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deviations from the design obstacle height than to 
deviations from the design eye height. Thus, ob
jects larger than the design obstacle will come into 
view at the AASRO stopping distance · for drivers 
whose eyes may be considerably lower than the design 
eye. For example, on a hill crest designed to the 
current l\ASRO practices (i.e., a 45-in-high eye and 
a 6-in obstacle), an 8.5-in obstacle will come into 
the view of a 39-in-high eye at the design sight 
distance, and a 15-in obstacle (e .g., the federally 
mandated minimum height for tail lamps) would be in 
view at the design sight distance for an eye only 28 
in above the pavement, Accident studies or consid
erations of driver visual performance limitations 
could very well show that a 12- or 15-in-higb design 
obstacle is more representative of real-world ob
jects that drivers can see and need to avoid, If 
so, the sight distances designed to the 6-in-high 
target provide a considerable safety margin, and 
traffic safety on bill crests is not likely to be 
very sensitive to the changes in eye height as.soci
ated with the downsizing of the passenger-car fleet. 
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Shoulder Upgrading Alternatives to Improve Operational 

Characteristics of Two-Lane Highways 
DANIELS. TURNER, RAMEY O. ROGNESS, AND DANIEL 8. FAMBRO 

A rosorch project was undertaken to develop upgrading warren" for use ln 
determining when to add paved shoulders to rural two·lane roadways or whan 
to convert two•lana roadways with paved shoulders lnlo four-lone undivided 
roadways by low·cost treatmentJ such as remarking tho shoulder to Indicate 
that II is a travel lane. The latter treatment is known as a "poor-boy" highway 
ln Texas. Tho findings of one portion of the research-the offac11 of paved 
shoulders on vehicle operating characteristics-are described. Flold studies were 
performed at 18 sires around Texas for thrao typos of highways: (a) two•lane 
roadways without shoulders, (b) two-lane roadways with shoulders, and (c) 
four·lane, undMded roadways. Operational characteristics were recorded for 
more than 21 000 vehiclu. Da1ll wore gathered on speed, platooning, shoulder 
use, and vehicle typo. Thu findings indicate that operational benefits derived 
from a full-width paved shoulder increase as trnffic volumes increase. Those 
benefits are minima I el low and moderate volumas, but they become slgnlfi· 
cent at volumes greater than about 200 vehlcles/h. Above this volume, paved 
shouldon appear to Increase the ovorago speed on the roadway by at least 10 
percent. They also limit the number of vehicles in platoons to le $$ than 20 
percent. No more than 5 percent of ell vehicles used the shoulder at any of 
tha sites. Conversion of the shoulder to an additional travel lane offers no 
apparent operational benefits until the volume reaches 150 vohlcles/h . On 
hlgher,voluma roads, thb modification could bo expected to cause average 
roadYf&V apeeds to increase by approximately 5 percent and limit platooning 
t.o 6 percent .. Significantly, such a conversion resu lu In more than two·thirds 
of the traffic using the outside !shoulder) lane. 

There are thousands of miles of existing two-lane 
rural roadways that are providing adequate service 
at low levels of vehicle flow . But, as traffic 
volumes grow and other characteristics change, these 
highways experience serious safety and operational 
deficiencies. It frequently becomes necessary to 

upgrade them to provide increased service to the 
higher traffic volumes. 

A study was conducted in Texas to consider two 
improvement alternatives involving paved shoulders 
on rural roads: (a) adding paved shoulders to 
two-lane roads that previously did not have them and 
(b) converting two-lane highways with full-width 
paved shoulders into four-lane "poor-boy" roadways. 
The latter option is accomplished at low cost by 
remarking the roadway surface to indicate that t he 
shoulder has become a travel lane. This upgrading 
treatment produces an undivided four-lane roadway 
without shoulders. 

The research project was undertaken to develop 
upgrading warrants by quantifying the safety and 
operational characteristics associated with paved 
shoulders and by establishing the driver• s under
standing of the legality of driving on paved shoul
ders. This paper documents the findings of one 
portion of the research: the effects of paved 
shoulders on vehicle operating characteristics. 

