Small-Car Speeds and Spacings
On Urban Expressways

WILLIAM D. WHITBY, Traffic Operations Research Division, U.S. Bureau of Public
Roads, Washington, D. C.

*THE Traffic Operations Research Division of the Bureau of Public Roads undertook
studies 1n April and May 1960 to provide general data on small-car speeds and their
effect on highway capacity. The studies were limited in scope and were intended as a
pilot study to aid 1n determining the need for, and the areas of, further investigations
of small-car behavior.

The objectives parallel those of the Michigan study, however, the methods of obtain-
ing and analyzing the data differ. Four locations were selected in the Washington met-
ropolitan area on four-lane divided facilities of expressway-type design. Three loca-
tions were on near-level tangent sections, the fourth location was on a grade. The
character and composition of traffic is different for each of the locations. Data for
these locations were obtained using the Bureau's traffic analyzer (1) to obtain spot
speeds and time spacings. The traffic analyzer automatically records on adding ma-
chine tape the speed and precise time of day each vehicle passes the poimnt of observa-
tion. Vehicle speed 1s recorded as travel time 1n hundredths of a second over the
known distance between speed detectors and the time of day is continuously measured
in increments of 0.0001 hour. Vehicle classification 1s observed manually and the
vehicle code entered on the adding machine to be printed with the automatic recording.

Table 1 gives the volume range and composition of traffic at the study locations.

The total sample obtained for each of three locations was 7,000, 6,500, and 3, 200
vehicles, respectively. The combined percentage of foreign and compact cars 1n the
traffic stream was appreciably higher than for the Michigan studies—12 percent as
compared to 5 percent.

Study location 1 was on the Washington-Baltimore Parkway at the District of Colum-
bia line. This is a primary inter-urban route which also serves commuter traffic
during the peak periods. In this area the posted speed limit 1s 45 mph and because
this is a National parkway, truck traffic is prohibited. The parkway was completed
about 1955.

Study location 2 was on the Shirley Highway between Ridge and Glebe Roads in Ar-
lington County, Va. This is a primary through route serving commuter traffic during
the peak periods. In the study area the posted speed limit is 50 mph for passenger
cars and 45 mph for trucks. This facility was built during World War II and is now
designated as an Interstate route.

Study location 3 was on the Mt. Vernon Memorial Highway between the entrances to
Washington National Airport. The parkway is a major arterial link between Washington,
D.C., and Alexandria, Va., and carries commuter traffic during the peak periods. The
posted speed limit at the study location is 40 mph, and because this is a National park-
way, truck traffic is prohibited. The parkway was constructed prior to 1940,

A fourth location was selected on the Suitland Parkway, east of Alabama Avenue,
to determine the effect of grade. The study location was on a 5 percent grade approx-
imately 1, 500 ft in length. Stations were set up at the bottom of the grade, at the be-
ginning of the vertical curve near the crest of the grade, and at a point midway between
these two. Stations were operated inpairs for 12 min of a 15-minperiod and alternated to
provide study of all stations equally during the study period. It was necessary to alternate be-
tween pairs of stations, due to the fact that the traffic analyzer only has capacity to
handle a maximum of four lanes at a time. This parkway serves as an arterial between
Washington and government installations in Prince Georges County and also serves
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TABLE 1
VOLUME RANGE AND COMPOSITION TRAFFIC!

Traffic
Traffic Date of Test Vol Small Cars
Location Flow (1960) Lane Range® Total Standard Compact Foreign Combined
(no ) ()] (63 (] (L]
Wash -Balt Pkwy North- Apr 25 1 600-1,550 3,831 90 3 4.2 46 88
bound
2 340-1,510 3,206 88 5 48 50 98
1+2 940-2,990 7,037 89 5 4 4 48 92
Shirley Hwg South- Apr 26 1 620-1,700 3,038 7 6 53 81 13.4
bound
2 460-2,020 3,458 823 49 8.7 13 6
1+ 2 1,090-3,560 6,496 79 2 5.1 8 4 13 5
Mt Vernon Mem. South- May 4 1 270-820 1,688 81 5 51 10 2 15.3
Pkwy bound
2 120-1,030 1,544 82 8 6 2 9.3 15.5
14+2 440-1,780 3,232 821 56 917 15 3
'Percentages shown do not total 100 percent Difference, not shown, consist of other vehicle types such
as trucks and motorcycles
*Based on 6-min counts
TABLE 2
AVERAGE SPEED BY TYPE OF VEHICLE
Location Traffic Flow Time Period Volume per Hour Laﬁ‘e’elmge Speed (mph) Tane 3
Tane I  Lane 2 Std Compact Forelgn Std Compact Foreign
Wash -Balt Pkwy  Northbound 242 -406 31 474 43 6 44 9 44 8 51 0 50 6 52 3
406 - 554 1,310 1,188 42 6 42 2 42 3 49 2 49 0 49 5
554-630 968 872 43 5 45 3 44 6 50 1 51.7 50 0
242-630 815 682 430 43 4 43 4 44 7 49 4 50 0
2 42 - 6 302 1,497 46 1 46 3 46 5
Shirley Hwy Southbound 230-330 725 605 41 42 17 45 3 52 4 52 4 511
330-430 1,049 1,314 41 0 41 6 42,2 47 9 48.1 48 7
430-500 1,594 1,908 351 35 2 346 3717 38 2 36 2
500-518 1,557 1,950 28 6 315 31 4 29 8 32 2 321
230-518 1,085 1,235 38 3 38 8 38 4 43 4 41 6 41 2
230 - 5182 2,320 41 0 40 2 40 0
Mt Vernon Mem Southbound 230-330 352 203 40 3 40 0 42.0 45.4 473 471
Pkwy 330-430 493 433 40 4 39.9 40 3 4 7 46 8 43.6
500 -612 703 757 40 7 395 41 1 45.6 45 3 450
230-612 528 483 40 5 39.68 41 0 45 3 46 0 4 9
230-6122 1,010 42 8 43.0 4 8

