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This paper presents a survey of road curvature, superelevation, gradient,
and number and distance from the roadway of roadside hazards conducted
in Georgia at 300 sites of fatal crashes into fixed objects and at 300 com-
parison sites 1.6 km {1 mile) from the accident site. More than 26 per-
cent of fatal crash sites and only 8 percent of comparison sites had road
curvature greater than 6 deg combined with downhill gradient of -2 per-
cent or less at or approaching the sites. Fifty percent of fatal crash sites
and only 23 percent of comparison sites were at or near curves greater
than 6 deg irrespective of gradient. A state study found that only 22 per-
cent of roadways throughout the state had curvatures of more than 5.5
deg. Nonlocal roads accounted for 83 percent of the fatal crashes into
fixed objects but comprised only 33 percent of the roads in the state. In
98 percent of the cases objects struck were within 15 m (50 ft) of the
pavement edge. Top priority should be given to modification of road-
side hazards on and near curves greater than 6 deg, particularly those on
nonlocal roads where the downhill grades are -2 percent or less.

Most U.S. roads are bordered by natural and man-made
unyielding structures (trees, rocks, poles, guardrails)
that are hazardous roadside objects, When vehicles col-
lide with these objects, the occupants are either maimed
or killed. The magnitude of the danger is difficult to
assess because most single-vehicle collisions are cate-
gorized as noncollision rather than as fixed object. In
1974, the National Safety Council listed 13 500 deaths in
the noncollision category and only 3600 deaths in the
fixed-object category (1). A few states have modified
their reporting categories to reflect accurately the toll
caused by roadside object collisions. In 1974, Pennsyl-
vania reported 766 occupant fatalities in single-vehicle
crashes. Of that amount, 689 or 90 percent of the acci-
dents were caused by collisions with fixed objects (2).
Undoubtedly, the vast majority of occupant fatalities in
single-vehicle accidents, which average more than 17000
per year in the United States, result from collisions with
unyielding structures along the roadside.

The technology is readily available for either removing
roadside hazards or modifying them or the immediate
environment so that the energy of errant vehicles can be
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managed to protect occupants from intolerable energy
transfers (3,4, 5,6,7). However, these hazards are so
numerous that immediate removal or modification is in-
feasible, and some method is needed to identify those that
should have priority treatment. The results of this study
provide criteria for identifying road locations where fa-
talities caused by collisions with roadside hazards are
likely to occur. The numbers and types of hazards in
defined areas contiguous to the crash sites are also iden-
tified.

METHOD

The study was designed to identify and compare roadway
characteristics at two sites. The site where one or more
vehicle occupants died when the vehicle struck a road-
side object was termed the crash site. A site located
1.6 km (1 mile) upstream, which the vehicle had likely
passed before reaching the crash site, was termed the
comparison site. The differences noted between theroad-
way characteristics of these sites can be used to identify
other sites where fatalities are likely to occur. Com-
parison of characteristics of crash and comparison sites
with characteristics of other Georgia roadways provides
additional criteria for selecting sites for modification.

During a 14-month period ending in April 1975, virtu-
ally all locations where fatal collisions into roadside ob-
jects had occurred in the 108 contiguous counties in north
and central Georgia were studied (Figure 1). This area
includes a variety of land usage (rural, suburban, urban),
roadway types, and topography. The Georgia State Patrol
routinely mailed fatal accident reports to the research
team. Those accidents in which the fixed object had not
been struck or had not been a significant factor in the
fatality were excluded.

Engineering measurements were made by a three-
person team in a 0.3-km (0.2-mile) section at each site.
Measurements were referenced from an object most
likely to receive impact or cause vehicle occupant death.
Crash sites were determined by locating a point along the
roadway edge immediately adjacent to a selected object.
The comparison site was located 1.6 km (1 mile) upstream
from the crash site (Figure 2). The choice of turns at
T- or Y-intersections was randomly selected in the



location of comparison sites.

Curvature, superelevation, and gradient were
measured both upstream and downstream from crash and
comparison sites. Measurements began 15 m (50 ft)
from each site and continued every 30 m (100 ft). Cur-
vature and superelevation measurements ceased at 137m
(450 ft); gradient measurements ceased at 152 m (500 ft).

