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Committee A3A08, Operational Effects of Geometrics, 
has been engaged in an activity which its member-
1hip believes is one of its major charges, that of 
identifying research needs and communicating them 
to the transportation research community . The com­
mittee has previously evaluated and published re­
search problem statements, and the publication of 
this circular is a continuation of that activity. 

hypothetical research budget. However, the com­
mittee's experience has shown that, although in­
dividual members ranked research problem 
statements differently, there was unanimity among 
the respondents as to which problems were of the 
highest and lowest priorities. 

In this instance, the individual committee mem­
bers were instructed to evaluate each of six cur­
rent research problem statements for perceived im­
portance, for allocation of a hypothetical research 
budget, and for probability of success, and to 
briefly provide the rationale for each evaluation. 
Twenty committee members responded to this request. 
The results were summarized in such a manner that 
anonymity of the respondents was maintained, and 
the summary was dist r ibuted to the entire commit­
tee. This summary was discussed and an ad hoc 
evaluation was conducted at the committee's 1980 
mid-year meeting in Cherry Hill, New Jersey. 

EVALUATION METHOD 

In previous evaluations of research problem state­
ments, the committee has found that a single eval­
uation of research problem statements by its mem­
bership di d not produce clear-cut priority rank­
ings regardless of the evaluation criteria used, 
e.g., perceived importance or allocation of a 
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EVALUATION RESULTS 

Of the 13 committee members in attendance at Cherry 
Hill, 10 had been respbrtdents in the previous eval­
uation. The result of this face-to-face discussion 
was the clarification of some questions about sev­
eral of the problem statements. At the conclusion 
of the meeting, four of the statements had been 
identified as having the highest priority. These 
statements are presented below. Two of the state­
ments were judged to be of low priority and, as a 
result, are not included in this publication. 

RESEARCH PROBLEM STATEMENTS 

Problem No. 1 

Name of Problem 

Paved Shoulders at Low-Volume Rur al Inte r sections 

Problem 

The practice of paving shoulders on low-volume 
rural roads to permit through and right-turning 
vehicles to bypass left-turning vehicles at inter­
sections ha~ become au increa~iugly impoLtant con­
cept. Although implementation is not currently 
widespread, the states of Illinois, Kentucky, and 
Virginia presently permit this practice. In this 
current era of energy conservation and limited 
funds for capital improvements, the addition of 
paved shoulders at rural intersections has the 
potential for improving traffic service, reducing 
delays, conserving energy, and maximizing economic 
benefits. 

The paved shoulder is considered a low-cost 
alternative to widening the pavement and construct­
ing an exclusive left-turn lane. This approach is 
consistent with the 3R philosophy of providing ac­
ceptable levels of service and safety without large 
capital expe~ditures to achieve the full design 
standards that would be employed on higher-type 
facilities. Often, these rural intersections are 
not signalized, exist on relativeli high-speed 
fa G-i-1-i-Ues-and-do-no t-pos s es Sc-ad-;"j a cen t-land--uses 
where multiple driveways are prevalent. All of 
these characteristics suggest an ettective reser­
voir area for left-turning vehicles and a bypass 
area for through and right-turning vehicles that 
can be ·accommodated within an expanded pavement 
area, approaching and departing the intersection. 
Frequently, this improvement can be implemented 
without the need for extensive engineering time 
and costs. 

As with any new or modified operational prac­
tice, a careful evaluation is needed to assure that 
unanticipated operational, safety or legal problems 
do not occur. Furthermore, the need to establish 
appropriate design criteria for use by other 

--------a~g~e~n~fi· es :liaToecoriie interes ei:l- 1n Ehe-pavei:lslfoii I ­
der concept is important to ensure consistency of 
application. 

Objectives 

Research on the use of paved shoulders at low vol­
ume rural intersections should have the following 
objectives: 

1. to evaluate the operational and safety 
performance of intersections with paved shoulders; 
and 

2. to establish design criteria for such 
locations . 

