Vehicle Speed and Placement Survey

M.D. SHELBY and P.R. TUTT, Road Design Division, Texas Highway Department

The paper reports data obtained from three separate surveys, as follows:

1. Speed and placement by vehicle type, maneuver, and light condition
on two-lane rural highways at twelve observations sites. The sites included
lane widths from a mimmum of 11 to a maximum of 19 ft. Shoulder condi-
tions included asphalt sealed, gravel, and grass. The purpose of the study
was to obtain data to support a possible change in recommended lane width.

2. Relative placements by vehicle type, maneuver, and lLight condition
on six different width roadways of rural bridges from a minimum of 24 to a
maximum of 44 ft were obtamed. These data, plus vehicle speeds, were ob-
tained on the approach roadway to each of these six structures. All approach
pavements were 24 ft wide with sealed shoulders with fair to good color con-
trast. The purpose of this study was to obtain data to support a possible
change in recommended width of restricted roadway bridges.

3. Relative effect on traffic operation of a parked vehicle on a 6-ft wide
shoulder on a one-way 2-lane urban grade separation structure. This study
was very limited in scope, but was made 1n an effort to gain a partial an-
swer as to the effectiveness of this narrow shoulder. Speed and placement
by vehicle type, maneuver, and light condition were obtained on each of two
consecutive days. The first day was without a vehicle parked on the shoulder,
the second day with a passenger vehicle parked on the shoulder. Although
the presence of the parked vehicle had a marked effect on the traffic flow,
the two lanes of traffic could move over the structure at reasonable speeds.

Copies of the complete published reports may be obtained from the authors
or on loan from the library of the Highway Research Board.

Part 1: Two-Lane Rural Highways

@ THIS STUDY was conducted primarily to obtain facts about vehicle behavior under
various conditions on 2-lane roads as a guide to formulating future design standards.

In general the study was limited to traffic volumes that can reasonably be accommodated
on 2 lanes. The results and findings should, therefore, be applicable only to those roads
which are not overloaded.

The principal variables which can be studied on a 2-lane road are somewhat limited,
being primarily lane width, shoulder width and shoulder type. Obtaining data in suffi-
cient quantities to hold all but one feature constant while that one was studied was found
to be somewhat difficult but a fair sample was possible in each case.

By studying the speed and lateral placement of vehicles, 1t was hoped to obtain basic
data which could be applied in the design of future roads and to the maintenance and re-
design of existing roads.

Correlation of some of these data with the results of the Western Association of State
Highway Officials, Idaho Road Test makes possible certain structural design criteria
while correlation with known accident data allows the development of safety standards.
The application of placement in the development of safety standards 1s in lieu of ade-
quate accident records, but since these are not now available, and since it is possible
to associate placement data with the available accident records, it is felt that a reason-
able standard can be achieved.
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METHODS

The equipment used in obtaining the field data consisted of combination speed-meters
and transverse placement detectors. (l) This equipment was furnished and operated by
the U.S. Bureau of Public Roads (Fig. 1).

The speed-meters were operated by use of pneumatic detectors that actuated a timing
device which in turn recorded the speed of the vehicle on a moving paper tape. The speed
was recorded by groups and for this survey there were twenty-five groups with the upper
and lower limits being open classifications.

An electro-mechanical tape which actuated a recording device was used to record the
transverse placement. This tape was separated so that most vehicles actuated only two
pins on the recorder thus giving an accurate location of the vehicle.

Figure 1. View of lateral placement and speed tapes with recording truck in the
background.

The moving paper tapes used for recording were timed so that they moved past the
pins at a constant rate. This made possible the classification of maneuvers by time
spacing and also the matching of speed and placement for each vehicle. Manual notes
were made on the paper tape for vehicles other than passenger cars and for the pass-
ing maneuver.

The truck containing the recording equipment was located well away from the road
site and was hidden from view to as great an extent as was possible to avoid influencing
driver behavior. The data were hand coded and transferred to punched cards for ma-
chine tabulation.