PREVIOUS RESEARCH 

Many previous studies have dealt with the basic 
questions of shoulder design, field performance, and 
safety improvement; however, very few have looked at 
operational considerations. Several of these are 
reviewed below. 
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Operational Studies 

Several studies have attempted to identify current 
general practices. A national survey (!) conducted 
.!.n 1973 .-o ... , .. 1on t-h.,.t- t-h"r" were four states that 
allowed slower traffic to drive on the shoulder in 
order to facilitate passing maneuvers. Unfortu
nately, the reasons for allowing this maneuver have 
been neither investigated nor reported. A compre
hensive state-of-the-art review of paved shoulders 
was published in 1976 (2). This review noted that 
shoulders affected traffic in the following ways: 

1. Increased lateral separation between oncoming 
vehicles, 

2. Eased driver tension 
ness and provision of space 

3. Maintained capacity 
stopped vehicles, 

through a sense of open
for emergency maneuvers, 
by allowing room for 

4. Increased capacity where slow-moving vehicles 
pulled onto the shoulder to allow faster vehicles to 
pass (where legal), and 

5. Improved traffic operations by acting as 
pseudo acceleration and deceleration lanes. 

The results of a 1979 nationwide study on the 
design and use of highway shoulders (3) indicated 
that five states permit regular use of shoulders for 
slow-moving vehicles. An additional 10 states 
permitted such use under certain conditions. 

Although these studies document general condi
tions when the various states allow shoulder use, 
they do not indicate the degree of improvement that 
might be expected to result from such use. Increased 
speed and decreased platooning are two of the bene
fits that probably occur, but the literature review 
failed to disclose any instances in which the degree 
of improvement had been quantified. 

Messer (4) devised a technique for measuring 
vehicle oper°a tional characteristics during an Illi
nois study. While driving along a test roadway, he 
measured speed and location cnaracteristics for 
opposing vehicle flow. Through repetitive trips 
along the test roadway, he acquired sufficient data 
to relate roadway features to operational character
istics. This field observation technique was adopt
ed by the · project staff to gather data for use in 
quantifying the operational improvements associated 
with paved shoulders in Texas. 

Driver Understanding 

Concern has been expressed that motorists do not 
adequately understand the road-marking code and do 
not totally agree on the legality of driving on the 
shoulder. Gordon (5) examined this hypothesis in a 
laboratory atudy that involved 254 motorists from 
the Washington, o.c., area. He found that as many 
as 60 percent of the subjects thought that it was 
legal to use the shoulder to pass a disabled vehicle 
located in the main lane. other researchers have 
found that, even in states where driving on the 
shoulder is legal, there is a great deal of driver 
uncertainty about which specific maneuvers are legal. 

The accepted document for interpretation and 
application of the road-marking code is the 1978 
Manual on Uniform Traffic Control Devices for 
Streets and Highways (MUCTO) (6), and the Uniform 
Vehicle Code and Model Traffic Ordinance (revised in 
1968) Cll outlines accepted rules governing vehicle 
actions. Even though these two documents are well 
known to traffic engineers, the motoring public does 
not seem to be well informed about what shoulder 
markings and codes imply. 
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Accident Studies 

The bulk of all previous shoulder research has been 
safety oriented. An excellent summary was prepared 
by Roy Jorgensen and 11.Ssociates in 1978 (~). This 
swnmary noted conflicting results from previous 
researchers. Several of these researchers concluded 
that, as the shoulder width on rural two-lane high
ways increases, the accident rate decreases. Others 
have found that nder some. c ircumstanc_es the acci
dent rate increases as shoulder width increases. 
Still others found mixed results or no relation 
between accident rate and shoulder width. 

The apparent conflicts among previous studies can 
be traced mainly to small or localized data samples 
or failure to control all variables in the study. 
The majority of past studies support the concept of 
reduced accident rates on roadway sections with wide 
shoulders. 

Recent research has placed emphasis on accident 
rate and the presence or absence of paved shoulders. 
Heimbach (9) performed a study on 3000 rural high
ways in North Carolina. He found a significantly 
iower accidenc experience a.flU bt'V'Ci." i tj,· iiid~;. for 
two-lane highways with 3- to 4-ft paved shoulders in 
comparison with similar highways without paved 
shoulders. 

