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Effects of Paved Shoulders on Accident Rates for 

Rural Texas Highways 
DANIELS. TURNER, DANIEL B. FAMBRO, AND RAMEY 0. ROGNESS 

The shoulder is one of the most extensively studied roadway elements; how· 
ever, its effectiveness in reducing accidents has been the subject of much de· 
bate. A study is described in which accident rates and characteristics were 
compared for three different types of rural Texas highways: two-lane road­
ways without paved shoulders, two-lane roadways with full-width paved 
shoulders, and four-lane undivided roadways without paved shoulders. Ap­
proximately 30 roadways of each type were selected for the study. A rigorous 
screening procedure was developed to ensure that each site was a "typical" 
Texas roadway. A detailed three-year accident history was obtained for each 
site. More than 1250 km of highway and 16 000 accidents were included in 
the study data base. For each roadway type, accident rates increased as 
traffic volume increased. Two-lane highways without paved shoulders had 
the highest accident rates and were the most sensitive to changes in traffic 
volume. Two-!ane highways with paved shoulders had the lowest accident 
rates until the traffic volume reached 7500 vehicles/day. At that point, 
four-lane undivided highways without paved shoulders were safer. Based 
on the study findings, it was concluded that full-width paved shoulders 
are effective in reducing the accident rate on rural highways. It also appears 
that the presence of full-width paved shoulders may reduce the number of 
rural intersection accidents. 

Today's highway engineers are faced with the dual 
dilemma of inflationary construction costs and 
reduced revenues, which necessitates the careful 
selection of new projects based on the optimum use 
of existing funds. The Texas State Department of 
Highways and Public Transportation (TSDHPT) has 
tried several innovative techniques in order to 
maximize the use of fiscal resources. One such 
technique has been to provide additional capacity at 
minimum expense by converting two-lane roadways with 
full-width paved shoulders to four-lane roadways 
without shoulders. This treatment, which has become 
known as the "poor-boy" highway, entails resurfacing 
and restriping or simply restriping the existing 
pavement. Expenses for earthwork, drainage, inter­
sections, and structures are minimized. A poor-boy 
highway is typically undivided, has no shoulder, and 
has a paved travel surface from 44 to 48 ft wide. 

A poor-boy is certainly an inexpensive alterna­
tive to upgrading a two-lane highway to a four-lane 
divided highway. However, the poor-boy concept is 
not a standard treatment, and there is currently a 
limited amount of such mileage in the state. Figure 
l compares the amount of four-lane roadway without 
shoulders with the amount of two-lane roadways in 
Texas. As the figure shows, Texas has 69 750 km 
(43 350 miles) of two-lane highways without shoul­
ders. They are characterized by small traffic 
volumes. In fact, 95 percent of these. roads carry 
fewer than 2000 vehicles/day. There is also 21 000 
km (13 050 miles) of two-lane highways with full­
width paved shoulders. Most of these roadways carry 
1000-3000 vehicles/day. The state has only 900 km 
(560 miles) of four-lane roadways without shoul­
ders. These roadways are most heavily concentrated 

in the range of 1000-5000 vehicles/day. For the 
remainder of this paper, the terms poor-boy and 
four-lane highway without shoulders are used inter­
changeably. 

SCOPE OF STUDY 

The TSDHPT does not have a documented data base for 
establishing design policies and practices for the 
upgrading of two-lane highways without paved shoul­
ders to two-lane highways with paved shoulders or 
for upgrading two-lane highways with paved shoulders 
to poor-boy highways. One of the purposes of this 
research was to establish the accident effects 
related to the presence or absence of a paved shoul­
der. The planning division of TSDHPT considers any 
paved shoulder less than 6 ft wide as "none or 
inadequate" and codes the state's computerized 
geometric files in that manner. The same definition 
for shoulder was adopted for this study. The study 
was limited to rural Texas highways of the types 
shown in Figure 2. 

BACKGROUND 

The shoulder is one of the most extensively studied 
roadway elements; however, safety findings have not 
always been consistent. This has caused consider­
able confusion about the exact relation between 
shoulder characteristics and accident experience. 
Previous studies can be placed into three general 
groups: those that find that wider shoulders have 
adverse effects, those that indicate that wider 
shoulders have unclear or null effects, and those 
that indicate that wider shoulders have favorable 
effects. 

