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belioved that the speeds observed for the higher densities were greater
fhan may usually be expected and that this accounts for the fact that

i \ ]
E«- Free Speed (£}, Average for 2 Lanes,

P N Fopdway in Cooad Condifienr

vy &

1™
<

Speed- Ailes perHour
3
Vi
/1

0
fy
r
!
L4
!

a o <40 &0 /8o Zoo

ac /00| /20 o
Dersify - Vehicles per Mile (07

Fipure 7. Speed Corresponding to a Given Average Density., A. Estimated
curve for traffic with percentage of {rucks ranging from about five per cent at lower
densities fo one per cent af the maximum. B, Trucks ranging from abowut §12
per cent at lower densities to two per cent at the maximum. C, Data taken two
miles gsouth of Dayton on U. 8. 25; figures show the number of 100-vehicle groups
observed for each point (Table XIF).

200

/86 P

/60 <

.,

140 LI

/Z20 ~

00

do %,

GO .

o /

20 -
]

Frimre Loss( 77 - Fetircle Hours perfour perPlile
I‘
-

“_—._n_‘/

o
Poiels]

frgelal IGO0 Zopo 2400

Soo
Lernsiy - feticies per Hoor

Figure 8. Vehicle Time Loss Due fo Congestion on a Two-lane Highway.

curve C, according to the limited amount of data shown, would curve
upward.
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472 HIGHWAY RESEARCH BOARD

It has been assumed in drawing curves A and B that a roadway on
which the free speed is less than on an open highway due to physical sur-
roundings, will not show a loss in speed due to congestion as greatly as
the open road. This may be explained in the following manner: a
density of 1550 vehicles an hour reduces the average speed on an open
highway from 43.5 to 33.5 miles ar hour, but on another roadway with a
free speed of only 35 miles an hour, a density of 1775 vehicles an hour is
required to reduce the average speed to 25 miles an hour.

ESTIMATING CONGESTION

Having arrived at the ratios of the increase of congestion to increasing
densities, it is possible to estimate the congestion or time loss for any
given location provided the average traffic density is known. ]

For example, the average daily traffic on U.3. 20, 2.4 miles west of Nor-
walk is given as 3647 vehicles. Let it be required to estimate the time
loss for the hour 3 to 4 P.M,, on a Sunday in August.

Correlation of hourly, daily and seasonal variations of traffic expressed
in factors used by the Traffic Bureau, proves that for this hour there
would be about 800 vehicles passing. The total vehicle timie loss for
this density is about 1 hour.

CONCLUSION

It may be concluded from the study of 1180 groups of 100 vehicles
each, taken from over 22,000 vehicles observed, that the average free
moving speed of vehicles on s first elass roadway in diy weather with the
percentage of trucks varying from zero to ten is very nearly constant and
equal to approximasely 43 miles per hour, This speed holds for either
a two or three lane highway. The bumps per mile on one location were
twelve and on another 492, showing that a certain amount of roughness
has little effect on the speed. Passenger speeds of over 80 miles per
hour and truck speeds of 60 miles per hour were recorded.

The average free speed of 18 buses observed was 41.6 miles per hour.

The mean “smoothed” speed of 859 light trucks (net rate capacity of
2% tons or less) was 41.0 miles per hour and of 225 heavy trucks (net
rate capacity of 3 tons or more), 32.4 miles per hour, The speed
range of the light trucks taken from a normal probability eurve was as

follows:

SreED Rawawn or Ligar Trucks
Percensage of Light Trucks

Speed in Traveling at or less than
Miles Per Hour Given speeds
20 3.6
30 20.0
40 55.0
50 85.0
60 98 .0
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The speed range of 225 heavy trucks was as follows;

SprEp Raxoee orF Hravy TrUcks

Percentage of Heavy Trucke

Speed in Traveling at or less than
Miles Per Bour (Given Bpeeds
15 1.0
20 5.0
30 38.0
40 85.0
50 99.2

The speeds recorded show that as congestion inereases there is less
consistency in the speed-density ratio. As the space between vehicles
becomes less, the effect of a few slow moving vehicles becomes pro-
nounced, which means that with the same average speed, the density
may vary considerably.

