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Accident Analyses for Highway Curves
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Abridgment

TIMOTHY R. NEUMAN, JOHN C. GLENNON, AND JAMES B. SAAG

The results of studies of accidents and roadway geometr¡cs on two'lane rural

highways are presented, The studies were a port¡on of federally sponsored

research on the safety and operat¡ons of highway curves. A data base was as-

sembled from geometry f ¡les of four states. Two sett of analyses were per'

formed: (a) a mult¡variate analys¡s of the ¡ncremental accident effects of five

bas¡c geometr¡c and traffic var¡ables, and (b) a detailed study of the geometric

and environmental characterist¡cs of site populations w¡th high- and low-

accident rates. The study f¡nd¡ngs demonstrated that degree of curve, extent
of roadside hazard, and pavement surface qual¡ty (¡.e., available friction) have

üle greatest impact on safety of twclane rural highway curves. Other notable

effects were obserued with shoulder width, roadway width' and length of
curve.

The results of studies of accidents and roadway
geonetrics on tvto-Iane rural highways, perforned as
a part of FHwA-sponsored researchr are presented in
this paper. Two separate accidlent analyses \ilere
undertaken: analysis of covariance was used to study
the increnental accident effects of basic geornetric
and traffic variables, and discrirninant analysis was
applied to a detailed stu¿ly of the geonetry of sites
that had either very high or very low accident rates.

CITARÀCTERTZATION OF ACCIDENTS

À data base of 3,557 sites fron four states (IIli-
nois, Florida, ohior and Texas) was used to Perforn
the analyses. A series of constraints was applieil
to each staters geometric data base to create pure
curve and tangent segnents of I km in length with
unifor¡n geoneÈry throughout. State acci¿lent records
r¡ere used to produce a 3-yr history of acciclent
experience at each sitet the recorils included the
following infor¡nation: location' severity [fatal or
injury versus property-damage-only (PDO) acciilentsl 'vehicle type, accident type, surface conilition'
light condition, and v¡eather condition.

A total of 13r545 reported accidents occurred
during the analysis period. A number of significant
findings rvere derived from the châracterization of
the data.

Accident Tlpes

The data in Table 1 give the Proportion of accidents
by number of vehicles involved anil traffic volumes.
Slightly nore than half (54 percent) of the acci-
dents on the selected analysis segnents involved
only one vehicle.

Accident Severity

A total of 5r390 accíilents (4L.5 percent) resulteil
in an injury or fatality. Single-vehicle run-off-
the-road (ROR) accidents on curves rvere more likely
to be severe when compareil with multivehicle or
other single-vehicle accidents. Regardless of roacl-
way width or degree of curver nearly half of all
single-vehicle ROR accidents involved a personal
injury or fatality. By contrast. 41 percent of
multivehicle curve accidents and 29 Percent of other
single-vehicle accidents on curves vrere severe.

Surface Conditions

Approximately 27.5 percent of all accidents on curve
segrnents occurreil when the surface condition was

reported as being e¡eÈ or icy. It was rationalized

from average clinatology informaÈion that roadway
pavements in the four states would be wet or icy
approximately t0 to 12 percent of the time. There-
fore, wet or icy surface conilitions apPear to almost
tripte the liketihoocl of an accident.

ANALYSIS OF ACCTDENTS

Initial analysis efforts focuseil on the incremental
accident effects of five basic variables Iaverage
daily traffic (ADT), degree of curve' length of
curver roadway width, and shouliler widthl by usinq
the entire ¿lata base of 31304 curve sites.

Anal-ysis of covariance (AOCV) was useil to study
these incre¡nental effects. This proceclure providecl
a framev¡ork that considereil both the direct effects
of each variable anil all of the potential interac-
tion effects betvteen variables. Prelirninary analy-
sis by using an AOCV framework, with accident rate
as the dependent variable, inclicatecl that alL vari-
ables, except ADT' had a significant relation with
accident rate. Subsequent analyses were con¿lucted
by using the following frarnework variables:

1. Covariates--degree of curve' length of curve
(miles) 

' road width (feet) r and shoulder !"idth
(feet) ;

2. Factors--state: 1¡ 2, 3, 4i degree of curve:
< 1.999, 2.000 to 3.999, 4.000 to 6.999' I 7.000;
length of curve (rniles): j 0.1499, ì 0.1500¡ road
width (feet): < 2!.999, > 22.OOOi and shouliler width
(feet): < 5.999' > 6.000t and

3. Depen¿lent variables Iaccidents Per million
vehicle niles (!ifüM)l--tota1 accident rate' single-
vehicle accident rate, multivehicle acciclent rate,
night accident rate' and fatat plus injury accident
rate.