The operational and safety evaluation should 
include a comparison of the accident experience at 
intersections with and without paved shoulders. An 
operational evaluation should include field studies 
or analytical modeling to estimate the benefits 
due to reduction in delay and energy consumption. 
Construction costs of paved shoulders should be 
estimated. Current laws and rules of the road 
within each state should be investigated to deter­
mine if any legal conflicts exist in implementing 
this concept. If no legal or safety problems are 
apparent at intersections with paved shoulders, a 
simple benefit-cost comparison should be employed 
to determine whether the construction of paved 
shoulders is economically justified. 

Design criteria for intersections with paved 
shoulders should be established. Specific areas 
that should be addressed are as follows: 

Geometric criteria - pavement width, 
shoulder width and shoulder length; 

Traffic control criteria - pavement mark­
ings and traffic signs; 

Structural criteria - type and thickness 
of shoulder material; 
and 

Limitations and restrictions - high vol­
umes, truck traffic and situations. 

For this proposed study, it is recommended that 
the development of geometric and traffic control 
criteria be emphasized. 

Key Words 

Rural intersections, low-volume roads, paved shoul­
ders, left-turn treatments. 

Related Work 

An HRIS search has found no studies that specifi­
cally address the issue of paved shoulders as an 
alternative to an exclusive left-turn lane. The 
research should be coordinated with current studies 
including "Development of Warrants for Special 
Turning Lanes at Rural Non-Signalized Intersec­
tions" being conducted by the University of 
Nebraska-Lincoln, "The Development of Criteria for 
the Treatment of Right-Turn Movements on !{ural 
Roads" being conducted by the Virginia Highway Re­
search Council, and "Geometric Treatments for Re­
ducing Passing Accidents at Rural Intersections on 
Two-Lane Highways," being conducted for the Federal 
Highway Administration. 

Urgency/Priority 

This research problem should be given relatively 
high priority because of the current emphasis on 
energy conservation and continued decreases in the 
level of capital expenditures available for roadway 
improvements. Further, a recent study of population 

-- - trends-indicates the-fastest-growing areas-in--some 
parts of the United States are the small cities, 
towns, and rural communities beyond the suburban 
fringe. 



Cost 

$70,000 . 

Implementation 

The results of this research will be of use to 
governmental agencies who a re searching for low­
co s t design alternatives to improve both safety 
and operations on low-volume roads . 

Problem No. 2 

Name of Problem 

Design Speed and Horizontal Curve Design. 

Problem 

A critical design problem arises as to what consti­
tutes acceptable horizontal curve design practice 
on lower design speed (90 kph) highways when a rel­
atively sharp curve follows an extended tangent 
section where operating speed is not strongly cor­
related with design speed. Motorists tend to over­
drive lower design speed highways partly because 
the safe side friction levels are overly conserva­
t i ve to the average driver. Existing nationwide 
horizontal curve design policies are based to a 
great extent on the concept of design speed which 
seems insufficient based on observed driver behav­
ior. 

Objectives 

The research should undertake an extensive field 
evaluation of operating speed to determine more 
accurate correlations of apparent design speed 
with roadside topography, highway classification 
and roadway geometric features. Also, data would 
be collected to determine "practical side friction 
factors" at horizontal curves following extended 
tangent sections. Based on these results, maximum 
horizontal curvature rates and recommended design 
practice for the design of a series of curves fol­
lowing extended tangent sections on different 
classes of highways will be established. 

Key Words 

Highways, rural roads, horizontal curve design, 
driver expectancy, design speed. 

Related Work 

The Federal Highway Administration (FHWA) recently 
signed a contract with Jack E. Leisch and Associ­
ates, to study the "Effectiveness of Design Crite­
ria for Geometric Elements." As part of that re­
search project, the following geometric elements 
are being studied to determine their influence on 
highway safety: degree of horizontal curve, type 
of curve transition, rate of superelevation, design 
speed and length of superelevation runoff. This 
project is on-going and it could have some useful 
answers relative to this particular research topic. 