At least five research projects (8-12) have 
developed techniques for selecting optimuiii paved 
shoulder widths based on such factors as traffic 
volumes, pavement widths, traffic speeds , and con
struction costs. In each case, the researcher used 
benefits from accident reduction to justify the 
costs of shoulder construction. 

Summary 

In general, the effects of paved shoulders on traf
fic operations have not been quantified. No studies 
could be located that predicted changes in speed, 
platooning, or shoulder use based on shoulder type 
or width. At least 15 state a allow vehicle tra .. ~l 
on the shoulder under some conditions, whereas 5 
allow regular use. 

Shoulder acc idents have been studied in detail, 
and the consensus is that paved shoulders produce 
positive benefits by reducing accidents. Several 
methods have been established to choose optimum 
shoulder widths based on these benefits. These 
methods do not consider operational benefits of 
paved shoulde s . 

Although there are national documents that give 
explicit guidance on shoulder markings and vehicle 
behavior, studies have shown that motorists do not 
always understand or behave according to the guid
ance in the documents. 

SITE SELECTION 

The research project was conducted on three types of 
highways: (a) two-lane roadways without shoulders, 
(b) two-lane roadways with shoulders, and (c) four
lane, undivided roadways without shoulders. Examples 
of each roadway type are shown in Figure l. .All 
roadways in Texas were screened as potential sites 
through use of a computer listing of the roadway 
geometric file, commonly referred to as the RI-2-
TLOG. Control was established by defining the 
character is tics typical of rural Texas roadways and 
then rigorously screening the geometric file to 
locate candidate sites. 

Ge.neral Study 

A matrix of desired characteristics was created to 
stratify the sites by traffic volume, shoulder type, 
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Figure 1. Typical examples of three highway classes. 

Four-Lane Road11ays with Unpaved Shoulders 

and number of lanes, The table below gives the 10 
classifications used to allow a comparative analysis 
of the effects of these variables on accident rate 
and traffic operations, To ensure a large and 
representative data sample, it was desired that 10 
sites in each class be studied and that each site 
contain 5 or more miles of consistent roadway: 

Average 
Site Type of Type of Daily 
No. Hi9hwa:i'. Shoulder Traffic 

1 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 

10 1000-3000 

Once the general site criteria had been defined, 
the RI-2-TLOG file was carefully reviewed to obtain 
a list of potential rural sites that fit the re
quirements outlined in the table. The initial 
screening was a substantial undertaking that in
volved a manual evaluation of more than 29 000 
roadway segments. A series of geometric parameters 
was carefully checked to ensure uniform characteris
tics for a ll eligible sites in each category. 

A great deal of effort was expended in checking 
the eligible sites to ensure t hat they were typical 
of their respective categories. For example, aver
age daily traf fic was reviewed at each location to 
verify that no major changes had occur red. Pavement 
widths a ·nd shoulder types were scrutinized for 
uniformity in each class. Divided roadways were 
deleted from the investigation. Careful reviews 
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were conducted in which county, highway district, 
and state maps were used to isolate and remove sites 
that contained major intersections, towns, or other 
factors that might bias the results of the study. 

At the close of the site-screening procedure, 
there were 10 or more potential sites in only 6 of 
the categories. Class 3 had 8 sites, class 7 had 9 
sites, and classes 8 and 9 had 4 sites each. The 
primary reasons that the desired number of sites 
could not be obta i ned were the limited mileage of 
roads in the categories and the rigorous screening 
process used to remove nonhomogeneous sites. 

Accident Study 

For the accident study, 10 sites were selected where 
possible for each category. They were numbered, and 
three years of accident data were used to calculate 
the accident rates at each site. This study is 
descr i bed in detail elsewhere (13,14), and the 
information will not be repeated here':~ 

Operational Stud:i'. 

For the operational study, to ensure that the data 
sample would be representative of statewide operat
ing conditions, the following site-selection proce
dure was adopted. For each of the 10 highway class
es, the accident-study sites were ranked by their 
accident rates. The two extremes (highest and 
lowest rates·) from each category were tentatively 
selected for further study, As neither extremely 
short nor widely separated segments lend themselves 
to max1m1z1ng a data-collection effort, section 
lengths and geometric locations were checked. Sites 
that did not meet these criteria were discarded and 
replaced by the next-ranked site in the category. 
Figure 2 indicates the general location in Texas of 
the field study sites. As shown, most of the 
state• s geographic regions were represented in the 
sample. General descriptions of each site are given 
in Table 1. 