The results of the analysis that usedl the
framework variables were as follows:

I. The multiple R2 was about 0.19 (the AOCV

framework explaineil 19 percent of the variance) for
all ¡natrices where the total accident rate was the
dependenÈ variable, and ¡nuch lower for all other
ilepenilent variables;

2. Stater degree of curve, êinil their tvJo-way
intersections with other variables accounteil for
rnost of the explaineil variancei and

3. The ravt regression coefficients for each of

Table 1, Perc€ntage of reported accidents by number of vehicles involved and

volume class.

Percentage of Reported Accidents

Single Vehicle
Traffic Volume
Class (ADT) ROR Other Multivehicle

<2,099
2,10G3,099
3,1 0G4,899
4,900-9,999
> I 0,000
AII volumes

23.9 33.6
22.4 36.2
19.7 45.1
14.7 56.7
8.2 76.9

19.i 45.8

42.5
4t.4
35.2
28.6
14.9
35. I

Note: ADT = average dâily traffic, and ROR =run-off-the-road
accídent.
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Table 2. AOCV results.

the covariates were as follows: degree of curve =0.056; Iength of curve (¡niles) = -0.141; road width
(feet) = -0.023; and shoulder width (feet) = -0.057.

The regression coefficients are the best overall
estinates of the incremental effects of each co-
variate. They indicate logical relations, ¡+ith thepossible exception of length of curve. But in real-
iÈy longer curves are usually associateil with lower
degrees of curve.

No logical trends could be derived fron the in-
dividual regression of the ce1ls in the AOCV natrix.
The overall regression coefficients derived in the
second step of the analysis are therefore the best-
available predictors ot the incremental accident
effects of each covariate. It is informative to
determine the predicted increnental differences over
the practical range of each covariate, as given by
the data in Table 2.

Degree of curve appears to have a sizable effect
on accident rate over the practical range of usage.
The effects of the other covariates, however, appear
to be relatively snaII.

Analysis of High- and Low-Accident Sites

The limited success of the AOCV prompted a second
approach: an analysis procedure that naximizeil thepotential for discovering any geometric or accident
relations. Two distinct populations were selected
fron the curve data base. The populations were
defined as accident outliers; i.e., the sites were
selected on the basis of either a very high accident
rate or a very low rate. Differences in the geonet-
ric characteristics of these hÍgh- and l_oe;-accident
populations were then investigated.

This approach ensureil the discovery of any safety
or geometry relations that nay exist because the
study sites were selected on the basis of dissirni-
larities in their accident experience rather than
differences in geonetric or other features that
would only be hypoÈhesized as being related to acci-
dents.

The sites were partitioned into three ADT cLasses
(1r400 to 2,099, 2,100 to 3,099, and 3r100 to 4,899)
to conÈrol for any effects of traffic volune. Sites
that had accident rates at teast twice the nean rate
for that staters ÀDT cLass were designated as high-
accident sítes. For alL but the hiqhest ADT class,
low-accident sites experienced no acciélenÈs over a
3-yr period. A total of 330 sites that had extreme
accident histories was thus selecte¿I.

Field studíes were performed at all 330 sites to
further define their geometric and environmental
characÈer. The following infornation rras collecÈed:
degree of curve; road width (on tangent and in
curve); shoulder width (on tangent an¿l in curve);
superelevation in curve; superelevation transition
lengtht superelevation distribution; characteristic
of horizontal alignnent upstream from the curvei
sight distance Èo the curvei relative hazaril of
roadside (slopes, objects, and so on), pavement
condition; pavernent skid resistance; signingi pave-
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nent narkingsi anil presence of driveways, struc-
tures, minor roads, and so on.