Babkov (1) discusses relationships between 
safety and geometrics. The safety of traffic can 
be appraised by the ratio between the speed of ve­
hicles allowed on a dangerous section and the speed 
at the end of the previous section (Ven). Investi­
gations of a great number of roads established that 
sections with a safety factor, Ks, with Ks= V/Ven• 

of 0.8 to 1.0 are safe for the running of the fast­
est single vehicles." The following tabulation is 
typical of data contained in this publication: 

Dependence of Accident Rate on Radius 
and Number of Horizontal Curves 

Radius of 
curve, m 

<580 

580 - 290 

<175 

Number of Curves 
per kilometer 

0 . 3 
0 . 6 - 1.0 
2.5 - 3.0 

0 . 3 
0.6 - 1.0 
2.5 - 3.0 

0 .3 
0.6 - 1.0 
2.5 - 3.0 

Accident Rate per 
Million Vehicle-Km. 

1.6 
1.87 
1.50 

3.06 
2.62 
1.60 

8.20 
3.70 
2.20 

In 1969, John Glennon (2) conducted a state-of­
the-art study concerned with the validity of hori­
zontal curve standards. A comprehensive review of 
the AASHO standards was conducted, along with a 
review of reports, studies and procedures used by 
different states. The major conclusions of this 
review were: 

I. The standard centripetal force equation 
used for curve design is valid only if the curve 
radius is large (curves of four degrees or less) 
and appears to yield low values of friction demand 
when the degree of curvature exceeds 20°. 

2. The assumption that vehicles follow the 
design path of a highway curve does not account 
for the correction maneuvers necessary when drivers 
deviate from this path. These corrective maneuvers 
may require a larger coefficient of friction to 
maintain the vehicles' course. 

3. It appears that friction factors on many 
roadways are lower than the design value, which 
would decrease stopping and cornering ability. 

Urgency/Priority 

Recent research has found the practical operating 
speed to be greater than the design speed for low 
design speed(< 90 kph) roadways. To avoid poten­
tial operational and safety problems, improved hor­
izontal curvature design practice is needed. Also 
with the current emphasis on 3R-type projects, 
which could result in higher operating speeds with­
out improved geometrics, this research topic is 
extremely urgent and should receive a top priority. 

Cost 

$200,000 over a 2-year period. 

Implementation 

The results of this research should provide infor­
mation on when, how, and if to sign for horizontal 
curves and when, how, and if to implement 3R im­
provements. The user community would be state and 
county highway agencies. If the research results 
were published through AASHTO or an FHWA circular, 
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they would have an excellent chance of being imple· 
mented. The user community is very responsive to 
findings published by these two organizations. 

References 
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Problem No. 3 

Name of Problem 

Geometric Design Controls and Criteri a for Crest 
Vertical Curves. 

Problem 

The trend in recent years toward lower vehicles 
has resulted in a gradual reduction of the height 
of the driver's eyes above the surface of the road­
way and a consequent restriction of sight distance 
in many situations. The current design criteria 
for driver eye height used in computing stopping 
sight distance is 3.75 feet. Necent studies have 
shown that the 15th percentile eye height is about 
3. 5 feet . Operating speeds on relatively flat 
crest vertical curves may be greater than the de­
sign speed on rural highways. These two factors 
each indicate that current design practice may re­
sult in unsafe crest vertical curves. The two fac­
tors in combination compound the safety problem. 

Objectives 

There are five research objectives: 

1. to collect and analyze accident data to 
')llflnt ify the accident problem at cre11t vertical 
curves; 

2. to expand the data base on driver eye 
he i ght and project future driver eye heights i 

3. to collect and analyze data on vehicle 
operating speeds for various classes of c rest ver­
tic~l curves for de t ermining the relationship be­
tween driver eye height and operating speeds i 

4. to develop and prioritize remedial 
countermeasures for identified operational prob­
lems on verti cal curves; 

