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T O L L B E I D G E S AND T O L L H I G H W A Y S 

Publicly and privately owned toll bridges and privately owned 
toll highways have been constructed m the United States to provide 
traffic facilities not furnished by free bridges and highways built by 
cities, counties and states Both toll bridges and toll highways have 
been built because public funds have not been considered available 
for their construction at the time of their conception While these 
are the usual reasons for permitting the construction of toll bridges, 
toll highways may be discussed from other viewpoints. 

The construction of a toll highway also may be considered from 
the standpoint of providing traffic facilities of an exceptional charac­
ter, m addition to and supplementing facilities furnished by a public 
highway or highways. A toU highway of this type might be con­
structed on a private right-of-way with light grades, long curves, 
without railroad or highway grade crossings, and having a roadway 
width for four or more moving traffic lanes Under proper regula­
tion, it IS conceivable that on such a highway it would be permissible 
to travel safely at higher speeds than is ordinarily allowed on state 
or county systems This feature of operation is characteristic of the 
famous toll highways of Italy which are built as described above. 

From the viewpoints of providing additional traffic facilities and 
the possible i eduction of traffic congestion on specific bridges and sec­
tions of highways upon which no toU charges are levied, your com­
mittee I S of the opinion that the dual subject of toll bridges and high­
ways comes within the scope of its activities and therefore it has 
placed this subject upOn its research program for the commg year. 

T K A F F T C P L A N N I N G I S AN E N G I N E E R I N G 
P R O B L E M 

Present-day municipal traffic planning is primarily an engineer­
ing problem For the solution or maximum amelioration of the com­
plicated and ever-gi-owmg traffic problems of cities, scientific methods 
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must be used. Comprehensive fact-finding, and thorough fact-anal­
ysis of the entire problem must be bases for improvement plans, in­
stead of unproved opinions and recommendations based upon an 
incomplete or incorrect conception of the problem as a whole. 

The engineer is trained m scientific approach to problems; hence, 
traffic planning work should be under the direct charge of a traffic 
engineer. 

It should be recognized that the qualifications, training and experi­
ence of the police do not fit them to direct traffic engineering work 
On the other hand, especially trained traffic officers must retain 
the important traffic functions of manual traffic dispatching, street 
training and education of drivers and pedestrians, and the exceed­
ingly important functions of supervising and enforcing traffic law 
observance. 

As between traffic engineering work and police traffic work, there 
should be no conflict, provided that each organization limits itself to 
its own work. There should be a close cooperation between the two 
divisions. Enforcement of the law is vitally necessary to the success 
of the efforts of the traffic engineering bureau. Without such coopera­
tion in the enforcement of the law, the best plans of the traffic engi­
neer and the most judicious enactments of the legislative body will be 
of no avail. 

MOTOR V E H I C L E P A R K I N G AND S T O P P I N G 

In connection with investigations relative to motor vehicle parking 
and stopping, the committee has adopted the definition of parking 
included m the " Modern Municipal Traffic Ordinance " drafted m 
1928 by a Committee of the National Conference on Street and 
Highway Safety. The definition is as follows: " The standing of a 
vehicle, whether occupied or not, upon a roadway, otherwise than 
temporarily for the purpose of and while actually engaged in loading 
or unloading, or in obedience of traffic regulations or traffic signs or 
signals." 

Parking is a desirable privilege. However, there are certain condi­
tions which warrant the withdrawal of the privilege. Thorough study 
should be the basis of recommendations on this important subject 

Parking at curbs reduces the traffic capacity of a roadway. In 
recognition of this fact, many municipalities have prohibited park­
ing at one or both curbs on certain streets for periods when traffic is 
especially congested In some cases no parking at any time is allowed 
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at one or both curbs, as, for example, on heavily used business streets 
and on some through or arterial streets whose roadways are only of 
sufficient width to provide the number of traffic lanes required for 
moving vehicles. 

In many instances, especially in business districts, the prohibition 
of parking does not render available the fuU traffic capacity of a road­
way because of the stopping of vehicles at the curb " temporarily for 
the purpose of and while actually engaged in loading or unloading." 
It is a fallacy, however, to presuppose that the traffic capacity of a 
roadway is not increased by the prohibition of parking when stopping 
temporarily is permitted. It has been observed that in many cases, 
especially during peak traffic hours, a traffic lane at the curb has been 
free of standing vehicles for the full length of a block. Further­
more, double parking, and loading and unloading from the second 
lane, are practically eliminated, a factor of prime importance in 
many cities from the standpoint of reducing traffic congestion. 

The Pittsburgh 1927 Traffic Survey showed that based on returns 
from patrons and employees of 48 stores, the distribution as to modes 
of transportation used in entering the central business district was 
as follows: 

Percent 
Street cars 63B 
Automobiles . 13 3 
Trams . 1 2 4 
Walked . . 70 
Motor coach . 3 7 

1000 

This Survey also showed that only 2.8 per cent of the patrons of 48 
typical stores in the central business district parked their automobiles 
at the curb. 

I t has been developed by a recent Philadelphia survey to determine 
the relationship between parking and shopping that out of every 
100 customers in the downtown stores 8 came by automobile parked 
at the curb, 69 by public conveyance, 8 by automobiles parked in 
garages and 15 on foot. 

A report of the Committee on Street Traffic Economics of the 
American Electric Eailway Association gives the following statistics: 
" I n Chicago in 1926 before complete ' no parking' rules were estab­
lished those parking at the curbs during a business day were only 
3 per cent of all persons who entered the district. They were but 17 
per cent of aU who drove into the district by automobile, and of 
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96,082 customers at business establishments who were interviewed 
only 1 57 per cent weie those who used parking space at the curb 
In Boston only Y 7 per cent of 35,169 customers of retail stores who 
were interviewed used curb parking space Interviews with 56,000 
customers of large and representative stores in central Philadelphia 
showed 9 02 per cent to have used curb parking space The parked 
vehicles m the central business district cairied 2 per cent of the peo­
ple entering that district" 

The importance of parking therefore as an adjunct to the shopping 
business may be exaggerated. I f parking were abolished absolutely 
not more than three Pittsburgh or eight Philadelphia shoppers m a 
hundred would be affected m being obliged to reach the stores m one 
of the other fashions of the remaining ninety-seven or nmety-two 
shoppers For these communities, therefore, parking need not be pro­
tected m order to sustain the mercantile business of the central busi­
ness district. 

The elimination of parking accomplishes the following valuable 
results: 

1. I t enables vehicles at frequent space intervals to pass street 
cars, even on narrow streets, on the right; this being the cor­
rect side upon which to pass street cars, for safety reasons 

2 On three or four-lane streets, it permits horse-drawn vehicles or 
other slow-moving vehicles to pull to the right to permit street 
cars or other faster vehicles to pass 

3 It largely eliminates delays and decreases the hazard to moving 
traffic lanes, often including street cars, caused by vehicles 
" working their way " in or out of short parking spaces at 
the curb 

4. It IS of great value to merchandise loading and unloading ivhere 
this must be done on the street (it should be done off-street or 
m alleys as far as possible ) 

5. It largely eliminates double-line parking, or loading and unload­
ing from the second lane from the curb 

6. " No Parking " enables passenger vehicles, motor coaches, and 
taxicabs to discharge passengers at the curb, thereby not hold­
ing up lanes which should be exclusively for moving traffic 
It thereby eliminates for passengers the hazard and discom­
fort of alighting in the middle of the street 

7. Because of the above-mentioned factors, it reduces congestion 
and enables a speeding-up of traffic movement, especially on 



COMMITTEE ON TRAFFIC ANALYSIS 91 

the more narrow streets Increase m speed of mass transporta­
tion units means improved service to the great majority of the 
public. 

8. Because of the speeding-up of traffic and the easy accessibility 
of loading entrances, trucking and deliveries are consider­
ably reduced in cost. 

9 The elimination of parking is of tremendous value to the Fire 
Department, both m moving along the street and m fighting a 
fire at such a location 

10. It reduces the hazard created by pedestrians walking out from 
between stopped vehicles 

11 It facilitates street cleaning considerably, and snow removal 
tremendously. 

12 It greatly improves the effectiveness of display windows to 
people riding past in street cars, busses, or as passengers in 
automobiles. 

13. Parking elimination makes congested business districts more 
accessible to the considerable majority of people who use pub­
lic vehicles (including street cars, busses, and taxicabs) as 
compared to private automobiles Business m general is bene­
fited by the incireased number of patrons who may conveni­
ently enter and leave the district. 

