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PREFACE 

This is the first, and final, published report on Research Project 

3-18-64-78, "Evaluation of Traffic Control at Highway Intersections. II It 

describes (1) the development of special digital traffic delay recording equip­

ment; (2) field studies conducted in Austin, San Antonio, and Houston, Texas, 

from 1965 to 1967; (3) data processing and analysis techniques; and (4) an 

interpretation of the results. 

Three unpublished theses based on various phases of the research study 

have, however, been submitted to The University of Texas at Austin in partial 

fulfillment of the requirements for the Master of Science degree in Civil 

Engineering. These are: 

"A Technique for Evaluating Vehicular Delay at Intersections," June 

1967, by Louis E. Hood, 

"Traffic Delay at Stop Sign Controlled Intersections," May 1969, by 

Frank N. Cunningham, and 

"An Analysis of Vehicular Delay at Signalized Intersections," January 

1970, by Harold D. Cooner. 

Copies of these theses are available for interlibrary loan from the 

Engineering Library, The University of Texas at Austin, Austin, Texas 78712, 

or reproductions may be procured from this source for cost of processing. 

Digital data tapes and computer programs for the SDS 930 and CDC 6600 

computers are on file at the Center for Highway Research. 
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ABSTRACT 

The design and development of a digital delay data recorder (D3 Recorder) 

and its use for collecting traffic volume and delay data at intersections are 

detailed in this report. 

Extensive field measurements of traffic characteristics observed at 19 

locations ranging in complexity from low-volume intersections operating under 

stop-sign control to high-volume, signalized diamond interchanges were recorded 

for subsequent analysis. 

Computer programs used for data reduction and analysis are described and 

documented. 

Volume versus delay relationships for virtually all types of stop-sign and 

signal control were formulated. Currently used warrants for selecting various 

types of traffic control devices and proposed warrants for using traffic-

actuated signals were evaluated. A new set of minimum volume warrants for 

four-way stop-sign installation were formulated. 

A number of recommendations regarding potential applications of the re-

cording equipment and the methodology developed for this study are given. The 

feasibility of using multichannel recording devices for field studies of traf-

fic characteristics has been demonstrated. 

KEW WORDS: delay at intersections, stopped-time delay, intersection capacity, 

traffic volume, traffic flow characteristics, peak-hour traffic, signalized 

intersection traffic control, stop-sign intersection control, traffic-actuated 
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signals, traffic signal timing, traffic counters, manual traffic counts, data 

recorders, data processing, traffic analysis, mathematical models, traffic 

delay warrants, traffic signal warrants, traffic sign warrants, highway user 

benefits, traffic planning, traffic research by simulation. 



SUMMARY 

Traffic delay is one of several criteria that are frequently used by 

traffic engineers to aid them in selecting the proper type of traffic signs 

or signals for a specific application. Their objective is to minimize delay 

while providing safe, orderly traffic flow through street and highway inter­

sections. 

Before this research study began, there were no practical means for record­

ing and processing the large amounts of traffic performance data required for 

evaluating the relative effectiveness of various control devices in minimizing 

delay. A l2-channel digital delay recorder was developed and used extensively 

for studying traffic delay characteristics at 19 different intersections con­

trolled by stop signs or signals. The desirability of recording simultaneously 

input from electromechanical monitoring devices on the traffic signal control­

lers and from human observers in the field in a format directly suitable for 

computer processing was demonstrated. 

Analysis of the delay data obtained in over 240 hours of field studies 

led to the development of new minimum traffic volume warrants for installing 

four-way stop signs. Also, a set of volume warrants for traffic-actuated sig­

nals proposed by the Traffic Engineering Section, Maintenance Operations 

Division of the Texas Highway Department was evaluated in terms of minimizing 

delay and was recommended for continued use. 

Procedures for using the delay-evaluation technique in before-and-after 

studies and an economic analysis process are described in the report. Sugges­

tions for modernization and further development of the delay recording system 
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are offered, and potential application of the presently available field data 

for traffic simulation and intersection capacity studies are pointed out. 
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CRAPrER 1. INTRODUCTION 

Every intersection presents the motorist with potential sources of hazard 

and delay in addition to those normally associated with vehicular operation on 

the open highway. This is due primarily to the need for two or more traffic 

streams to share a common section of roadway in passing through an intersection. 

In order to keep hazard and delay experience within reasonable limits, it is 

necessary to select and install a means of controlling traffic movement through 

intersections. A variety of traffic control devices ranging from a set of 

signs and pavement markings to rather complex signal systems have been devel­

oped and are in wide use throughout the United States. 

The purpose of any intersection control system is to alternate the right­

of-way between the several intersection approaches in such a way that traffic 

may move safely through the intersection with minimum delay. Indeed, the 

stated criteria of signal timing are to minimize (1) average delay to all 

vehicles and pedestrians, (2) total delay to any single group of vehicles or 

pedestrians, and (3) the possibility of accident producing conflicts (Ref 1). 

Guidelines in the form of warrants for certain types of traffic control 

have been established. These are generally expressed in terms of traffic 

volumes and accident experience, and a certain degree of standardization in 

the use of traffic control devices has been achieved (Ref 18). Techniques for 

phasing and timing signal controllers have been proposed and used with some 

success, and comparatively complicated signal controllers incorporating many 

adjustable features have been constructed. 
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Other factors which influence the selection and installation of a traffic 

control device include the initial equipment cost, installation cost, and the 

anticipated operating and maintenance costs. Also, in order to make valid 

economic judgments, it is necessary to acquire information on the relative 

costs to motorists affected by the traffic control configuration employed. 

Unnecessary and excessive delays to motorists can result in significant eco­

nomic losses during the service life of the control equipment. A reduction in 

these losses, i.e., a reduction in delay, will often justify the installation 

of more expensive and, correspondingly, more efficient traffic control equip­

ment. 

Up to now, however, there has been no suitable method for evaluating the 

effectiveness of control devices operating with various settings under actual 

traffic conditions. 

PURPOSE AND OBJECTIVES 

Traffic performance at controlled intersections may be expressed in terms 

of the relative delay experienced by vehicles entering the intersections. 

Consideration must also be given to the maximum delay experienced by any 

individual vehicle or by a queue of vehicles in the traffic stream. Thus, an 

accurate, quantitative measure of the delay to each vehicle in the traffic 

stream is required in order to use this concept for evaluating the effective­

ness of existing traffic control schemes and for making economic decisions 

related to various alternative traffic control systems. 

The purpose of this research was to develop a practical means for measur­

ing vehicular delay, a procedure for analyzing the data obtained, and a method­

ology for evaluating traffic control installations, with particular emphasis on 

the establishment of suitable warrants for selecting the proper traffic control 

equipment at individual intersections. 
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Several basic policy decisions which were made in the early stages of this 

research directly affected its outcome. One of these concerned the type of 

delay to be measured and another was the manner in which the data were recorded. 

Determination of the total delay which results to a vehic from slowing 

below normal running speed, stopping, and then accelerating back to running 

speed is desirable, but such a determination is impractical because it would 

require a time-space record of each individual vehicle. However, an observer 

can sense quite accurately when a vehicle is not moving and the total number 

of vehicles stopped on a selected approach during any given time interval 

can be recorded by mechanical means. Stopped time delay can then be calcu­

lated as the product of the number of stopped vehicles and the recording time 

interval in seconds. 

Thus, for practical reasons, it was decided to employ stopped time delay 

in the evaluation of intersection performance in this research study. 

In earlier studies of delay involving such methods as time-serial photo­

graphs and purely manual data recording, a most serious drawback concerned the 

very large volume of tedious and time-consuming data reduction required to 

obtain a relatively small sample of usable delay data. Thus, it was decided 

that the recording device used in this research must have the capability of 

producing digital output in a form directly acceptable for computer processing. 

This would make the analysis of large volumes of data feasible. 

The Digital Delay Data Recorder and its operation are described in detail 

in Chapter 2 this report. 

Based on the purpose of the research as given above, the following set of 

objectives was established: 
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(1) to design, construct, and test equipment capable of recording vehi­

cular delay data in digital form on punched paper tape for twelve 

approach lanes, 

(2) to prepare computer programs for summarizing delay data and reducing 

it to a suitable form for analysis, 

(3) to develop methods for analyzing traffic delay data, 

(4) to evaluate the performance of various control devices in field 

operation, and 

(5) to evaluate the suitability of existing warrants for selecting the 

type of traffic control required at ~ number of actual intersections. 

An additional objective concerning the optimization of signal settings 

which was given in the original research proposal could not be met in the per­

formance of this study. To do so would have required a great deal of addi­

tional data, collected in the framework of a controlled experiment. This was 

not anticipated at that time; however, some preliminary findings in this 

regard are brought out later in the body of this report. 

PROCEDURE 

This research was carried out in three slightly overlapping phases. 

The first phase consisted of the design, construction, and field testing 

of special equipment for recording delay data in digital form on paper tape. 

This phase corresponded to the first objective and is described in detail in 

Chapter 2 of this report. 

The second phase involved the formulation of techniques and procedures 

for processing, collecting, and analyzing the delay data. This corresponded 

to the second and third objectives and is covered in the latter half of 

Chapter 2 and in Chapters 3 and 4 of this report. 
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The third phase was concerned with evaluating the performance of various 

types of traffic control devices and with establishing suitable warrants for 

selecting these devices. This corresponded to the fourth and fifth objectives 

and is covered in the balance of this report, beginning with Chapter 5. 
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CHAPTER 2. DIGITAL DELAY DATA RECORDER 

The Digital Delay Data Recorder (D3 Recorder) developed as part of this 

research effort is a unique piece of equipment. It provides, for the first 

time, a reliable means of recording a large amount of accurate data suitable 

for calculating vehicular delay characteristics at intersections in a form 

directly accessible to high-speed computer processing. The D3 Recorder is 

capable of recording the number of stopped vehicles, the cumulative through­

traffic volume, and the signal indication for each intersection approach lane 

(up to 12) virtually simultaneously on a moment-to-moment basis for extended 

periods of several hours. 

The D3 Recorder developed in this research was based to a large extent 

on a digital data recorder designed and built by Henry R. Mitchell in 1962 at 

The University of Texas (Ref 22). Many modifications as well as certain elec­

tronic and structural improvements were made to the device which increased 

its durability and enhanced its versatility as a practical research tool. 