Belmont's studies in California (1,2) and Blensly 
and Head's study in Oregon ( 3) fou-;;d- increases in 
accident rate, property damag~ and accident sever­
ity for certain types of wide-shoulder conditions. 
Investigations by Perkins (4), Taragin and Eckhardt 
(,2.), Raff (&_), and Foody and Long <Il indicated that 
shoulder effects on accidents were marginal or 
insignificant. Other researchers, including Stohner 
<.!!.lr Jorgensen (2), and Zegeer and Mayes (10), found 

a reduction in accident rates due to wider shoul­
ders. These studies may be considered a partial 
list, since there are many other research efforts in 
the field. 

It often seems that different conclusions have 
been reached in nearly every study on the subject. 
This diversity of opinion can be explained in part 
by consideration of the scope of the various stud­
ies. Many of the researchers examined data in 
limited areas of volume, geometry, and operational 
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Figure 1. Total mileage in Texas for different highway classes. 
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characteristics . It is necessary to isolate and 
examine all other roadway and operational charac­
teristics in order to correctly determine the effect 
of paved shoulders on accident exper ience (11). The 
majority of the diffe r ences can be t raced to flaws 
in gathering and interpreting the data. Because 
accidents normally occur infrequently, very large 
data samples are required to discern their effects. 
It is often impossible to find suitable sites with­
out changes in traffic volumes, geometry, or acci­
dent reporting practices. The interactive nature of 
accident elements also creates complexity and makes 
analysis more difficult. The combined effects of 
the data constraints can be conside red the major 
reason for the lack of harmonious results. 

Recent research efforts have observed stricter 
controls in establishing and evaluating data. 
Heimbach , Hunter, a nd Chao (12) under took a very 
thorough classification and matching procedure to 
study shoulders in North Carolina. They concluded 
that significantly less accident experience is 
associated with homogeneous highway sections that 
have 0.9- to 1.2-m-wide (3- to 4-ft-wide) paved 
shoulders than with identical highway sections that 
do not have shoulders. They also found that analy­
ses of cost-effectiveness and investment return 
could be used to determine when to add shoulders to 
highways. Fambro, Turner, and Rogness (]]) used a 
large data sample of Texas roadways to de termine 
whether the presence of paved shoulders decreased 
accidents. Their . conclusion was similar to that of 
Heimbach in that two-lane roadways with paved shoul­
ders were found to have fewer accidents than road­
ways of the same type without shoulders. Rinde 
<l!l, using a before-and-after technique in Cali­
fornia, found a reduction in accidents due to the 
addition of shoulders. He suggested optimum widths 
of pavement for various combinations of roadway type 
and volume. Seve ra l researche r s (12 , 15 , lll have 
gone a step fur ther and have quant ified procedures 
to determine when to add shoulders and how to estab-
1 ish the cost-effectiveness of such additions. The 
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Figure 2. Typical examples of three highways classes: (top) two lanes with 
unpaved shoulders, (middle) two lanes with paved shoulders, and (bottom) four 
lanes with unpaved shoulders (poor·boy). 

current empha s is on t he absence o r presence of paved 
should.era , rather than t he width of such s houlders, 
has clearly established the ir positive contribution 
in reduc1ng accidents. 

To summarize the literature review, it appears 
that, after conflicting earlier studies, better 
control of the data population has established the 
desirability of providing paved shoulders for rural 
highways. Recent research has found a decrease in 
accidents due to the presence of paved shoulders. 

ACCIDENT INVESTIGATION 

The level of safety pe r formanc e is one of the major 
c haracteristics o f a roadway. Traffic e ngineers 
r outinely perform a variety of acc ident analyses in 
o rde r to dete rmine s a fety c ha rac teristic s . Although 
t here a r e ma ny types of a nalyse s , t he most common 
purposes for such studies are to identify hazardous 
locations, examine the aptness of proposed cor rec­
ti ve measures, or evaluate the effectiveness of 
previous improvements. In addition, studies are 
often performed to compare the safety characteris­
tics of diffe rent t ypes of roadways. 

The c haracteristic patterns of traffic accidents 
exhibit only slight changes from ye ar to year (17, 
p. 281). As l ong as roadway geometrics and traffic 
volumes remain relatively uniform, accident patterns 
should display the same general trends. Thus, the 
patterns app licable to specific r oadways can be 
isol ated and identif ied if the researcher uses care 
in selecting and analyzing the data. Accidents are 
assumed to be random occurrences that can be de­
scribed by statistical theory and are thus quite 
sensitive to sample size and the bias of the ob­
server. Jorgensen's landmark report on accident 
analysis procedures (9) point s out that small sample 
sizes and r a ndom va~iations in nonroadway charac­
teristics may seriously bias the results of a 
study. Jorgensen also states that the data must 
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Table 1. Site-selection data. 

