCITY';:LINE (96,0)—(96,l70):LINE (96,170)-(639,170)
2030 QMAX=0:QMIN=1000000I:FOR VO=RMIN TO RMAX STEP RINC:FOR VP=MIN TO MAX STEP INC:GOSUB 20000:IF SMIN>QMAX THEN QMAX=SMIN

, 2040 IF SMIN<QMIN THEN QMIN=SMIN
2050 NEXT:NEXT
2055 IF SP<QMIN THEN QMIN=SP
2056 IF SP>QMAX THEN QMAX=SP
2060 QMAX=QMAX/10:QMAX=INT(QMAX+1):QMAX=QMAX*10
2070 QM1u=QM1N/10:oM1N=1uT(QM1~—1):0M1u=QM1u•1u
2080 FOR I=4 TO 164 STEP 16:LINE (96,I)•(91,I):NEXT
2090 J•1:QINC•(QMAX-QMIN)/10:FOR I¤QMAX TO QMIN STEP ·QINC:LOCATE J,5:PRINT INT(
I):J=J+2:NEXT
2100 FOR I=100 TO 639 STEP 40:LINE (I,170)-(I,174):NEXT
2110 WINC=(MAX—MIN)/13:J=11:FOR I=MIN TO MAX STEP WINC:LOCATE 23,J:PRINT USING '##•I°;I
2130 J=J+5:NEXT
2134 FOR VO=RMIN TO RMAX STEP RINC
2135 VP=MIN:GOSUB 20000:Q=QMAX-QMIN:SCAL=160/Q:Y1=(160-(SMIN-QMIN)*SCAL)+4:Q1=MA
X—MIN:SCAL1=520/Q1:X1=(VP-MIN)*SCAL1+100
2140 FOR VP=MIN TO MAX STEP INC
2150 GOSUB 20000
2160 Q=QMAX—QMIN:SCAL=160/Q:Y=(160-(SMIN-QMIN)*SCAL)+4
2170 Q1=MAX-MIN:SCAL1=520/Q1:X=(VP—MIN)*SCAL1+100
2180 LINE (X1,Y1)-(X,Y):X1=X:Y1=Y
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2190 NEXT:NEXT .
2195VP¤MIN:TED•1:GOSUB2200

FOR VP=MIN TO MAX STEP INC:TED¤1:GOSUB 400:Y=(160-(SP-QMIN)*SCAL)+4:X=(VP·M_ IN)*SCAL1+100:LINE (X1,Y1)·(X,Y):X1¤X:Y1=Y:NEXT:TED=0
2210 LOCATE 3,3 _
2220 BEEP
2230 A$¤INKEY$
2240 IF A$=" THEN 2230
2250 CLS:SCREEN 0:LOCATE 3,3:PRINT 'DO YOU WANT TO RUN AGAIN (Y/N)';:INPUT A$:IFAS=”Y'

OR A$='y' THEN RUN
2260 END
8000 PRINT 'SPECIFY RANGE OF VALUES OF PASSING VBLOCITY·—MAXIMUM,MINIMUM,INCREMENT”:INPUT MAX,MIN,INC:PRINT 'MAXIMUM ¤';MAX;'MPH';PRINT:PRINT"MINIMUM =';MIN;'MP
H":PRINT:PRINT”INCREMENT =';INC;"MPH'
8100 PRINT ”SPECIFY RANGE OF VALUES OF RELATIVE VELOCITY-—MAXIMUM,MINIMUM,INCREM
ENT':INPUT RMAX,RMIN,RINC ‘
8150 PRINT 'MAXIMUM =”;RMAX;'MPH':PRINT:PRINT'MINIMUM =';RMIN;'MPH':PRINT:PRINT'INCREMENT =';RINC;°MPH'
8160 PRINT"INPUT VALUES FOR ACCELERATION IN fc/sec/sec':INPUT A18165 PRINT” ACCELERATION =";A1;
8167 PRINT'INPUT VALUES FOR DECCELERATION IN fc/sec/sec':INPUT A28170 PRINT'DECCELERATION =”;A2;'ft/sec/sec'
8172 PRINT'PASSING VELOCITY(MPH) SMIN(ft)°8173 PRINT'''°''“°°°''''''”''°'''''' '°''‘'''''':PRINT
8175 FOR VO = RMIN TO RMAX STEP RINC:PRINT 'RELATIVE VELOCITY = ';VO;'MPH":PRINT:FOR VP = MIN TO MAX STEP INC
8200 GOSUB 20000
825% PRINT VP,,' ';SMIN:NEXT:PRINT:PRINT:NEXT
8300 PRINT'DO YOU WANT SMIN FOR ANY OTHER VALUES ?(Y/N)':INPUT QS
8305 IF Q$='Y' OR Q$='y' THEN GOTO 8000 ELSE GOTO 200020000 D = D2
20100 V = (2*VP—VO)*1.47:ALPHA = (A1+A2)/2:BETA = —(A1*DELTA1 + A2*DELTA2 + A1*D- /V)‘
20150 GAMMA=.5*A1*(DELTA1°2)+.S*A2*(DELTA2‘2)—D·(1.47*VO-A1*DELTA1)*D/V+.5*A1*(D
/V)“2
20200 B=BETA:A=ALPHA:G=GAMMA:S=(-B+(B°2-4*A*G)°.5)*V/(2*A)t5MIN=S — D2:RETURN
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PROGRAM TO CALCULATE AND PLOT MINIMUM PASSING SIGHT DISTANCE