Although bulky, the equipment is easily transported and can be set up in 

the field in about 30 minutes. Anywhere from 6 to 18 observers are required 

to input data which are then recorded automatically on punched paper tape at 

specific intervals. The number of observers is a function of the number of 

approach lanes under study. 

DEVELOPMENT AND DESIGN 

Because the principal function of the D3 Recorder was to collect and 

record stopped-time delay data at controlled intersections, several factors 
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basic to this application had to be considered in its development. There was 

no intention to construct a general-purpose data recorder although, with 

certain modifications, the present model could be used for a number of other 

applications. 

Basic Factors 

The basic factors which were considered in designing the recorder may be 

summarized as follows: 

(1) Manual observation was necessary to provide all inputs to the 

recorder. The measurement of stopped-time vehicle delay presents 

unique problems because of the nature of traffic accumulation at 

an intersection. The erratic pattern of stops and starts charac­

teristic of this accumulation does nGt lend itself readily to 

automatic detection or measurement. For this reason, manual 

observation was required. 

(2) Punched paper tape was considered to be a feasible method for 

recording delay data. The Friden tape punch is generally available 

and its portable nature lends itself to installation in a relatively 

compact piece of equipment. The paper tape is an intermediate 

storage location for delay data inasmuch as the data must be 

transferred to magnetic tape or punched cards in order to make them 

accessible for computer processing. The use of direct recording 

on either magnetic tape or punched cards was not feasible due to 

the bulky, very expensive equipment required in comparison to 

punched paper tape. Paper tape also provides an inexpensive means 

of long-term data storage if this is desired. 



(3) Multiple data input channels capable of recording all requisite 

data for a minimum of 12 approach lanes had to be provided. It 

was felt that this would provide a high degree of versatility, 

enabling the recorder to simultaneously and continuously collect 

data for virtually any intersection configuration encountered, 

ranging from four approach lanes to the six approach legs of a 

diamond intersection, including the associated separate left turn 

lanes or even individual lanes of critical approaches. 

(4) An appropriate sampling rate for the recording of data had to be 

selected. Ideally, the sampling rate should be as high as pos­

sible; however, for periods of delay typically encountered at 

intersections, intervals as long as 15 seconds between counts 

9 

have been used with no appreciable loss of accuracy (Ref 2). The 

upper limit on the rate is a function of the operating limitations 

of the equipment and the amount of data which may feasibly be 

analyzed. The computer makes the analysis of large volumes of 

data routine, but the punch is limited to about 20 characters per 

second. When all 12 data channels are in operation, 49 characters 

must be punched as one data set; this requires a minimum time of 

about 2.5 seconds. On this basis, the sampling rate was selected 

such that each input was recorded once every 3.00 seconds. A 

faster sampling rate (once every 1.44 seconds) was also used, 

discussed later. The three-second sampling interval approximates 

the average initial vehicle starting time and thus virtually 

assures the recording of all delayed vehicles. This time interval 

is not likely to be a large fraction of a green signal indication, 

even with traffic-actuated phases. However, the short cycles made 
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possible with traffic-actuated equipment could result in 

significant errors if a longer sampling interval were used. 

(5) Special provisions had to be made for sensing and recording the 

indicated number of stopped vehicles on each approach at any 

given time, the total vehicular flow through each approach up to 

any given time, and the signal indication facing each approach at 

any given time. 

Design Components 

The process of observing traffic behavior and recording the appropriate 

data, as envisioned in this research, consists of three essential functions: 

(1) remote sensing of the data, 

(2) translating the data to binary-coded decimal form, and 

(3) recording the data on punched paper tape in a specified format 

by means of a programmer. 

Remote Sensors. Three data items were observed for each intersection 

approach: (1) the number of stopped vehicles, (2) the number of vehicles 

that had crossed the approach stop line, and (3) the signal indication facing 

each approach. Both vehicle counts were input to the recorder through manually 

actuated counter modules operated by individual observers while signal indica­

tions were obtained by making connections to the relay contacts in the signal 

controller. 

Two types of manual vehicle counter modules were designed. The first 

(delay counting module) was used for counting stopped vehicles and the second 

(incrementing module) was used for counting traffic volume. 

Because the number of stopped vehicles could increase when vehicles 

arrived at the rear of a queue or decrease when the head of a queue was re­

leased by the green signal, it was necessary that the delay counting device 
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be capable of both forward and reverse operation. Each delay counter module 

consists of two push-button switches and a remote count indicator (see Fig 2.1). 

One switch, when closed by the observer, inputs a signal to the recorder when 

an arriving vehicle stops and the indicated count of delayed vehicles is in­

creased by one. The other switch is activated when a vehicle just begins to 

proceed toward the intersection and the indicated count is decreased by one. 

The remote count indicator is used to enable the observer (stationed up 

to 200 feet from the recorder) to visually check the indicated number of 

stopped vehicles (which will be the number punched on tape) with the actual 

number of stopped vehicles, thus assuring accurate data. Each delay counter 

module is connected by multi-conductor electrical cable to one of the twelve 

programmer delay input channels in the recorder. The cable length of 200 

feet allows the observer to select the best observation point. 

The incrementing counter, used for volume counting purposes, consists 

of a single push-button switch which is depressed by an observer at the 

passage of a vehicle. It is connected to one of the twelve programmer volume­

input channels. The incrementing counter is capable of only forward operation 

because only cumulative volume totals are needed. Volumes for any specific 

time period may then be obtained easily by subtraction. 

The operation of the traffic signal controller is monitored through relay 

coils connected to the relay contacts in the signal controller which feed 

power to the red signal faces on each approach. The contacts of the monitor 

relays are connected to appropriate positions on the function selector stepping 

switches. 

Translators. The purpose of the translators is to convert the sensed 

data from the ordinary decimal digit mode to the binary coded decimal mode, the. 

form in which they will be punched. The translat~rs consist of the programmer 
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delay ihput and the programmer volume input channels mentioned above in the 

section on remote sensors. 

Each programmer input channel is made up of two multi-contact rotary 
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switches. These are four, 10-position switches connected to act as one unit. 

One switch operates as a units module and the other as a tens module, thus 

making it possible to keep track of the number of stopped vehicles (up to 99) 

on an approach at any given time. 

A signal from the remote delay counting module drives one of two digi­

motors (rotary-action solenoids) in the units module. One digimotor rotates 

the 10-position switch forward through 36 degrees and the other rotates it back­

wards through 36 degrees, for each actuation, providing a total of 360 degrees 

for the ten positions. When the units module switch steps from position 9 to 

position zero, contacts automatically actuate the forward digimotor in the tens 

module to advance the rotary switch there one position. The reverse is also 

true. Figure 2.2 shows a units module. 

Thus, counting may be done in an uninterrupted manner from zero to 99 

either the forward or backward direction. If 100 vehicles are stopped, the 

counter will register a zero, but counting can still proceed in either the 

forward or backward direction from this point. The recorded data require 

additional editing in the computer operations which effect the transfer 

of the data from punched tape to magnetic tape. Obviously, these counting 

modules can be used to keep cumulative vehicle totals for other applications. 

Each of the units and tens module switches includes a set of four sta­

tionary wafers which are wired to count in binary arithmetic. Each succeeding 

wafer represents an increasing power of two, beginning with zero, so that any 

ordinary decimal number from zero to 15 can be represented. Binary counting 

is achieved by wiring the wafer contacts as shown in Fig 2.3, in which 1 in­

dicates "contact wired II and 0 indicates "contact not wired ". The wafer 
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Wafer and Code 
Count 
Input 

(2 0 ) (21) (22) 4 (23 ) 1 2 3 

0 0 0 0 0 

1 1 0 0 0 

2 0 1 0 0 

3 1 1 0 0 

4 0 0 1 0 

5 1 0 1 0 

6 0 1 1 0 

7 1 1 1 0 

8 0 0 0 1 

9 1 0 0 1 

Note: 1 contact wired. 
0 = contact not wired. 

Fig 2.3. Wafer contact wired for binary counting. 
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contact positions are then connected to appropriate contacts on similar 

wafers on the function selector stepping switch and from there to the punch 

pins on the paper tape punch. 

Thus, when a particular channel is being sampled, only those punch pins 

which correspond in position to the wired contacts on the module switches for 

the indicated count input are activated. The electrical circuit needed to 

actuate a punch pin is completed by connecting the wiper arms of the module 

switch to the negative terminal of a 48V dc power source and the punch magnet 

coil to the positive terminal. Punching is done only when the contacts are 

closed on both the module switch and the function selector stepping switch. 

The balance of the programmer input channel consists of several wires 

connected directly to a selected position row on the function selector stepping 

switch. Wires which are connected directly to the negative terminal of the 

power source are also permanently connected to the first three wafers of the 

function selector stepping switch so that, when that position is sampled, 

the punches will indicate by the prewired code the approach lane it repre-

sents. 

The contact of the fourth wafer is connected to the signal monitor 

relay coil for the approach so that the corresponding punch pin is activated 

only when the signal indication is red. 

This arrangement was used in order to punch both the approach designation 

and the signal indication on the same row of the paper tape. The number of 

rows thus conserved allowed for punching all approach volume data along with 

delay data in one sweep of the function selector stepping switch. 

The programmer volume input channel consists of an II-position stepping 

switch which functions in virtually the same manner as the units and tens 

module switches. The II-position switch causes a minor problem in data 
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conversion because the second zero in the volume count sequence actually 

indicates 11, the third zero, 22, and so forth. In other words, the volume 

counts are supplied in terms of base 11 rather than normal base-10 arithmetic. 

The 11-position stepping switches were used only because they were commercially 

available and did not require special order as did the la-position rotary 

wafer switches used in the units and tens modules. 

Recording Programmer. The term "programmer" is used to identify that por­

tion of the D3 Recorder which causes the data from each input unit to be 

punched sequentially on paper tape at predetermined intervals. The programmer 

consists of two function selector stepping switches, a synchronous pulse 

generator, a power supply, and a Friden paper tape punch. 

Two function selector stepping switches are used to provide for two 

sampling rates depending on the number of approach lanes under study. One is 

a 52-position switch which provides a 3.00-second sampling rate for twelve or 

fewer approach lanes and the other is a 25-position switch which provides a 

1.44-second sampling rate for six or fewer approach lanes. The sampling rate 

is controlled by the synchronous pulse generator. 