STUDY OF OPERATIONAL EFFECTS 

The major thrust of this paper is to report on the 
findings of a study of operational characteristics 
conducted on rural Texas highways. The techniques 
devised by Messer (4) were u·sed to gather several 
types of data in order to quantify the parameters 
influenced by the roadway shoulder. Traffic volume, 
passing opportunities, and minimization of traffic 
blockages wer e felt to be the primary factors that 
influence operational characteristics. For purposes 
of this study, shoulders were defined as being paved 
and 6 ft or mor e i n wi dth. 

Methodology 

The procedure developed to collect operational data 
was constrained by practical considerations of 
mobility, accuracy, economy, and minimum distraction 
to motorists. Primarily, i t was designed to collect 
five types of traffic data: traffic composition, 
traffic volume, vehicle speeds, lateral placement, 
and platoon i ng character is tics. Roadway geometrics 
and other pertinent informat ion were also recorded. 

At each site, a study vehicle and two members of 
the research team were required to collect the field 
data. The vehicle was equipped with an on-board 
moving radar gun, a distance-measuring instrument, 
and several cameras. To s i mplify operations, most 
of t he equipment was mounted on the dash of the 
car. The vehicle operator was responsible for 
driving the car, classifying approaching vehicles, 
and calling out their speeds. The responsibilities 
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Figure 2. Field operational study sites. 

Table 1. Location and description of 
field study sites. Site 

Type of Highway No. 

Two-lane, no shoulder 101 
108 
205 
208 
303 
308 

Two-lane, with shoulder 408 
409 
501 
508 
604 
606 

Four-lane, no shoulder 1002 
1009 

703 
705 
803 
906 

BFarm.to -market road . 

of the study coordinator included reading longitudi
nal distances, recording all data, and taking photo
graphs. 

When the research team arrived at a site, fea
tures that could be easily referenced (such as 
intersections, bridges, and county lines) were 
identified to mark the ends of the study section. 
Several "drive-throughs" were made to familiarize 
the team with the site and with local traffic char
acteristics and to select several intermediate 
reference points wi th in the section. An add it ional 
drive-through was us ed to videotape the s ite a nd to 
take 35-mm elides of the general roadway appearance. 
Data were collected for a 6-h period. During this 
time, the study vehicle was driven in a continuous 
circuit from one end of the section to the o t he r. A 
citizens band radio was monitored to determine 
whether the radar had been detected or observed. 
Although a few speeding drivers noticed the radar 
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L ENO 
1111m Two-Lant No Shoulde~ 

~1{;~~ Four-Lane No ~houtlfer 

Type of Curvature 

Highway County Horizontal Vertical 

US-67 Irion Mild Moderate 
US-277 Taylor Moderate Moderate 
US-276 Hunt Moderate Moderate 
TX-35 Matagorda Mild Mild 
FM-21Uu• Harns Milc.i Mlld 
US-87 Victoria Mild Mild 
TX-105 Washington Moderate Moderate 
TX-158 Glasscock Mild Mild 
US-90 Uvalde Mild Mild 
US-190 Lampassas Moderate Moderate 
TX-35 Brazoria None None 
US-77 Victoria-Refugio Mild Mild 
TX-21 Burleson-Lee Moderate Moderate 
US-290 Gillespie Severe Moderate 
US-290 Bastrop Mild Moderate 
TX-29 Burnet Severe Moderate 
US-183 Travis Mild Mild 
US-59 Cass None Moderate 

(and in s ome i ns t a nces slowed down ), the overall 
effect on average speed was neglig i ble. At the 
conclusion o f the s tudy, lane a nd s houlder widths 
were measured and recorded. Other pertinent infor
mation, s uch as s everity of curvature and apparent 
aggr ess i veness o f drive r s , was also documented. 