LOCATION AND DESCRIPTION OF SITES

The study was conducted primarily in the Austin area. Some data from a study which
dealt primarily with bridges were also included (Sites 50-A and 52-A). The locations
of the study sites are shown in Figures 2 and 3. The locations were selected on the
basis of providing data which would be uninfluenced by any but the factors under study.
The sites were located on long tangents and at spots where no outside influence which
might affect traffic behavior would be present. The ideal was not always achieved but
in the majority of cases, the external influence was slight. Table 1 gives pertinent
data for each site. Traffic volumes, except for Site 2, are within the normal range for
2-lane roads. The number of examples for each condition was smaller than desirable
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TABLE 1
CHARACTERISTICS OF ROADWAY AND TRAFFIC AT OBSERVATION STATIONS 1-12, 50-A AND 52-A
Obgervation Station No 1 I 2 3 4 5 6 T r 8 1] 10 i1} 12 50-A 52-A
Lane Wadth (ft) 115 20 170 120 130 150 110 135 141 151 100 191 120 120
Shoulder Width {ft) 90 80 30 60 50 40 40 35 49 30 70 00 80 30
Type of Shoulder Sealed IGravel ISealed |Gravel Gravel (Gravel (Grass (Grass Grass |Gravel |Sealed Sealed Bealed
c%mmr and C ! if‘ C ; C | ContrastingContrasting
‘Total Vehicles Counted 2,270 4,298 2,630 2,593 'l,OM 667 957 1,329 1,076 2,219 621 !2, 421 2,031 1,148
Percent Passenger Cars 88 7 mae 891 89 8 I 831 681 820 807 743 ' 8586 78 I 85 1 ; 822 83
Percent Trucks B4 |, 201 84 88 143 24 4 l 16 8 148 18 4 1m2 195 1238 15 7 17 4
Percent Buses 05 (X} (X4 os | o8 24 s ' 12 ' 12 08 | 11 0 o1 22
Percent Others 24 21 18 L] } 18 51 16 ' 33 21 24 28 20 14 21
Night Vehicles Counted 453 1,141 585 426 340 19 119 178 181 402 17 475 224 185
Percent Passmger Cars 8117 847 88 5 ! 858 ' 85 s 65 ats ' 09 702 88 8 641 a6 8 76 %9
Percent Trucks 105 N9 94 ) 35 123 204 185 163 20 82 308 131 19 8 200
Percent Buses 09 10 14 [ 07 18 17 | [N ] 06 11 o8 17 04 09 10
Percent Othera 09 14 | ot ' 00 o6 34 | [ 22 a7 ! 12 34 o8 : [} 21
1955 Average Daily Traffic|2, 320 Es,mo 3,720 2,880 2,140 '1,330 |l,llo 1,450 1,290 2,000 1,285 2,830 3,290 1,800
County Travia IGithasp: Lee Lee Lee ‘Wilhamson Mason Travie Bexar ‘Guadalupe
Highway No us 78 us a IUS“ us 8 us 1 IU! 87T wUs M us 7 us M :US 183 S 87 US 183 US 181 BH 123
Control and Section 204-2 il.’l—’ I!ﬂ‘-a ;-’Illlilcll |2M-4 71-8 _hu-a 211-4 211-4 151-5 1-5 ‘lil-l 100-2 368-2
Loeation 53miW 1lmiN 33miwW L’mlN l1omiE 16msS 62mN S0mN :llnlN 97Tms 6ouN 17mS 05m I:llnn!
ofSHO oUST SHO ofUS183 of FM bf F M }){!HII US 290|of F M of F M CGillespieof SH 71 NW of ofHaysC L
i"‘ | 1331 jpee ! |"‘ Ixm 1328 L | Wilson € L

but the correlation of the data worked out well for the major factors studied. Complete
data for each site condition have been published by the Road Design Division, Texas
Highway Department (2).

STUDIES MADE
Speed

Speed studies were made at each of the sites and the data were plotted as a cumula-
tive speed curve, showing the 85 percentile speed for passenger cars and trucks. All
speeds fell within the normal range for the conditions studied. The 85 percentile speed
for passenger cars ranged from 59 to 69 mph and from 45 to 59 mph for trucks. There
does not appear to be a significant correlation between speed and the factors studied.

Lateral Placement

Bar charts showing vehicle placements for free-moving and meeting passenger cars
and trucks were prepared for both day and night conditions. These charts showed the
average placement for each condition and the percent of vehicles encroaching on the
shoulder and across the centerline of the road and provided most of the basic data which

were used in developing the average placement relationships and from which the con-
clusions were drawn (2).
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In plotting the average placement against various width factors such as centerline of
road, edge of lane, and edge of shoulder, it was found that the best correlation resulted
when the distance from the center of the vehicle to the outer edge of the lane was plotted
against lane width. This was somewhat contrary to expectations, and it is concluded
that the driver is influenced more in selecting his lateral position by the edge of the lane
than he is by the centerline of the road.