14. In important business districts, it encourages the development 
of off-street parking facilities so that even customers coming 
m private automobiles will find shopping more convenient 
and less time-consuming than with street parking permitted. 
The elimination of " hurried shopping " by customers fear­
ing the end of short-time parking limits, is one of the benefits 
to merchants. 

These off-street parking facilities also make unnecessary the 
troublesome and time-consuming search for parking space by 
persons engaged in certain types of business which demand 
the use of automobiles intermittently during the business day 

Off-street parking facilities also provide all-day, protected stor­
age for those who still desire to use a private automobile in 
coming to the district. 

15. " No Parking " reduces the number of stolen cars, a factor no 
longer unimportant Even though m large proportion, stolen 
cars are recovered, they have usually suffered damage. 

I f it is desired to secure free and continuous traffic movement on 
the curb lane of any street where loading and unloading of pedestrians 
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or merchandise must be expected, the solution is a NO S T O P P I N G 
rule. This is a very drastic measure, which should generally be used 
only during peak hours, and then only where absolutely essential 

A somewhat less drastic rule, which is a partial further step toward 
continuous movement on the curb lane, is a regulation prohibiting 
parking and the loading and unloading of merchandise, but permit­
ting loading and unloading of passengers Such a rule of "NO 
STOPPLNG E X C E P T F O R P A S S E N G E R L O A D I N G » will not 
permit free and continuous movement on the curb lane It will result 
in only short-time interruptions, however, and under certain condi­
tions may prove desirable 

The committee believes that parking spaces, taxicab stands, and 
bus terminals should be considered as functions of business rather 
than a public responsibility, to be furnished off the public highway by 
those benefited. 

S I G N A L I Z I N G OF MAIN A R T E R I E S 

On heavy traffic urban streets where the traffic volume on most side 
streets is light, it is usually imnecessary to install traffic control 
signal at every intersection A generally satisfactory method of con­
trol IS to make the mam street a Thru Traffic Street with traffic 
control signals at the more important intersections, and with effec­
tively sign-posted compulsory STOP regulations for all other cross 
streets. The traffic control signals should be arranged m a flexible 
progressive signal system. As the distance between traffic control 
signals exceeds about 1200 to 1500 feet, satisfactory coordination is 
less and less to be expected. Therefore, some such distance probably 
represents the reasonable limit for expensive mter-connection. For 
greater distances coordination may be justified with synchronous 
motors which by design must operate at exactly the same speed if the 
same source of energy is used. 

The above-described method of signalizing and stop-sign-protecting 
mam arteries has, in general, the following advantages: 

1. Through traffic will be attracted to these arteries because of pro­
tection against entering vehicles at all intersections, and be­
cause of the opportunity of progressive movement. 

2. Pedestrams and vehicles in a given district are offered locations 
not too widely spaced apart where they may cross the major 
streets under protection of traffic control signals. 
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3 Even at non-signalized intersections, side street vehicles and 
pedestrams desiring to cross the major street, gain some ad­
vantage because of the general group movement on the major 
street 

It must be realized that the above statements are generalizations 
and that each case should be thoroughly analyzed to see if conditions 
exist which should alter the interpretation of these statements. Some 
such factors are: considerable proportion of slow-movmg vehicles, 
wide roadways, bad paving conditions 

The committee strongly opposes the use of the traffic control signals 
spaced several intersections apart and intended to control traffic 
at intervening cross streets. This is a highly hazardous procedure; it 
also brings about the blocking of crosswalks by vehicles whose drivers 
must wait near the curb line in order to see the signal several inter­
sections away. 

I N S T A L L A T I O N AND O P E E A T I O N O F T R A F F I C 
CONTROL SIGNALS 

Ah attached chart (Table I ) gives three methods of determination 
of minimum requirements for the installation and operation of a 
traffic control signal. These are under consideration of the Com­
mittee on Signs, Signals and Markings at Railroad Crossings and 
Major Highway Intersections of the National Conference on Street 
and Highway Safety. 

Proposal No 1 is stated to have been drafted by one of the larger 
western cities where extremely heavy traffic loads are encountered 

Proposal No 2 is of Massachusetts origin 
Proposal No. 3 is a tentative standard and approaches the opinion 

expressed by the members of this committee 
The present Pittsburgh minimum standard which is believed by 

those m charge to be too liberal, provides for consideration of the in­
stallation of a traffic control signal when traffic volume is 600 vehicles 
per hour in the peak hour with at least 25 per cent on the lighter traffic 
street; also at least 250 pedestrians for the hour including the clos­
ing of school. I f an intersection meets these minimum requirements 
such additional factors as the following are considered: need of speed 
control; school child protection; possibility and effect of inclusion in 
a progressive signal system; effect upon traffic routing, especially as 
to channelization of flow on main arteries and Thru Streets; inter­
section visibility; complications of grades, intersection layout, and 
traffic movements, traffic accidents; effect upon street car operation. 
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V E T I I C L R A C T U A T E D T R A F F I C CONTROL 
SIGNALS 

Until quite icccntiy automatic tiaffic contiol mechanisms have 
been designed to piovide continuously a pic-aiianged, regular pio-
gram or cycle Some vaiiations have Ixjcn developed, but m general, 
the contioUeis give fixed pcicentagcs of the cycle to the diffeient 
sticets, these pciccntages being based on the avciagc, oi m some cases 
upon the peak houi, time rcquiiements of tiaffic on the sticets at the 
mtei section 

Obviously, such a fixed piogiam will not always piovc efficient iii 
time utilization Sometimes tiaffic on one stieet will be held when 
theie is no tiaffic using the " Go " pciiod on anotliei sticet 

Theoretically at least, it is evident that it is desirable foi a signal 
to change its proportioning in accoidancc with changing traffic time 
demands Wheic signals aic not operating m a system, it is also dc-
siiable, within ceitain limits, that the cjclc length change with chang­
ing time demands 

Such reasoning has biought about the development of seveial types 
of signal mechanisms actuated by vehicles appioachiiig oi waiting at 
the intersection Although most, if not all, of these types of mechan­
isms aie still in the development stage, the pimciple must be lecog-
nized as sound, although the field of piactical application is, in gen­
eral, consideied to be limited In gencial, these vehicle-actuated 
mechanisms include pedestiian push-buttons so that persons will not 
be lequiied to wait foi unicasonable peiiods befoie lecciving a signal 
to cioss At ceitam mtei sections made up of moio than two cntcimg 
stieets, piopcily designed full vehicle-actuated control covering all 
enteiing streets may have especial merit 

Some of the reasons why the field of application of most so-called 
\eliicle-actuated signals is considered limited are. 

1 Til general, a traffic contiol signal is only consideied wananted 
where and when tiaffic is quite heavy, and consequently the 
number of times when the regular program is inefficient is not 
unduly gieat At least the inefficiency is usually not gi-eat 
enough to waiiant the geneially much gieater cost of vehicle-
actuated contiol 

2 Where flexible progressive traffic control signal systems are m use, 
all signals must operate on the same cycle length and a definite 
lelationship must be retained between the starts of the " Go " 
periods at succeeding intersections I t is conceivable that some-
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thing like a progressive system might be developed by inter-
comiection of vehicle-actuated signals, and indeed some de­
velopment has been made along this line. However, any such 
system would be complicated and costly. 

3. The anticipation of rapid growth and stabilization of traflSe at an 
intersection, or plans shortly to include the intersection in a 
flexible progressive signal system, will warrant careful con­
sideration as to whether traffic actuated control should be 
installed. ^ 

T R A I N A C T U A T E D SIGNALS A T R A I L R O A D G R A D E 
CROSSINGS 

The necessity for uniform signs and signals for railroad grade 
crossings has been the subject of recommendations' by this committee 
for several years Since separation of railroad grade crossings can be 
accomplished only gradually, the committee believes that m order 
to facilitate and safeguard traffic movement, train signals actuated by 
approaching trains shall present to the highway traffic the appearance 
of the horizontally moving red light, the direction of which shall re­
verse alternately; the signals to be erected and function m accord­
ance with the recommendations of the Signal Division of the Amer­
ican Railway Association, approved July, 1925. 