Candidate Rl-2-TLOG 
Segments Selected Sites 

No. of 
Length Potential Length 

Class Number (km) Sites Number (km) 

I 'JO 029 8 376.10 IS2 IO 182.60 
2 I 441 938.23 32 IO 9S.48 
3 440 218.36 II 8 68.16 
4 IO SIS 11 428.S2 260 10 219.32 
s 3 969 3 033.S2 SI 10 193.07 
6 I 346 831.26 32 IO l62.S6 
7 5S4 358.89 19 9 119.29 
8 2S3 76.96 6 4 31.3~ 

9 150 52.69 7 4 .5:!.~ 1 

10 _fil 300.83 -1.l !Q 148.93 

Total 29 150 25 615.36 58S 85 1254.67 

Note: l km= 0.62 mile. 

cover a sufficient period of time to give a statis­
tically valid sample. 

To ensure that there was a sound statistical 
basis for site selection and that the sample would 
be representative of Texas highways, three years of 
acc i dent data were gathe red for a series of care­
fully selected locations. Three years were selected 
because Gwynn (18) has shown that us ing more than 
three year s of accident data does not s ignificantly 
improve the statistical accuracy of such studies. 
The steps that were followed to select the sites and 
collect the data for the accident investigation are 
described in detail below. 

Site Selection 

A matrix of desired characteristics was created to 
stratify the s ites by traffic volume, shoulder type, 
and number of lanes. The table below gives the nine 
class ifications created to al low a comparative 
analys is of the effects of these variables on acci­
dent rates and charactaristics (MlT = average daily 
traffic): 

Type of Type of 
Class Highwa::i:: Shoulder ADT 
l Two-lane Unpaved 1000-3000 
2 3000-5000 
3 5000-7000 
4 Two-lane Paved 1000-3000 
5 3000-5000 
6 5000-7000 
7 Four-lane Unpaved 3000-5000 
8 5000-7000 
9 7000-9000 

To ensure a large and representative data sample, 10 
sites in each class were studied, and each site 
contained 5 or more miles of consistent roadway. 

Once the general site criteria had been defined, 
all roadways in Texas were screened as potential 
sites through a computer listing of the roadway 
geometric file, commonly referred to as the Rl-2-
TLOG. The file wa·s carefully reviewed to obtain a 
list of potential rural sites that fit the require­
ments outlined in the table above. The initial 
screening was a substantial undertaking that in­
volved an evaluation of more than 29 000 roadway 
segments. 

The selection process is summarized in Table l. 
A listing of the number of segments of Texas roadway 
in each study classification is given. Clearly, 
there was not a uniform distri bution of segments 
among the classes. For instance, it was found that 
more than 77 percent of the total eligible kilo-
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meters of roadway fell in classes l and 4 (two 
lanes, with and without shoulder, and ADT of 
1000-3000). Thus, the majority of candidate sites 
could be described as light-traffic, two-lane rural 
highways. On the other hand, only 3 percent of the 
total kilometers consisted of poor-boy highways 
(classes 7, 8, 9, and 10). 

During this portion of the study, it became 
apparent that 10 study sites could not be obtained 
for some classifications. I n fact, only 8 sites 
were found to meet the qualifications of class 3, 9 
sites for class 7, and 4 sites each for classes 8 
and 9. Classes 7-9 were restricted due to the 
limited quantity of poor-boy mileage in the state. 
At this point, it was decided to auo a t"11~i1 1..:i.a6S 
to the study (four lanes, unpaved shoulder, and 
1000-3000 ADT) to handle low-volume poor-boy road­
ways. The addition of this category allowed direct 
comparison of accident rates at low traffic volumes 
for the three types of highways in the study. 

A great deal of effort was expended in checking 
the eligible sites to ensure that they were typical 
of their respective categories. For example, ADT 
was reviewed for each location to verify that no 
major changes had occurred during the three-year 
study period. Pavement widths and shoulder types 
were scrutinized foe uniformity foe both each site 
and each class. Divided roadways were deleted from 
the investigation. Careful reviews were conducted 
by using county, highway district, and state maps to 
isolate and remove sites that contained major inter­
sections, towns, or other factors that might bias 
the results of the study. 