Shoulder Width and Type

Several attempts were made to correlate placement to shoulder width without
success. Since this study did not include any shoulders less than 3 ft in width,
shoulders 3 ft wide or wider do not affect placement. There is undoubtedly some
width of shoulders, less than 3 ft, that would have a definite effect on vehicle
placement, but it was not within the scope of this study to determine that exact
width. The type of shoulder has a very definite effect on the lateral placement of vehi-
cles. This is illustrated in Figure 4 which is a series of curves averaged from the data.
The relationship between vehicle placements for free-moving-daylight conditions, which
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are the most representative, for the various types of shoulder, is shown. As the type
of shoulder is improved, tratfic drives closer to it. Gravel shoulders encourage traffic
to travel closer to the edge than do grass, and surfaced shoulders have an even greater
effect. All placements for grass shoulders lie closer to the centerline of the road than
to the edge. A vehicle is centered in an 11-ft lane with gravel shoulders and is centered
in a 13-ft lane with a surfaced shoulder.

~ Lane Width

The relationship between lane width and vehicle placement is shown in Figures 5, 6,
and 7. These are average curves taken from the original plottings (2). The figures

e

PLACEMENT~ (!ll

AVERAGE DAILY TRAFFIC
{hundreds)

VEHICLES- Fras-Moving Passenger Cars in Doylight
PLACEMENT=Conter of Vehucle to § of Highwey

Figure 11.

show, by the shape of the data lines, that as the pavement is widened the vehicles move
out, but for each foot added to the lane, vehicles move an average of 3 in. from the
centerline and 9 in. from the edge of the pavement or 1n a ratio of about 1 to 3. All in-
dications are that no matter how much the pavement is widened, the vehicles would con-
tinue to move out, staying somewhere near the center of the lane. This can undoubtedly
be carried too far both economically and from a safety standpoint. Figure 8 shows the
accident rates® for 2-lane pavements of various widths. The rates indicate a definite
decrease up to a 23-ft pavement. Between 23 and 29 ft, they are somewhat erratic and
start back up for pavement wider than 29 ft. This would indicate that the safest lane
width is somewhere between 11.5 and 14.5 ft. None of these factors is conclusive in
itself, but together they make a rather strong case for a 13-ft lane with 8-ft surfaced
shoulders. Figure 9 shows the typical placement range for this type pavement. Ade-
quate clearance between meeting vehicles is provided for both passenger cars and trucks;

'Rates were compiled by the Traffic Engineering Section of the Division of Maintenance
Operations and included all 2-lane roads in Texas for 1955.
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the lane wadth falls in that range found to have the lowest accident rate and the vehicles
tend to center themselves 1n the lane, thereby making full use of the available facility.

If surfaced shoulders are to function as a shoulder and are not to be considered by
the motorist as a part of a very wide lane, a good contrast of color and width should
be maintained between the shoulder and the lane. The surfaced shoulder should also
have sufficient slope to render it uncomfortable to use as a driving lane but still safe
for emergency use. It is believed that a slope of % in. per ft would accomplish this
result.

Encroachment Across Centerline and on Shoulder

Considerable encroachment on both the shoulder and across the centerline was found.
The percentage at the various sites is shown in Figure 10. Several attempts were made
to correlate this data, but no consistent relationship was found. Several things are
evident from the figures. Encroachment by meeting vehicles on both the shoulder and
across the centerline is less than that for free-moving vehicles and is less at night than
in the daylight. This could probably be taken to indicate that drivers are more alert
when meeting and are consciously placing their vehicle in the lane. Figures 5, 6, and
7 show that meeting vehicles drive on an average 1 ft closer to the edge than do non-
meeting vehicles.

The percentage of encroachment on the shoulder was considerably higher where
shoulders were surfaced. This is to be expected, especially since some of the surfaced
shoulders studied did not contrast greatly with the pavement on the travel lane, and
drivers could see little reason for not driving on them when it suited their purpose.
Figure 11 shows the average placement for free-moving passenger cars for each of the
sites studied plotted against traffic volume. It indicates a definite trend to a placement
nearer the edge of the pavement as volume increases. This was true regardless of
lane width, shoulder width, and shoulder type.

Encroachment can undoubtedly be reduced by making the shoulder less attractive to
drive on by providing distinct contrast in both color and texture; however, from Figure
11, it seems probable that an overloaded condition on the road will result in encroach-
ment regardless of the contrast and that 4-lane operation will nearly always result where
the shoulder is surfaced and traffic volumes are great enough that they cannot be effi-
ciently accommodated on a 2-lane road.

Trucks

A considerable number of trucks were included in the study (Table 1). These data
were somewhat more erratic than for passenger cars, but the general trend was very
similar to that for passenger cars. Trucks appeared to drive a little closer to the edge
of the pavement, especially on extra wide pavements, probably because they try to
stay out of the way of faster moving vehicles.

SUMMARY

1. Speed was apparently not a factor in the elements studied.

2. Drivers are apparently influenced in their lateral placement more by the edge of
the pavement than they are by the centerline of the road.