Where a full view of these signals is less than 500 feet on account 
of curvature or grade in the highway, an additional signal consisting 
of a continuously flashing yeUow light, embodied m the standard disc 
railroad approach sign (and so designed that the letters " R R " will 
be lUummated), shall be installed approaching the curve or grade so 
as to give advance warning of the curve and the railroad 

This committee further recommends that no road authority shall 
permit the erection of any horizontal alternately flashing red lights on 
the highways under their jurisdiction, except for the purpose of indi­
cating the approach of trams (or interurban street cars) at grade 
crossings. The committee also recommends that the use of the stand­
ard disc approach sign shaU be continued and additional ones erected 
as necessary, these approach signs to be used on unimportant roads 
where railroad and highway traffic is very light. The committee 
favors illumination of these wherever practicable. In cases where 
illumination is not practicable, the committee favors use of signs in 
which at least the letters " R R " are rendered luminous by automo­
bile headlights. 
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L E F T T U E N S 

The committee believes that, since the capacities of two intersect­
ing streets are limited by the capacity of the area withm the inter­
section, the best turning method is the one that will permit the 
greatest movement withm the mteisection with the least interference 
with other movement 
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Figure I Uncontrolled Intersection—Left Turns Around Corner— 
12 Movements—20 Crossings 

Vehicles appioachmg a noimal mteisection uncontrolled by lights 
01 officers, fiom each of the four directions have the choice of three 
possible movements withm the intersection; straight through, turn 
right or turn left A total of twelve movements is possible 

The right turn away from the intersection causes little trouble oi 
interference with other vehicles 

Through movement may be mteifered with by cross traffic and 
left turns 

4 
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Left turns may intersect the paths of other turning vehicles as 
well as the through vehicles, and they therefore cause the most con­
cern and greatest delay. 

It IS possible to make left turns in a variety of ways, a few of the 
most common are illustrated m Figures 1 to 6 
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Figure 2 Uncontrolled Intersection—Left Turns Short of Center— 
12 Movements—16 Crossings 

Figure 1 illustrates the movement m an uncontrolled intersection, 
vehicles turning left around the intersection of the center lines of 
the two streets There are twelve movements with twenty points at 
which the paths cross. 

Figure 2 illustrates an uncontrolled intersection, vehicles turning 
left short of, or " inside " of the center of the intersection There are 
twelve movements with sixteen points at which the paths cross 
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Figures 3 and 4 illustiate the movement in an intersection con­
trolled by lights, giving a separate period for all left tiiins, usually 
the amber light, as well as the " stop " and " go " periods I n these 
cases the reseivoir or storage space for left tuinmg vehicles is at the 

r 

I I 
Figure 3 Lef t on Special Light—Around Center—4 Movements— 

8 Crossings 

light curb, occupying and obstructing the paths of through vehicles 
and those tuirung right The throat of the intei section is obstructed 
and pait of the stieet aiea lost The light cycle is split into three 
parts and the left turns, when made, permit only four movements 
withm the intersection The paths cross at eight points when the 
turns are made aiound the center, and at four points when the turns 
are made short of the center, as m Figuie 4 
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The facts remain the same when the turns are made from the lane 
of traffic to the right of and nearest the center lines of the streets in­
stead of from the position at the curb. In both cases vehicles with 
long wheel bases will be unable to execute the movement if forced to 
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Figure 4 Left on Special Light—Short of Center—^4 Movements— 
4 Crossings 

pass around the ceiiter of the average intersection instead of being 
permitted to turn inside such center. 

The most simple method of controlling traffic at an intersection is 
undoubtedly the best, provided that the maximums of movement and 
safety are assured Certainly nothing is more simple than to permit 
traffic to proceed on one street for a time while the other is stopped 
and then reverse the procedure. 
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Figuie 5 illustrates the fiee movement on one street, including 
light and left turns, while all movement on the intersecting street is 
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Figure 5 Al l Turns on Green Light—Left Turns Around Center— 
6 Movements—4 Crossings 

stopped I n this case, left turns are made fiom the lane of tiaffic next 
to and to the right of the center line of the street, and pass around 
the center of the mtei section There are six movements taking place 
within the intersection, and the paths cross at four points 
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Figure 6 illustrates the same features except that left turns are 
made inside of the center of the intersection. There are eight move-

i i t 
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\ I 

Figure 6. A l l Turns on Green Light—Left Turns Short of Center— 
8 Movements—4 Crossings 

ments taking place, the paths crossing at four points. With six move­
ments the paths would cross at only two points. 
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Figure 7 illustrates what is popularly known as the " left turn on 
the red," recommended by the committee as undesirable and counter 
to general practice. In this case the same narrowing of street width is 
encountered due to vehicles stopped before the green light awaiting 
the red light to make the turn as are to be found m illustrations three 

- w 

- + — 

Figure 7 Left Turns on Red Light—Around Center—8 Movements— 
6 Crossings 

and four, where the special turning period is inserted in the cycle It 
IS possible for eight movements to take place withm the intersection 
with six points where the paths cross. 

At intersections of streets wide enough for only one lane of traffic 
m each direction, no space is available for the storage of vehicles 
awaiting a special turning period. All turns must be made on the 
green or " go " signal 
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Figure 8 illustrates what is known as the " rotary left turn " It 
is adapted only to unusually wide streets and under certain other 
favorable conditions It has the apparent advantage that free move­
ment through the intersection is possible without any interference 
from left turns There are, however, several important objections to 
the method: 

f 

V 

Figure 8. Rotary Lef t Turns 

1 It is unusual, not m accordance with general practice, and there­
fore not easily understood by strangers, hence it causes con­
fusion and delay within the intersection 

2. Vehicles waiting to turn left may block the crosswalk It also 
leaves the pedestrian in uncertainty He does not know 
whether to jump forward to avoid a right turn or backward to 
avoid the rotary turn 

3 The width of the intersecting street may prove insufficient to 
provide storage space for all left turning vehicles, resulting in 
delay. 
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4. If the number of left-turning vehicles is large, the vehicles to turn 
left block either or both the right turning vehicles and the 
straight moving vehicles 

5. On streets with car tracks, a lag in starting the rotary movement 
when the signal changes will result in a street car moving across 
to be blocked by the rotary movement; the result being that 
vehicular traffic is stalled m both directions and the intersec­
tion congested for a time. 

The method illustrated in Figure 6 is clearly demonstrated to 
most completely meet the requirements, i e, maximum freedom of 
movement with least interference and possibility of universal adop­
tion. This method is also in accord with the normal turning pro­
cedure at an uncontrolled intersection 

Therefore, the committee recommends that left turns be made on 
the green or " go " signal, from the lane of traffic immediately to the 
right of and nearest to the center of the street, the turning vehicle 
passing mside or to the left of t̂ e center of the intersection and as 
closely as possible thereto 

T H E O R E T I C A L L I M I T S TO T R A F F I C C A P A C I T Y 

The theoretical capacity of a highway may be determined for an 
assumed uniform condition of traffic flow To get the maximum flow 
of vehicles uniform speed and a constant distance apart must be as­
sumed. Observations on the highway indicate that drivers space 
themselves m proportion to the square of the speed of travel. This is 
as it should be because the distance necessary to stop a moving 
vehicle is proportional to the square of the speed of travel. Assuming 
a distance from the front of one vehicle to the front of the next vehicle 
when standing still as 15 feet, assuming four wheel brakes with a 
coefficient of fraction of 0 6 and assuming one-half second reaction 
time, we have the following equation for the theoretical capacity of 
one lane: 

5280r 
N-- 0.737 + 0 056 7== - f 15 ' 

where N is the number of vehicles per hour and Y is speed m miles 
per hour It will be noted that the capacity varies with the speed— 
the maximum capacity coming with a speed of 16 5 miles per hour 

When the travel is heaviest the speed drops down to that of the 
slowly moving vehicle. I f there are no horse drawn vehicles or very 
heavy trucks on the road, the capacity of one lane will actually ap-
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proximate the theoretical capacity. The speed of movement for the 
faster vehicles will be decreased but the actual discharge will be more 
than can be expected if the average speed is 30 miles per hour. 

When vehicles are moving at different speeds making it necessary 
for some of them to pass others going in the same direction, the 
problem becomes more complicated If the highway has two lanes, the 
opposing lane must be free at the time of passage This cuts the 
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Figure g. Capacity of One Lane at Different Speeds, Assuming 
Four-Wheel Brakes 

capacity of the oncoming lane and if the number of slower vehicles is 
large it may reduce the carrying capacity of the second lane to a 
minimum. 