The 85 selected sites were taken from the origi­
nal group of more than 29 000 segments contained in 
the RI-2-TLOG. Table l clearly shows several stages 
of refinement in achieving a representative sample 
of rural highways spread over a wide geographic 
area. The abundance of low-volume, two-lane 
roadways (classes l and 4) produced more than 400 
potential sites, and the research staff was able to 
choose roadways of considerable length that had an 
optimal geographic distribution. On the other hand, 
the limited amount of poor-boy mileage (classes 
7-10) caused a corresponding reduction in the number 
of sites available for study. It should be noted 
that at least 25 percent of the counties in the 
state were represented by at least one study site. 

Collection of Accident Data 

Once the sites had been finalized, accident data 
were gathered for the three most recent years avail­
able (1975-1977). The computerized accident files 
of TSDHPT were scanned for all accidents that oc­
curred at the 85 sites during the three-year pe­
riod. A total of 16 334 accidents were :lmcluded in 
the study data base. Each comprehensive accident 
record contained 393 characters of information about 
the collision and the roadway on which it occurred. 
The detailed accident information allowed a very 
thorough examination and cross classification of the 
data base. Records were reviewed, and locations 
that exhibited unusual conditions were removed. For 
example, construction zones, unusual traffic -control 
devices, and railroad crossings were found to be 
major contributors to the accident rate at various 
locations. In each case, the study site was short­
ened to remove atypical situations. 

Geometric data were taken from the RI-2-TLOG to 
calculate the vehicle miles of travel for each 
site. These figures were combined with the number 
of accidents on each roadway to yield accident 
rates. Since the number of intersections varied 
from site to site, a separate analysis was performed 
on nonintersection accidents to isolate and remove 
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Figure 3. Accident rates for different highway classes (all accidents). 
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Figure 4 . Rates of nonintersection accidents for different highway classes. 
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the disproportionate effects that this type of 
accident might cause among sites in the various 
classifications. Intersection accidents were iden­
tified from coded accident data. Without intersec­
tion accidents, the data base contained 8815 acci­
dents. The two data sets are referred to here as 
the all-accident group and the non-intersection-ac­
cident group. 

ACCIDENT RATES 

Figures 3 and 4 show the results of the investiga­
tion of accident rates for all accidents and for 
nonintersection accidents, respectively. The two 
figures are similar: The non-intersection-accident 
curves generally have lower values and flatter 
slopes than the all-accident curves. The implica­
tions of the two figures are discussed below. 

All Accidents 

The most obvious feature of Figure 3 is that the 
accident rate tends to increase as ADT increases for 
all three types of roads in the study. The highest 
accident rate is associated with two-lane roads 
without shoulders. This type of road also has the 
curve with the steepest slope. Thus, it is the most 
sensitive to inc reases in ADT. The curve becomes 
very steep and approximates a straight line at 
traffic volumes greater than 4000 vehicles/day. In 
this reg ion, the two-lane , no-shoulder road·s have a 
distinctly h igher accident rate than either of the 
other two road classes. 
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It is important to note that the lowest accident 
rate is associated with two-lane roads that have 
paved shoulders. The curve for this type of road 
has a gentle slope and is slightly parabolic in 
nature. The curve for the third type of road in the 
study, four lanes without shoulders, falls in be­
tween the curves for the other two types, being 
safer than two-lane roads without shoulders and not 
as safe as two-lane roads with shoulders. 

It would seem that all four-lane roads should be 
safer than all two-lane roads, yet Figure 3 clearly 
indicates otherwise. The add it ion of paved shoul­
ders to two-lane roads makes them safer than four­
lane roads without shoulders (poor-boy). The bene­
fit of adding paved shoulders is indicated in Figure 
3 by sharply reduced accident rates. There are 
several logical reasons foe these safety benefits. 
Paved shoulders pi:ovide recovery areas for vehicles 
that accidentally leave the roadway, provide a 
refuge for stalled vehicles, provide acceleration 
and deceleration lanes for right-turning vehicles, 
and instill a feeling of comfort and security in 
drivers. Conversely, there are reasons why poor-boy 
highways have relatively higher accident rates. 
When the paved shoulders a re conve-rted to tr::avel 
lanes, the immediate recovery zone is removed for 
vehicles that accidently exit the travel. lanes. The 
clear zone adjacent to the pavement is not extended 
outward and thus fixed objects are left in the 
recovery area. The recovery maneuver becomes more 
difficult and consequently leads to more accidents 
of the run-off-road and fixed-object varieties. In 
addition, the paved four-lane road encourages higher 
speeds at lower traffic volumes. This is only a 
pai:tial list of reasons why two-lane roads with 
shoulders are safer than either of the other two 
types of roads in the study. 