3. Should width of 3 ft or more did not appear to affect the lateral placement of
vehicles.

4. The type of shoulder had a definite effect on the lateral placement of vehicles.
The higher the quality of construction, the closer to the shoulder traffic will drive.

5. Lateral placement appears to be a function of lane width. As lane width increase
traffic moves farther from the centerline but in a ratio of about 3 to 1. For every foot
of widening, the average placement moved 3 in. from the centerline and 9 in. from the
edge of the lane.

6. Vehicle encroachment across the centerline and on the shoulder is a definite
problem. Encroachment on surfaced shoulders can be reduced considerably by provid-
ing good contrast between the pavement and the shoulder, but even this will not pre-
vent encroachment if the road is overloaded.
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7. Trucks behaved about the same as passenger cars. Their over-all average place-
ment was a little closer to the edge of the pavement but with their greater width there
was slightly less clearance to the centerline.

8. Encroachment on surfaced shoulders by trucks was very evident. This is prob-
ably brought about by a desire on the part of truckers to not obstruct traffic. They seem
to drive on the shoulder so that faster passenger cars can get by them. This might be
combatted by an informational campaign and by designing the shoulder so it does not
appear to be a traffic lane.

9. There was not enough data on passing maneuvers to arrive at any definite con-
~ clusions in this study. Speed curves are therefore not included in this report.

| Part 2: Two-Lane Rural Bridges

| The general objective of this study was to determine the effect of the width of 2-lane
- roadway bridges on the lateral placement of vehicles as compared with the lateral
placement on a 2-lane road. The lateral placement near the end and near the middle
of a long bridge was also measured to determine whether or not the vehicles moved lat-
erally while driving across a long bridge.
It was hoped through this study of traffic behavior to find some indication as to what
the proper width for 2-lane roadway bridges should be.

Figure 12. View of bridge showing tape for measuring lateral placement.

METHOD OF STUDY

The method of study was the same as that described previously, but with some
additions.

Vehicles were classified into 10 types but samples in some types were small and
operating characteristics were similar. For analysis only two classifications were
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Figure 13. Road and bridge site locations.

used. One included passenger cars and pick-ups, and the other included buses and all
trucks.
In addition to the meeting and free-moving maneuvers, the data were recorded for

passing and trailing and all combinations thereof, but samples in these categories were
small for analysis.

The following classifications of vehicle maneuvers were made:

Free-moving - Over 7.2 sec to nearest vehicle both directions.

Trailing - Less than 3.6 sec to next vehicle ahead traveling same direction,
and over 7.2 sec to next vehicle ahead traveling opposite direction.

Meeting - Less than 3.6 sec to next vehicle ahead traveling opposite directios

Passing - 1.8 sec or less behind or ahead of car being passed.

Being Passed - 1.8 sec or less behind or ahead of car passing.

All others.
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TABLE 2
CHARACTERISTICS OF ROADWAY AND BRIDGES AT SITES 50-A TEROUGH 56-B

Site No 50-A 50-B S1-A 51-B 52-A 52-B 53-A 63-B S4-A 84-B 65-A 55-B
Bridge Bridge Bridge Bridge Bridge Bridge
Bridge Width (ft) 120 130 130 140 150 20
Bridge Length (ft) 360 0 860 0 860 0 201 § 200 0 156 0
Lane Width (ft) 120 120 120 120 120 120
ghoulder Width (ft) 8o 30 30 80 80 10 0
Shoulder Contrast (ALl Sealed) | Good Fair Fair Good Fair Good
Total Vehicles Counted 2,031 i1, 774 1,071 1,103 1,148 1,144 5087 , 318 p,556 2,873 2, 630 2,161
Percent Passenger Cars 822 8317 %3 2 .3 %t 808 83 4 841 85 17 m1 803
Percent Trucks 15 7 1417 161 185 174 187 18 6 15 7 142 125 208 182
Percent Buses o1 06 13 14 22 22 05 04 ¢4 04 o8 08
Percent Others 14 10 33 29 21 20 03 05 13 14 13 08
Night Velucles Counted 224 222 153 170 185 201 140 104 16 601 414 430
Percent Pasgenger Cars 38 7 8 69 9 s %9 71 90 7 838 817 a7 676 0 2
Percent Trucks 198 198 248 235 200 199 886 62 108 136 30 7 28 6
Percent Buses o9 05 20 24 10 10 oo 00 02 03 [} 05
Percent Others 09 09 33 23 21 20 017 [ 05 05 10 017
1855 Average Daily Traffic 3,290 18,200 L, 840 1,840 t,840 1,840 , 350 » 360 B, 830 3,830 14,500 4,500
County Bexar Bexar Bexar Bexar Guadalupe | Guadalupe | Bexar Bexar
Highway No Us 181 Us 181 SH 123 SH 123 SH 123 SH 123 SH 348 SH 346 US 80 Us 80 uUs 28l Usasl
Control and Section 100-2 100-2 368-2 366-2 366-2 368-2 613-1 613-1 29-2 28-2 73-2 13-2
Location Approx 850" |4 miNWof [1 4mi8S [40mS oft 4miS 40mis Approx 1m4 B m N off BmuWof/| 20mEof] 3miSoff] 7T8m$S
NW of Bridge| Wilson C L of Bridge | Hays C L | of Bridge | of Hays C 'S of Bridge| Atascosa | Bridge 8H 123 | Bridge of Loop 13
50-B 51-B 52-B ISS-B cL 54-B 55-B