A third, or passing lane, may be used to advantage if the mixed 
travel is predominantly m one direction during the peak flow Here 
is introduced a danger element which makes the three lane road ques­
tionable for a balanced flow of mixed travel. I f the balanced flow is 
more than the capacity of two lanes, four lanes are needed 
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Figure i i . Hourly Capacity, One Free Wheel Traffic Lane. Bureau 

of Traffic Planning, Pittsburgh, Pa. Based upon Studies in Downtown 
Pittsburgh. Figures Given Are Theoretical, Representing the Number 
of Vehicles There Would Be in a Ful l Hour's Flow of Traffic Mov­
ing in a Flexible Progressive Signal System. For Actual Capacity 
Lane Flow at an Intersection, the Percentage of " G O " Time on the 
Street in Question Must Be Applied to the Graph Figure at the 
Proper Speed. Example; 45 Per Cent " G O " Time on "A" Street, 
Average Speed of Traffic Through Intersection 16 Miles Per Hour, 
Actual Lane Capacity Through Intersection Equals 0.45 X 1925 
Equals 866 Vehicles 
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Figure 12 Comparison of Lane Capacity Data, Showing Curves 
for New York Regional Survey and Bureau of Traffic Planning, Pitts­
burgh, Pa. Both Curves Are on the Basis of a Cycle of 53 Seconds 
« QQ » Xixne of 45.3 Per Cent of the Cycle or 24 Seconds 

M E A S U R E OF T R A F F I C C O N G E S T I O N 

Congestion—Hindrance to Movement of Vehicles over Highway or 
Street due to other Vehicles 

1 Congestion is a relative term depending upon the kind of road 
and the area which it serves A vehicle is not expected to move 
at the same speed m the " Loop District " of Chicago as on the 
" Speedway " at Indianapolis 

The committee believes that vehicular congestion exists 

(a) On rural highways. Where, because of other vehicles, speed 
IS frequently less than 30 miles per hour 

(b) On urban highways: In residential areas where, because of 
other vehicles, speed is frequently less than 20 miles per hour 

(c) In business districts where speed, because of other vehicles, is 
frequently less than 12 miles per hour 

2 Methods of studying traffic movement Forms of equipment will 
vary with the information sought. Most elementary studies 
may be made using a stop watch and ordinary speedometer. 

- More careful studies may be made by using self-recording time 
distance instruments 
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T E A F F I C L A N E MARKINGS 

(a) Urban Any street having more than two lanes in one direc­
tion will have its effective capacity reduced by irregular lateral spac­
ing of vehicles. The effective designation of lanes aids drivers ma­
terially m keeping in place. It also aids in reducing accidents 

Lane lines may be constructed with the pavement by the use of 
longitudinal construction joints or by the insertion of markers 
Where lane lines are not constructed with the pavement, the most 
common method of marking is by use of paint In order to reduce 
cost and to differentiate them from continuous center lines, lane 
lines are generally broken or dashed lines with considerable spaces 
between the dashes. 

Although general lane marking is desirable, the expense of mark­
ing can be reduced if the lines are carried only adjacent to intersec­
tions, opposite safety zones, on curves, and at other points where it is 
especially important for the expedition and safety of traffic that 
vehicles keep within their own lanes Special directional arrows can 
sometimes be used effectively to supplant lane lines, as for left turns 
mside of the center of the intersection or for other routings not 
easily indicated otherwise. Where continuous center lines are used, 
some effectively different marking should be used at locations where 
traffic is not to cross the center line, as on sharp horizontal and verti­
cal curves and at railroad grade crossings 

Where paint is used, extensive tests by the Pennsylvania and 
Connecticut Highway Departments indicate that white is the most 
effective color. A four-inch width is being successfully used and is 
believed to be practically as effective as the six-inch line formerly 
used. 

In order to eliminate the considerable cost of repainting, much 
experimentation has been carried on to find satisfactory " perma­
nent " insert markers. Numerous obstacles have been encountered 
Where snow plows are used, all markers must be practically flush 
with the pavement surface, for the impact of the blade against any 
rigid obstruction will nick or shatter the blade and interfere with 
the snow removal operation. In any case, markers should not be 
raised above the surface more than ^ inch and they should have 
rounded edges, so as to present a better surface to hard tires Markers 
must also be firmly imbedded in the pavement, or they will be worked 
loose and finally removed by vehicles There is a rather difficult prob-
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lem of securing effective night visibility. This problem is reduced 
where there is overhead illumination or practically continuous traffic 
in both directions. The marker must always present an easily visible 
contrast to the pavement surface—they must not become dull m ser­
vice For any extensive use, the markers must be reasonable both m 
purchase price and installation cost Several types of markers have 
been developed which are reasonably effective for at least certain 
pavement surfaces. 

(b) Bural On rural roads it is probable that lane marking will 
be valuable at intersections or m semi-congested conditions. In gen­
eral, however, the committee believes it is unnecessary to lane mark 
four lane highways, and that a slight amount of traffic control and 
supervision will keep drivers m their proper positions 

Most of the discussion for urban streets applies for rural highways. 
The statement about snow plows and the problems of night visibility 
are especially applicable. A flat pai;it has been found to reflect more 
light from headlamps than a glossy finish 

R E S P O N S I B I L I T Y F O R P R O V I D I N G F O R 
P E D E S T R I A N T R A F F I C 

The existing condition is that on some sections of rural road, 
especially where the roadside development is intermediate between 
rural and urban, at the outskirts of large communities, for instance, or 
running through a small village, there is an amount of pedestrian 
traffic which, with high-speed motor vehicle traffic, introduces a large 
element of hazard, especially at night. 

The difficulty is that m such cases the local community does not 
have adequate means for providing sidewalk facilities. The historical 
phase IS that the road was utilized with comparative safety for pedes­
trian traffic some years ago, but that the road surface has been im­
proved and traffic has increased and has been speeded up, so that now 
the road is, with consideration to safety, impracticable for pedestrian 
use. 

.The roads are being built and maintained with motor vehicle 
funds, license fees and proceeds of the gas tax, and the general im­
pression is that the motorist should not be expected to provide facili­
ties for the pedestrian, but justice would seem to indicate that the 
motorist having pre-empted facilities formerly enjoyed by the pedes­
trian, should provide substitute facilities. This is the logic of the 



COMMITTEE ON TRAFFIC ANALYSIS 111 

principle by which a railroad company, laying track withm an estab­
lished highway right-of-way is required to provide at its own expense 
a road equal to the one that it has taken over. Similarly, State High­
way Departments must soon recognize the responsibility for taking 
care of pedestrian traffic and provide adequate and safe footpaths at 
locations where such traffic is sufficient to warrant the expenditure 

V A L U E OF E S T A B L I S H I N G I N D E P E N D E N T H I G H W A Y 
R O U T E S F O R H I G H S P E E D AND LOW S P E E D 

T R A F F I C R E S P E C T I V E L Y 

1 Congested areas 
2 Industrial areas 

This topic 18 of particular interest in city and zone planning but 
may also be of interest to some of the State Highway Departments 
m the near future. 

The anticipated condition is that on certain roads, particularly in 
and m the vicinity of large cities, there may be such a volume of 
low speed truck traffic that the usefulness of the road to passenger 
motor vehicles will be seriously impaired 

Under this circumstance, the most apparent relief is> the widening 
of the road surface to provide an outside lane m each direction of 
traffic for the low-speed trucks However, m case the combined 
volume of passenger vehicles and trucks exceeds the practicable carry­
ing capacity of the 4-lane road, local conditions may prevent the 
further widening of the road, right of way for instance m or enter­
ing a community where the properties are built up m such way that 
extra widening would require excessive expenditure In such cases 
relief might be provided by construction of parallel road I f along 
considerable lengths of either the original or the parallel road, there 
are no sources or destinations of truck traffic, or if access to the other 
road may be provided to such truck traffic as may originate or be 
destined within such sections, the condition would appear to be favor­
able to segregation of the trucks on one of the roads, leaving the 
other for the sole use of passenger or high-speed motor vehicle traffic 
There should be no objection to the use of the truck road by such pas­
senger vehicles as might be willing to accept the unfavorable operat­
ing conditions of that road Segregation of the low-speed traffic as 
well as facilitating the movement of traffic on the other road offers 
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the possibility of reducing the maintenance costs and increasing the 
durability of the surface utilized by only light-weight vehicles. 

Pennsylvania Department of Highways records, at the present 
time, do not show any road sections where truck traffic is of sufficient 
volume to warrant construction of separate roads 

FORMS F O R T R A F F I C I N V E S T I G A T I O N S 

The forms submitted herewith are illustrative of current practice 
and are presented as basis for a uniform system. 