The wiper arms which serve to provide a connection with a row of wafer 

contacts at each position of the stepping switch are connected to the code 

magnets controlling the punch pins. By advancing the switch at prescribed 

time intervals, the data from each input are punched on successive rows of 

the paper tape. A schematic diagram of this operation is shown in Fig 2.4. 

Three successive positions of the switch are required for each program­

mer input channel. After all six (or 12) programmer input channels are 

scanned and punched, the programmer volume input channels are scanned and 

punched. The sequence of approach lanes must be exactly the same for each of 

these two sets of input data. 
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The synchronous pulse generator causes the production of electrical 

signals of the duration required to properly drive the 52-position stepping 

switch through one rotation in 3.00 seconds. Thus, a pulse to actuate the 

switch is required 17-1/3 times per second or approximately every 57.7 mi11i-

seconds. If the same pulse rate is used to activate the other stepping 

switch, the time required to drive it through its 25 positions is computed 

proportionately as ( ;~ X 3.00 ) or about 1.44 seconds. 

The components of the pulse generator are a synchronous motor and a set 

of cams and microswitches. A synchronous motor operates at a uniform speed 

regardless of the load and, for this reason, was used in order to establish 

a reliable time base. 

Because exactly 17-1/3 pulses per second or 1040 pulses per minute are 

required, it is necessary to gear down the motor's rated speed of 1800 rpm 

to 1040 rpm. This was accomplished by means of a set of four gears. A 30-

tooth gear is attached to the 1800-rpm shaft of the motor and meshes with a 

60-tooth gear on an adjacent shaft, which then operates at 900 rpm. A 52-

tooth gear attached to this second shaft meshes with a 45-tooth gear on a 

third shaft, which then turns at the required 1040 rpm. 

Three adjustable cams are then attached to the third shaft. As the 

cams rotate, each one forces the opening and closing of a microswitch once 

each revolution. The closure time of each microswitch is adjustable by means 

of a screw-spring attachment. 

One microswitch with a 24V dc power source is used to activate the 52-

position stepping switch and another with a 48V dc power source to activate 

the 25-position stepping switch. The third microswitch, with a 48V dc power 

source, activates the clutch magnet of the tape punch which initiates the 

punch cycle. 
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The significant operations of the stepping switch during the 57.7 

millisecond punching cycle are: 

are: 

(1) The power source of 24V dc for the 52-position switch or 48V dc 

for the 25-position switch is applied across the coil, which then 

pulls in the armature and cocks a drive spring. The switch wiper 

arms are held in position by a rachet. Power must be applied to 

the coil for 20 to 30 milliseconds through the microswitch of the 

pulse generator. 

(2) When power across the coil is switched off, the drive spring is 

released and the wiper arms are moved forward to the next posi­

tion. This movement requires from 8 to 12 milliseconds. 

(3) Wiper arms then switch 48V dc power to the appropriate code 

magnets and thereby position the latches to punch the data set 

on that position by the corresponding input source. 

The significant operations of the punch during the same punching cycle 

(1) The punch drive motor runs continuously. However, power for 

rotating the punch mechanism is expended through a friction clutch 

when not being used. 

(2) When 48V dc is applied to the clutch magnet, the armature is 

pulled in, the clutch released, and actual punching occurs. 

Power must be applied to the clutch magnet for a minimum of 10 

milliseconds. 

(3) The punching mechanism turns exactly one revolution and stops. 

(4) Each punch pin is controlled by a latch that is positioned by 

a code magnet. Power for each code magnet is switched by the 

stepping switch contacts and by the contacts of the input source. 
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Power must be kept on the code magnets for at least 15 

milliseconds after power is first applied to the clutch magnet. 

This assures the proper data are punched. A short time (2 or 3 

milliseconds) after this 15 millisecond period has expired, all 

power is cut off as the stepper activating microswitch opens 

and the stepper moves to a new position. The old data are then 

released and new data signals are transmitted to the code magnets. 

A sketch of the time relationships between the operations of the stepping 

switch and the punch is shown in Fig 2.5. These relationships are established 

and the final adjustments made on the cam positions and microswitch closure 

times through the use of an oscilloscope. 

The main power source for these operations is the 110V ac line located 

in each signal controller. The 110V ac power was converted to 48V dc and 

24V dc power for the operation of some of the equipment. The voltages in each 

case are Zener diode controlled to their nominal values. The 24V dc power 

is used to drive the digimotors in the units and tens modules, the manual 

counters, and the 52-position stepping switch. The 48V dc power is used to 

drive the 25-position stepping switch and the tape punch. All other equipment 

operates on the 110V ac power source. 

A Friden tape punch was used because of its general availability and 

relatively low cost. The characteristics of the tape punch have been included 

in the context of prior portions of this report. An example of the punched 

tape output will be given in a later section entitled "Output Data Format." 

An overall view of the D3 Recorder which was used in this research is 

shown in Fig 2.6. The top portion shows the tape punch at the left and the 

programmer volume input stepping switches at the right. The lower portion of 

the picture shows the units and tens modules of the 12 programmer input 
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channels at the left. Wiring for the function selector stepping switches 

as well as other control mechanism switches may be seen at the lower right­

hand portion of Fig 2.6. 

FIELD OBSERVATION PROCEDURE 

Prior to the initial field aetup, the D3 Recorder and each of its 

components was extensively tested in the laboratory. A number of malfunctions 

were corrected a~d several improvements were suggested and ultimately incor­

porated into the design. The same procedure was then followed with several 

trial runs in the field. 

A full-time crew of eight men was assembled and trained in the operations 

of the D3 Recorder and data collecting operations were begun in the spring of 

1966. 

The actual setup of the D3 Recorder in the field was quite simple, pro­

vided that a certain amount of care was exercised in making all the necessary 

connections. The initial step was the location of the D3 Recorder near the 

signal controller to facilitate connection of the signal monitor relays. 

The counter modules had to be connected and each observer then positioned 

himself in an advantageous location for observing his assigned approach. 

If six or less approaches were being studied, the 25-position function 

selector stepping switch was turned on, and the 52-position switch was 

turned on if more than six approaches were under study. After the power 

systems were turned on and the equipment in operation, the paper tape output 

was visually checked to be sure that the punching sequence was correct for 

the approaches under study. When a thorough check of the entire setup had 

been completed, the actual collection of data began. 
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A group of observers could be effectively trained for the purposes of 

data gathering in a period of 10 or 15 minutes. An individual observing the 

number of stopped vehicles for a particular approach was instructed to depress 

the "add" button when an arriving vehicle had actually stopped. The "sub­

tract" button was to be depressed only when a vehicle had actually begun to 

move. The observer was also urged to frequently check the actual number of 

stopped vehicles with the number indicated on his counter and to quickly make 

a correction if required. Fortunately, such corrections were seldom required. 

Volume counting observers simply had to depress the button on their 

counters whenever they observed a vehicle cross the stopline of the approach 

under study and actually clear the intersection. 

Thus, the setup of the D3 Recorder and the observation of data were 

relatively simple tasks and no great problems ever developed along these 

lines. Occasionally, however, equipment malfunctions did occur which required 

on-the-spot repair but which rarely resulted in the loss of data or in the 

need for restudy of the intersection. 

OUTPUT DATA FORMAT 

The paper tape used for data recording was the standard form in that 

each row had sufficient space for seven columns of punches with a column of 

sprocket holes between the third and fourth punch level columns. Only the 

first four levels were used for data punching in this study but a parity 

punch was punched in column seven as needed. 

The punch format for the various characters used in this study is 

illustrated in Table 2.1. 

Each of the programmer input channels is capable of transmitting three 

rows of punched output containing four specific items of data. The trans­

mission occurs at prescribed intervals as controlled by one of the function 
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TABLE 2.1. PUNCH FORMAT OF CHARACTERS USED IN STUDY 

Punch Levels 1 2 3 4 7 

Codes 1 2 4 8 

Characters 

0 

1 0 0 

2 0 0 

3 0 0 

4 0 0 

5 0 0 

6 0 0 

7 0 0 0 0 

8 0 0 

9 0 0 

Red Indication 0 * 
Green Indication * 

End Data Block 0 0 0 0 0 

*The red and green indications will always appear 
with a lane designation in columns 1 to 3. Thus, 
the parity punch will vary. 



26 

selector stepping switches included in the programmer. Individual rows are 

transmitted during the dwell interval of the stepping switch contacts and the 

three rows are transmitted in successive steps of the stepping switch. 

Each row is made up of a set of punched holes which constitute a binary 

number, the magnitude of which indicates the approach being sampled and the 

signal indication on the first row, a units digit on the second row, and a 

tens digit on the third row. 

Each of the programmer volume input channels transmits one row of data 

which indicates volume in terms of base-II arithmetic. 

The output data format depends on which function selector stepping 

switch is in the circuits. When six approach lanes are under study and the 

25-position switch is on, 25 rows of punched output constitute one data 

block. The first 18 rows contain the data from the 6 programmer input 

channels, the next 6 rows contain the data from the 6 programmer volume input 

channels, and the 25th row indicates the end of a data block. In each case 

of transmission from the data input channels, data are always punched in the 

same sequence, i.e., from lane A through lane F. 

When twelve approach lanes are under study and the 52-position switch 

is on, the first 36 rows contain the data from the 12 programmer input 

channels, the next 12 rows contain the data from the 12 programmer volume 

input channels, the next 3 rows are blank, and the 52nd row indicates the 

end of a data block. 

A typical example of stopped vehicles at an intersection is shown in 

Fig 2.7 and the resulting punch configuration on the paper tape is shown in 

Fig 2.S. In this example, the 25-position switch was on and data were sampled 

during an interval shortly after the east-west flow received the green indi­

cation. The reader may verify the output illustrated in Fig 2.8 easily by 
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reference to 2.7. It should be noted that lanes E and F are not being 

observed in this example. 

CHARACTERISTICS 

Many of the more basic characteristics of the D3 Recorder have been 

brought out in earlier sections. It remains now to discuss some of these in 

the context of the advantages as well as the disadvantages and limitations 

of the use of the D3 Recorder for its intended purpose. 