Related Work 

The University of Michigan (1) has examined acci­
dent records from the Ohio a~d Pennsylvania Turn­
pikes to determine the influence of grade on acci­
dents. Dart and Mann (2) also examined accident 
records for a 5-year time period (1962-1966) on 
approximately 1,000 miles of rural highway to find 
the relationship for several geometric features to 
accidents. Little relationship was found between 
vertical alignment and accidents. However, 
Chapter 12 of the current document on "Traffic Con­
trol & Roadway Elements - Their Relationship ta 
Highway Safety" (~) points out that increased acci­
dent rates for reduced sight distances in transi­
tional crest sections have been demonstrated. C. 
Lee (4) has made a study of some 2 ,OOO large­
forma~ photographs showing drivers and vehicles 
operating at normal road speeds and under ordinary 
driving conditions for the purpose of determining 
information on eye height which could be used for 
desiKn purposes . He presents material to fihow thP 
magnitude of the downward trend in heights, to pro­
vide a measure of the range in dimensions resulting 
from many variables in vehicular and driver charac­
teristics, and to establish a basis for the selec­
tion of representative design quantities. Another 
study (5) has detenni ned that. the 15th percentile 
driver eye height for pas s e.11g r cai:s is 3.5 feet. 
This compares ~o 3.75 feet u. t>rl in run: nt highway 
design p{actice. 1be results show that driver ey 
height~ for 89 percent of the compacl and smalle r 
passenger cars and 73 percent of the intermediate 
and full size passenger can are less than 3. 75 
feet. 

Lefeve (6) has collected and analyzed free­
moving passei;'ger car speeds on vertical curves 
where the minimum sight distance was between 150 
and 500 feet. His analysis showed a reduction in 
average speed as drivers approach vertical curves. 
He also provides a relations hi p be tween ope rating 
speeds at the crest of ve rt ical curv sand the min­
imum sight distance and the relationship of driver 
performance on verti cal curves, i n terms of operat­
ing speeds, to lbe safe speed as determined by var­
j ous- des-i-gn- standards-. ~ 'f-he-e f-fect-of- vert·t cal r-u r~ 
vature on headlamp visibility is also exami ned in 
Highway Research Board Proceedings 17 (7). 

To meet the third obje ctive of this proposed 
research, researchers should be aware that the 
Swedish Road Res earch Institute (B) has developed 
equipment whi ch ·an rap{dly dete rmine a roadway's 
vertical curvature . 

Both procedures and remedial measures have been 
developed to resolve opera tional problems asso­
c iated with vert ical curves. Nomog r ams for rap id 
determination of mi nimum curve l ngths that 1irovide 
maximum visibility in terms of braking distances 
and passing maneuvers have been developed i n Italy 

5. to recommend required changes in current (9 ) , as have cl othoide curves (10) intended to best 
--------"e-t' t.1-ea-l- l'Ut'V des-ign- p ra<ct.-i. ise based- upon- icdent-i--- ----ma cntlie psy · o-p 1ys i ca qua1 iti s of man and the 

fied existing problems. technical characteristics of the vehicle. Re­

In addressing objectives 4 and 5, appropriate 
consideration must be given to both stopping and 
passing sight distance and to horizontal curvature 
in conjunction with vertical curvature. 

I(ey Words 

Vertical alignment, vertical curve, driver eye 
height, sight distance, stopping sight distance, 
passing sight distance. 

searchers in Australia (11) have devel op d a vehi­
cle trajectory mode that they use to compute the 
steer angle history necessary for a vehicle to pre­
cisely follow a given vertical and horizontal road 
alignment. M. Livneh et al., (12) have theoreti­
cally determined, and present d '1i1 graph i ca l fo r m, 
the - zone of pas sjng· v i.s i bil i ly o r c rest v rti cal 
curves. Fi nally the Texas Transporta t i on Tns tl ­
tute (TTl) (13) ha~ evaluated safety warn i ng sys­
tems for ale rting motorists approacning rest ver­
tical curves on urba.n freeways of the presen e of 
sto{)page waves downstream from tbe crest. 



Recommended changes in current vertical curve 
design practices have been discussed by several 
researchers. Glennon (14) has proposed a new phi­
losophy that considers the visual requirements for 
safety that are dependent upon operational condi­
tions. D. Woods (15) of TTI provides examples 
which illustrate the need for a design concept 
which provides drivers with visual contact with 
the roadway surface that is greater than is cur­
rently being provided. He provides a new concep­
tual format for vertical alignment in the form of 
tables on minimum response distances for unexpected 
situations. 

L. Louis (16), of Australia, also concludes 
that a different approach is warranted for assess­
ing the minimum Sight distance and passing require­
ments for crest vertical curves. Lastly, Pushkarev 
(17) introduces the need to relate highway align­
ment to the visual field; e . g . , the ratios of road­
bed and sky in the cone of vision. 