It is the intention of the committee to conduct a further study of 
traffic forms during the coming year, and to include defimte recom­
mendations in the next report 

Form J!fumber 1. This is the form used where it is unnecessary to 
list the traffic separately by the direction in which it is moving, or by 
right and left turns The directions at the top of the columns indicate 
the directions of the road from the intersection For instance, at the 
intersection of two roads (commonly known as a four-way intersec­
tion) there are roads to the north, south, east and west. The total 
passenger car traffic then on the north road would be the amount 
entering the intersection from the north road plus the amount leav­
ing the intersection by the north road Counting traffic on this basis 
involves counting the vehicle once on the road by which it ap­
proaches the intersection and checking it again on the road by which 
it leaves the intersection It will be noted that at the top of the sheet 
there is a space for station number. In a large survey it is essential 
that for ease of reference and for general efficiency each station be 
given a number, the roads involved at this station being listed on each 
density sheet as well as on a control sheet held m the office 

Form Number 2. This form is suggested for use at intersections 
where the volume of traffic is small but where a record of the distribu­
tion of traffic by directions and turns is desired The form provides 
space for 12 directions, the number of sheets required depending 
upon the period of the count and the time interval used. It is assumed 
that one man can record all traffic and that the hand tally method of 
counting is employed. 

Form Number S. This form is suggested for use at heavy-traffic 
intersections m cities. It provides space for four directions, the maxi­
mum number which one man can handle where the volume of traffic 
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is great. In many cases, particularly at an important four-way inter­
section, only three directions of traffic can be counted by one man, in 
which case the last bloc on each sheet is not used 

(SMIB or OBOABIUTIOH) 

T r a f f i c Danalty 

Bay V^tt 
DlrMtlOB Auaessor Cars Truoka Buaaea Total 

J I t s V 

I H to 8 

0 L H to 8 

t B to H 

•a- B to W 

t ^ B to B 

f 8 to B 

f 8 to H 

i *t 8 to W 

^ W to S 

—• W to B 

J W to B 

J H to V 

i H to 8 

o I H to B 

t B to H 

B to F 

X' E to 8 

(* 8 to B 

t 8 to H 

TI
M

S *) 8 to W 

TI
M

S 

W to 8 

-» • to B 

W to H 

Res larlco 

Vnthar Baoorder 

Form Number 2 

As the form indicates, passenger cars and motor trucks are counted 
by means of a tally counter or clicker The readings recorded from 
the clicker should be cumulative The recorder, during the course of 
the count, should not set the clicker back to zero Space is provided to 
permit the hand tallying of motor busses and street cars. 
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{suss 07 ORSAIIIUTiail) 

T r a m a Density 

bsoBtlen Data Shaet l o . 

Pusencer Cajra Trvoka Busflafl Tetal Straat aara Time No. e i le l tar Ho. Busflafl Tetal Straat aara 

Hreo t ioo i 

•00- lis 
lis* iSO 
• SO- 146 

-

i48- lOO 

lOO- lis 
i l 5 - iSO 

•SO- |4S 

l«S- lOO 

• 00- i l 6 

lis- ISO 

ISO - l4S 

•46- lOO 

lOO- lis 
lis- iSO 

ISO- |4S 

i46- lOO 1 

lOO- i l 6 

i l E - iSO 

ISO- 148 

|46- lOO 

lOO- lis 
• I B - (SO • 

•SO- 146 

i45- lOO 

Form Number 3 
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Diraotlon of t r » f f l o _ 

Sheet So.. 

(MAlffi OF OBSAllimiOll) 

ORIGIN AKD SESTIIUTKKI 07 TBA77IC 

Location of Station 

Date D.y_ 

Hour Car OriKln Dostlnatlon Hour Car Deaorlptloa Zone Deaorlptloa Zone 

Form Number 4 



122 HIGHWAY RESEARCH BOARD 

This change, without doubt, has been brought about mainly 
through the general adoption of closed cars, which make it possible to 
ride comfortably m stormy weather No doubt, too, the better atten­
tion given to our roads, particularly the removal of snow, has helped 
to increase the use of road during bad weather 

Another set of data illustrating the relative use made of roads dur­
ing fair and stormy days was collected at a given point on the Balti­
more-Washington road near the University of Maryland Traffic 
was counted on a stormy day for a period of one hour Suppose this 
happened to be on a Wednesday Then the next fair Wednesday, at 
the same hour, traffic would be counted again at the same point. 
Seven such comparisons were made on different days during March 
and April, 1929. The ratio of ramy weather to good weather traffic 
varied from a minimum of 67 per cent to a maximum of 111 per 
cent; m the latter case it happened that the hour counted for the 
ramy weather was m excess of that of a similar count of the fair 
weather traffic The average, however, was 87 per cent. 

With the continued improvement of vehicles and road surfaces, it 
may be expected that the difference between the use of our roads m 
good and in bad weather will continue to decrease, and that highway 
departments are amply justified m employing every practical means 
for the improvement of road surfaces during bad weather. 

DISCUSSION 
O N 

T H E R E P O R T O E T H E C O M M I T T E E ON H I G H W A Y 
T R A F F I C A N A L Y S I S 

W I L L I A M H . C O N N E L L , Executive Director, Regional Planning 
Federation of the Philadelphia Tri-State District Before entering 
into a discussion of highway traffic analysis, I want to compliment 
the committee on what I consider an exceptionally good and compre­
hensive report on a very important subject. Instead of discussing the 
recommendations in the report, and the subject matter in detail, I 
will confine my remarks to pertinent observations relative to the sub­
ject. I wiU also submit foi youi information a discussion of a very 
interesting Origin and Destination Traffic Survey made by the Re­
gional Planning Federation of the Philadelphia Tri-State District 
in June, 1929. 
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There has been considerable discussion relative to the advisability 
of having traffic engineers m chargfe of traffic divisions in all com­
munities and cities where the problem is of sufficient importance, 
and m all state highway departments. To my mind this suggestion 
does not go quite far enough A traffic division is important but there 
should also be a planning division working m conjunction with the 
traffic engineer, because highway traffic is naturally the most im­
portant consideration in connection with street and highway plan­
ning Regulations designed to best serve the traffic on city and rural 
lughways are very often simply a temporary expedient best suited 
for existing conditions, knowing that the proper solution can only be 
brought about through changes m the existing street or highway 
system This is pretty generally the case, particularly m the older 
sections of built-up communities as the street systems were not laid 
out for present day traffic So the present traffic regulations and the 
proposed changes in the street systems to improve conditions are so 
closely inter-related that their functions should be closely aUied if 
not included in the same division 

There can be no solution of the traffic problem without it being the 
result m a very large measure, of comprehensive planning for the 
future, which includes provisions for belt line highways, grade sepa­
rations, widening and,extension of street systems, underground side­
walks, bridge approaches, arcadmg, consideration of zoning provi­
sions, etc The problem, therefore, is primarily one of planning 
m general, of which highways and street systems constitute the 
backbone 

The enforcement, however, of traffic regulations is naturally a 
proper function of the police There should, of course, be the closest 
cooperation between the traffic and planning divisions, and the en­
forcement division 

H I G H W A Y G B A D E C K O S S I N G S E P A K A T I O N S 

Highway grade separations are most important, and have not been 
considered seriously enough in the past Very often separating the 
grades where two main highways intersect will more than double the 
traffic capacity of the highways 

Cook County, Illinois About a year ago, the Cook County, Illinois, 
Commissioners appointed a Cook County Grade Crossing Advisory 
Committee, and a progi-am of highway grade ciossmg separations has 
been recommended involving 30 highway gi*ade separations and 8 
combined highway and railway grade separations The commission 
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made the statement that the intersections of important highways are 
the determimng factors governing the rapidity of the movement of 
the traffic on those highways 

Bronx and Westchester County. An outstanding illustration of a 
highway system without grade crossings is that of the Bronx and 
Westchester County Park Commissions of New York This highway 
system, when finished, will consist of 163^ miles of parkway. Thirty-
six miles of these are now completed and 20 miles additional are 
under construction, the greater part of which will be completed by 
the end of 1931 This highway system is without grade crossings 
As a matter of fact, with so many heavy traffic highways crossing, it 
would be practically impossible to carry the traffic that these high­
ways are called upon to accommodate if the grades of intersecting 
highways were not separated 

New Jersey Studies were made m New Jersey to determine upon 
the economics of proposed highway grade separations, and the pub­
lished reports show that the separations greatly increase the traffic 
capacity Grade separations will often make it unnecessary to widen 
existing highways or build parallel routes to accommodate the traffic 
and for a far les^ cost New Jersey has already provided for several 
grade separations and has planned for several more where heavy 
trffic routes intersect. 

Philadelphia, Tn-Siate District There are many instances in the 
Philadelphia Tn-State District where grade separations at intersec­
tions of very heavily traveled highways are the only solution of the 
problem The importance of grade separations cannot be too forcibly 
emphasized as they are not only essential from the standpoint of in­
creasing the traffic capacity of the highways, but will also result in 
greatly decreasing the highway accidents. 