For each veh icle met by the s tudy t e am, type, 
speed, l ane pos i t i on, a nd long i tud i nal plac eme nt 
were manually recor ded. For platoons of veh i cles, 
t he speed a nd l ong i tud inal posit i on of the lead 
ve h i cle were r ecorded along with the number and 
c omposition of vehic Le::1 i n the pla toon , Vehicle 
classific ations used i n this study i ncl uded passen
ge r c ars , p i ckups, recreational vehicles , hrm 
vehicles , trucks , and motorcycles. These c lassifi
cati ons were mor e speci f i c t han t hose nor mally 
associated with traffic studies; however, the re
search staff anticipated that agricultural or recre
ational vehicles might be related to shoulder-use 



Transportation Research Record 855 

Figure 3. Observed shoulder use. 

characteristics, Lane position referred to whether 
the vehicle was driving on the shoulder of the 
two-lane sections or in the outside lane of the 
four-lane sections. Longitudinal placement was used 
to identify locations where use of the shoulder 
occurred. 

Study Summary 

Field data were collected at a total of 18 different 
sites ftom around the state. Three types of high
ways were studied: (al two-lane highways wi-thout 
paved shoulders, (b) two-lane highways with paved 
shoulders, and (cl undivided, four-lane highways 
without paved shoulders. The sample included two 
sites from each roadway classification except for 
classes 8 and 9. Operational characteristics of 
more than 21 000 vehicles were observed and re
corded. For each study site, the data were reduced, 
compiled, and summarized for each direction. 

In the course of the field studies, many differ
ent types of shoulder use were observed. Some of 
these are shown in Figure 3, 

study Results 

Three major factors were analyzed by using the study 
data: speed, platooning characteristics, and shoul
der use, 

Vehicle Speeds 

Average travel speeds for all vehicles, as well as 
those for trucks only, are presented in Table 2 and 
illustrated in Figure 4, From these data, several 
interesting trends can be observed, '.Even though 
speeds varied between sites, they fell into a tight 
range of 52-62 mph, Truck speeds were examined 
separately to determine any restricting characteris-
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tics they might impose. Truck speeds ranged from 50 
to 61 mph. For the most part, they are about the 
same or slightly less than the average speed on the 
roadway. Only at site 1009 was this not the case. 
The reason for this divergence is not clear 1 how
ever, this particular roadway carried much less 
traffic than any other site even though it was a 
four-lane highway. The percentage of trucks at each 
site ranged from 5 to 15 percent. Although these 
n\llllbers are higher than what might be expected for 
rural roadways, it should be noted that the defini
tion of •truck" adopted for this study included 
single-unit as well as tractor-trailer trucks, 

For two-lane roads without shoulders, the average 
speed drops from 61 mph at low volumes to 52 mph at 
high volwnes (top of Figure 4). The data appear to 
be a reasonable approximation of a linear pattern, 
showing a marked decrease in speed as volume in
creases. The average truck speed exhibits a simi
lar, although less pronounced, reduction. This 
suggests that increasing the volume on this type of 
highway will have less effect on truck speeds than 
on the speeds of other vehicles. For two-lane roads 
with paved shoulders, the average speed drops from 
61 mph at low volumes to 57 mph at high volumes 
(middle of Figure 4). Again, the average truck 
speed exhibits a similar but less pronounced reduc
tion. It should be pointed out that increasing 
volume on this type of highway will have less effect 
on average speeds than it will have on two-lane 
roads without shoulders. For the undivided, four
lane roadway (no shoulder), the average speed 
dropped from 59 mph at low volumes to 57 mph· at high 
volumes (bottom of Figure 4), I n this case, the 
reduction in average truck speed is the same. This 
suggests that increasing the volume on this type of 
highway has little effect on average vehicle speeds. 

A. direct comparison of the average speeds on the 
three types of highways is shown at the top of 
Figure 5. Increasing volumes have the most impact 
on two-lane roads without shoulders. Speeds drop 
rapidly as volllines increase on this type of highway. 
Speeds also decreased at about the same rate on 
two-lane roads with paved shoulders but only until 
the volume reached about 150 vehicles/h, Further 
reductions did not occur with increases in volume 
past this point. At volumes greater than 200 ve.hi
cles/h, the averag,e speed on the roadways with 
shoulders is about 10 percent higher than it is on 
comparable roadways without shoulders. For the 
four-lane roadways without shoulders, speed did not 
decrease with an i ncre11se in volume. conversion of 
the paved a.boulder to an additional travel lane 
appears to increase the average speed by about 5 
percen t at volumes greater than 150 ve.bicles/h, 

t,.verage travel speeds were subjected to regres
sion analysis to determine predictive equations. 
Equations l-3 produced the best fit for two-lane 
roadways without shoulders, two-lane roadways with 
shoulders, and four-lane roadways without shoulders, 
respectively: 