Figure 1. Typical bridge showing fixed and variable conditions.

DESCRIPTION OF SITES

The study was conducted on bridges in Highway Department District 15 with head-
quarters at San Antonio. The locations of the study sites are shown in Figure 13 and a
tabulation of data for each of the sites is shown in Table 2. In each case, the location
on the bridge is designated with a B, and the road site near the bridge is designated with

~an A. Complete data for each site have been published previously (7).

As far as possible, all of the bridges studied were similar in appearance as far as
the driver was concerned. Rail and curb designs were substantially the same. The
bridges varied in length from 156 ft to 360 ft plus the 960 ft bridge.

To make the bridge placement measurements valid, it was felt that the design of the
roadway on either side of the bridges should be held constant (Fig. 14). The roadway
in each case consisted of two 12-ft lanes with surfaced shoulders. At three of the six
sites studied, the road shoulders were 8 ft wide, at sites 51 and 52 the shoulders were

- 3 ft wide, and at site 55 they were 10 ft wide. It was determined previously that shoul-

ders 3 ft wide and wider did not affect the lateral placement of vehicles; therefore, 1t
was felt that the inclusion of these sites was valid. Sites 51 and 55 were,however, elimi-
nated from the final analysis for other reasons. The roadway locations at sites 51
and 52, because they were actually at the same place, could not be considered as two

" locations in a statistical analysis. These were made in conjunction with the bridge

sites near the middle and near the end of this 960-ft bridge. Site 51 was therefore
omitted.

Site 55 was located on a highway carrying 4,500 vehicles per day, which would require
a 4-lane facility by highway department standards and it was felt that vehicle placement
measurements under these conditions would not be comparable to those at the other
sites, particularly since there is a farily definite relationship between volume and lat-
eral placement. Rain during a part of the study at this site probably also had some in-
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fluence on the data. Another factor at site 55 making the data here somewhat doubtful
was the fact that the pavement was flared to the width of the bridge for about 200 ft on
either side of the bridge.

Four sites were included 1n the actual analysis, each having comparable character-
istics. Bridge lane widths measured from the centerline of the bridge to the edge of
the traveled surface were 12 ft, 13 ft, 14 ft, and 15 ft. The analysis is then actually
based on the following sites:

Site 50 bridge lane width 12 ft;
Site 52 bridge lane width 13 ft; ‘
Site 53 bridge lane width 14 ft; 1
Site 54 bridge lane width 15 ft.

Sites 51 and 52 which were on the same bridge were to determine whether or not a con- .
sistent placement existed over the length of a long bridge. This bridge was 960 ft long.
Site 51 was near the middle of the bridge and Site 52 was near the end. No significant
difference in the placement was found. |

DISCUSSION AND ANALYSIS

Speed

Speed studies were made at each of the road sites. Speeds were not measured on the
bridges. Cumulative speed curves showi g the 85 percentile speed at each of the road
sites were plotted (7). There does not apear to be a significant correlation between
speed and the factors studied.

Lateral Placement

Lateral placement of vehicles was me: sured at each of the sites, both on the road
and on the bridges. The studies on the road were made far enough from the bridges so
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Figure 15. Placement of vehicles on bridges vs. bridge lane width.



that the bridge did not influence placement. TABLE 3
The minimum distance from the road site BRIDGE LANE WIDTHS

' to the bridge was 850 ft.
The basic data from which the conclu- FOR VARIOUS CONDITIONS

sions were extracted were a series of bar Passenger
' charts representing the vehicle placements Cars Trucks
at the sites (7). Free-Moving - Daylight 18.48  19.50

In attempting to relate placement data Free—Moving _ Nightg 28.80 17.68
to a basis for the determination of a bridge Meeting - Daylight 20.60 23.25
width several approaches were tried. Meeting - Night 23.860 15.75
Walker (§) developed a formula by which .
he computed a bridge width. It consisted Average Daylight 20.45
of the sum of the following three items: Average gllghtt gé ‘:g

A e in, .
1. "The distance of the left wheel to A::::Ee T:t(;ll g 20.95

the right of the centerline for vehicles

meeting on the tangent section, which is

equivalent to one-half the clearance between the left wheels of vehicles when meeting. "
2. '"The distance freely moving vehicles preferred to allow between their right

'wheels and the curb or parapet of the bridge."