Research on a topic related to this problem 
statement is currently underway at the University 
of Michigan Highway Safety Research Institute in 
NCHRP Project 15-8, "Parameters Affecting Stopping 
Sight Distance and Vehicle Acceleration/Decelera­
tion Characteristics." This research will evalu­
ate several important parameters affecting stop­
ping sight distance on crest vertical curves in­
cluding: (1) perception and reaction time; 
(2) driver eye height; (3) height of an object in 
the roadway; and (4) braking distance as affected 
by tire performance, brake system performance, 
pavement skid resistance and grades. This ongoing 
study represents one important element of crest 
vertical curve research, but the research recom­
mended in this problem statement is broader in 
scope and emphasizes the use of accident data to 
identify end quantify safety problems at crest 
vertical curves and the identification and evalu­
ation of remedial countermeasures for crests on 
existing. highways. 

Urgency/ Priority 

The proposed research is i mportant because of new 
vehicle design characteristics which have produced 
lower driver eye heights. At the same time, braking 
di s tances have changed because new types of brakes 
and tires are now being used . Also, there is a 
trend towards use of larger trucks. Vertical curve 
design iB a long-neglected problem which has been 
the basis for many tort suits and is the bane of 
the operating engineer on roads with older designs. 
It i s important that this research begin soon be­
cause of the safety implicat i ons and because the 
collection of the required data will take consider­
able effort. 

Cost 

$250,000. 

Imp l ementation 

The results of this research will be of use to both 
those who design highways and those in charge of 
hi ghway oprations . The research findings can be 
used to change the criteria for crest vertical de­
sign and to provide countermeasures at existing 
unsafe crest vertical curves. Implementation of 
the research findings should increase safety of 
vehicle operations at crest vertical curves. 
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Problem No. 4 

Name of Problem 

Moderation of Street Design Standards . 

Problem 

The construction of freeways in future years is 
anticipated to be considerably reduced. With this 
prospect in mind, and the continuing shrinking of 
available highway revenues, highway administrators 
are more than ever faced with the necessity of re­
ducing standard requirements to more realistically 
fit available funds and needs. The provision of 
the necessary arterial elements of street systems 
seems to be severely hampered by the stringency of 
modern design standards, projects tend to be large 
and extremely expensive, street improvements are 
continually falling behind needG. 

Objectives 

It is proposed that this project be directed to­
wards the reexamination of present design standards 
and development of possible modifications which 
would result in more affordable designs which are 
adequate functionally and safe, acceptable to the 
public and can be maintained more economically. 
The research should recognize that private automo­
biles may continue to become smaller in size, de­
creased in power, and will travel at relatively 
slower speeds; that there will be increased control 
of truck movements; and that arterials will poss­
ibly be required to accommodate greater numbers and 
types of transit vehicles. 

Key Words 

Design standards, cross sections, pavement, shoul-

der width, median width, cost, functional, safe . 

Related Work 

The Highway Research Information Service, Washing­
ton, D.C. has provided a collection of abstracts 
through a computerized literature search entitled, 
"Vehicle Size Related to Street Design Standards" 
and "Street Design." There were eighteen articles 
identified in the search. Two of these are 
strongly related to the problem statement. These 
are: (a) a synopsis by Loutzenheiser on geometric 
design, which discusses operational effects of dif­
ferent median treatments, including major streets 
through business areas; and (b) a book by the Urban 
Land Institute, which provides a guide to how we 
should arrive at better future practices in the 
design of different types of streets including 
major arterials. 

Urgency/Priority 

The research should be limited to a relatively 
short period of time. Recommendations are urgently 
needed now. Construction projects which would be 
affected by this research but which are unduly de­
layed cuultl eveuLually he much mure cusLly. The 
project should, therefore, be accorded high prior­
ity. 

Cost 

$100,000 over a period of one year . 

Implementation 

Application of results from this research should 
produce street geometry more acceptable to communi­
ties and compatible with future vehicular designs 
and available funds. Effective transfer of re­
search results to local, state and federal stan­
dards and policies could result in accelerated 
implementation of study findings. 