S = 62.2 - 0.0350 V 

S = 66.5 - 0.0718 V + 0.0001 V2 

S - 59.0 - 0.0034 V 

(1) 

(2) 

(3) 

where s is speed in miles per hour and V is volume 
in vehicles per hour. 

The measures of effectiveness (R2 and standard 
error) for Equation l are quite strong, which indi
cates that it is an excellent fit to the data. The 
equation depicts a linear relation of decreasing 
speed with increasing volume, which reinforces the 
observations for Figure 5, 
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Equation 2 was selected after extensive efforts 
to find the best fit for two-lane roadways with 
shoulders. The measures of effectiveness are much 
weaker than those for Equation l. The difficulty 
was attributable to the change in the character of 

data at volumes greater than 150 vehicles/h. Below 
that point, linear regression (similar to Equation 
1) fit quite nicely but, when all data were consid
ered, linear techniques were not appropriate. 

Equation 3 is linear with a very flat slope. A 

Table 2. Results of operational fieid studies. 

Figure 4. Average vehicle speeds on three 
types of Texas highways. 
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t-test (90 percent confidence level) indicated no 
significant difference between the designated sloped 
coefficient and a hypothetical slope of zero. This 
implies that speed on four-lane roadways without 
shoulders may be independent of traffic volume. 

Based on these observations, the following prem
ises have been formulated: 

1. The addition of full-width paved shoulders to 
two-lane roadways that carry more than 200 vehi
cles/h will increase the average speed by at least 
10 percent. 

2. The conversion of a full-width paved shoulder 
to an additional travel lane will increase average 
speed by about 5 percent on roadways ,that carry more 
than 150 vehicles/h. 

Platoon Characteristics 

Delay is experienced by motorists whose speeds are 
impeded by slower vehicles in front of them1 there
fore, the platooning characteristics of a roadway 
are an important indicator of its operational effi
ciency. Data from the field study were used to 
quant~fy two of these parameters: (a) average 
percentage of the vehicles in a platoon and (b) 
average length of the platoon. A direct comparison 
of these variables for the three types of study 
highways is shown in the middle of Figure 5. 
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As the graph on the left-hand side shows, in
creasing volumes have the most impact on the platoon 
characteristics of two-l ane roadways. During condi
tions of low traffic flow, i,oadways with and without 
shoulders act the same. At low volumes (1000-3000 
vehicles/day), the number of vehicles in a platoon 
ranged from 2 to 7 percent, at moderate volumes 
(3000-5000 vehicles/day), the range was from 12 to 
17 percent, at high volumes (5000-7000 vehicles/ 
day), more than 18 percent of the vehicles were in a 
platoon. At this point, the value of this param.eter 
on two-lane roadways with shoulders began to stabil
ize at about 20 percent even though it was still 
increasing on the two-lane roadways without shoul
ders. This reinforces the premise that operational 
benefits on two-lane roadways with shoulders are not 
noticeable until the volume reaches 200 vehioles/h. 
The percentage of vehicles platooning on four-lane 
roadways was relatively stable for the volume levels 
used in the study: Typical values were 2-4 percent. 
These observations were confirmed by a paired t-test 
(90 percent confidence level). 

The average length of each platoon on the three 
types of roadways is shown in the graph on the 
right-hand side of Figure 5 (middle). As expected, 
the average length increased with increasing volume. 
Comparatively, this increase was slight on the 
four-lane and much greater on the two-lane roadways. 
Tlle data indicate parallel trends for both types of 
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two-iane roadways and a strong degree of similarity 
with four-lane roadways. Surprisingly, the longest 
platoons occurred on the with-shoulder roadways. 
This observation was probably the result more of 
tr~ffic vo!Q~e th~n 9f roadway type. For this 
reason, average platoon length may not be a good 
measure for assessing the operational efficiency of 
the roadway. A more representative measure might be 
the percentage change in platoon length as volume 
increases. 