2Combined average for both lanes, for the entire study period

TABLE 3

AVERAGE SPEED BY TYPE OF VEHICLE AND STATION, SUITLAND PARKWAY,
WESTBOUND ( 5 PERCENT GRADE)

Lane Time Average Speed (mph)
Period Station 1 Station 2 Station 3
Std.” Compact Foreign Std Compact Foreign Std. Compact Foreign
1 745- 900 44.9 45.8 44,4 42,4 43.6 38.6 41.2 41.8 40.0
9-00 - 10:00 43.6 43.4 46.0 42.8 39.0 40.4 42.0 44,1 40.9
10 00 - 11-00 44.4 45.4 40.6 42.2 41.4 43.6 41.0 42.1 35.6
7 45 - 11:00 44.4 44.8 43.7 42.4 41.8 40.3 41.4 42.4 39.6
2 745 - 9.00 48.8 49 2 46 4 47 2 47 6 45 2 47.6 46,1 48.2
9 00 - 10-00 47 6 42 6 44.8 45 7 47,1 - 45.9 44.3 46 4
10 00 - 11 00 43.6 43 8 44,8 458 44.8 46.8 45.3 46.1 49.5
745 - 11-00 48.0 46,2 45.8 46 7 47 2 45.8 46.7 45.3 48 2
1+2 7:45 - 9-00 46.4 47.5 44.9 44 2 45,1 41.2 43.6 42 5 41.4
9.00 - 10-00 44.5 43.0 45 8 43.5 42.0 40. 4 43.0 44,2 42.3
10 00 - 11-00 44.3 45,1 41.3 43.6 41 6 45.0 41.17 42.6 42.6
745-1100 45.4 45.3 441 43.6 43.4 42 4 42.9 43 0 41.8
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Figure 1. Average speed by type of vehicle
and traffic condition, site 1, Mount Ver-
non Memorial Parkway southbound.

[}
O

500 VPH
1200 VPH |

[
(=]

700 VPH 1300 VPH

H
[«

[T
Q

SPEED-MPH

N
(=]

o)

[=]

LANE 1 LANE 2
PM OFF PEAK PERIOD

LANE 1 LANE?2
PM PEAK PERIOD

STANDARD
X3 COMPACT
B9 FOREIGN

Figure 3. Average speed by type of vehicle
and traffic condition, site 3, Washington-
Baltimore Parkway northbound.

commuter traffic during peak periods.
The posted speed limit is 45 mph and
truck traffic 1s prohibited.

Table 2 gives the average speeds ob-
tained at the tangent locations by vehicle
type, time period, volume rate, and lane.
Figures 1, 2, and 3 show a comparison of
the average speeds by vehicle type for the
three locations with insignificant grades.
These are based on a sample of approxi-
mately 40 percent of the standard cars
and all compact and foreign cars. Lane l
is the outside or curb lane, lane 2 is the
median lane.
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Figure 2, Average speed by type of vehicle
and traffic condition, site 2, Shirley
Highway southbound.
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Figure L. Average speed by type of vehicle
and study location, site L, Suitland Park-
way westbound (5 percent grade).
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TABLE 4
TIME-SPACING VALUES DETERMINED BY THREE METHODS FOR STANDARD AMERICAN, COMPACT AND FOREIGN PASSENGER CARS

=

Spacing (sec)

Date Uniform
of Time Avg Spacing
Lane Location Test Period Volume Speed 1st Method (BPR) 2nd Method 3rd Method This