P A K K I N G 

Consideration should be given to the elimination of parking on 
through state highways in peak hours and on Sundays and holidays 
This vnll increase the traffic capacity over 25 per cent at least. 

T R A F F I C L A N E M A E K I N G 

The Report states: " On rural roads it is probable that lane mark­
ing will be valuable at intersections or in semi-congested conditions. 
In general, however, the committee believes it is unnecessary to 
lane mark four lane highways, and that a slight amount of traffic con­
trol and supervision will keep drivers in their proper positions " 
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It seems to me that traffic lane marking is very important for two 
reasons Experience has shown that it will increase the traffic capacity 
of highways, and it will reduce the number of accidents Generally, 
traffic lanes should be marked at intersections, vertical and horizontal 
curves, and at sufficient intervals on long tangents, both on two and 
four lane traffic highways A vigorous campaign should be carried 
on to eliminate the middle of the road driver, as he is one of the 
principal causes of accidents A severe penalty calculated to prevent 
this nuisance should be imposed 

U N I F O R M S I G N A L S A N D S I G N S 

The need of uniform signals and signs for night as well as day 
driving should be stressed Night driving particularly has never 
been given the consideration it should Inadequate signals not only 
delay traffic but cause accidents. 

C I T T T R A F F I C P R O B L E M 

The report has gone extensively into this phase of the traffic prob­
lem, has made a number of recommendations and cited a number of 
examples of traffic conditions There is no cure-all for this problem. 
The general regulations should be uniform throughout the country, 
so that strangers will know what to expect, but the details concerning 
the operation and regulation of the traffic in each city are a problem 
unto themselves. They depend on the social and economic conditions, 
the street lay-outs, the location of business and residental sections, 
and so forth 

S I D E W A L K S 

One consideration to which the report does not call attention is the 
predominance of pedestrian traffic at a number of the important inter­
sections in the business districts In a survey recently made in Phila­
delphia by the Mitten Management, it was shown that at certain 
downtown important intersections, 34 per cent of the people crossed 
in vehicles and 66 per cent on foot. Of the 34 per cent crossing in 
vehicles, 2 per cent were m taxis, 24 per cent in private automobiles 
and 74 per cent m trolley cars The problem m the central business 
district m Philadelphia is largely pedestrian. Underground side­
walks are suggested as a possible solution. 
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O R I G I N A N D D E S T I N A T I O N T R A F F I C S U R V E Y 
MADE BT T H E REGIONAL P L A N N I N G FEDERATION OF T H E 

PHILADBLPHM TM-STATB DiSTRicrr 

T H E P H I L A D E L P H I A T B I - S T A T E E E G I O N 

The region covers an area of 4,000 square miles, and comprises a 
group of political sub-divisions, having a population of 3,500,000, so 
related geographically, physically, economically and socially that 
they have a common interest m the solution of the inter-related facili­
ties upon which their common welfare depends. The Region em­
braces parts of three states, sixteen counties and more than 360 
political subdivisions I t is bounded roughly by New Hope, P a , 
and Princeton, N. J . , on the north, Wihnmgton, Del, on the south, 
Coatesville, P a , and Pottstown, P a , on the west, and the New 
Jersey Pinelands on the east. 

The Regional Planning Federation of the Philadelphia Tri-State 
District, m cooperation with the chief engineering officials of the 
Region and the Technical Advisory Committee, which consists of the 
outstanding engineers, architects and landscape architects of the Re­
gion, I S engaged i n preparing a comprehensive plan to provide for the 
orderly development of all the major physical facilities necessary 
to the best interests of the social and economic life of the people living 
m the interdependent communities that compose the region. 

The major physical facilities include highways, railways, airways, 
ports and waterways, parks, parkways and recreational centers; use 
of land, and sanitation, drainage and water supply. 

An ideal Regional Plan m a more or less built-up and thickly 
populated area can be accomplished only through the cooperative 
effort of all its political subdivisions Regional planning is an effort 
not only to arrest, but to correct so far as possible, haphazard develop­
ments resulting from failure to visualize the future needs. 

The highways are, of course, the backbone of a Regional Plan. 

T H E S U R V E Y ANT) S O M E OI? T H E R E S U L T S 

The task of preparing a comprehensive plan for the development 
of the Philadelphia Tri-State District requires a very intimate knowl­
edge of the movement of people m and through this vast region. Basic 
to any such planning, of course, is the study of existing transportation 
facilities, population and its distribution and rate of growth, and 
knowledge concerning the origin and destination of the daily moving 
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population It I S necessary to know the facts regarding the causes, the 
means and the diversity of this movement if the plans that are being 
formulated are to be founded on something more than the general 
knowledge and familiarity on the part of individuals with this 
movement 

Accordingly on Thursday, June 6, 1929, the Eegional Planning 
Federation undertook a comprehensive regional Origin and Destina­
tion Traffic Survey of all modes of transportation of regional im­
portance m the Tn-State District m cooperation with the railroads, 
bus companies, inter-urban electric lines and the highway depart­
ments of the three states concerned. Close to a million questionnaire 
cards were distributed to the traveling public and about half of this 
number were given to persons using the highways That phase of the 
survey concerned with highway traffic is presented herewith. 

The purpose of the survey was to obtain not only a relative idea 
of the " from where to where " movement of the people in motor 
vehicles, but also to show the " how " and " why " of this movement. 

The highway questionnaire cards contained nine pertinent ques­
tions, briefly as follows: 

1. From where 
2. To where 
3. Kind of vehicle 
4 Driver or passenger 
5 Number m vehicle 
6 Time received 
7 Other transportation used 
8 Time for trip 
9 Purpose 

The cards were designed so that a simple checking of items listed 
would suffice for answers in the majority of cases, and simplify the 
work of tabulating the results. 

The survey was preceded by a very extensive publicity campaign 
to acquaint the public with its purpose This was carried on through 
the newspapers, by the distribution of hand-bills, and samples of the 
cards with instructions as to their use were also widely distributed. 

The Highway Suivey was made possible by the cooperation of the 
State Highway patrol in Pennsylvania, the New Jersey and Dela­
ware Highway Departments, the Fairmount Park Commission, the 
Delaware Eiver Bridge Joint Commission and the several ferry com­
panies These organizations detailed their men to count the traffic and 
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distribute the cards at the 63 locations chosen for the work. These 
stations were located principally at gateways to large population 
centers so as to obtain the movement of traffic from suburban areas 
mto business and industrial centers. In addition a few stations were 
located at important regional cross roads, thus obtaining the data 
for through traffic as well as that entering the cities of Philadelphia, 
Camden, Trenton and Wilmington The stations were distributed as 
follows: 

36 in Pennsylvania 
6 in Delaware 
6 in North New Jersey 
9 in South New Jersey 
6 at Delaware River Crossings 

m South Jersey 

Cards were distributed between the hours of 6: 30 A. M. and 
8 : 30 P. M. to each occupant of every motor vehicle passing a station 
except where the occupant had previously received a card from an­
other station Only the vehicles traveling inbound towards centers of 
population were counted and given cards, the feeling being that a one 
direction story for such a large area would be practically the same as 
if the survey was made for traffic traveling in both directions. The 
hours were extended into the evening to obtain an idea of late after­
noon and early evening traffic which was generally for purpose of 
recreation 

The survey included the origin and destination of all occupants of 
motor vehicles in order to compare properly the results from the 
highway survey with those obtained on rail and bus transportation 
units. Furthermore, it was expected that where several persons were 
ridmg in a vehicle both the origin and destination as well as the pur­
pose for the trip might be different To separate the story for the 
driver of the vehicle as distinguished from the other occupants or̂  
passengers, a place was provided on the questionnaire card for the 
occupant to check as to whether he was driver or passenger in the 
vehicle The business reply card privilege of the Post Office Depart­
ment was utilized to obtain the return of the cards distributed at the 
stations The reverse side of the questionnaire card was printed with 
the address of the Federation and two cents was paid to the Post 
Office Department for each card returned. 

Somewhat over 200,000 vehicles excluding busses were counted, 
and the returns on the highway questionnaire cards amounted to 
about 20 per cent 

5 
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The following are some illustrations of the data obtained froin 
this survey; which show the need for the proposed highways shown 
on page 127. 