3. "The tread width of the average car, or approximately 5 feet."

’ In attempting to apply this formula, it was found that item 2 was not a consistent
figure but varied with the width of bridge. For this reason, this approach did not seem
applicable.

It was thought, however, that a bridge width which would encourage a vehicle to
maintain the same lateral position on the bridge that it occupied on the road would re-
sult in the safest operation — that least likely to result in accidents. This would mean
that the driver would be only slightly aware of the presence of a bridge and would not
feel that it was necessary to take any action because of the bridge.

In order to establish what this bridge width would be, it was first necessary to es-
tablish the average position of vehicles on the road for the various light conditions and
maneuvers which could not be kept constant. These averages are represented by the
horizontal lines in Figure 15. They were derived by averaging the placement figures
for the road sites near the bridges. They do not agree exactly with the results of Part
1, but are within reasonable range. These placement figures were measured to the
centerline of the road or bridge.

Vehicle placement figures for the various bridges were also plotted on Figure 15.
The plotting of these data with reference to the centerline of the bridge produces a line
which when extended intersects the horizontal or average road placement line. This
point of intersection then represents the width of bridge lane necessary for the average
vehicle to pass over it without altering its lateral placement with respect to the center-
line. These mtersection points vary for the different conditions. Based on this ap-
proach to bridge width determination, Table 3 shows the widths required for the various
conditions. However, these widths were derivedfromdataon 12- to 15-ft bridge lanes.
It is possible that rather than a straight line, as assumed in Figure 15, the bridge place-
ment data would curve up and intersect the road placement line at some lesser bridge
width. Absence of data on bridge lane widths wider than 15 ft places some doubt on how
the bridge placement data would behave in this area. Studies on wider bridges would
tie the placement down more accurately but in the absence of this information, it was
thought that the straight line expansion of the known data was reasonable.

The required widths vary from a low of 15.75 ft for trucks meeting at night to a high
of 28.80 ft for free-moving cars at mght. The average bridge lane width for all of the
conditions was 20. 95 ft.

It might be considered proper in a situation of this kind to design for the extreme
condition which would mean a bridge lane width of 28. 80 ft or a total bridge width of
57.60 ft. However, the 28.80 lane is for free-moving cars at night. Free-moving
trucks at night require a width of only 17.68 ft indicating that the passenger car drivers
are probably allowing an unnecessarily large clearance to the bridge headwall.
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Meeting vehicles probably represent the most realistic condition on which to base a
conclusion. It 1s somewhat surprising that this does not call for the widest bridge. It
does seem signmificant, however, that all of the various averages shown in Table 3 are
1n the vicinity of 20 ft.

Figure 15 also shows the placement of vehicles to the bridge headwall and how 1t
varies with the width of the bridge. The lines representing the placement distance to
the bridge headwall are much steeper than those representing the placement to the
centerline, with the ratio between the two being as great as 19 to 1 for free-moving
passenger cars at night. The least ratio is 1 to 1 for meeting trucks at night, and the
average is approximately 6 to 1.

The use of placement data as a basis for determining bridge widths is at best a sub-
stitute for adequate accident data. It can be considered indicative of desirable condi-
tions, however, and in the absence of a sufficiently long and detailed accident survey,
it appears to be the most reasonable basis available for studying bridge widths.

CONCLUSIONS

The conclusions are somewhat general and lend themselves to discussion rather than
numerical listing. The purpose of the study was to determine the effect of bridge width
on traffic behavior. It was established that the bridge width has a definite influence on
lateral placement of vehicles. It was not possible to arrive at a definite recommenda-
tion for widths of 2-lane highway bridges but the data do indicate that a bridge lane
width 2 ft wider than the road lane adjacent to the bridge causes the average driver to
deviate considerably from the lateral position he assumes on the roadway.

It appears that the average driver needs a bridge lane width of about 20 ft in order to
cross the bridge with httle or no deviation in lateral position from that assumed on the
approach roadway. Negligible difference was found in the lateral placement measured
near the middle of a 960-ft bridge and near the end of the same bridge.