In summary, two major conclusions can be drawn 
from Figure 3. The first is that accident rates 
increase with ADT for all three types of roads in 
the study . The second finding is the position of 
the accident-rate curves. In descending order of 
accident rates, they are two-lane roads without 
shouldecs , four-lane roads without shoulders, and 
two- lane roads with shoulders. 

~onintersection Accidents 

The data on nonintersection accidents were summa­
rized, and the results ar e shown in Figure 4. 
Highways in classes 1-3 (two-lane roads without 
shoulders ) again displayed the highest accident 
rates. The figure shows that, up to an ADT of 5000 
vehicles/day, the accident rate i ncreases i .n a 
curvilinear manner. The curve for two-lane roads 
with shoulders (classes 4 and 6) has the same gen­
eral shape and is generally parallel to the no­
shoulder curve; however, the roads with shoulders 
have only two-thirds as many accidents as the roads 
without shoulders. The addition of shoulders to 
two-lane highways offers definite safety benefits by 
decreasing nonintersection accidents. 

Once again, the accident rates for the four-lane 
roads without shoulders fell in between those of the 
other two types of roads. The curve has a gently 
ascend ing slope with a d istinctly lower rate of 
increase than that for two-lane roads. In fact, the 
four-lane curve is nearly horizontal, and this 
implies that the accident rate is fairly uniform 
over the range of traffic volumes included in this 
study. 

The curves for poor-boy roads and two-lane roads 
with shoulders appear to converge at higher volume 
levels. If the two-lane curve is extended, it may 
be noted that, at an ADT of about 7500 vehicles/day, 
the accident rate is the same for both types of 
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roadways. The dashed ex tens ion of the lowest curve 
in Figure 4 indicates the location of this theoreti­
cal point of intersection. The data indicate that 
two-lane roads with shoulders are safer than poor­
boys at all ADTs below that level. Based on these 
observations, consideration should be given to using 
poor-boy highways for ADTs greater than 7500 and 
two-lane roads with shoulders that carry lower 
traffic volumes if accidents are the major or only 
consideration for upgrading a facility. 

Comparison of All Accidents and Nonintersection 
Accidents 

The removal of intersection accidents causea ~ne 

curves shown in Figure 3 to generally move downward 
and to the right. This signifies a lower acci dent 
rate, as would be expected. The different types of 
roads do not all experience the same amount of 
change. For example , two- lane, no-shoulder roads 
undergn a very noticeable alteration. The curve for 
nonintersection accidents i ·s significantly displaced 
to the right and has a much flatter slope . This 
indicates that such roads are apparently very sensi­
tive to intersection accidents , especially as volume 
increases. At an ADT of 2000 vehicles/day, there is 
only about a 10 percent difference in the two 
curves. This difference reaches 50 percent at an 
ADT of 6000 vehicles/day. This suggests that the 
construction of paved shoulders at rural intersec­
tions may be effective in reducing the accident rate 
on roads with high traffic volumes. 

The same intersection-accident trend is also 
present for poor-boy highways. The curve for nonin­
tersection accidents has a much flatter slope than 
the curve for all accidents. At low volume levels 
the curves are very close to the same value, but as 
ADT increases the curves diverge. When the ADT 
reaches 8000 vehicles/day, inter·section accidents 
add 30 percent to the accident rate. This again 
points to increased intersection-accident sensi­
tivity as volume increases. 

The least amount of change is experienced by 
two-lane roads with shoulders . The curves for all 
accidents and nonintersection accidents are vir­
tually parallel, which indicates that ADT has very 
little effect on the rate of intersection acci­
dents. Thus, it appears that the presence of shoul­
ders has a beneficial effect on reducing intersec­
t ion accidents: For the two types of roads without 
shoulders, there were large changes in accident 
rates between the two data sets whereas, for the 
roads with shoulders, there were only minor changes 
between data sets. 

ACCIDENT CHARACTERISTICS 

The types of accidents that occur on a specific 
roadway or at a specific site often yield clues to 
the nature of safety-related problems. Corrective 
procedures are often formulated based on analyses of 
accident characteristics. The pertinent findings of 
the investigation of accident characteristics are 
sununarized below. 