The analysis indicates that, of the traffic coming from Trenton 
and north and west of Trenton and the New York region, crossing the 
Delaware into Pennsylvania on the Lincoln highway at Morrisville 
64 per cent was destined for the built-up section of Philadelphia and 

points between Trenton and Philadelphia. 
15 per cent was destined for the immediate suburbs, north and west, 

of the built-up portion of Philadelphia 
7 per cent destined for Wilmington, Del, and points within the 

region beyond the Philadelphia suburbs. 
14 per cent through traffic to more distant points to the south and 

wes t . 

This analysis shows that 14 per cent may be classed as strictly 
through traffic to distant points, but 36 per cent would naturally use a 
by-pass or belt line highway beginning near Trenton and passing 
Philadelphia on the north and west The Pennsylvania State High­
way Department is now making surveys and studies with a view to 
eventually provide such a highway. 

An analysis of the traffic from the west and south also indicates 
that about the same percentage would naturally use a belt line high­
way around Philadelphia toward Trenton 

The survey, and also a count made by the State Highway Depart­
ment of New Jersey, indicate that about 50 per cent of the traffic 
from Philadelphia and points south and west, going north toward 
Trenton is destined to points beyond Trenton All of this traffic 
would flow into the belt line highway north and west of Philadelphia, 
if it also by-passed Trenton to the north and connected with the direct 
route to the New York region A highway to meet this situation is 
shown on the map and is under consideration by the Pennsylvania 
and New Jersey State Highway Departments. SuiT êys are now 
being made for the section of this highway which will start at the 
Lincoln Highway at Philadelphia City Line, cross the Delaware 
Kiver north of Yardley, and connect with the proposed New Jersey 
State Highway which will pass Trenton to the north and connect with 
the New Jersey direct route to New York 

An outer belt line highway from New Jersey to Maryland, connect­
ing with routes north and south, is also under consideration and the 
traffic analysis indicates that it will not be many years before this 
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outer belt line highway will be required to relieve the inner belt line 
from the strictly through traffic. 

The analysis also indicates, as previous traffic studies have, the 
necessity for the proposed industrial highway from Trenton to Ches­
ter and Wilmington, and the early construction of the section be­
tween Philadelphia and Wilmington. 

An analysis of the traffic over the Philadelphia-Camden Delaware 
Eiver Bridge and the ferries shows that about 76 per cent constitutes 
regular daily traffic between the built-up section of Philadelphia and 
Camden and South Jersey. This analysis is from a count made on 
Thursday, June 6, 1929, so it does not give the story of the shore 
traffic which is not well under way until later m the season, and is at 
its peak on Saturdays, Sundays and holidays. The summer shore 
holiday traffic, of course, consitutes the greatest portion of the traffic 
on the Delaware Kiver Bridge. The analysis emphasizes the necessity 
for belt line highways around all large centers of population, connect­
ing with radial highways to the different business and residental 
centers to diffuse the traffic. 

Through traffic is always considerably greater on Saturdays, Sun­
days and holidays, and also during the tourist season which starts m 
July and ends in the early fall. A count, taking this traffic into 
consideration, would increase the average percentage of the traffic 
destined to go around Philadelphia to Trenton, and likewise, around 
Trenton to destinations beyond. 

These are just a few illustrations of the results of the survey The 
Federation now has complete information relative to the origin and 
destination of the traffic m the region, and of the traffic passing 
through the region. From this information a comprehensive high­
way system is being planned, which will enable traffic to go to and 
from the points of origin and destination by the most direct routes 

P R O C E D U R E I N A N A L Y Z I N G R E T U R N S F R O M 

R E G I O N A L H I G H W A Y O R I G I N A N D D E S T I N A T I O N S U R V E Y 

J O H N N O L E N , J K , Regwrud Planmng Federation of the Philor 
delphm Tri-State District The analysis of the vast amount of in­
formation obtained in the survey involved primarily a consideration 
of the reliability of the data and secondly provision, m tabulating, 
for applying it in a great variety of ways. There were 41,000 cards 
returned, for each of which there were, to the nine questions, a pos­
sible 150 different answers, not including a multiplicity of combina-
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tions of these answers The task was to group, and finally tabulate 
this information m a simple, concise and usable manner, so as to 
obtain a complete inventory of returns, and so arranged that any de­
sirable grouping of results could be extracted readily. Throughout 
every operation and listing, the data had to be related to the per cent 
return which the original cards represented at each of the 63 points 
from which they were distributed, for only in this way could a mea­
sure of accuracy of the known results be obtained. 

An idea of the extent of the analysis may be visualized from a 
study of a facsimile of the card (Figure 1). 

Eacii Penen WOl Pirate FOl Out Only One of TheM Card* for Each Trip Today 
Hw l U g l a u l PUnnlnf FsdmUan of th« PUIaddphla Trl-Stale DUMet, The Nov Jmay, DaUwara 

u d PaniuylvaiiU Hlfhway Dapu-trntota Win Appraelata Your Co^paraUon 

I My m p M o r t c d f r o i n i T* R ^ r̂ CFOW 
Name al Subtul) Boroiuh or City I l i a PUlaildpliU.clKck aectloa o( dtr bdow 

••gSSS!.alKlSsu ' • K . U . I ! " ' ' '•IflfSSSl.aS?.'' « • JBSmoS'iKl"' 
, (—I North Notthol a r" ! Nonbtnat Cbastnut HUl T Nonheuf^'taTOdak. 
' L J Spitoa Cardan St. * L J Ccnnanlowi., Roiborauth, eu ' L J Fraaklord ate 

3. M r final deatlnatlon lat 
NaiaaoISubiut>,Boraiiil.oratr I I lo PhllBilriphIa,chtck aecUoo oldly balow , r~l Cenuat SoiioM t I—I ^ t h South t I—I Southwest South . Wert North of 

• L J Cardeu to South St. ' L J ol South St -* L J of Baltlmoia Ava * l&l BalUmora Ava 
, r~1 North North of X r"! Noftharatt Chaitnut HU] 7 rn Northeait Torraadala. 
' L J Siuliu Garden St. ° L J Cannantawn Roabotouih etc ' L J FranUoid, ate 

«. I am riding la a I 4. l a m 
« BIT ? ? 3 3 f ' • v S S T " I g f DHver J • Pa-a^ar 

i . Number of pcfwms In tbla Tchlcle 6 I racalrad chia card at A M i S * P. M . 
7. After laarlnt chit Tehlela, my transportation to destination wil l be 

8. Th« total t l n u required for m j r tr ip f rom start to deatlnatlon wil l be 
I Q 1 to IS mln. 2 Q leioJOmin 3 Q ] Jl to « mln. 4 Q 4 6 t o f i O i n l n S ^ l t o l H ' b r 6 | ~ | O w I H hr 
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C D ^ F G H K L M 

F i g u r e 1. 
\ 

It will be noted that the card was designed so that a simple check­
ing of items listed would suffice for answers in the majority of cases, 
and would simplify the work of tabulating the results. 

Identification of each card with the station at which it was dis­
tributed was made by coding the cards before distribution to the vari­
ous stations. The letters along the bottom of the card were checked 
with crayon by warping a handful of cards and marking the letters 
indicating each station. 

This provision made it possible to determine the route of travel 
between origin and destination and to compute a per cent return for 
each sation, by comparison of the cards returned with the volume 
count. If the results of the tabulation of data from each of the 63 sta-
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tions were to be comparable, one with another, adjustment must be 
made for the variation in per cent return at different stations. It 
would not be permissible to combine or compare the origins and desti­
nations indicated at a station for which there was a 10 per cent return 
with those at a station for which there was say a 20 or 25 per cent 
return, unless allowances for these variations were first made Fur­
thermore, by multiplying the cards returned by a factor based on the 
per cent return, it would be possible to obtain a quantitative estimate 
of traffic between origin and destination 

Although over 200,000 vehicles, excluding buses, were counted on 
the day of survey, calculation has shown there were approximately 
170,000 different vehicles contacted carrying somewhat over 300,000 
persons Due to the fact that some stations were so situated as to 
cause many vehicles to be counted more than once, the actual per cent 
return could only be obtained after allowances for this duplication 
were made. This net return after corrections averaged over 17 per 
cent, varying generally between 10 and 30 per cent at the different 
stations. From the occupants of the vehicles there were a total of 
41,000 usable cards, 29,000 being from the drivers There was an 
average of 1.77 persons per vehicle 

In order to analyze the origin and destination data of the survey, 
the region was divided into zones for grouping the origins and 
destinations indicated on the cards Thirty-three zones were chosen 
withm the region and m order to provide for the listing of traffic 
coming into or going out of the region, 14 additional outside zones 
were chosen, which were generally directional in character, but which 
enclosed important areas like the New York Region, Seashore Re­
sorts and the Baltimore-Washington area This made a total of 47 in 
all The boundaries of these zones coincided with county lines or sub­
divisions of them, and enclosed areas of similar function, having a 
common community of interest By adopting boundaries along poli­
tical subdivision lines, comparisons can be made between the traffic 
generated, the population and motor vehicle registration This should 
make possible the establishment of a law of traffic relationship be­
tween zones which can be expressed m terms of population, registra­
tion, area and distance. 