Shoulder use 

Although shoulder use on rura1 highways !s pt-obably 
greater in Texas than in any other sta.te, its fre
quency of occurrence has never been determined. 
Therefore, one of the pr i mary objectives of this 
entire study was to quantify this variable for the 
three roadway types. The graph at the bottom of 
Figure 5 illustrates the results of this effort. On 
the two-lane roadways without shoulders, shoulder 
use consisted primarily of vehicles stopped along
Ride the paved surface. As the lower curve shows, 
about 2-4 percent of the vehicles use the shoulder 
on this type of road. Such a low figure would be 
anticipated, since driving maneuvers are not nor
mally executed on an unpaved shoulder. On the 
two-lane roadways with shoulders, the shoulder is 
used by 5-13 percent of the vehicles. This rate 
appears to be two or more times that of the roadways 
without shoulders. On the undivided, four-lane 
roadways without shoulders, vehicles driving in the 
outside lane were considered to be using the shoul
de~. As shown by the upper curve, between 65 and 75 
percent of the vehicles use this part of the road
way. The implications of these results are dis
cussed in the following paragraphs. 

Driving patterns on two-lane roadways with shoul
ders and undivided four-lane roadways without shoul
ders are surprisingly different. Some have pre
viously held the viewpoint that wide, paved shoul
ders breed sloppy driving habits and encourage use 
of the roadway as a pseudo four-lane roadway. The 
data indicate the opposite--that Texas motorists do 
not continually drive on the shoulder but tend to 
use it only in a passing situation. In fact, at a 
given location, only about 5 percent of the traffic 
uses the shoulder at all. If these sllJlle roadways 
are converted to four lanes, motorists will drive to 
the right in the outside (shoulder) lane. This 
modification often consists of simply restriping the 
roadway. If the original shoulder is not con
structed to the same standards as the main lanes, 
the riding quality of the outside lane may be worse 
than the riding quality of the inside lane. Even 
with these conditions, drivers still retain their 
trained behavior of driving in the outside l~ne. 

Thus, motorists' driving on the two types of 
roadways is diametrically different. Only during 
two maneuvers (the passing and overtaking situation 
or a slow-vehicle movement) do the roadways operate 
in the same manner. On two-lane roadways with 
shoulders, 95 percent of the drivers position them
selves in the travel lane except when they pull onto 
the shoulder to let a faster vehicle through or to 
pass a left-turning vehicle. This leaves the paved 
shoulder available for a recovery area. On un
divided, four-lane roadways without paved shoulders, 
more than two-thirds of the drivers position their 
vehicles in the outside (shoulder) lane and leave it 
only to pass vehicles that are in that lane. For 
all practical purposes , shoulder r ecovery areas no 
longer exist. A paired t-test confirmed that shoul
der use is significantly different for poor-boy 
roadways than for the other study roads. 
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CONCLUSIONS 

Field measurements were made to quantify operational 
characteristics on three different rural highway 
types: (a) two-lane roadways without shoulders, (b) 
two-lane roadways with shoulders, and (c) undivided, 
four-lane roadways without shoulders. The results 
of these studies support several conclusions con
cerning the operational benefits attributable to the 
presence or absence of a paved shoulder9 

As traffic volume increases, the operational 
benefits derived from a full-width paved shoulder 
increase. Although these benefits are minimal at 
low and moderate volumes, they are significant at 
volumes greater than about 200 vehicles/h. At this 
point, paved shoulders appear to increase the aver
age speed on the roadway by at least 10 percent and 
limit the number of the vehicles tbat are in pla
toons to less than 20 percent. It appears that only 
about 5 percent of the total traffic actually uses 
the paved shoulder at any one location. 