(1960) (PM) (vph) (mph) Std Cmpct Forgn Std Cmpet Forgn Std Cmpet Forgn Volume

1 Wash -Balt Pkwy Apr 25 242-406 731 440 47 57 40 64 64 54 82 88 75 50
406-554 1,310 425 27 28 25 49 52 44 51 57 49 27
554-630 968 438 3.7 31 37 58 80 56 73 73 73 37
Shirley Hwy Apr 26 230-330 725 438 40 54 55 71 58 72 96 90 8.2 50
330-430 1,049 412 26 45 486 54 58 65 60 67 77 34
430-500 1,594 351 20 23 24 44 41 48 45 45 49 23
Mt. Vernon Mem, May4 230-330 352 405 100 - 118 81 70 93 127 89 130 102
Pkwy 330-430 493 404 73 48 64 T4 T3 78 114 1.2 108 73
500-612 703 407 42 58 56 67 67 67 99 100 92 51
2 Wash -Balt Pkwy Apr 25 342-406 474 492 77 39 60 68 60 53 B84 98 75 76
406 -554 1,188 49 2 3.0 21 24 45 45 42 54 59 49 30
554-630 872 502 40 48 42 47 50 56 64 86 67 41
Shirley Hwy Apr 26 230-330 605 519 42 56 58 71 58 72 95 95 95 6.0
33-430 1,314 481 26 19 28 54 58 65 49 46 52 37
430-500 1,008 372 18 16 18 44 46 45 88 35 40 1.9
Mt. Vernon Mem May4 230-330 203 459 181 101 14 8 81 70 93 118 135 99 178
Pkwy 330-430 433 448 82 74 66 T4 T2 T8 100 95 108 8.3
500-612 757 454 40 68 57 68 67 67 75 86 88 48
Compact Foreign
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Figure 5. Ratio of time spacings, compact vehicles to standard passenger cars, and
foreign vehicles to standard passenger cars, by volume.

Table 3 gives the average speed obtained at the grade location by lane, station,

time period, and type of vehicle, and Figure 4 shows a comparison of the speeds
by vehicle type.



22

TABLE 5

HEADWAYS OBTAINED FROM USING QUEUES, SHIRLEY HIGHWAY,
SOUTHBOUND, APRIL 26, 1960

Traffic Uniform

Time Vol. Spacing Vehicle Headway' (sec)

(PM) Lane (vph) (sec) Type No. 1 2 3 4
2:30 - 3:30 1 125 5.0 Compact 4 4.1 2.2 3.8 4.1
Foreign 14 5.5 4.6 6.1 4.8

2 605 6.0 Compact 12 5.7 5.3 3.7 6.3
Foreign 19 7.3 3.8 6.2 4.6
3:30 - 4:30 1 1,049 3.4 Compact 22 2,6 3.3 2.5 2.6
Foreign 29 2.8 3.4 4.1 3.3
2 1,314 2.7 Compact 32 3.1 2.7 2.0 2.4
Foreign 44 2.6 2.1 2.8 3.0

'Headway 1 Standard-Standard (end of queue); Headway 2 Standard-Small, ahead;
Headway 3 Small-Standard, ahead; Headway 4 Standard-Standard (beginning of queue).

There appears to be no great difference in speed or consistent trend toward a higher
or lower speed for compact or foreign cars as compared to standard American passen-
ger cars at any of the locations. The tables do show the normal difference in speed
associated with varying volume. There is also an expected difference in speed between
lanes 1 and 2, the difference being about the same for each vehicle size.

Spacing values were calculated for the several study locatins. Three different pro-
cedures were used to determine the space occupied by the small cars 1in the traffic
stream. The first calculation was based on the formula used by the Bureau of Public
Roads for determining the passenger car equivalents of commercial vehicles. This
method utilizes the complete range of time spacings, introducing a possible bias due
to the large spacings at lighter volumes. The second method was used to remedy this
bias. Here spaces exceeding 20 time units, approximately 6 sec, were eliminated and
only those spaces involving passenger cars were used. Finally, a third analysis was
made which did not attempt to determine an actual time-space value but attempted to
determine the average gap used by each type. The time space ahead and behind a ve-
hicle was tabulated and the average (a + b) value calculated for each type. The vehicle
ahead and behind had to be a standard passenger car and all values exceeding 20 sec
were eliminated.

Table 4 gives the time-space values, in seconds, obtained by the three methods.

The volume rates and average speed for the condition under which these values were
obtained is also shown. Figure 5 shows the ratio of time space for compact and foreign
cars as related to the standard passenger car, obtained by the three methods at varying
volume rates. A comparison of the time-spacing and time-space ratios does not show
any consistent difference in spacing for the small cars. The ratios show compact and
foreign car spacings to be scattered and both higher and lower than standard car spac-
ings. There is the normal decrease in the average spacing for all vehicle types with
increase 1n volume. However, the ratio of the space occupied by standard cars and
small and compact cars remains quite uniform.

After review of the paper by Forbes and Wagner, a limited analysis based on two
hours of the study on Shirley Highway was done on a comparable basis to the Michigan
study. This involved determination of headways, where the small car was in the middle
of a five-car queue. Table 5 gives the values obtained by using a method similar to that
used by Forbes and Wagner. Again there is no apparent trend in the data to signify a
difference for small cars.

The data presented here represents traffic having a higher percentage of small cars
than shown in the Michigan study and the use of a larger number of vehicles in this
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preliminary analysis. The data in both studies indicate that there is no significant
difference between the operation of standard cars and the small cars as measured by
their speed and spacing.

These studies were limited to highways that would be classed as urban expressways.
It is possible that further research, where consideration is given to the effect of the
small cars on city streets and on open rural highways where the average speed more
nearly approaches the speed capabilities of the small cars, could yield valuable infor-
mation for the determination of the over-all influence of small cars on driver behavior.
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