Advantages 

The principal advantage of the D3 Recorder is, of course, that if it 

functions quite well in recording the observations necessary for the cal­

culation of delay statistics at intersections. All data can be accurately 

observed and SUbsequently recorded in a form immediately suitable for computer 

processing and analysis. There is a minimal amount of encoding and card 

punching required, although some data such as the intersection studied, the 

time and date, the directional orientation of the approaches, and other 

system parameters must be so treated. 

The paper tape and punch are a readily available, relatively inexpensive, 

and highly reliable means of recording the data and maintaining them as a 

somewhat permanent record. Equipment for reading the tape is available at 

most computer installations. 

The equipment is housed in a rugged carrying case. It is fairly reliable 

with a minimum amount of down time due to malfunctions. Virtually each com­

ponent is sufficiently compartmentalized so that a replacement unit can be 

installed in a matter of minutes. 



Disadvantages 

The principal disadvantage associated with the use of the D3 Recorder 

is the number of people required to manually observe the data. This is not 

because of the cost involved as much as it is the gaper's block in the 

traffic stream which results from curiosity about the reason for the 

equipment, the people, and the wires which run in every direction. A 

great deal of this problem was eliminated, however, by placing a sign 

reading "Traffic Survey" on top of the D3 Recorder. 
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Another disadvantage was concerned with the general lack of directly 

applicable component equipment for the construction of the D3 Recorder. For 

instance, the la-position stepping switches used in the units and tens modules 

had to be especially manufactured, for two reasons. Stepping switches are 

available with 11 positions but not with 10 positions. Also, switches 

capable of both forward and backward operation are unavailable, and a special 

design was required. 

The D3 Recorder, as has been stated earlier, is bulky and requires two 

men to handle it. It is anticipated, however, that a more sophisticated 

design incorporating greater use of electronic components and solid-state 

circuitry will give a more compact unit, one easily carried by one man. 

SUMMARY 

The design and construction of the Digital Delay Data Recorder, which 

was one of the major objectives of this research, has been described in 

considerable detail. The D3 Recorder makes available, for the first time, a 

practical research tool for the comprehensive analysis and evaluation of 

intersection phenomena, particularly those having to do with vehicular delay 

experience. 
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Virtually any intersection configuration covering the entire range of 

traffic control systems can be studied. When one considers the very large 

number of intersections which require some degree of control, it is readily 

apparent that significant user cost due to excessive or unnecessary vehicular 

delay can develop. The n3 Recorder provides the traffic engineer with a 

definitive means for analyzing intersection delay experience, thus enabling 

him to make sound judgments regarding the installation and efficient adjust­

ment of the most suitable traffic control device for the geometric and 

traffic conditions prevailing at individual intersections. 



CHAPI'ER 3. DATA PROCESSING 

The reduction of the delay data into a form suitable for analysis consisted 

of a certain amount of intermediate data processing prior to the actual calcu-

lation of the delay relationships to be studied (see Fig 3.1). 

INTERMEDIATE DATA PROCESSING 

The first step in reducing the data was to transfer the raw field data 

from the punch paper tape to a 200 BPI magnetic tape, noting any incomplete 

data blocks and flagging them on the newly built tape. Upon completion of 

this task, which was performed on the SDS 930 computer, the second step in data 

reduction was performed. It consisted of producing a new 556 BPI magnetic tape 

/ 

on the CDC 6600 computer. This tape excluded all incomplete data blocks wh1ch 

had previously been flagged on the 200 BPI tape and also contained an added 

time base on each record for identification purposes. The computer program 

which produced the 556 BPI tape also produced a listing of that tape containing 

the data in tabular form and its added time base. An example of this listing 

is shown in Table 3.1. This also illustrates the data which were collected for 

a typical intersection. The first column indicates the time base, that is, the 

time at the start of each 1.44-second sampling interval, in hours, minutes, and 

seconds. 

The data printed in columns 2 through 7 under the headings 'tr.ane A" to 

"Lane F" are those recorded by the programmer input channels. The letters 

''R'' and "G" represent the red and green signal indications which face each 

31 



32 

Field data 

D·' .. 
Paper tape 

Field data 
tabular 
listing 

Visual 
inspection 
correction 

calculation 

Fig 3.1. Flow chart for data processing procedure. 



TABLE 3.1. TABULAR DATA LISTING 

WOODRO~ ANn KOENJO - JULY 25T~ lQ67 - 0115 TO 0915 
FILE NO. 4 o;;TORF:{) IN MAG. TAP£ • 858 

HR MIN SEC LAt;E A LANE a LA"IE C LANE 0 LANE E LANE F VOLU A VOLU B VOLU ~ vOLU 0 VOLU E VOLU , 
7 41 ?4.0n G 0 R 2 G 2 R 5 G 0 G 0 1 2 1 7 0 0 
7 41 25.44 G 0 R 2 G 2 R 5 G 0 G 0 3 2 1 7 0 0 
7 41 ?6.8R G 0 R 2 G 2 ~ 5 G 0 G 0 4 2 1 7 0 0 
7 41 28.32 G 1 R 2 G 3 R 6 G 0 G 0 4 2 1 7 0 0 
7 41 29."'" G 1 R 2 G 3 R 6 G 0 G 0 4 2 1 7 0 0 
7 41 31.2" G 2 R 2 G 2 R 7 G 0 Ii 0 4 2 2 7 0 0 
7 41 32.64 G 4 R 2 G 2 R 7 G 0 G 0 4 2 2 7 0 0 
7 41 14.0A G 4 R 2 G 2 R 7 G 0 G 0 5 2 3 7 0 0 
7 41 35.52 G 5 R 2 G 2 R 7 G 0 G 0 5 2 3 7 0 0 
7 41 36.9" G 4 R 2 R 2 (; 7 G 0 G 0 5 2 3 7 0 0 
7 4} 38.4~ R 4 G 2 R 2 G 7 G 0 G 0 5 2 3 7 0 0 
7 41 39.84 II 4 G 2 R 2 G 8 G 0 G 0 6 2 3 8 0 0 
7 41 41.2~ R 4 G 2 R 2 Ii 6 G 0 G 0 6 2 3 9 0 0 
7 41 42.72 R 4 G 1 R 2 G 5 G 0 G 0 6 2 3 9 0 0 
7 41 44.1" R 5 G 0 R 2 G 5 G 0 G 0 6 3 3 10 0 0 
7 41 4S.6n R 8 G 0 R 2 G 3 G 0 G 0 6 3 3 1 0 0 
7 41 47.04 R 11 G 0 R 2 G 2 G (\ G 0 6 4 3 2 0 0 
7 41 48.4A R 11 G 0 R 2 G 1 G 0 G 0 6 4 3 3 0 0 
7 41 49.9? R 12 G 0 R 2 G 0 G 0 G 0 6 4 3 4 0 0 
7 41 "il.3" R 12 G 0 R 2 Ii 0 G 0 G 0 6 4 3 4 0 0 
7 41 "i2.81) R 12 G 0 R 2 (> 0 G 0 G 0 6 4 3 5 0 0 
7 41 "i4.24 R 12 G 0 R 3 G 0 G 0 G 0 6 4 3 5 0 0 
7 41 55.6R R 12 G 0 R 3 G 0 G 0 G 0 6 4 3 7 0 0 
7 41 0,7.12 R 12 G 0 R 3 G 0 G 0 G 0 6 4 3 7 0 0 
7 41 58.5 .. R 13 G 0 R 3 Ii 0 G 0 G 0 6 4 3 8 0 0 
7 41 f-O.O~ R 14 G 0 R 3 G 0 G (\ G 0 6 4 3 8 0 0 
7 42 1.44 R 14 G 0 R 3 G 0 G 0 G 0 6 4 3 8 0 0 
7 42 2.8A R IS G 0 R 3 G 0 G 0 G 0 6 4 3 9 0 0 
7 42 4.32 R IS G 0 R 3 G () G (\ G 0 6 4 3 10 0 0 
7 4;:' 5.76 R IS G 0 R 3 G 0 G 0 G 0 6 4 3 0 0 0 
7 42 7.2" R 16 G 0 R 3 G 0 G 0 G 0 6 4 3 2 0 0 
7 42 8.64 R 17 G 0 R 3 (> 0 G 0 G 0 6 4 3 2 0 0 
7 42 10.0A H 18 G (\ R 3 b 0 G 0 G 0 6 4 3 3 0 0 
7 42 11.5? R 18 G 0 R 3 G 0 G 0 G 0 6 4 3 3 0 0 
7 42 12.9" R 18 G 0 R 3 G 0 G 0 G 0 6 4 3 5 0 0 
7 4? 14.4(1 R 18 G 0 R 3 G 0 G 0 G 0 6 4 3 5 0 0 
7 42 15.84 R ('0 G 0 R 3 b 0 G 0 G 0 6 4 3 6 0 0 
7 42 17.2A R 20 G 0 R 3 G 0 G 0 G 0 6 5 3 7 0 0 
7 42 18.72 R 20 G 0 R 3 G 0 G 0 G 0 6 5 3 8 0 0 
7 42 20.1" R 21 G 0 R 3 (; 0 G 0 G 0 6 6 3 9 0 0 
7 42 ?1.6r, R 22 G 0 R 3 G 0 G 0 G 0 b 7 3 10 0 0 
7 42 23.04 R 22 G 0 R 3 G 0 G 0 G 0 6 7 3 10 0 0 
7 42 24.4A R 23 G 0 R 3 G 0 G 0 G 0 6 7 3 10 0 0 
7 4? 25.92 R 23 G 0 R 3 G 0 G 0 G 0 6 7 3 10 0 0 
7 42 ?7.3,r.. G 24 R (\ r, 4 R 0 G 0 G 0 6 7 3 10 0 0 
7 42 28.8~ G 24 R 0 G 5 R 1 G 0 G 0 7 7 4 10 0 0 
7 42 31i.24 G 23 R 0 G 5 R 1 G I) G 0 7 7 4 10 0 0 
7 42 31.61'1 G 23 R 1 G 3 R 1 Ii 0 G 0 7 7 5 10 0 0 
7 42 33.12 G 7.2 R 1 G 2 R 1 G 0 G 0 II 7 5 10 0 0 
7 4? 34.56 (, 20 R 2 r, 1 R 1 G 0 G 0 9 7 6 10 0 0 
7 42 36.0n G 20 R 2 G 0 >I 2 G 0 G 0 10 7 6 10 0 0 
7 42 37.44 b 21 R 2 G 0 H 2 r, 0 G 0 10 7 6 10 0 0 
7 42 :\8.8il G 20 R 3 G 0 R 3 G 0 G 0 1 7 7 10 0 0 
7 42 40.32 G 18 R 4 r. 0 R 3 r. fl G 0 2 7 7 10 0 0 
7 4~ 41."'" r, 17 R 4 Ii 0 R 3 G 0 G 0 3 7 7 10 (\ 0 W 

W 
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approach, and the tabulated number represents the number of stopped vehicles 

on each approach at the instant the data were recorded. 