Part 3: Freeway Bridge

The purpose of this study was to determine the effect on traffic behavior of a vehicle
stopped on the 6-ft shoulder of a 2-lane one-way freeway overpass. In the course of
the study, however, it became evident that the data being collected were adaptable to
further analysis dealing with the general operating characteristics of traffic. The speed
and lateral placement of vehicles under various traffic volume conditions are indicative
of the adequacy of the design with respect to horizontal clearances, lane width, and
shoulder width.

The conditions without and with vehicle on 6-ft emergency shoulder are shown in
Figures 16 and 17.

CLASSIFICATIONS

The following classifications of vehicle maneuvers were made:

Passing - 1.8 sec or less behind or ahead of car being passed. Passing ve-
hicles are always 1n the left lane.

Being Passed - 1.8 sec or less behind or ahead of car passing. Being-passed ve-
hicles are always in the right lane.

Non-Passing - Includes all vehicles in either lane not included in the two classifica-
tions above.

LOCATION AND DESCRIPTION OF SITE

The study was conducted on the westbound lanes of State Highway 550 Freeway Bridge
crossing over Camp Bowie Boulevard in Fort Worth. The over-all site is shown in
Figure 18. The location of the study is shown in Figure 19.

The freeway bridge roadway is 24 ft wide with standard guardrail, plus a 6-ft emer-
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Figure 16, Site 25 — shoulder clear,

at the point of the study is on a 2 deg curve to the right.
The freeway at this point carries a considerable amount of traffic bound for the
Convair Aircraft Plant and Carswell Air Force Base, which causes a high peak interval
 for a relatively short duration. The average daily traffic at this point for the one -way
~ 2-lane bridge is 15,760 vehicles, while the highest hour studied was 1, 414 vehicles.
A 5-min volume counted during the peak interval, which lasted about 20 min, resulted
in an hourly volume of 2, 484 vehicles when expanded.

|
]
- gency shoulder on the right and a 3',-ft shoulder on the left (Fig. 20). The roadway
\
i

| DISCUSSION

The study was conducted from 7:00 a.m. to 12:00 midnight on March 19, 1956 and
March 20, 1956. On the first day the 6-ft shoulder was clear (Fig. 16). On the second

Figure 17. Site 26 — Passenger car parked on partial shoulder with nooa raised,
simulating disabled vehicle.
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TABLE 4
AVERAGE HOURLY TRAFFIC VOLUMES
ME [ PASSENGER VERICLES | COMMERCIAL VEHICLES] TOTAL _VEHICLES Iy rorce nouRLy)
TIME CONDITION SITE NO. | LANE | | LANE 2 | LANE | |[LANE 2 [LaNe | [LANE 2 rarFic voLUME]
. 25 1440 1032 = — 1440 1032 2472
745 AM | oo evom 26 1308 176 - - 1308 176 2484
Staacs M| aveEraGE 1374 1104 = - 1374 1104 2478
25 892 501 21 - 913 501 1414
7108 AM. | PEAK HOUR 26 827 494 1o | 846 495 1341
AVERAGE 860 497 20 I 880 498 1378
25 418 120 6 = 424 120 544
2106 PM. | MID-PEAK 26 363 158 8 I 371 159 530
AVERAGE 390 139 7 | 397 140 537
25 188 19 10 L 198 19 217
:’:OM%'::PM NORMAL 26 153 4 10 - 163 al | 204
AVERAGE 170 30 10 = 180 30 210
25 152 16 = — 152 16 168
710 1159 PM. | NIGHT 26 18 39 = = 18 39 157
AVERAGE 135 28 - = 135 28 163
ALL FIGURES ARE HOURLY AVERAGES FOR THE TIMES INDICATED.
LANE | - RIGHT LANE OR SHOULDER LANE SITES 25 8 26 ARE THE SAME LOCATION

LANE 2 - LEFT LANE OR MEDIAN LANE

raised (Fig. 17).

SITE 25 - SHOULDER CLEAR
SITE 26 - VEHICLE ON SHOULDER

day a car, supposedly a disabled vehicle, was stopped on the shoulder with the hood

placement were studied under both of these conditions.
Because of the similarity of volumes during parts of the time period studied, certai

There was no one visible around the parked car.

Speed

and lateral
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of the hours were grouped together for analysis. This grouping and the averages re-
sulting from the combination of hours are si.cwn in Table 4. For certain figures the
data for the peak 5-min period were extracted but the majority include one or more full
hours. This 5-min extraction was made to show the operation at near capacity conditio

The number of commercial vehicles observed in this study was too small for accura
analysis, and so it has been omitted from all computations except Table 4.

2
|
s & - a - a & A s . A A 4 &4 4 A & 4 4
caa :.h‘-..n‘n‘!.‘Agg 2y o 4 & 4
I
120' ] 120"
I
LANE 2 LANE |

Figure 20, Cross-section of freeway bridge.