The for¡nal analysis of the high- and low-accident
sites used a statistical technique known as discrin-
inant analysis, which is used to statisticatly clis-
tinguish between two or more populations. Data that
describe the characteristics on which the popula-
tions are expected to differ are collected and ana-
lyzed. fn this case the two populations were the
high- and low-accident sites. The characteristics
(or discriminating variables) were the geometric and
environrnental variables studied in the field.

Discri¡ninant analysis distinguishes between the
populations being studied by forming a 1inear combi-
nation of the discriminating variables. The dis-
criminant functíon is of the folì.owing forrn:

D = dlzl + ð.222+ ... + dpzp

where D is the score on the iliscriminating function,
drs are weighting coefficients, and zts are the
standardized vaLues of the discriminating variables.
The best deiived cliscriminant function was

D = 0.0712s7(DC) + 2.9609(Lc) + 0.10737(RR)

= 0.03s161(PR) - 0.14s04(Sw) - 1.s4s44 (l)

vJhere

D = discrininant function (nondimensional),
DC = degree of curve,
LC = length of curve (miles),
RR = roadside rating (a rneasure of roadside

hazard) ,
PR = pavernent rating (a measure of pavement skid

resistance), ând
SVI = shoulder I'idth (ft).

Because a higher discriminant score indicates a
higher likelihood that a site is a high-accident
location, the variables appear to contribute to the
expected results.

The relative discrininating power of the vari-
ables in Equation I is a.s follows:

Variable
RR
SW

LC
DC

PR

Relative
Discr irninat ing
Power
2.L!
r. 39
1.39
1. t4
r.00

Equation I correctly classifies 25.9 percent of the
high-accident sites, 60.2 percent of the low-acci-
dent sitesr and 69.1 percent of aI1 sites.

Interpretation of Results

The discri¡ninant analysis procedure predicts or
classifies a site as being a high- or low-accident
site based on the actual ilistributions of D valuesfor the tr.vo groups of sítes in the ilata base. The
analysis procedure decides which classification is
appropriate by calculating probabilities that each D
score belongs to the high or low distribution.

The value of the discriminant analysis results isprimarily in the abiLity to predict high-accident
locations. Because the Ð score distributions of thê
high- and tow-accident sites overlap considerably,
it is probably nore efficÍent to concentrate onsites that have relatively high probabilities of'being high-accident sites.

The procedure enables analysis of any probability

Practical Range
Cova¡iate of Covariate

Difference in
Accident Rate

Regression (accidents/
Coefficient MVM)

Degree of cuwe 1" to 20'
Length of curoe 0.05 to 0.40 mile
Width of traveled way 18 to 24 ft
Shoulde¡ width 0 to t0 ft

0.056
-0.141
-0.023
- 0.057

1.12
0-05
0.14
o.57

l

\"s;]
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criterion leveJ.. Figure I shov¡s the relation between

¡ and P(H); i.e.¡ the probability that a site is a

high-accident site. Selection of any P(H) criterion
leve1 can be translate¿l into a ninimun D score
(baseil on Equation I) for analysis purposes'

A P(E) criterion of 80 percent was chosen for
further study. As shown in Figure 2, with this
criterion it apPears that alrnost all sites that have
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high roactside hazards wouldl qualify as high-accidenÈ
siies. Likewise' almost all sites that have low
roaclsiile hazarils h¡ould not gualify. The results are
more mixeil e¡ith moderate roadlside hazards. Gener-
ally' noderate roadsidle hazardls must be conbinedl
witl either very sharP curvature or a combination of
two variables that are noderate or worse.

fn summaryr hazarilous roadside design apPears to

Figure 1. Relations between D and

P(H}.