The data printed in columns 8 through 13 under the headings "Vo1u A" to 

"Vo1u FII are those recorded by the programmer volume input channels. These 

values represent the individual approach volumes in terms of base 11 arithme­

tic. 

This tabular presentation thus gives an essentially instantaneous and 

continuous record of the traffic volume, number of stopped vehicles, and the 

signal indication for each approach. 

This listing was then checked visually for inconsistent and obviously 

inaccurate data. For example, the output for an approach that had been show­

ing zero stopped vehicles would suddenly show five or six consecutive values 

in the eighties and nineties. 

The location and nature of all necessary corrections were noted, punched 

on cards, and input in the calculation program. 

The exact duration of individual green times or signal cycle lengths could 

not be determined precisely from this data because of the 1.44-second sampling 

interval. However, the mean length of such time periods may be determined 

with reasonable accuracy by averaging over a longer time period of 10 or 15 

minutes. 

At this point, the data on the second magnetic tape were ready for the 

next step: the calculation of the delay relationships to be studied. It can 

be noted that data at a specific intersection were collected for three 2-hour 

periods each day: an AM peak, PM peak, and an off-peak afternoon period. 

Thus, 6 hours of data containing almost 300,000 individual data items were 

generally available for calculation purposes within one or two days. 
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CALCULATIONS 

The calculation of all delay relationships was performed on the CDC 6600 

computing facility of The University of Texas at Austin. The program was written 

in FORTRAN and is on file and fully documented at the Center for Highway Research. 

The program was designed with a certain degree of flexibility so that delay rela­

tionships could be studied in several different ways. Delay relationships for 

individual approaches and for the intersection as a whole could be calculated 

for any desired time period. 

were 

The values that were calculated for each approach over a given time period 

(1) traffic volume, 

(2) total vehicle-seconds of delay, 

(3) total number of vehicles stopped, 

(4) average delay per vehicle, 

(5) average delay per vehicle stopped, 

(6) percent of vehicles stopped, 

(7) total green time, 

(8) number of complete cycles, 

(9) average green time per cycle, and 

(10) average cycle length. 

The first six items were calculated for the sum of all approaches as well. 

Items seven and nine were characteristic for a given direction while items 

eight and ten were characteristic of the intersection control. Attempts were 

made to calculate other relationships such as the vehicle-seconds of delay 

due to left turns, the total number of stops, and the average delay to the 

first vehicle. However, difficulties arose in the calculation of these values 

which limited their usefulness in the analysis of intersection delay charac-

teristics. 
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An example of the calculations made for a IS-minute period at a typical 

intersection are shown in Table 3.2. All of the values listed above are illus­

trated along with one additional value, "Total X Time." This refers to the 

total time in the time period during Which data were missing or otherwise 

unusable. 

The traffic volume was determined as the difference between the recorded 

volumes at the beginning and end of the time period under study. 

Vehicle-seconds of delay were computed as the product of the sum of the 

indicated number of stopped vehicles for each recording interval in the time 

period and the length of the interval, which was either 1.44 or 3.00 seconds. 

If the indicated number of stopped vehicles is plotted as the ordinate versus 

the mid-point of each recording interval on a continuous time scale, the area 

under the curve is equivalent to this calculation. 

The total number of vehicles stopped was determined for each approach by 

counting the increases in the indicated number of stopped vehicles during each 

red signal and in the first few seconds of green signal time. Here, the 

assumption was that an arriving vehicle was forced to stop at the rear of the 

queue. When an increase in the indicated number of stopped vehicles occurred 

during the green signal indication, it was observed in the field that it was 

most often due to a previously stopped vehicle waiting to make a left turn. 

The addition of the latter and the former number of increases yields a 

quantity called the total number of stops. If an increase in the indicated 

number of stopped vehicles occurred during a green signal, the number of stopped 

vehicles was accumulated for each interval until a decrease was observed. The 

vehicle-seconds of delay due to left turns were then calculated by multiplying 

this accumulated number by the recording interval length. 



TABLE 3.2. TYPICAL CALCUlATIONS FOR A is-MINUTE PERIOD 

WOODROW ANn KOENIG JI~Y 2~. 1961 n71~ TO 091~ FULL ACTUATED 

TIME PEHIon 800 

COMPUTEn INFORMATIOM 

TRAFFlC VOLUME 

TOTAL VEH-SECS 01" DFLAY 
VEH-c;ECc; OF DELAY Olll'€ T" LEFT TURNS 

TOTAL NO OF VEHS 5TnpPEn 
TOTAL NO OF STOPS 

AVtRAGE OELAY ~tH VFHICll'€ STOPPEO 
AVEAAGE nELAY PEA VFHIClF 
AvEt:1AGE I)ELAY TO THF Fl"l5T \/F.HTCLE 

PEHCENTA~E 01" YI'€HICI.F~ ~TOPPfO 

TOTAL GpFEN TIME 
AVtRAGf nRFFN TIM~ PEP rYCL-

NUMHEH OF CYCLES 
AVERAGE I ENGTH OF CYClF 

TOTAL X TIME 

TOTAL TRAFFIC VOLlJMI'" 

TOTAL VEH-SEC OF "EI.AY hLL ~PP •• 

TOTAL NUMBER OF VFH<;; ST(\PpEn ALL APP' 
TOTAL NlJo,IAER OF STOPS AI .. L APP. 

AVERAGE OELAY PER VF.H STOPPFIl ALL AI'''. 
AVERAGE nfLAY PFR VFHICLE All APP. 

PE~CENTAAE OF VEHICLES STOPPED ALL A"P. 

AVEAAGE nELAY fo FIQ~T vF.H. ALL APP. 

APPROACH A IS C;OIITHROU~I[l 
APPROACH I; IS .oIF.c;T><OIJ.Nn 
APPROAI':H C IS 'IOIH4ROl)t-.'i1 
APPQOACH D rs FAC;TQOIINn 

41.24 

o. 

SlC; 

APPpOACH B 

14.6~ 

17.vO 

4Q.OO 
51.00 

11.11 
7.07 

14. lt7 

1\3.64 

o. 

APPROACH C 

28.00 

220.32 
18.72 

14.00 
18.00 

15.74 
7.87 

14.94 

50.00 

410.40 
17.16 

24.00 
36.90 

O. 
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APPROACH 0 

e4.00 

612.00 
8.64 

44.00 
47.00 

13.91 
7.29 

14.23 

52.38 

485.28 
19.56 

24.00 
36.84 

O. 
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Of course, this method of determining the number of vehicles stopped and 

the left-turn delay is not foolproof. A vehicle could arrive at the rear of 

a queue just as a vehicle departs from the front and the indicated number of 

stopped vehicles would remain unchanged. The reader may easily visualize 

other circumstances which, if they occurred, would produce erroneous results. 

However, the actual observation of the phenomena in the field led to the con­

clusion that these methods would provide results in close agreement with actual 

conditions. It may be possible to combine the stopped vehicle data with the 

concurrently observed volume data to eliminate some of these problems and pro­

vide not only more but more accurate information. 

This could not be done for the bulk of the data collected in this study 

because the method of recording volumes on paper tape was a relatively recent 

innovation. Prior to this, volumes were manually counted and recorded in the 

field at five-minute intervals. 

The average delay per vehicle and per vehicle stopped was calculated by 

dividing the total vehicle-seconds of delay by the volume and the total number 

of vehicles stopped, respectively. 

Total green time was measured by counting the number of intervals in which 

the green signal was displayed and then multiplying by the interval length. 

The determination of the number of complete signal cycles was slightly more 

complicated. The interval at which the red signal indication first changed 

to green was noted. The next time red changed to green marked the end of the 

first cycle. Thus, the total number of times that red changed to green during 

the time period under study was one more than the number of complete cycles. 

The average green time per complete cycle and the average length of a 

complete cycle were then easily computed. 



39 

The average delay to the first vehicle was calculated as the total delay 

to all first vehicles observed in the time period divided by the number of 

first vehicles observed. A first vehicle was considered observed at the first 

recording interval which indicated at least one stopped vehicle after the pre­

ceding recording interval had indicated no stopped vehicles, subject to the 

limitation that only those events taking place during a red signal indication 

would be counted. For each first vehicle observed, the number of recording 

intervals was counted, up to but not including the interval when the indicated 

number of stopped vehicles decreased. The total of these intervals multiplied 

by the interval length yielded the total delay to first vehicles. A precau­

tion was taken so that once a first vehicle was observed, the associated de­

crease had to occur in the same time period. Otherwise, the observation was 

counted for the very next time period. 

Those values which were applicable to the intersection as a whole were 

obtained by appropriate summation and subsequent manipulation. 

TIME PERIOD FOR ANALYSIS 

The hour is generally the time unit employed in the planning, design, and 

operation of highway facilities. Such terms as the Design Hour Volume and the 

peak hour are in wide use. The variation of hourly volumes throughout the day 

and the variation of daily volumes throughout the year are well known and fully 

documented. 

Just as important a variation, however, occurs within each hour. Short­

term rates of flow based on 1, 5, or IS-minute intervals within an hour are 

often quite variable. The IS-minute flow on a given intersection approach may 

range from slightly more than the uniform rate of 25 percent to more than 50 

percent of the total hourly flow. 
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Therefore, the time base used in a delay study should be some period less 

than an hour in order to take into account the fluctuations in traffic volumes 

within the hour. This is because the expectation is that vehicle-seconds of 

delay have some direct functional dependence on traffic volume. If there were 

no vehicles, there would be no delays, and if each approach had a continuous 

vehicle backup, the delays would be quite large and an unacceptable situation 

would exist. 