TABLE XII1
Trarric on Orio 2, U, 8. 6-20—Epcpwarhr PARK~—CLEVELAND

. vor of Pereent Vehieles on Each Lane
P Number o
Drensity in e Mean -
%) 100-Vehicle | .. "
Vehicl 3 8 thed : n
For Hour | (700 | peed West Fast
1 2 3 4
1343 12 35.9 18 38 34 10
1666 16 35.4 17 37 32 14
2278 30 35.1 i4 a7 36 13
3636 i 35.0 13 37 41 i
Av, 2170 [ Bum 60 tAv. 353 |Av. 181 |Av. 37.2 (Av. 356 |Av.12.0

Mean ““Smoothed” Speed for Lane 1—33 .8 Miles Per Hour.
Mean “Smoothed”’ S8peed for Lane 2—36.7 Miles Per Hour.
Mean “Smoothed” Speed for Lane 3—38.4 Miles Per Hour,
Mean ““Smoothed’” Speed for Lane 4—32.5 Miles Per Hour.

TRATFFIC ON A FOUR LANE ROAD

Traffic data taken on routes Ohio 2—U8 620 at Edgewater Parl in
Cleveland, gave some indication of the traflic capacity of a four lane
highway. Sinee no trucks are allowed on this boulevard, the results
cannot be applied to mixed traflic.  The speed range was observed to be
relatively uniform, ranging between 20 and 50 miles per hour. The
drop of 0.9 miles per hour is not sufficient te show the beginning of
congestion. The data are shown in Table X111

SPEED RANGE FOI DIFFERENT DENSITIES

The data for different densities talen 2.4 miles west of Norwalk on
U3 20 (Table X1V} show that as the density increases the speed range
decreases,  There was a larger pereentage of trucks for the lower densi-
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ties which probably accounts for the comparatively large percent of
vehicles traveling at low speads for the lower densities.

The data available on the films, it is believed, will, when properiy
analyzed, give the answer to other traffic problems. For instance, the
distance required for one car to pass another, together with the elearance
on the opposite lane, is evidently contained in the data at hand.

Other phases of traffic behavior, such as the effect of curves upon
speeds, immediately present themselves and without doubt further
investigntion is not only desirable but necessary if the knowledge of
traffic is to keep sbreast of the probiems arising from the fact that
driving on improved highways with speedier and more powerful vehicles
is still subject to the physical imitations and mental perceptions of the
driver.

TABLE XIV
Speep Rance ror Dirrerent DeNsiTiEs
U. 8. 26—2.4 Miles West of Norwalk

Percentage of Vehicles Traveling ab or less than Given Miles per Hour
Average Density Miles per Heur
in Vehicles - 7
per Hour 20 ' 30 | 4 } 5 ‘ 30
Percent
275 12 | 130 | 8.0 2o | s
762 0.5 0.0 | 50.0 8.0 I 994
927 0.3 ! 10.6 i 54.0 92 .0 5 89,5
1097 0.5 ) 14.9 : 62.06 $5.5 : 63.0
1295 1.2 f 220 f 76.0 ! 98.6
1617 32 840 ’ 850 | 994

DISCUSSION—TRAFFIC CAPACITY

Mg. J. RowrLaxp Biesins: | would like to inquire if any of you have
used the simple method of getting over-all speeds over a streteh of high-
way by recording the tag number of the vehicle entering the streteh and
checking the same tag number on leaving. I used this method to
advantage in Chicago on the Lake Front Highway and found plenty of
vehieles that were reaching the Jackson Park exit at speeds of 50 m.p.h.
and upwards. Even during rush hours the speeds would average pretty
close to 47 and as a matfer of fact they had to roll along pretty near 50
or get pushed out of line. It seemed much easier to jog slong with the
erowd at 50 miles. This method was challenged in court and I had
some difficulty in substantiating the accuracy of the test because it was
not a 100 per eent count, We noted the tag numbers every 5 or 10
second intervals at Grant Park and caught them at the end. Of course
some error might oceur in the run with those vehicles caught at the
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beginning of the interval at one end and at the end at destination. The
opposing lawyer claimed that this was so inaccurate that it “meant
nothing.” But the method seemed to me very reasonable. We were
also able 10 locate observers and find the speeds to and from intermediate
points on the Lake Front Highway run. By this methed we discovered
the astounding fact that rush-hour traffic-way speeds were higher than
even counter-traffic rush or mid-day speeds on these express highways,
but just the reverse on normal city streets.

o o AT

Mr. W. 8. Caxning, Keystone Aufoniobile Club: I have made some
speed runs by placing my own vehicle in a group of vehicles running on a
particular street. The instructions to the driver were o keep in posi-
tion in the group. If a vehiele at normal speed passed our car, we would
pass one vehicle, Two watches were used, one a stop watch. The
time of crossing certain intersections was noted by standard wateh for a
distance of I mile, 2 miles, 5 miles, checking each third or fourth inter-
section. If stops were made, the stop watch came into play and the
length of time the vehicle was actually at a standstill—the time until
: it began to move again—wvas noted, together with the reason for that
¢ stop. In that way a chart was developed which would show the reason-
E able average running speed between the two extreme points and at any
points in between and also the delays and the reasons for those delays.
I don't know whetker thai methed, crude as it may be, would apply to
the case of whieh Mr. Bibbins speaks, but it has worked for me.