Figure 2. Probability that a h¡ghway

curve s¡te is a high-accident location.

o.2o o-40 0.60 0.8o

P(H} . PROBABILITY THAT SITE IS A HIGH ACCIOENT SITE
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O = 0.071257(DC) + 2.9609(LC) + 0.r0737(RRl
- 0.035161(PRl - 0.14504(SW) ' 1.54544

DC = Ocgree of Curue

LC = Lcngth of Curve (mi.l

RR - Roðd¡¡dc Rer¡ng

PR = Psvcment Rat¡ng

SW = Shoulder w¡dth (ft-)

Moderòte Roadside H¿zard (35)
High Pavment Skid Resistance (50)Low Roädside Hazard (20)

High Pavement Skid Resistance (50)

Curve Shoul der
Length lli dth
(mi.) (ft.) I

Long
(.30)

Hoderate
(.17)

Short
( .05)

Curve Shou'lder
Length Ùli dth
(mi.) (ft.) I

Lon9
( .30)

Moderate
(.17 )

Short
( .05)

Degree of Curve

3612

Degree of Curve

3612

Curve Shoulder
Length rli dth
(mi.) (ft.) I

Degree of Curve

lb!¿

Degree of Curve

3612

20

0868788
4767780
8666770

0828385
4 69 71 14
8586062

0747678
4626466
8s05254

Short
( .05)

0979798
4959596
8929?93

0969797
4949s95
891929?

0969791
4949595
8919292

Long
( .30)

l'4ode rate
(.17 )

0505358
4373945
82??427
04245s0
4303237
8182023
034374?52
423253038
814161926

0919293
4858990
8737982

0878990
4788486
8667275

082848690
471761984
859656814

85 91
11 86
55 79

98 99
96 97
93 94

High Roadsìde Hazard (50)
t4oderate Pavffient Skid Resistance (35)

High Roadside Hazard (50)
Low Pavment Skjd Resistance (20)

64
52

'38

94
89
82

Curve Shouìder
Length túì dth
(mi .) (ft. ) I

Long
( .30)

Mode rate
(.17)

Short
(.0s)

Tabulated values are percent probabitities as given by Equation 1 and Fiqure 1'



'..:

.,..1
'i:: ì

ii

68

be the largest contributor to high-accident experi-
ence at highway curves. Other less-prorninent con-
tributors are sharp curvature, narEovr shoulders, low
pavement skid resistance, and long curves.

APPLTCATTON OF RESULTS

For application at existing curves, Equation I in-
dicates that improving roailside design, pavement
skid resistance, and shoulder v¿idth may be valid
countermeasures. The reduction of curvature may not
be practical or productive because of high costs and
the apparent trade-off between degree and length of
curve for a given central angle. This study does
not suggest that other design deficiencies, such as
extremely unsatisfactory approach sight distances,
extrernely narrow lanes, extremely unsatisfactory
transitions, and extrene shoulder slope breâks,
might not be considered in an improvement program.
Regardless, the discriminant analysis dloes provicle
guidance concerning the effects of roadsides, pave-
rnent surfaces, and shoulders.

Discussion

Thornas E. Mulinazzi*

Neuman, Glennon, and Saag have tackled a difficult
problem in their paper. The TRB Conmittee on Opera-
tional Effects of ceometrics has been addressing
this problem since they held their workshop on For-
giving Roadways in Juty 1976.

ft is not surprising that roailside hazards appear
to be the largest contributor to high accident ex-
perience on highway curves. Based on tbe materiâL
presented in the paper, it is assuned that the anal-yses r{ere based strictly on reported accidents.
There is the belief that a majority of the ROR acci-
dents go unreported, but those people who are un-
lucky enough to hit a roadside obstacle on leaving
the roadway end up a statistic. On the other hand,
this conclusion substantiates other research results
that indicate that the removal of roadside obstacles
on the outsidê of horizontal curves rnay be one of
the nost cost-effective safety projects that could
be inplenented.

Therefore, a tnore detaiLed description of hovr the
roadsicle rating factor and the pavernent rating fac-
tor v¡ere deter¡nined shoulil have been included in
this paper so that the research coulcl be dupl_icated
in the future.

In the muLtivariate analysis, the regression
coeffícients indicate Èhat the accident rate in-
creases as the degree of curvature inereases, and
decreases as the lengÈh of curve, road width, and
shoulder width íncrease. The authors agreeil that
these appeared to be "1ogica1 relations, with the
possible exception of length of curve.' They go on
to state "in reality, longer curves are usually
associated with lower degrees of curves. tr They
irnply that lower degrees of curves are associated
with safer roadways and, therefore, Ionger curves
are safer. Hotever, in the discriminate analysis it
was determined that, by increasing the degrees of
curver lengths of curve, and roadside hazard rat-
ings, the cliscriminate score increased, which meant

*Departnent of Civil Engineering, University of
Kansas, Lawrence, Kans. 66045
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that there was a higher Likelihood of a high-acci-
dent location. The inclusion of length of curve as
a variable to indicate a high-accident location
appears to be contradictory to the rationaÌe stated
in the discussion of the multivariate analysis.