Figure 1. Area studied (shaded).
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Figure 2. Hypothetical crash and comparison sites.
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Distance was measured by using a 30-m (100-ft) cloth
tape. Horizontal curvatures were measured by applying
the middle ordinate method described by Baker (8) that
consists of measuring the curve on the edge of the road-
way and by converting the middle ordinates to degrees of
curvature at the centerline of the roadway. Supereleva-
tion and gradients were measured at the center of the
road on the side where the driver approached the crash
location. These measurements were made with a spe-
cially designed instrument consisting of a 1.2-m (4-{t)
carpenter's level having an adjusted calibrated leg. Cur-
vature, superelevation, and gradient data for Interstate
highways were taken from plan and profile sheets.

In the survey area, various fixed objects were inven-
toried in 3-m (10-ft) segments of a 9-m (30-ft) border
along the pavement edge. Other road characteristics,
which included type of road, number of lanes, and widths
of pavement and shoulder, were also recorded.

The Georgia Department of Transportation supplied
curvature length data derived from a 25 percent sample
of the 41 216-km (25 600-mile) public road network. The
department also provided distances by functional class
for the compilete 161 325-km (100 202-miie) system. The
data served as a basis for estimating the amount and
type of Georgia roadway that would require hazard modi-
fication by using this study's criteria.

RESULTS

The largest difference between crash and comparison
sites was road curvature, More than 80 percent of the
crash sites had curvature within 152 m (500 ft) whereas
only 55 percent of comparison sites had curvature within
this range (Figure 3). The road curvature within 152 m
(500 ft) of the sites was greater than 6 deg for more than
50 percent of the crash sites but less than 24 percent of
the comparison sites. The difference in distributions of
curvature between crash and comparison sites would not
normally occur by chance fluctuations in sampling (X2 =
80.1, d.f. =7, p <0.001). Only 22 percent of the 25 per-
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cent sample of all Georgia roads had curvature greater
than 5.5 deg.

The severest degree of curvature was usually found
near to or upstream from the crash site. Figure 4
shows the percentage of road curvature greater than 6
deg at intervals upstream and downstream from crash
and comparison sites. The largest differences occur in
the area from -107 m (-350 ft) upstream to 15 m (50 ft)
downstream. More than 69 percent of the vehicles
crashing on or near curves left the outside of the curve,
that is, the right side of a left-bending curve or the left
side of a right-bending curve (Figure 5).

Although the results for superelevation are not shown,

Figure 3. Maximum 60 ~
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they closely parallel those for curvature. The cases
where high curvature and low or nonexistent supereleva-
tion occurred were too few to separate the two variables
as factors for identifying sites where fatal crashes into
fixed objects would occur.

Roadways approaching crash sites exhibited more
downhill gradient than those approaching comparison
sites. Figure 6 shows the average road gradients at
30-m (100-ft) intervals within 152 m (500 ft) of crash and
comparison sites. Average gradients decreased at each
interval before crash sites but not before comparison
sites. Extreme uphill gradient was more common beyond
crash sites than beyond comparison sites, suggesting that
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Table 1. Analysis of variance for gradient £152 m from crash and

comparison sites.

Source of Degrees of Mean Variance
Variation Freedom Squares Ratio, F Significance
Differences of
crash and com-
parison sites 1.0 40.873 4.905 p <0.05
Differences among
measuring points 20.0 11.294 1.355
Residual 6.490 8.333
Note: 1 m =328 ft. ) N
Figure 5. Fatal crashes into roadside objects by type
of curvature. TYPE 1
32 CASES
11.2%

crash sites were closer to points where downhill gradient
ended and uphill gradient began. The analysis of variance
in Table 1 indicates that the average differences in gradi-
ent between crash and comparison sites would not have
occurred as a result of random fluctuation in sampling

(p < 0.05).