Severity Analysis 

Traffic accidents are usually placed in one of three 
severity classifications: fatal, injury, or prop­
erty-damage collisions. The accident-rate curves 
shown in Figures 3 and 4 can be considered to repre­
sent inclusive property-damage curves. Curves for 
injury and fatal accidents have been plo ted in 
Figure 5. The solid lines depict the rates of 
injury accidents and fall into a familiar pattern. 
The curves seem to display relations discussed 
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previously in relation to Figures 3 and 4--i.e., 
accident rate rising as volume increases. The 
highest rates are associated with two-lane highways 
without shoulders and the lowest rates are for 
two-lane highways with shoulders. The curves for 
two-lane highways are approximately parallel, and 
both are parabolic in nature. The curve for four­
lane roads without shoulders remains between the 
two-lane curves . The high degree of similarity 
between the curves for property-damage accident rate 
and the curves for injury-accident rate indicates 
that there are no unusual changes in the injury 
pattern as volume increases and that analysis of 
t .r ends in the rate of prope.rty-damage accidents will 
suffice for anctly~.i..b uf '"' r.cndo !:-;. the !:::j!.1!~'-!!~,..;­

dent rate for the purpose of this study. 
curves for fatal-accident rate are shown by the 

dashed lines in Figure 5. The data points all fall 
in close proximity to one another, and there is not 
a great distinction between the curves for the three 
types of roads . The slopes are almost flat, which 
indicates that the fatal-accident rate is f~irly 
constant fo.r volumes between 1000 and 8000 vehi­
cles/day. For the two types of roads without shoul­
ders, there is a slight diversion from this trend in 
the area of 5000 vehicles/day. The implications of 
this diversion are not clear, but it could be that 
two-lane roads without shoulders have passed a 
critical volume level and have become slightly more 
susceptible to high-severity accidents. Tbe lowest 
rates are for two-lane roads with shoulders , where 
the curve remains around 0.04 fatal accidents per 
million vehicle kilometers (0.06 accidents per 
million vehicle miles) of travel. This curve is 
virtually a straight line. 

It is difficult to draw conclusions from the 
fatal-accident plot due to the low rates and data 
convergence. Perhaps the most significant conclu­
sion would be the uniformity of the fatal-accident 
rate. The fact that these rates remain constant 
over a wide volume range while the other types of 
accidents increase implies that the additional 
accidents at high volume levels are not hi9h-sever­
i ty accidents. 

Figure 6 shows the relation among the three 
accident severity rates for a single class of road 
(two-lane road with shoulder) for nonintersection 
accidents. Similar relations exist for the other 
types of roadways in the study. The position of the 
curves in Figure 6 indicates the relations of rates 
of total, injury , and fatal accidents. The rate of 
fatal accidents is 12-15 times lower than the total 

Figure 5. Rates of injury and fatal acciden1s for different highway cla$Ses (non· 
intersection accidents). 
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Figure 6. Severity of three types of accidents on two-lane roads with shoulders 
(nonintersection acciden1s). 
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Figure 7. Rates of run-off-road acciden1s for different highway classes (non­
intersection acciden1s). 
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accident rate, and the rate of injury accidents is 
approximately three times lower than the total 
accident rate. 

The change in slope for the three curves in 
Figure 6 indicates their sensitivity to traffic 
volume. The most sensitive (steepes t-s loped) curve 
is for total accidents , the next most sens itive is 
for injury accidents, and the least sensitive is for 
fatal accidents. This reinforces the previous 
observation that additional accidents at high traf­
fic volumes are not high-severity accidents. 

Ru n-Off- Road Acc idents 

The lack of a suitable recovery area for vehicles 
that leave the travel lanes should cause an increase 
in the r un- off-road type of acc ident. This premise 
is supported by Figure 7, wh ich indicates that 
two-lane roads with shoulders have the lowest level 
of occurrence of such accidents and a uniform level 
of incidence over a wide range in traffic volumes. 
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On the other hand, both types of roadways without 
shoulders exhibit higher and more erratic rates of 
run-off-road accidents. The fluctuation of these 
curves would seem to conform to the level of driver 
workload. At low traffic volumes, driving is an 
easy task that requires few decisions and drivers 
are likely to become inattentive. As volume in­
crea ses , drive rs a re forc ed to make more frequent 
decisions as they meet additional oncoming traffic 
and ha nd l e various driving situa t i ons . Thus , t hey· 
are forc ed to become more attentive . At high traf­
f i c volumes , the driver workload becomes very heavy , 
r equiring almost constant eva l ua tion of vehicle 
position, speed, and similar items. The driver is 
likely to become fatigued or to miss important 
stimuli that might warn of approaching danger. 