For future reference, a bibliography of research
associated !¡ith this study would have been ap-
preciated.

Âuthors' Closure

We thank Mulinazzi for his comments on our paper.
Further analysis of the discri¡ninant analysis find-
ings has verifieil that treatnent of roadsides hoLds
the greatest potential for cost-effective inprove-
¡nents to existing rural highways.

In responding to the comments and questions re-
garding the paper, it should be ernphasized that the
paper documents prelirninary research results. The
work was performe¿l as part of a larger study of
rural highÌday curve safety and operations. In at-
tenpting to conpLete the accident analysis and pre-
sent it to TRB in an abridged form, certain points
may not have been clear or complete. we appreciate
the opportunity to ctarify these points.

The study was inileed baseil on reported aceiilents.
Às in almost all studies of this nature, which rely
on existing data bases, reported accidents are the
safety-related variable of interest. what is in-portant in trying to identify hazardous situations
is that severe accidents (i.e., those that involve
injuries and fatalities) be identified. For obvious
reasons, such accidents tend to be reported.

fn the interest of brevity, roadside and pavenent
rating factors were not covered in the paper. we
agree that a description of these variables is re-quired for dupl-ication or separate analysis of the
research.

ROÀDSIDE RÀTING FACTORS

RoadsÍile rating factors were obtained from pictures
and sketches of each of the sites observed in the
fielil. The basis for the factors used is reported
in NCHRP Report 148 (t). The nodel describes the
likelihood of a severe accident as a function of
roadside encroachment frequency, probability distri-
butions for lateral displacement given a foadside
encroach¡nent, a tneasure of the hazard displacement
given a roadsiile encroachment, and a measure of the
hazard associated with the roadsÍde. The roadside
hazard is described by (a) a roadside slope break at
a given distance, (b) a clear-zone width, (c) an
obstacle coverage factor (i.e., a measure of the
frequency of obstacles), and (d) severity indices
for roadside slopes and obstacles.

The hazard ratings for various roadside configu-
rations, assuning Èhe average side slope break point
is I0 ft from the edge of road, are given in Table 3.

PÀI¡EI{ENT RATING FACTOR

Pavement rating factors vrere obtained fron field
crew observations of pavenent surface roughness anil
depth of asperities. pictures of the pavenent were
taken to verify the field crewrs judgment. The
rating sche¡ne was developed to approximate the skid
nunber at 60 mph.

LBIGTE OF CI'RVE VERSUS ACCIDENT RÀTE

The relation between tenqth of curve anil accident
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Table 3. Roadside hazard rat¡ngs'
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rate requires some clarification. The ra\d regres-
sion coefficients reported in the paper express the
relation between the covariate and dependlent vari-
able for the entire ilata base. Because these coeffi-
cients ¿lo not reflect interactions betv¡een vari-
ables, they must be viewed with caution. In the
case of curve length, the negative coefficient ap-
pears illogical unless one consiilers the strong
correlation between curve length and degree of
curve. In any eventr as was iliscussed in the paper'
the actual effecÈ of this coefficient is negligible
given the practical range of curve length.
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1. ,J.C. Glennon. Roailside safeÈy Inprovenent Pro-
grarns on Free\days--A Cost-Effectiveness Priority
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Roadside Hazard Ratings by Lateral
Clear Width (ft)

Side Slope
Coverage
Factor 30 25 20 15 10 5

6: I or flatter

4:1

3:l

2: I or steeper

24 28 32 34 42 46 47
24 2'7 29 30 35 38 39
24 Z7 27 27 32 34 34
24 24 24 24 25 26 26

35 37 39 41 44 48 49
35 36 38 39 40 43 44
35 36 37 37 39 41 4l
35 35 35 35 36 37 37

41 42 42 43 44 48 49
41 42 42 42 43 45 46
41 42 42 41 41 44 45
41 42 42 41 41 42 42