The question remains, then, of selecting an appropriate time period for 

analysis. Obviously, one minute is much too short because at certain inter­

sections some approaches may not even receive a green signal indication during 

this time. Some consideration must also be given to the fact that certain 

of the parameters calculated are average values, such as the average vehicle­

seconds of delay per vehicle. If the time period ends at the point when an 

approa~h is just given the green signal, the great proportion of the delay 

associated with the then stopped vehicles will have been accumulated, but none 

of the vehicles will be included in the volume count. Consequently, the average 

delay per vehicle could be seriously overestimated. This particular effect will 

decrease, however, as the time period gets longer. 

In order to arrive at a reasonable time period, it was decided to plot 

certain of the relationships for 5, 10, 15, and 30-minute periods and base the 

selection on which time period appeared to provide reasonably smooth curves. 

Figure 3.2 illustrates the volume versus time curves for 5 and lS-minute time 

periods. The obvious influence of the l5-minute time period in providing 

smoother, more regular curves is readily apparent. Additional plots of delay 

versus volume as well as other relationships also showed the decided efficacy 

of a lS-minute time period over all others considered. 
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For these and other practical reasons, the delay relationships are presented 

and discussed in terms of 1S-minute time periods unless specifically noted 

otherwise. 

DISCUSSION 

A great deal of effort was expended in the course of this research in 

gathering extensive quantities of data and in the writing and debugging of 

appropriate computer programs designed to reduce the data for analysis. Many 

intersections representing the several control methods were studied. It should 

be appreciated that the quantities calculated and the programs required varied 

with the type of control. 

Obviously, for two-way and four-way stop-sign controlled intersections there 

were no signal characteristics to consider. On four-way stops, 100 percent of 

the vehicles were required to stop, and on two-way stops, only one direction of 

flow had to stop. 

With pretimed control at an intersection, the cycle length and the distri-

bution of green time could not vary unless, of course, the settings were changed 

for studies made on different days. 

If this line of thinking is carried one step further, the analysis of the 

delay relationships as well as their interpretation should also vary, depending 

on the type of control. For example, the approach delay at a two-way stop con-

trolled intersection should be more a function of the cross-street volume and 

the approach volume, while at a four-way stop controlled intersection, the 

approach delay should be more a function of the approach volume and the total 

volume. At a full-actuated signal the approach delay should be more a function 

of the cross-street volume while, at a pretimed signal the approach delay should 

be more a function of the approach volume. 

In subsequent chapter of this report there will be much more detailed dis-

cussions and exhibits designed to point out the delay characteristics of inter-
• 

sections subject to various methods of control. 



CHAPTER 4. STUDY SITES 

The majority of the sites selected for this study were located in Austin, 

Texas. However, one intersection in San Antonio was included and a special 

before-and-after study of a diamond interchange on the Gulf Freeway in Houston 

was also performed. 

A total of 19 intersections were selected at which 124 individual studies, 

consisting of approximately 240 hours of observed data, were run. 

INTERSECTIONS SELECTED 

The intersections included in this study are listed in Table 4.1. The 

normal type of control and subsequent modifications are also shown in Table 4.1 

along with other information concerning the date and hours of the individual 

data runs and some traffic characteristics at each intersection. 

Line drawings representing the physical layout of each intersection are 

contained in Appendix A. 

DISCUSSION OF INTERSECTIONS 

Except for the diamond interchange, all of the intersections have four 

approaches and are essentially right-angle crossings. The sites are generally 

situated in suburban areas which may be classified as either outlying business 

districts or residential fringe areas. Parking was prohibited on all approaches 

in virtually all instances. Sight distances were generally adequate. The 

volume of pedestrian and truck traffic at each intersection location was neg­

ligible. Exceptions to these characteristics are noted in this report as part of 

the discussion of individual intersections and their delay characteristics. 
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TABLE 4.1. INTERS~CTION STUDIES 

Traffic Split, Left Turns, 
Date Time Hours % of Total % of Total Modifications to 

Major Minor Major Minor Control Device 

Two-Way Stop Control 

19th and Chicon (4X2) 

Aug. 10, 1967 0715-0915 2 65 35 3.9 6.1 
Aug. 10, 1967 l300-1500 2 72 28 8.9 7.0 
Aug. 11, 1967 l300-1500 2 77 23 4.3 5.9 
Aug. 10, 1967 1600-1800 2 78 22 5.4 6.2 

29th and Jefferson (2X2) 

July 11, 1967 0700-0900 2 78 22 17 .2 2.8 
July 10, 1967 l315-1515 2 80 20 4.9 3.7 
July 10, 1967 1600-1800 2 77 23 3.2 3.3 

38th and Speedway (2X2) 

July 6, 1967 0700-0900 2 55 45 6.2 4.2 
July 11, 1967 l300-1500 2 83 17 3.1 6.4 
July 10, 1967 1600-1800 2 79 21 4.8 4.4 

Four-Way Stop Control 

19th and Chicon (4X2) 

June 24, 1967 l345-1545 2 74 26 10.9 7.3 
June 24, 1967 1615-1815 2 56 44 6.1 5.7 
June 27, 1967 0710-0910 2 71 29 4.7 7.2 
June 27, 1967 l300-1500 2 73 27 9.1 6.9 
June 27, 1967 1600-1800 2 75 25 6.4 6.1 
June 28, 1967 0700-0900 2 73 27 5.1 7.6 

(Continued) 



TABLE 4. 1 (CONTINUED) 

Traffic Split, Left Turns, 
Date Time Hours % of Total % of Total Modifications to 

Major Minor Major Minor Control Device 

North Loop and Woodrow (4X4) 

June 7, 1966 0700-0900 2 52 48 4.5 9.3 
June 7, 1966 1645-1815 2 54 46 7.8 3.9 
June S, 1966 0700-0900 2 52 48 4.7 11.1 
June 8, 1966 1330-1530 2 65 35 5.4 4.9 
June 8, 1966 1630-1830 2 67 33 7.4 3.5 • 

Justin and Woodrow (4x4) 

June 9, 1966 1340-1510 1.5 59 41 3.3 11.7 
June 16, 1966 0700-0900 2 55 45 2.4 11. 7 
June 16, 1966 1630-1830 2 50 50 3.3 8.8 

15th and Congress (4 X 4) Median on 15th 

June 14, 1966 0715-0845 1.5 74 26 7.4 4.7 
June 14, 1966 1330-1530 2 70 30 3.9 3.9 
June 14, 1966 1600-1800 2 70 30 3.8 2.6 

Hancock and Ba1cones (2x2x2x4) 

June 15, 1966 0715-0915 2 72 28 22.7 1.9 
June 15, 1966 1330-1530 2 65 35 26.1 3.4 
June 15, 1966 1600-1800 2 65 35 15.5 3.7 

Full-actuated Control 

Koenig and Woodrow (4x4) 

July 15, 1966 1330-1530 2 78 22 3.0 5.2 
Aug. 31, 1966 0730-0900 1.5 73 27 3.0 11.0 

(Continued) 
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TABLE 4.1. (CONTINUED) 

Traffic Split, Left Turns, 
Date Time Hours % of Total % of Total Modifications to 

Major Minor Major Minor Control Device 

Aug. 31, 1966 1630-1830 2 67 33 3.1 6.0 
July 6, 1966 1340-1530 2 77 23 2.5 7.0 Pre timed 
July 6, 1966 1650-1850 2 67 33 2.1 6.7 Pre timed 
July 15, 1966 0715-0915 2 66 34 1.7 10.4 Pretimed 
July 18, 1966 1330-1530 2 72 28 4.0 5.7 Semiactuated 
July 18, 1966 1630-1830 2 62 38 3.1 5.8 Semiactuated 
July 22, 1966 0715-0915 2 63 37 4.7 10.2 Semiactuated 

July 19, 1967 0730-0930 2 57 ~3 2.0 10.0 
July 21, 1967 0715-0915 2 75 25 4.2 6.0 
July 21, 1967 1300-1500 2 71 29 3.1 6.4 
July 21, 1967 1600-1800 2 62 38 2.2 10.1 
July 25, 1967 0700-0900 2 63 37 2.0 10.0 Short vehicle interval 
July 25, 1967 1300-1500 2 75 25 4.0 6.0 Short vehicle interval 
July 25, 1967 1600-1730 1.5 68 32 3.0 6.0 Short vehicle interval 
Aug. 3, 1967 0715-0915 2 56 44 2.0 10.0 Short maximum interval 
Aug. 3, 1967 1330-1530 2 78 22 4.0 6.0 Short maximum interval 
Aug. 9, 1967 0715-0915 2 57 43 2.0 10.0 Short initial interval 
Aug. 9, 1967 1310-1510 2 73 27 4.0 6.0 Short initial interval 
Aug. 9, 1967 1610-1810 2 72 28 3.0 6.0 Short initial interval 

South First and 01torf (4x4) 

July 14, 1966 1330-1530 2 56 44 9.2 6.5 
July 14, 1966 1630-1800 1.5 55 45 6.6 7.7 
July 29, 1966 0700-0900 2 51 49 6.1 8.6 
July 19, 1966 0700-0900 2 54 46 5.9 7.7 Pre timed 
July 19, 1966 1330-1530 2 52 48 6.8 8.7 Pre timed 
July 19, 1966 1630-1830 2 51 49 6.0 4.7 Pretimed 

(Continued) 



TABLE 4.1. (CONTINUED) 

Traffic Split, Left Turns, 
Date Time Hours % of Total % of Total Modifications to 

Major Minor Major Minor Control Device 

July 20, 1966 0715-0915 2 54 46 6.6 8.1 Semiactuated 
July 20, 1966 1330-1530 2 57 43 9.5 7.2 Semiactuated 
July 20, 1966 1630-1830 2 51 49 6.7 8.7 Semiactuated 