Driver inattentiveness at low traffic volumes 
could account for the high run-off-road accident 
rate shown in Figure 7. As volume and driver atten­
tiveness increase, the rate drops for both types of 
highways without shoulders. For two-lane roads, 
this drop occurs in the 1000- to 3000-vehicles/ day 
range. For four-lane roads , the addit ional paved 
lane allows drivers add-ftional lateral freedom and 
decreases their workload. Thus, the increase in 
attentiveness does not occur until the volume level 
reaches 4000 -5000 vehicles/day . During the per i od 
of increased a ttentiveness, both t y pes of roads have 
lower incidence rates (for midvolume ranges). As 
the two-lane road reaches relatively high traffic 
volumes , the rate of run-off-road accidents begins 
to i nc rease, probably due to driver work overload 
and high-volume accident situations that force the 
driver to make e·mergency maneuvers away from the 
normal trave l lane. This is indicated by the rising 
accident rate around 5000 vehicles/day . For four­
lane roads, this point has not been reached at the 
traffic volumes shown in Figure 7; however, the 
poor-boy curve is beginning to climb (at 8000 vehi­
cles/day), which indicates that the rate of run­
off-road accidents is beginning to increase with 
increasing volume. It could well be that the four­
lane curve peaks at high volume in the same manner 
that the curve for two-lane, no-shoulder roads 
peaked at 5000 vehicles/ day. 

Types o f Collisions 

Another meaningful accident characteristic is the 
first harmful event in a collision sequence. Figure 
8 shows how many times hitting another car was the 
first harmful event. A number of conclusions can be 
drawn from this figure. First, the increasing 
slopes of the lines indicate that the chances of 
hitting another vehicle increase as traffic volumes 
increase. Such is to be expected, since there are 
more vehicles on the highway as the volume in­
creases . At low volumes, more vehicles are running 
off the road than are hitting other vehicles. A 
comparison of the curves for four-lane accident rate 
in Figures 7 and 8 shows that approximately twice as 
many vehicles run off the road as hit other cars at 
a volume level of 2000 vehicles/day. At volumes 
less than 4000 vehicles/day, the run-off-road ace i­
dent is dominant. 

Perhaps the most important finding that can be 
drawn from Figure 8 is the almost identical curves 
for two-lane roads with s houlders and the poor-boy 
roads. The curves are paralleJ. and lie a l most on 
top of one a nother. This i ndica t e s that both types 
of roads exhibit the s ame behavior for hit-other-car 
accidents. It is highly probable that the paved 
shoulders and extra paved travel lanes both serve 
the same function by providing additional maneuver­
ing room for ve hi cles during the collision sequence. 

Figure 9 emphasizes the increase in hit-other-car 
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Figure 8. Rates of hit-other-car accidents for different highway classes (non­
intersection accidentsl. 
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Figure 9. Increase in hit-other-car accidents with increasing traffic volume for 
different highway classes. 
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accidents as volume increases. The percentage of 
accidents that involved hitting another vehicle 
climbs steadily as traffic volume increases. As 
Figure 9 shows, the same trend exists for all three 
types of roads in this study. Both the percentage 
and the rate of hit- other-car accidents increased 
similarly for all three types of roads. 

Fixed-Object Accidents 

A fixed-object incident is often found in the chain 
of harmful events in a collision sequence. These 
types of accidents were examined and found to 
closely resemble the run-off-road accident pattern, 
especially for four-lane highways without shoulders 
and two-lane highways with shoulders. At low tra£­
f ic volumes, the four-lane road exhibited a high 
rate of fixed-object collisions. The rate began to 
decrease as the volume rose above 4000 vehicles/day 
in the same manner noted earlier for run-off-road 
accidents. At 8000 vehicles/day, the rate of 
fixed-object accidents had dropped by 50 percent. 
Tpis echoes the previous premise that accidents on 
low-volume, four-lane roadways are usually not the 
multiple-vehicle type but rather some function of 
driver inattenti veness anc;J lack of paved recovery 
area. 