VERSUS DECELERATION
100 CLS
200 PRINT 'INPUT VALUES FOR ACCELERATION IN ft/8eC/8€c':INPUT A1:DELTA1 = 1:DELTA2 ¤ 1
210 PRINT 'INPUT VALUES FOR DECCELERATION IN ft/sec/8ec':INPUT A2215 PRINT 'INPUT VALUES FOR PASSING VELOCITY IN MPH IN MULTIPLES OF 5MPH":INPUTVP
220 PRINT 'INPUT VALUES FOR RELATIVE VELOCITY IN MPH':INPUT VO400 IF VP >¤30 AND VP<40 THEN D1•145:D2¤475 .500 IF VP>•40 AND VP<50 THEN D1 • 215:D2•640600 IF VP>¤50 AND VP<60 THEN D1 • 290:D2•825700 IF VP>=60 AND VP<70 THEN D1 ¤ 370:02-1030710 IF VP=70 THEN Dl=440:D2=1100
800 IF VP=30 THEN SP=500
810 IF VP = 35 THEN SP • 550900 IF VP¤40 THEN SP=600
910 IF VP ¤ 45 THEN SP = 700
1000 IF VP=50 THEN SP=800
1010 IF VP = 55 THEN SP = 900
1100 IF VP=60 THEN SP=1000
1110 IF VP ¤ 65 THEN SP = 1100
1200 IF VP =70 THEN SP =1200
1300 D = D2
1400 V =( 2*VP—VO)*1.47:ALPHA = (A1+A2)/2:BETA=-(A1*DELTA1+A2*DELTA2+Al*D/V)1500 GAMMA=•5*A1*(DELTA1‘2)+.5*A2*(DELTA2‘2)-D—(1.47*VO-A1*DELTA1)*D/V +.S*Al*(D. /V) “2
1600 B=BETA:A=ALPHA:G~GAMMA:S• (-B+(B°2·4*A*G)°.S)*V/(2*A):SMIN¤S—D21700 PRINT 'ACCELERATION ¤';Al;'ft/sec/sec':PRINT 'DECCELERATION ¤';A2;'ft/sec/sec":PRINT "PASSING VELOCITY =';VP;'MPH':PRINT 'RELATIVE VELOCITY =';VO;'MPH":PRINT "DESIGN SPEED=';VP;”MPH'
1800 PRINT' SMIN ¤';SMIN
1900 PRINT ' DO YOU NEED VALUES OF SMIN FOR OTHER VALUES OF DECCELERATION?(Y/N)I