Crash and comparison sites were not characterized
substantially more by extreme downhill gradients than by
moderate downhill gradients. Figure 7 shows the mini-
mum gradients observed at 152 m (500 ft) upstream from
crash and comparison sites. The frequent minimum gra-
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dient approaching sites was -2 percent or less for crash
sites and greater than -2 percent for comparison sites.
The combined factors of maximum road curvature and
minimum gradient did substantially discriminate between
crash and comparison sites (Figure 8). Maximum cur-
vature greater than 6 deg combined with minimum gradi-
ent of -2 percent or less occurred at 26 percent of the
crash sites and only 8 percent of the comparison sites.
Since crash and comparison sites were on the same
or similar roads, there was no difference between num-
ber of lanes or pavement width. Thus, the average
differencesinthese factorswerenot significant (p > 0.04).
There was also no significant difference in width of road

Figure 7. Minimum gradient of road by distance 70 —
upstream from crash and comparison sites.
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shoulder between crash and comparison sites (p > 0.05).
The roadways were classified functionally for each
crash location by using the classifications of the Georgia
Department of Transportation (Figure 9). Only 17 per-
cent of crash sites were on local roads, which make up
67 percent of the roads in the state. Based on its per-

centage of all roads, each type of nonlocal road had a
greater percentage of fatal crashes than would be ex-~
pected.

Potential hazards near the roadside differed little
between crash and comparison sites (Table 2). Of the
objects that apparently took the brunt of impact, about 90
percent were within 11 m (35 ft) from the pavement edge

Note: 1m=3.28 ft.
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Figure 8. Combinations of maximum curvature and minimum gradient at crash and comparison sites.
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(Figure 10) and 98 percent were within 15 m (50 ft). The
objects struck and the percentage of fatal crashes in-
volving them are as follows:

Objects Percent Objects Percent
Trees 39 Guardrails 7
Embankments and Signs b
ditches 23 Bridge abutments 3
Utility poles 14 Other 19.3

Table 3 gives the average number of objects in a path

on each side and upstream of the crash site. There were
about 6 narrow potential hazards and 5 m (15 it) of elon-
gated potential hazards.

RECOMMENDATIONS

The results of this study indicate that roads or roadside
objects exhibiting hazardous characteristics should be
modified or where applicable removed. The following
discussion summarizes this study's findings and recom-
mendations.

Roads exhibiting the following characteristics are

Figure 9. Relation of crash sites and all Georgia roads by functional classification.
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Table 2. Average number of narrow potential hazards and length of elongated potential hazards 9 m from pavement edge and 161 m from site.

Upstream From Site

Downstream From Site

Crash Sites Comparison Sites

Crash Sites Comparison Sites

0to3 3to6 6to9 0to3 3to6 6to9

Potential Hazards m m m Total m m m

0Oto3 3to6 6to9 Oto3 3to6 6to9
Total m m m Total m m m Total

Narrow, number
Trees 0.
Utility poles 0
Traffic sign/signal

posts 0.
Street luminary
poles 0.
Other 1
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2Significantly different {p < 0.05, two-tailed) from comparison sites. 20,05 but not 0,00



listed according to degree of hazard and modification downhill gradient of -2 percent or less prior to or in
priority. curves,
2. Curvature greater than 6 deg,
1. Curvature greater than 6 deg combined with a 3. Curvature greater than 3 deg combined with down-

hill gradient of -2 percent or less, and
4, Curvature greater than 3 deg.

Figure 10. Distance of objects from roadside at crash sites. Faal crashlLications caa SFHer Be Barremed o mons
0= local roads. Although the available state road data did
not allow degree of curvature and gradient to be assessed
by type of roadway, it is clear that fatal crashes into
roadside objects occurred mostly on nonlocal roads. The
obvious approach to reducing the number of roadside haz-
ards is to identify the types of roads in a given state that
have a history of noncollision and fixed-object fatalities
and to apply the noted curvature and gradient criteria to
likely crash sites. Although the number and types of
hazards on a road may differ because of climate, land
use, and other factors, the involvement of curves and
gradient in likelihood of impacting hazards is undoubtedly
similar in all areas.