Mnr. H. Hersery MiuLer, Pennsylvanie Depariment of Highways:
¥t is rather difficult to determine the traffic capacities of two, three or
” four lane roads from obgervation stations without a rather elaborate

, set-up. This is demonstrated in Professor Greenshield’s paper. But
" when you are driving a car you know when traffic is delaying your

progress, .
Heavy traffic on main highways will probably be confined to areas
adjacent to large centers of population at eertain peak load periods. If
four traffic lanes are provided each lane could accommodate one thou-
sand (1000) vehieles per hour without serious traffic impediment except
where cross traffic is of sufficient magnitude to require stop-go traffic
_control, or traffic police. When this condition prevails serious delays
: _wiil resuit that will cause traffic congestion.
"At less frequented sideroads the main traffic artenes will prove a
serious barrier to erossing or turning traffie,
Where the volurne of traffic at any point rq:)proaches the theoretical
maximum road-capaeity, it m1ght be adwsab}e ’ro pro\ude «rrade sepa~
ration for intersecting roads. RN Ghoadin
ThL determining feature is an economm one zm(i must be baﬂ;cd on &
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traffic analysis that will include not only the traffic flow in each direction
but also the average delays that will be occasioned during these peak
periods to each vehicle involved.

Another factor in traffic flow that requires study is belt line con-
struction to divert through traffic from city streets, Here again studies
must be made to determine the time saved, the cost involved and the
savings effected in vehicle operating costs.

The widening of through routes ns they appreach thickly populated
centers to accommmeodate local traffic requires the same analysis.

These problems may be analyzed by means of traffic counts and the
progress of an automobile in traffic.  The record of the progress may be
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Figure 1. Trip from Maclay St. Harrishurg to Clark’s Ferry Bridge, Sunday
November 2, 1930, 12.9 Miles.

secured by means of an instrument attached to the automobile which
marks a graduated ribbon indicating the speed of the vehicle and the
time lost due to cross traffic, stop lights, slow moving traffic, congestion,
road conditions, sle.

In Pennsylvanis we have equipped a number of touring cars with
Recordographs that indieate the speed of a car graphieally on a ribbon.
Observers in the car record the reason when speed is reduced or when
delays are encountered. By plotting this information on a special form
a graphie picture of traffic conditions is presented.

By correlating this information with ground stations it is possible to
obtain aceurately the traflic capacity of roads of various widths.

As a result of recordograph studies it is apparent that with traffic not
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exceeding 600 vehicles per hour the two-lane road provides ample capace
ity to carry the trafific except when siow moving traffic is encountered.
With this volume of traffie it is very hazardous to attempt to pass due
to the volume of oncoming traffic which is at the rate of about one car
every twelve seconds.

On the three and four lane roads traffic movement was singularly free
from signs of congestion with traffic up to 1900 vehicles per hour and
from observations and counts made at five minute intervals with traffic
at the rate of 3,000 vehicles per hour no congestion was noted.

The three lane road presents a eertain trafhic hazard due to cars in
opposite directions irying to pass at the same time, but with careful
driving and due regards to the rights of other operators this hazard is
reduced to a minimum, There will of course always be the hazard of
the irresponsible speed addict who uses the eenter lane as a speedway.
This type operator must be eliminated by revoking the driving privilege,

The recordograph traffic analysiz is an accurate method of deter-
mining the traffic capacity of highways and a valuable aid in determining
traffic conditions.

Figure 1 indicates how the material is assembléd for analysis,

The trip shown represents Sunday trafic on Route 11, Harrisburg to
Clarks Ferry Bridge. The distance was 12.9 miles, theoretical time
20.3 minutes, actual time 25 minutes. The return trip was made in 26
minutes.

With traffic exceeding 700 vehicles per hour a notigeable impediment
to free movement was apparent on the two lane road; the three and four
lane roads were not congested.