1910 INPUT J$:IF J$='N' OR J$='n' THEN PRINT "PROGRAM TERMINATED" ELSE GOTO 8000
1912 END
2000 PRINT "DO YOU WANT A GRAPHICAL DISPLAY(Y/N)':INPUT G$:IF G$='N' OR G$ ='n'THEN PRINT "PROGRAM TERMINATED":END
2010 SCREEN 2:WIDTH 80:CLS:KEY OFF ”
2020 LOCATE 10,1:PRINT 'SMIN":LOCATE 25,34:PRINT 'DECCELERATION';:LINE (96,0)-(96,170):LINE (96,170)·(639,170)
2030 QMAX=0:QMIN=1000000l:FOR VO=RMIN TO RMAX STEP RTNC:FOR A2=MIN TO MAX STEP INC:GOSUB 20000:IF SMIN>QMAX THEN QMAX¤SMIN2040 IF SMIN<QMIN THEN QMIN¤SMIN
2050 NEXT:NEXT
2055 IF SP<QMIN THEN QMIN=SP
2056 IF SP>QMAX THEN QMAX=SP
2060 QMAX=QMAX/l0:QMAX=INT(QMAX+1):QMAX=QMAX*10
2070 QMIN=QMIN/10:QMIN=INT(QMIN-1):QMIN=QMIN*10
2080 FOR I=4 TO 164 STEP 16:LINE (96,I)·(91,I):NEXT
2090 J¤1:QINC=(QMAX-QMIN)/10:FOR I=QMAX TO QMIN STEP —QINC:LOCATE J,5:PRINT INT(I):J•J+2:NEXT
2100 FOR I=100 TO 639 STEP 40:LINE (I,170)-(I,174):NEXT2110 WINC¤(MAX-MIN)/13:J•11:FOR I•MIN TO MAX STEP WINC:LOCATE 23,J:PRINT USING "II.#';I
2130 J=J+5:NEXT
2134 FOR VO=RMIN TO RMAX STEP RINC
2135
A2=MIN:GOSUBX—MIN:SCAL1¤520/Q1:X1=(A2-MIN)*SCAL1+100
2140 FOR A2=MIN TO MAX STEP INC
2150 GOSUB 20000
2160 Q=QMAX-QMIN:SCAL=160/Q:Y=(160-(SMIN·QMIN)*SCAL)+4
2170 Ql=MAX-MIN:SCAL1=520/Q1:X=(A2·MIN)*SCAL1+100
2180 LINE (X1,Y1)-(X,Y):X1=X:Y1=Y2190 NEXT:NEXT
2200 Y=(160—(SP—QMIN)*SCAL)+4:LINE (100,Y)—(620,Y) °2210 LOCATE 3,3
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2220 BEEP”
2230 A$=INKEY$
2246 IF A$¤”'

THEN 2236
2256 CLS:SCREEN 6:LOCATE 3,3;PRINT 'DO YOU WANT TO RUN·AGAIN (Y/N)';:INPUT A$:IFA$='Y" OR A$•'y' THEN RUN2266 END
8666 PRINT "SPECIFY RANGE OF VALUES OF DECCELERATION-—MAXIMUM,MINIMUM,INCREMENT'
;INPUT MAX,MIN,INC:PRINT 'MAXIMUM •':MAX;'ft/sec/sec':PRINT:PRINT”MINIMUM •”;MIN;'ft/sec/sec':PRINT:PRINT'INCREMENT •';INC;'te/sec/sec'
8166 PRINT 'SPECIFY RANGE OF VALUES OF RELATIVE VELOCITY·—MAXIMUM,MINIMUM,INCREM
ENT':INPUT RMAX,RMIN,RINC '
8156 PRINT 'MAXIMUM =';RMAX;”MPH”:PRINT:PRINT”MINIMUM =';RMIN;"MPH”:PRINT:PRINT'I INCREMENT =';RINC;'MPH'8 8166 PRINT'INPUT VALUES FOR PASSING VELOCITY IN MPH':INPUT VP8165 PRINT' PASSING VELOCITY =';VP;”MPH'
8167 PRINT"INPUT VALUES FOR ACCELERATION IN ft/sec/sec°:INPUT A18176 PRINT'ACCELERATION =';A1;”te/sec/sec'8172 PRINT”DECCELERATION(ft/sec/sec) SMIN(ft)'8173 PRINT””''"'“°''"'''”'°''“'''''’ '''”'°'“°“';PRINT
8175 FOR VO = RMIN TO RMAX STEP RINC:PRINT 'RELATIVE VELOCITY = ";VO;'MPH':PRINT

· :FOR A2 = MIN TO MAX STEP INC
8266 GOSUB 26666
8256 PRINT A2,,' ';SMIN;NEXT:PRINT:PRINT:NEXT
8366 PRINT"DO YOU WANT SMIN FOR ANY OTHER VALUES ?(Y/N)':INPUT QS. 8365 IF Q$=”Y' OR Q$=°y" THEN GOTO 8660 ELSE GOTO 266626666 D = D2
26166 V = (2*VP-VO)*1„47:ALPHA = (Al+A2)/2:BETA = -(A1*DELTA1 + A2*DELTA2 + A1*D/V)
26156 GAMMA=.5*A1*(DELTA1‘2)+.5*A2*(DELTA2°2)-D-(1.47*VO-A1*DELTA1)*D/V+.5*A1*(D/V)°2
26266 B=BETA:A¤ALPHA:G¤GAMMA:S-(·B+(B“2-4*A*G)‘„5)*V/(2*A):SMIN=S-D2:RETURN
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