A number of researchers have attempted to relate
road characteristics to crashes with some success (9,
10,11, 12, 13). However, a clear set of factors used to
identify likely crash locations caused by roadside hazards
hasnot emerged prior tothis study. Previous studies have
included nonhomogeneous sets of crashes, have failed to
distinguish injury severity, or have used arbitrarily de-
fined road segments. By studying only fatal crashes into
fixed objects and by referencing the roadway characteris-
tics to specific crash sites this study presents a clear
profile of hazardous locations.

The modifications at a particular location depend on a
number of factors: number and types of hazards, width
of right-of-way, cooperation of utility companies and
others who erect and maintain objects on or off the right-
of-way, and costs of alternative means of modification.

In some cases it may be possible to reduce or eliminate
curvature and gradient and modify or remove hazards.
In other cases only modification or removal of the haz-
ards may be feasible,

In the absence of fixed objects, attention must be given
to roadway characteristics that might contribute to vehi-
cle rollover. These characteristics include ditches, cul-
verts, curbs, or embankments. If fixed objects are
0 1 | 1 1 ] modified or removedbut roadside characteristics contrib-

L ] Sl e 152 yuting to rollover remain, a subset of the fatalities will
LAFERAL DT'f)Tgé\‘JiiiggrupcAK\fi‘MENT ERSE continue to occur. In every case, the goal should be a
clear recovery area for vehicles that leave the road; if
objects cannot be eéntirely cleared, energy management

principles should be applied to eliminate the lethal trans-

Table 3. Average humber of narrow potential hazards and : P
length of elongated potential hazards 4.6 m to each side and ter of crash forces to vehicle occupants @’ é’ E’ E, Z)

27 m upstream from crash site.

PERCENT OF CASES WITH VALUES = THAT SHOWN

Note: 1 m = 3.28 ft.

objects and other roadside characteristics that can be

Vehicle Bath ‘Beyond Crzeh Site m) expected and their distribution at the locations to be mod-
ified, Most fatal crashes occur in curves or within a few
Potential Hazards Oto9 9fol8 18to27  Total hundred meters beyond maximum curvature. Apparently,

Narrow, number the driver loses vehicle control while he or she is in or

Trees 1.2 1.3 1.4 3.9 coming out of a curve and not while anticipating the diffi-
Uity poles a1 sosts o1 = 0:1 s culty with a curve, In the cases studied the majority of
Street luminary poles 0.0 —5 0.0 = fatalities would not have occurred had a 15-m (50-1t)

Other 0.6 0.5 0.3 14 roadside area 137 m (450 ft) before and after the maxi-
Total 2.0 1.8 1.8 5.5 mum curvature been clear of fixed objects and character-

Elongated, m istics contributing to rollover. Of the objects struck 98

gx:lr)grails 28 gi g'i 3'2 percent were within 15 m (50 ft) of the pavement edge.
R — 0.6 03 0.4 1.3 The average roadside area, 161 by 9 m (528 by 30 ft),
Banks/cuts 0.3 0.4 0.4 11 had nine trees, one utility pole, one traffic sign or sig-
Ditehes  iens S o oo nal post, and five other such relatively narrow objects
- 51 T4 15 % at crash locations. The average length of elongated ob-

jects was as follows:

Note: 1m =328 ft
< 0.05 but not 0.00. bTotal not equal to sum because of rounding



Objects Length (m) Objects Length (m)
Guardrails 7 Banks and cuts 19 12.
Curbs 12 Ditches 36
Embankments 35 Median barriers 1
13.
Guardrails and median barriers may be protective or
hazardous depending on their designed ability to gently 14,

absorb or redirect the energy of a moving vehicle as
well as their proper construction and installation (3, 4,
5,6,7).
" “Since almost 70 percent of fatal crashes occurred
on the outside of the curves, that side of the road
should take precedence in ameliorative efforts when re-
sources do not allow such efforts on both sides of the
road at every available site. It is not known how often
a vehicle ran off the inside curve to avoid objects on the
outside of the curve. However, to ensure maximum
benefit both sides of the road must be modified.
Relatively few objects were found in a 9 by 27-m (30
by 90-ft) path that the vehicles would likely have traveled
had they not struck a lethal object. The potential for
large reductions in human damage by small efforts in
modifying roadside hazards is clear. Failure to act
promptly in ameliorative efforts could provide grounds
for legal liability (14).
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