Nondaylight Accidents 

Figure 10 shows the rate for the number of nonday­
light accidents compared with total vehicle travel 
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Figure 10. Rate of nondaylight accidents for different highway classes (non­
intersection accidents). 
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(both daylight and nondaylight). The three curves 
hold their familiar position. The most dangerous 
type of road is the two-lane highway without shoul­
ders, and the least dangerous is the two-lane high­
way with shoulders . ';l'he curves are fairly flat, 
which indicates uniform accident rates for all 
roadway types regardless of traffic volume. It is 
noteworthy that a disproport i onate number of the 
accidents occurred at ni ght. This is especially 
true for four-lane roads. For example, by comparing 
accident rates in Figures 4 and 10, it may be noted 
that approximately 60 percent of all accidents on 
four-lane roads occurred during nondaylight hours. 
The vast majority of rural traffic occurs during t he 
day, which means that 60 percent of the accidents 
result from the small percentage of total traffic 
that occurs at night and that four-lane highways 
without shoulders are significantly more dangerous 
at night than during the day. 

CONCLUSIONS 

Based on the findings from this study, several 
conclusions can be drawn. These conclusions involve 
both accident rates and accident characteristics for 
three types of rural Texas highways and are dis­
cussed below. 

Accident Rate 

When all accidents that occurred at the study sites 
were considered, the accident rate for each roadway 
type increased as the traffic volume increased. 
Two-lane highways without paved shoulders have the 
highest accident rates and are the most sensitive to 
changes in traffic volume. Two-lane highways with 
paved shoulders had the lowe st accident rates for 
the traffic volumes investigated in this study 
(1000-7000 vehicles/day). The third type of road 
investigated, four-lane roads without shoulders, was 
the least sensitive to traffic volume and bad an 
accident rate that fell in between the rates for the 
other two types of roads. The presence of paved 
shoulders had a noticeable effect in reducing the 
accident rate. 

When intersection accidents were removed from the 
data set, the road types retained the same rank: 
Two-lane roads without shoulders were the most 
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dangerous, and two-lane roads with shoulders were 
the least dangerous. Four-lane roads were found to 
have a fairly uniform accident rate regardless of 
traffic volume, whereas the curves for the other two 
roads were almost parallel but noticeably differ­
ent. Full-width paved shoulders were again shown to 
have positive effects in reducing accident rates. 
An extension of the data indicated that two-lane 
highways with paved shoulders had lower accident 
rates than poor-boy highways at traffic volumes of 
less than 7500 vehicles/day. 

A comparison of the non-intersection-accident 
data group with the all-accident data group indi­
cated that two-lane highways without paved shoulders 
are very sensitive to intersection accidents, es­
pecially at high traffic volumes. Four-lane roads 
are somewhat sensitive and two-lane roads with paved 
shoulders are relatively insensitive to such acci­
dents. Thus, it appears that the construction of 
full-width paved shoulders at rural intersections 
may be effective in reducing the number of accidents 
on high-volume roads. 

Accident Characteristics 

The severity analysis revealed that curves for 
injury-accident rate are approximately parallel to 
curves for the total accident rate whereas curves 
for fatal-accident rate are very low and fairly 
uniform for all three types of roads over the range 
of traffic volumes included in the study. The 
lowest fatality rate was o. 04 fatal accidents per 
million vehicle kilometers of travel (0.06 accidents 
per million vehicle miles) for two-lane highways 
with paved shoulders. 

The absence of full-width paved shoulders in­
creased the rate of run-off-road accidents, es­
pecially at low traffic volumes. The two-lane roads 
with paved shoulders had a fairly uniform rate of 
run-off-road accidents, whereas the rates for the 
other two roads were of a higher level and varied 
considerably with volume. The most probable reason 
for the variations and the high run-off-road rates 
at low volumes is driver inattentiveness and lack of 
a paved recovery zone for vehicles that accidentally 
exit the travel lane. 

Hit-other-car accidents tend to increase drasti­
cally with increasing traffic volumesi two-lane, 
no-shoulder highways have a greater incidence of 
these accidents · than the other two highway types. 
The fourand two-lane highways with shoulders have 
virtually identical curves for hit-other-car acci­
dents. At lower volumes, other types of collisions 
were more frequent. For example, on four-lane 
highways, the run-off-road accident is the most 
frequent type of accident at all volumes less than 
4000 vehicles/day. On roads without shoulders, 
rates for fixed-object accidents were found to 
closely resemble rates for run-off-road accidents. 
Again, this reflects the lack of a paved recovery 
area and the presence of fixed objects in the clear 
zone adjacent to the roadway. 
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