July 26, 1967 0700-0900 2 55 45 6.1 7.6 
July 26, 1967 1600-1800 2 52 48 7.0 8.1 
Aug. 1, 1967 0700-0900 2 55 45 7.6 5.3 Short vehicle interval 
Aug. 1, 1967 1315-1515 2 52 48 7.1 7.6 Short vehicle interval 
Aug. 1, 1967 1600-1800 2 53 47 7.1 6.7 Short vehicle interval 
Aug. 8, 1967 0700-0900 2 55 45 7.6 5.3 Short maximum interval 
Aug. 8, 1967 1300-1500 2 52 48 7.1 7.6 Short maximum interval 
Aug. 8, 1967 1600-1800 2 53 47 7.1 6.7 Short maximum interval 

Ben White and Manchaca (4X4) Median on Ben White 

July 27, 1966 1330-1530 2 57 43 10.3 7.4 
July 27, 1966 1630-1830 2 58 42 14.6 6.2 
July 28, 1966 0700-0900 2 51 49 6.7 7.3 Short vehicle interval 
July 28, 1966 1330-1530 2 62 38 9.2 4.7 Short vehicle interval 
July 28, 1966 1630-1800 1.5 61 39 11.3 5.8 Short vehicle interval 
Aug. 1, 1966 1400-1600 2 64 36 12.0 4.3 Short initial interval 
Aug. 1, 1966 1630-1830 2 59 41 15.0 5.7 Short initial interval 

Exposition and Windsor (4 X 4) 

July 27, 1966 0715-0845 1.5 68 32 7.1 6.1 
July 21, 1966 1330-1530 2 59 41 7.9 10.5 
July 21, 1966 1630-1830 2 62 38 5.8 6.7 
Aug. 4, 1966 0700-0900 2 69 31 8.4 7.5 Pretimed 
July 25, 1966 1330-1530 2 57 43 9.9 10.6 Pre timed 

(Continued) +'-
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TABLE 4.1. (CONTINUED) 

Traffic Split, Left Turns, 
Date Time Hours % of Total % of Total Modifications to 

Major Minor Major Minor Control Device 

July 25, 1966 1630 .. 1830 2 62 38 6.8 10.6 Pre timed 
July 26, 1966 0715-0915 2 68 32 7.5 6.0 Semiactuated 
July 26, 1966 1330-1530 2 59 41 9.2 10.8 Semiactuated 
July 26, 1966 1630-1830 2 60 40 4.9 10.3 Semiactuated 

Windsor and Hartford (4x2) 

June 28, 1967 0700 .. 0900 2 61 39 2.6 11.2 
June 28, 1967 1300-1500 2 71 29 4.2 7.0 
June 28, 1967 1615-1815 2 33 67 4.1 7.8 
July 12, 1967 0730-0900 1.5 63 37 3.1 10.6 Short vehicle interval 
July 12, 1967 1330-1530 2 70 30 4.1 6.4 Short vehicle interval 
July 12, 1967 1410-1610 2 32 68 3.0 8.1 Short vehicle interval 

Hildebrand and Blanco, San Antonio (4 X 4) 

Aug. 23, 1966 0800-0930 1.5 60 40 6.7 5.5 
Aug. 23, 1966 1330-1530 2 63 47 6.5 5.7 
Aug. 23, 1966 1600-1800 2 57 43 5.1 4.4 
Aug. 24, 1966 0700-0900 2 55 45 8.1 5.0 Pre timed 
Aug. 24, 1966 1330-1530 2 61 39 6.6 4.8 Pre timed 
Aug. 24, 1966 1600-1700 1 56 44 4.8 3.7 Pre timed 
Aug. 24, 1966 1745-1830 0.75 61 39 6.3 5.5 Pretimed 

Pre timed Control 

19th and Interregional (Diamond Interchange) 

July 18, 1967 0700-0900 2 60 40 7.3 7.3 
July 18, 1967 1300-1500 2 66 34 14.6 7.1 
Aug. 2, 1967 0700-0900 2 60 40 7.3 7.3 

(Continued) 



TABLE 4.1. (CONTINUED) 

Traffic Split, Left Turns, 
Date Time Hours % of Total % of Total Modifications to 

Major Minor Major Minor Control Device 

Aug. 2, 1967 1300-1500 2 66 34 14.6 7.1 
Aug. 2, 1967 1600-1800 2 64 36 13.3 5.6 

Volume Density Control 

Ben White and South First (4 X 4) Median on Ben White 

Aug. 2, 1966 0715-0915 2 72 28 12.8 6.1 
Aug. 2, 1966 1330-1530 2 73 27 8.4 4.3 
Aug. 2, 1966 1630-1830 2 72 28 8.4 4.3 
Aug. 3, 1966 1330-1530 2 79 21 8.6 5.4 Settings varied 
Aug. 3, 1966 1630-1830 2 72 28 9.6 4.7 Settings varied 
Aug. 5, 1966 0715-0915 2 75 25 15.0 4.8 Settings varied 

Lamar and 38th (4x4) 

Aug. 9, 1966 0700-0900 2 64 36 3.7 5.7 
Aug. 9, 1966 1335-1535 2 68 32 5.6 5.3 
Aug. 9, 1966 1630-1830 2 69 31 3.1 9.1 
Aug. 10, 1966 0700-0900 2 64 36 3.3 6.4 Settings varied 
Aug. 10, 1966 1330-1530 2 67 33 4.9 8.6 Settings varied 
Aug. 10, 1966 1630-1815 1. 75 68 32 3.5 10.0 Settings varied 

Lamar and 24th (4x4) 

Aug. 11, 1966 0700-0900 2 59 41 4.3 2.3 
Aug. 17, 1966 1330-1530 2 68 32 8.3 4.3 
Aug. 17,1966 1630-1730 1 69 31 11.3 3.8 

38-1/2 and Interregional (Diamond Interchange) 

Aug. 19, 1966 0715-0915 2 29 71 12.4 14.1 
Aug. 18, 1966 1425-1555 1.5 52 48 8.0 17 .4 -I" 
Aug. 18, 1966 1630-1830 2 56 44 10.9 16.5 \0 
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Every effort was made to select intersections which had similar geometric 

proportions and which included several in each control type category. It was 

also desired that each intersection be isolated so that the delay character­

istics of the type of control were measured without being greatly influenced 

by nearby similarly controlled intersections. This was virtually impossible 

to do, however. 

The number of two-way and four-way stop-sign controlled intersections in 

the vicinity of Austin that had appreciable traffic volumes was severely 

limited. Thus, the stop-controlled intersections included in this study cover 

a wide range of geometrical proportions and could not be classified by a simple 

set of characteristics. 

The number of intersections with pretimed and semiactuated signal control 

as their normal control mode was also limited. In fact, only one pretimed and 

no semiactuated controlled intersections which were deemed suitable for inclu­

sion in this research effort were found in Austin. 

However, several very similar full-actuated intersections were studied. 

These intersections were first studied in their "as-is" condition and then the 

controller was modified and the various dial settings changed. The initial, 

maximum, and vehicle intervals were varied for separate data runs. The con­

troller was then made to operate under pretimed and semiactuated control and 

delay data under these conditions were recorded. Reference to Table 4.1 will 

show the extent to which these modifications were made at specific intersections. 

This made it possible to investigate the delay characteristics at an 

intersection operating under several different control modes and provided 

much valuable data. 



The volume-density controlled intersections also were operated under 

several different settings of the controller. 

51 

Even though the study was somewhat hampered by a dearth of specific inter­

section types, the amount and quality of the collected data enabled the foruu­

lation of many worthwhile conclusions and recommendations concerning the op0ra­

tion of intersections under the several control modes. This will be demon­

strated in the balance of this report. 
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CHAPTER 5. STOP-SIGN CONTROLLED INTERSECTIONS 

Seven different stop-sign controlled intersections located in Austin, 

Texas, were studied in the course of this research: two intersections under 

two-way stop control, four under four-way stop control, and one under both 

two and four-way stop control. The studies performed at each location are 

detailed individually in Table 4.1. 

DATA COLLECTION 

The D3 Recorder was set up at each field location in accordance with the 

field observation procedure described in Chapter 2 of this report. There 

were, however, several differences in procedure when working with stop-sign 

controlled intersections as opposed to signal-controlled intersections. 

The most significant difference in procedure was concerned with the mea­

surement of stopped-time delay. In both cases, the delay interval was con­

sidered to begin when a vehicle actually stopped. The delay interval for a 

particular vehicle at a signalized intersection ended when the vehicle resumed 

its motion, although a subsequent delay interval could be experienced if the 

vehicle did not clear the intersection on the green signal or if delayed by a 

left-turning vehicle. The delay interval for stop-sign controlled vehicles 

ended when the vehicle crossed the stop line on its way through the intersection. 

This procedure included some in-motion time as delay time, but it was 

carried out in this manner because all vehicles are required to stop at the 

stop line prior to entering the intersection, regardless of their initial 

location in the queue of vehicles. 
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Obviously, there were no signal indications to be recorded at stop-sign 

controlled intersections. Therefore, the only data recorded during a given 

sweep of the data channels were the number of vehicles in the queue on each 

approach and the cumulative volume on each approach. 

Computed information consisted of the vehicular volume, vehicle-seconds 

of delay, and the average delay per vehicle for each approach and for the 

intersection as a whole. Each value was calculated for 5, 15, and 60-minute 

periods. 

TWO-WAY STOP CONTROL 

Three intersections in Austin (29th and Jefferson, 19th and Chicon, and 

38th and Speedway) were studied under two-way stop control at various times 

during the day, including the morning and evening peak periods as well as a 

midday period. Preliminary work showed no discernible evidence that delay 

characteristics were affected by the time of day for the data recorded in 

this study. Thus, no further mention of time of day is made in this chapter. 

An idealized relationship between vehicle-seconds of delay and vehicular 

volumes on individual stop-sign controlled approaches is shown in Fig 5.1. De­

lay time increases at an increasing rate as the approach volume increases; the 

through-traffic volume ranges from about 65 to 85 percent of the total inter­

section traffic volume for the data represented by this relationship. 