Speed l

Cumulative speed curves and the 85 percentile speeds for the various volume condi-
tions and vehicle maneuvers were arranged so that comparisons could be made between
the two shoulder conditions. The general effect of the parked car seems to have been tc
reduce speeds. It was also evident that speeds were lower in the right lane than they |
were in the left lane (9). ‘

Speed Volume

Figure 21 shows the average speed plotted in relation to the hourly traffic volumes
for the two shoulder conditions. Speeds in Lane 1, the right lane, are less than they
are in Lane 2. This difference seems to be increased by the presence of the vehicle on
the shoulder, as volumes increase. This increased influence is more pronounced for
passing and being passed vehicles than for non-passing vehicles, which indicates that a
car in the right lane decreases its speed when it is "sandwiched" between a car on the
shoulder and a car in the left lane. The effect on speeds by the vehicle on the shoulder
is somewhat similar for both lanes for lower volumes, but as volumes increase, the
effect on the left lane decreases.

There is a general convering of the speeds at the peak hour, with vehicles in the left
lane traveling at a speed of about 50 mph and those in the right lane at about 41 mph.
Speeds in the left lane continue to be fairly constant through the peak 5-min volume;
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speeds in the right lane tend to decrease and show a wider variation between passing
nd non-passing vehicles.

Lateral Placement

The lateral placement of the vehicles is shown in Figures 23A and 23B. The distri-
tion of vehicles within the lanes and the percentage are shown by the height of the bars.
Each lane 1s plotted separately so that the percentages in each lane will add up to 100
ercent. Volumes are not the same in each lane. Figure 22 shows the lane volume
distribution for the various volumes studied. The percentage of the traffic in the right
lane decreases steadily as the total volume increases. The effect of the car on the
shoulder was to increase the percentage of vehicles in the left lane at all volume condi-
tions, indicating that regardless of the volume some vehicles moved from the right lane
the left lane because of the vehicle on the shoulder.

This movement became less pronounced as volumes increased, partly because it be-
came more difficult to find a gap in the left lane to move into, and partly because ve-
hicles traveling in a more dense stream of traffic did not become aware of the vehicle
on the shoulder until after it was too late to take any action.
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Figure 22. Percent of vehicles in lanes 1 & 2 vs, volume.

Figures 24A and 24B show vehicle placement plotted against traffic volumes and in-
dicate the most conclusive effect of the car on the shoulder. The effect of the vehicle
is particularly pronounced in the right lane and at lower volumes. As volumes increase,
the effect of the stopped vehicle decreases. For all conditions as volumes increase the
7 ehicle placement moves closer to the center of the lane, and also, for all conditions,
 he average placement for both the left and right lane lies closer to the center of the lane
 han to the outer edge of the pavement.

The shape of the curve for the non-passing vehicles in the left lane with the car on
the shoulder indicates that, at lower volumes, vehicles were moving from the right lane
o the left lane to allow a greater lateral distance to the stopped vehicle. This sub-
stantiates Figure 22, which shows a greater percentage of vehicles in the left lane when
the car was stopped on the shoulder.

CONC LUSIONS

The vehicle stopped on the 6-ft shoulder did have an effect on traffic, but as traffic
- olumes increased the effect decreased. Differences in behavior in both speed and
lateral placement were detected, with the lateral placement being most noticeably
affected.
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Figure 23A., Lateral placement of vehicles by lane - Site 26 (with vehicle).
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Figure 24A. Placement of vehicles on two-lane freeway bridge in relation to traffic

volume with disabled vehicle on six-ft emergency shoulder.
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Placement of vehicles on two-lane freeway bridge in relation to traf

volume without disabled vehicle on six-ft emergency shoulder,

Figure 2)B.
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The presence of the vehicle, although it had an influence on traffic, did not seriousl
decrease the capacity or noticeably impair the safety of the facility which would indi-
cate that a 6-ft emergency shoulder can accommodate a single stalled vehicle without
seriously affecting traffic operation.

The application of the data collected in this study to general freeway operating
characteristics 1s necessarily tied 1n with the association of these data with those col-
lected at other locations. For this reason, no conclusions have been drawn on this
phase of the study. However, the data have been presented in full.

Conditions existing during this study which should be considered in the application
of these results are as follows:

1. There was no one visible around the disabled vehicle during the time of the studs

2. The disabled vehicle was stopped so close to the bridge rail that it was impos-
sible to open the right door; and |

3. The percentage of trucks at this particular location was small, amounting to |
less than one percent of the vehicles during the peak hour. |
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