These zones were next assigned code numbers and all the cards 
coded for the proper zone of origin and destination Individually 
each card was then checked for consistency of the information shown 
upon it, and adjustments made where obviously items had been in­
correctly checked, or were not according to standard 
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For the tabulation of the results, the data on the original survey 
cards wer§ then transferred, by adoption of code numbers, to Hol­
lerith tabulating machine cards The process of sorting and tabulat­
ing this varied mass of information was thus mechanized and short­
ened, for the Hollerith machines sort cards at the rate of 400 a minute 

The tabulated data were entered upon forms, 11 by 17 inches m 
size, designed specially for the purpose Three major tabulations 
were made and information taken off in the following sequence: 

I Station 
A T i m e Handed Out 

1 Occupant (i e D n v e r or Passenger) 
a K i n d of Vehicle 

1 Number in Vehicle (Drivers' Cards Only) 
I I Ongm Zone 

A Destination Zone 
1 Station 

a Occupant 
I K i n d of Vehicle 

II Purpose 
I I I Station 

A Destination Zone 
1 Occupant 

a Faci l i ty to Destination 

After tabulation, it was necessary to prorate a small percentage of 
the minor data that were urichecked on the original cards. This was 
done in accordance with ratios shown for the checked items Addi­
tional adjustments were also made, principally for trips indicated in 
the " reverse direction by error," than that in which the survey was 
taken. 

Out of a possible 47 by 47, or 2209 origin and destination com­
binations, there were 1302 for which the survey showed movement of 
people Out of these there were only 277 or 21 per cent for which 
the returns indicated only one person moving between zones. The 
complexity and magnitude of the regional movement can thus be 
imagined. 

The practical application of the results of the survey depends on 
what I S to be proved. General tendencies can be worked out from the 
tabulated results of the actual cards returned, but for a true com­
parison of traffic between zones, the final adjustment for the variation 
in per cent return at different stations is necessary. This then pro­
vides a basis for establishing quantitative estimates of the origin-
destination composition of traffic at any point. It is to be noted that, 
while the number of returns indicating trips between certain zones 
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may be small, the outstanding fact is that a combination of many 
small and different trips together establishes a large and definite re­
lationship at any one point between the groups of zones on either side 
These relationships can then be expressed most forcibly in t«rms of 
percentage. 

With the data analyzed and tabulated as described above, they can 
be expended to almost any degree, or adapted to a variety of uses 
When the analysis is finally completed the survey will have sup­
plied m addition to origin and destination relationships, basic data 
on the purposes for which motor vehicles are used, and the time spent 
in making trips, the relation between home and work, and finally the 
importance of coordinating all other transportation facilities with the 
highway system. 

While the work of analyzing the results from such a survey has a 
diversity of difficulties, perhaps the most important consideration is 
to organize most carefully and completely the task of actually mak­
ing the survey Properly executed, the-results will be exceedingly 
worth while, and lend themselves readily to systematic analysis 

M B V . E BURTON, Deputy Highway Commissioner, Michigan. 
I was very much impressed m the uniformity of the traffic which 
Dean Johnson has shown on the charts They show a condition com­
parable to that which we have in Michigan in our heavy industrialized 
areas, but not at all typical of what we have in our agricultural 
and resort regions. In the resort regions variation is very great They 
have a very sparse population and a very high number of vehicles 
during July and August. During the winter time, because of the 
small population—only the main roads being open—the traffic may 
amount to only 20 to 25 per cent of the average yearly traffic Dur­
ing July and August that traffic commonly runs from 300 to 400 per 
cent of the average yearly traffic. The average traffic as determined in 
Michigan is made up of traffic counts taken m four traffic quarters 
and these traffic quarters were determined by the flow of funds from 
the gas taxes. We know exactly what the medium month in each of 
the traffic quarters is and the counts are taken in that medium month 
A good many of the traffic counts taken have been very misleading be­
cause they did not represent the average throughout the entire year, 
and where the traffic is so variable, if you want an accurate average it 
I S necessary to carry on the traffic count throughout the year That 
I S one of the reasons why our general traffic averages show very much 
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less traffic than some taken m a number of other states whose counts 
extend only through the summer season In the industrial areas our 
counts show very much the same variation that Dean Johnson's do 
In the agricultural areas there is not as wide a difference as there is 
in the resort areas. This is something with which we must concern 
ourselves very much m the design of our highways We feel that the 
order of improvement should be determined by the average traffic and 
that the design must be determined by the peak traffic, and if we are 
to determine the proper order of improvement and adequate design, 
it is very necessary that our traffic counts be taken m a great deal of 
detail and studied with much care 

M B C A E L F M E Y E B , Worcester Polytechntc Institute. T would 
like to say something about signals, especially signalizing of intersec­
tions, and with particular reference to Massachusetts. Traffic control 
I S a very pressing matter in this state We are forty-fifth among the 
48 states in mileage of state highways, twelfth m volume of registra­
tion, and first m the number of cars per mile of highway Massa­
chusetts has just made a pioneer attempt at a uniform system of 
signalizing intersections. 

By legislative action electric traffic control signals in Massachusetts 
either m cities or towns or on state and county highways in rural 
districts can only be erected on state highways by written approval 
of the Department of Public Works, and only at intersections and 
only used during the time of day, when traffic volume warrants 
There have been many signals erected by counties and towns without 
regard to uniformity and often without regard to traffic volume 
Signals have not served to expedite traffic They have often retarded 
it. The department specifies the minimum traffic requirements for 
signalizing an intersection, these figures being a total of at least 500 
vehicles per hour with at least 125 per hour on the cross streets Even 
though the total traffic is considerably m excess of 500 vehicles per 
hour, the signal is not considered warranted unless the cross street 
has a traffic of at least 125 These are minimum requiremients and 
are not to be interpreted as necessitating signal control However, if 
the pedestrian traffic on the cross street is of sufficient volume the 
signal may be allowed even though vehicular traffic volume is much 
less than 125 per hour. 

The department has made a survey of the types of signals in use 
in the state, and has attempted to specify the type and the loca-
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tion of the signal which according to the present state of our knowl­
edge, will conform with good engineering principles, at the least ex­
pense for changing the existing signals The principal features in 
addition to the traffic requirements have to do with location and type 
All signals installed in the state from now on, as the result of definite 
traffic counts, must be of the three lens vertical type with four signals, 
one at each of the far right hand corners. The locations of the lenses 
are also definitely fixed The red lens must be at the top with the 
yellow and green in that order, vertically The lenses must be sepa­
rately illuminated and with a bulb of at least 60 watts to furnish the 
necessary illumination The clear height from the road to the signal 
I S a function of the distance between the stop line on the near side 
of the intersection and the signal on the far side, and that varies 
from eight to sixteen feet in the specifications No turns of any kind 
are allowed when the red light is shown unless a green arrow lens 
pointing left or right is illuminated at the same time. This lens is 
allowed only when the streets are wide enough to allow separate lanes 
for such turning traffic It is recommended that no attempt be made 
to synchronize signals at intersections spaced more than 200 feet 
apart. 

I have just jotted down these points, and I am sure that any of 
the contact men or others who wish to acquaint themselves with the 
details of this system can secure Traffic Bulletin No 2 by writing the 
Department of Public Works in Boston Massachusetts 

PBOFESSOR R . L MOBEISON, University of Mtchigwn As was 
brought out this morning, all of us know that, in general, the same 
people pay for building the roads and operating them If the value 
of vehicle time is assumed to be $3 00 per hour, and if every one of 
our motor vehicles, 25,000,000 of them, is delayed three minutes a 
day due to congestion from lack of grade separations, or other causes, 
the total cost per year is nearly $1,400,000,000. 

PKOFESSOE W . E L A Y , University of Michigan. I would like to 
see some kind of regulation of the green and red advertising signs 
They are often about the same height as the traffic control signals, and 
contribute gi'eatly the difficulties for the average driver. 

OiiAiEMAN MATTIMORE. We gave that suggestion on the law, in 
Pennsylvania especially on the gas station that have the red blinkers. 