Conversion of the shoulder to an additional 
travel lane offers no apparent operational benefits 
until the volume reaches about l5u veiiicl,;,a/h. vu 

higher-volume roads, this modification could be 
expected to increase the average speed by about 5 
percent and limit the number of vehicles that are in 
a platoon to less than 5 percent. Significantly, 
this conversion results in more than two-th.irds of 
the traffic using the outside (shoulder) lane. 
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Before-After Accident Analysis for Two Shoulder 
Upgrading Alternatives 
RAMEY O. ROGNESS, DANIEL B. FAMBRO, AND DANIELS. TURNER 

The Texas Stnte Department of Highwav1 and Publlc Transportation has tried 
several techniquH to improve operating conditions on rurnl two-lane highwavs. 
One common treatment has been the addition of pavad shoulders. An innova• 
tive treatment that provldu addltlonal capacity at a minimum cost has bean 
the conversion of two-lane roadwav• with full•wldth paved shoulders to un· 
divided, four•lene roadwavs without shoulders. Although both treetmentJ 
Improve traffic operations, their effect on safetv has not been fullv quantified. 
A studv was conducted to establish the consequences related to safety when-
ever these two treatments are implemented. An accident frequency comparl· 1 
ron for accident type by clan of roadway was made for the before and after 
Improvement time periods . Separate comparisons were made for both oil 
accldeilts and nonlntenectlon accidents. To supplement this analysis, a paired 
t-te-,t wu used to determine significant changes in either accident type or 
severity. The findings of the analysis are as follows: (a) Addition of full-width 
paved shoulders to a two•lane roadway is affective In reducing the total num· 
ber of accidents, lbl conversion of a paved shou lder to an additlonal travel lane 
results in fewer total accidents only if traffic volume Is greater than 3000 
vehicles/day, and (c;) the type of accident change varies with type of roadway 
and volume level . 

The Texas State Department of Righways and Public 
Transportation (TSO!IPT) has tried several techniques 
to improve operating conditions on rural two-lane 
highways. The most common of these treatments has 
been the addition of paved shoulders. An innovative 
treatment that provides additional capacity at a 
minimum cost has been the conversion of two-lane 
roadways with full-width paved shoulders into undi
vided, four-lane roadways without shoulders. This 
treatment results in what is commonly known as a 
•poor-boy" highway and entails resurfacing and 
restriping, or restriping the existing pavement. 
Increased capacity is obtained without incurring 
expenses for earthwork, drainage, intersections, and 
structures. Although both treatments improve traf
fic operations, their effect on safety has not been 
fully quantified. 

The level of safety pee formance is one of the 
major character is tics of a particular roadway. Pre
vious safety research on shoulders and shouider 
width has shown diversity in the exact relatfons 
between shoulder char act er is tics and accident expe
rience. several studies <!-11 ei thee found mixed 

results or concluded that no relation existed be
tween shoulder widths and accident rates. 

Rinde (.!) used a before-and-after techn i que to 
evaluate shoulder-widening projects on rural two
lane roads in California, Accident rates were re
duced by 29 percent for shoulder widths of from 7 to 
10 ft [average daily traffic (AOTJ > 5000). The 
reduction was statistically significant at the 95 
percent confidence level. Head-on accidents de
creased by about .50 percent, and fixed-object acci
dents decreased by 25 percent. 

Sander son ( 5 J analyzed the effect that shoulder 
width had on the accident rates of two-lane highways 
in New Brunswick, He compared data on sections 
where the major roadway and traffic characteristics 
were relatively uniform, Sites were stratified and 
grouped into class intervals by both traffic volume 
and shoulder width. His results were that accident 
rates decreased with increasing shoulder widths. 

Zegeer (61 investigated the effect of lane and 
shoulder widths on accident rates on rural two-lane 
highways in Kentucky. His stratified ana.lysis found 
that wide shoulders were associated with fewer run
off-road and opposite-direction accidents. 

Heimbach (1.l, using North Carolina data, found a 
significantly lower accident experience and accident 
severity index associated with various types of two
lane highways that had 3- to 4-ft paved shoulders 
when these were compared with counterpart unpaved 
shoulder sections. 

To determine· the effectiveness of the two treat
ments--addition of paved shoulders and conversion to 
four-lane poor boy--a study was undertaken to evalu
ate their effect on safety (!I. The analysis was 
made for rural highways. The . purpose of the analy
sis was to establish the safety-related consequences 
of adding full-width paved shoulders to a two-lane 
roadway or converting a two-lane highway with full
width paved shoulders to a four-lane poor-boy road
way, A previous paper (2-1 has described the acci
dent effects related to the presence or absence of 
paved shoulders. This paper presents a comparison 