53 53 53 53 45 49 50
53 s3 53 53 46 49 50
53 53 53 53 48 50 50
53 53 53 53 50 50 50

90
60
40
10

90
60
40
10

90
60
40
l0
90
60
40
10

Abridgment

Some Partial Consequences of Reduced Traffic Lane

Widths on Urban Arterials

CLINTON L. HEIMBACH. PAUL D. CRIBBINS, AND MYUNG-SOON CHANG

When four-lane, urban, undivided arter¡als are newly built or reconstructed in

place, traffic lane w¡dth becomes one of the malor determ¡nants of total right-

of-way width. A particularly d¡fficult problem arises when the urban corridor
permits the construction of 10- or 1 1-ft-wide lanes, but not 12-ft-wide lanes.

There are no guidel¡nes for the roadway designer to ind¡cate the trade'offs ¡n

traff¡c safety and operat¡ons as the w¡dth of a traff¡c lane is reduced below

the 12-ft standard. The relationship of operat¡ng speed and accidents to a
series of independent vatiables that character¡ze roadway design features and

traffic volumes is investigated. lt ¡s concluded that both peak and off'peak
operating speeds, as well as traff¡c accidents, are sign¡f¡cantly related to traf-
f¡c lane width on urban arterials. Spec¡f¡cally, operat¡ng speeds decrease and

accidents ¡ncrease as traffic lane w¡dth decreases. Operating speeds are also

influenced by the posted speed l¡mit, traffic volume. and total traff¡c lane

w¡dth. Also, the number of accidents per year ¡s related to the number of
¡ntersect¡ons per mile, the number of access tr¡ps to and from commercial

dr¡veways, average daily traff¡c, total traffic lane width, and changes in

horizontal and vertical alignment, An example of the cost trade-offs between

changes in traff¡c lane width and accidents and operating speeds is presented.

Traffic lane sidth is a key ilesign elenent for the
roadlwayi it influences right-of-way width' Iand
costsr construction costsr levels of servicer and
traffic operational characteristics. rn the Past
highway designers anil traffic engineers have gener-
ally disregarded any lane width other than L2 f.E,
but because of current reductions in funding for
inprovenentsr there is lncreased interest in the
feasibility and ilesirability of narrower traffic
lanes.

The issue of lane wi¿lth arises with restricted
right-of-way width in urban corridors for new con-
struction or reconstruction. ft also arises with
transportation system management (TSM) types of
inprovements in urban locationsr where adclitional
traffic lanes can be obtained by decreasing individl-
ual lane widths. Reducing lane widthsr hovtever,
presents a dilenma. Àlthough reiluction in traffic

Iane width may result in reiluced capital i¡nprovement
cost, which may be the only way to accornplish the
roadway improvement, such reduction iloes not meet
most design standards and nay result in pernanent
lowering of the roadway level of service.

It is clear that there are significant trade-offs
involved when traffic lane eridths are reduceil to
less than 12 ft. It is inportanÈ that the decision
maker know erhat these traile-offs are in order to
evaluate the irnpact of a proposed re¿luction in Lane
width. Neither the technical research Iiterature
nor the design ¡nanuals provide guidelines to the
decision naker for deterrnining these trade-offs.
This question of trade-offs is addresseil in this
paper. The scope. of the investigation Has linite¿l
to four-laner undiviiled, urban arterial highways.
Finally, it should be emphasizedl that no departure
fron current roadway standlards for traffic lane
widths is suggesteil in this paper.

LITERÀTURE REVIEVI

The research literature on traffic lane width índi-
cates that investigators have concentrated their
efforts on rural, tr¡o-lane highways (1-!). When the
effect of traffic lane width relative to highway
speeds has been studied, the results have been in-
consistent (5'?). when total traffic lane v¡idth r.'as

investigated reLative to accident rates, the results
vrere also inconsistent (f'9r9). Because traffic
lane width should be investigatedl as a parÈ of the
total roadway systernr it is appropriate to note the
research results for certain other roadway ilesign
ele¡nents relative to measures of accident exposure.
fnvestigators have reported Èhat, as the nurnber of
urban intersectionsr access Points' co¡n¡nercial