A more meaningful presentation is given in Fig 5.2, in which the sum of 

vehicle delay on the two stop-sign controlled approaches is plotted as a func­

tion of the total volume on all four approaches for l5-minute intervals. It may 

be observed in Fig 5.2 that delay increases rather gradually to a volume of 

about 200 to 250 vehicles per IS-minute interval. At this volume, a break in 

the curve occurs and delay increases quite sharply with further volume increases. 
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The BMD-2R statistical computer program for stepwise multiple regression 

(Ref 5) was used in an effort to explain some of the variability in the data 

collected in this and subsequent phases of the research reported here. The 

data illustrated in Fig 5.2 were subjected to this analysis. 

where 

This 

The following model was developed: 

y 456 - 6.89 Xl + 0.08464 x2 - .0712 x3 

y = total vehicle-seconds of delay on the stop-sign controlled 
approaches for l5-minute intervals, 

Xl ::: the total volume (on all four approaches), 

x2 the square of the total volume, 

x3 the square of the through 7olume. 

model had an R 
2 

of 0.834 and a root mean square of 375. This was based 

on a total of 64 data sets covering the three intersections studied in research. 

A graph of this model is shown in Fig 5.3. This model is used later in this 

chapter to develop a set of volume warrants for four-way stop installations-

Another approach used in explaining some of the variability is illus-

trated in Fig 5.4. In this case, the data of Fig 5.2 were aggregated into 

one-hour rather than l5-minute intervals. The striking linearity exhibited by 

the data for 38th and Speedway and 19th and Chicon are readily apparent. The 

explanation for the translation of one line relative to the other is not quite 

so apparent. It does seem reasonable, however, to attribute this translation 
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to geometric differences at the two intersections. The sight-distance 

restrictions at 19th and Chicon were severe in comparison to those at 38th 

and Speedway. This fact could explain the higher delay experience at 19th 

and Chicon. 

Some idea of average delays may be obtained by reference to Figs 5.5 and 

5.6. The average delay per stop-sign controlled vehicle is shown in Fig 5.5 as 

a function of the IS-minute total intersection volume. The relationAhip appears 

to be linear for 38th and Speedway, but there seems to be a break in the curve 

at about 250 vehicles per 15 minutes at 19th and Chicon. This may again be 

attributed to the aforementioned sight-distance restrictions. 

The-average delay of both stop-sign controlled vehicles and all vehicles 

as a function of total hourly intersection volume is shown in Fig 5.6. 

Perhaps a more significant reason for the higher delays observed at 19th 

and Chicon was the fact that the intersection normally operated under four­

way stop control rather than the sight distance restrictions ~~. The in­

tersection was converted to two-way control and the data collected after a 

one-week period of driver adjustment. This may not have been enough time for 

the everyday drivers to adjust completely to the change. 

FOUR-WAY STOP CONTROL 

Five intersections in Austin (Woodrow and Justin, North Loop and Woodrow, 

19th and Chicon, 15th and Congress, and Balcones and Hancock) were studied 

under four-way stop-sign control, each at various times during thQ day. 

An idealized relationship between vehicle-seconds of delay and vehicular 

volumes on 1ndividual approaches is shown in Fig 5.7. These curves are based 

on data collected at 19th and Chicon for both two and four-way stop operation. 

For the same approach volume, the total delay and the average delay were greatly 
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reduced for a stop-sign controlled approach when intersection control was 

changed from two-way to four-way stop control. 

However, the total delay experienced on all intersection approaches is 

greater for four-waj than for two-way stop control for equal volumes. This 

is due, of course, to the fact that all traffic must stop and suffer delay 

under four-way stop control but only minor-street traffic must stop under two-

way stop control. 

The relationship between total delay and total volume for four-way stop 

control is shown in Fig 5.8. A direct comparison of Figs 5.2 and 5.8 i11us-

trates the larger total delay experienced at four-way stop controlled inter-

sections. Thus, a reduction in average delay experience (for the stopped 

vehicles) must be traded off with an increase in total delay when converting 

from two-way to four-way stop control. 

It is significant to note that in Fig 5.8 the plotted data were observed 

at five different intersections. The consistency of these data is rather 

marked and indicates that a strong relationship exists. A regression yielded 

the following model: 

y -420 + .05147 x
2 

where 

y the total vehicle-seconds of delay per ls-minute interval, 

x the total vehicular volume per ls-minute interval • 
• 

This particular relationship had an R2 of 0.897. 

It is of interest to note that if a square-root transformation is made 

2 
on the delay variable, a regression yields a relationship having an R 

of 0.984 with the following functional form: 
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y 

where the variables are as defined immediately above. This relationship is 

plotted in Fig 5.B. A square-root transformation is often of value in working 

with data which are Poisson-distributed. The hypothesis of Poisson-distributed 

data could not easily be tested, however. 

Some effort was expended in working with the delay characteristics of 

individual approaches. While some very good models (by virtue of a high R2) 

were formulated through regressions, a usable model characteristic of approaches 

in general was not formulated. In almost all instances, approach delay appeared 

to be a function of the approach volume raised to both the first and second 

powers and the total volume squared. 

An example of the delay characteristics by approach is shown in Fig 5.9. 

Hourly totals of delay and volume for each approach at the five intersections 

studied have been plotted. It is observed that the total delay begins to in­

crease much more rapidly at approach volumes above 300 vehicles per hour than 

it does at volumes below 300 vehicles per hour. The lines on Fig 5.9 may be 

thought of as the lower limit of delay at given approach volumes. 

Hourly totals of delay and volume for all intersection approaches are 

shown in Fig 5.10. In this case, delays appear to begin increasing very 

rapidly at an intersection volume of about 900 vehicles per hour. 

Average delays are illustrated in Fig 5.11. The actual data pOints are 

not plotted in Fig 5.11, to avoid cluttering the figure. However, least-square 

lines which were fitted to the data are plotted (Ref 8). The volume break 

point, above which the average delay increases rapidly, ranges from about 270 

vehicles per IS-minute interval to about 330 vehicles per IS-minute interval. 
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The slope of the line for volumes greater than the break point is vir­

tua11ya constant for each of the intersections listed in Fig 5.11. The 

slope is about one vehicle-second per eight vehicles per 15-minute interval. 

Stated in another way, at total volumes above approximately 300 vehicles per 

15-minute interval, the average delay to all vehicles increases by one second 

for each increase in total volume of eight vehicles. 

In comparing two-way and four-way stop operation, Figs 5.2 and 5.4, for 

two-way stops, are directly comparable to Figs 5.8 and 5.10 for four-way ~tops, 

respectively. Reference to Figs 5.2 and 5.8 shows that total delay began to 

increases very rapidly at total volumes of from 200 to 250 vehicles per 15-

minute interval for two-way stops and from 250 to 300 vehicles per 15-minute 

interval for four-way stops. These 15-minute volumes of 250 and 300 vehicles 

may be termed the critical volumes for two-way and four-way stops, respectively. 

The corresponding critical hourly volumes are 750 and 900 as determined 

from Figs 5.4 and 5.10, respectively. At volumes greater than critical, Fig 

5.4 shows an increase in total delay of about 13 to 15 vehicle-seconds for each 

unit increase in total volume at a two-way stop controlled intersection. On 

the average, one in every four vehicles must stop if the major-minor street 

traffic split is about 75/25, which was approximately the average split ob­

served in this study at two-way stops. Thus, the equivalent of 50 to 60 

vehicle-seconds of additional delay was observed for each stopped vehicle. 

Fig 5.10 shows an increase in delay of about 50 seconds for each additional 

vehicle over the critical volume at four-way stop intersections. Because all 

vehicles must stop at four-way stops, the increase in delay per stopped ve­

hicle approximates 50 seconds at volumes just beyond the critical volumes for 

both two-way and four-way stop control. The value of 50 seconds increases as 

the volume increases. These values of additional delay can be shown to be 
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approximately the minimums required to satisfy the average delay data illus­

trated in Figs 5.5 and 5.11. 

There was some indication that the critical volume range of 250 to 300 

vehicles per IS-minute interval was dependent upon the traffic split. It 

appeared that the upper value of 300 was associated with a SO/50 split and that 

the critical volume decreased as the deviation from a SO/50 split increased. 

However, the data were insufficient for this indication to be considered. 

Additionally, the data collected at 19th and Chicon for both two-way and 

four-way stop controlled operations are directly comparable. Hourly averages 

of total delay and volume as well as average vehicular delays were calculated 

for each of the eight studies performed at the intersection of 19th and Chi­

con. The results are listed in Table 5.1. 

The combined data represented in Table 5.1 indicate what occurred when 

control was changed from two-way to four-way stop. Chicon experienced a 

15 percent increase in traffic volume and a 62 percent reduction in total 

delay when the intersection was converted from two-way to four-way stop oper­

ation. It is not known whether or not the volume increase was due to the 

change in operation, but the reduction in delay certainly was attributable to 

the change in control. 

The traffic volume on 19th Street was virtually unchanged, but delay was 

increased considerably. As a consequence, the intersection had a 4 percent 

increase in traffic volume and an 86 percent increase in total delay when the 

conversion was effected. However, the average delay for stopped vehicles was 

27.7 seconds under two-way stop control and 11.7 seconds under four-way stop 

control, a reduction of 58 percent. 

These same types of comparisons can be made for the morning and evening 

peak hours, and they might be more impressive. However, excessive average 



TABLE 5.1. COMPARISON OF TWO-WAY AND FOUR-WAY DELAY CHARACTERISTICS AT 
19TH AND CHICON (HOURLY AVERAGES) 

19th Street Chicon Total Average Delay, sec 

Stopped Vehicles 
Time Stop Volume, Delay, Volume, Delay, Volume, Delay, Major-Minor All 

Period Control vph veh-sec vph veh-sec vph veh-sec Split, % 19th Chicon Vehicles 

Morning Two-way 764 220 5,148 984 5,148 78/22 0.0 23.4 5.2 

Four-way 838 13,915 297 2,600 1,135 16,516 74/26 16.6 8.8 14.6 

Afternoon Two-way 646 246 5,147 892 5,147 72/28 0.0 20.9 5.8 

Four-way 701 4,659 279 1,970 980 6,629 72/28 6.6 7.1 6.8 

Evening Two-way 886 244 9,707 1,130 9,707 78/22 0.0 39.8 8.6 

Four-way 835 13,228 291 3,384 1,126 16,613 74/26 15.8 11.6 14.8 

Combined Two-way* 760 236 6,535 996 6,535 76/24 0.0 27.7 6.6 

Four-way'>'<* 766 9,687 271 2,476 1,037 12,162 74/26 12.6 9.1 11.7 

* Represents 5.75 hours of data. 

** Represents 8.25 hours of data. 



delays to stopped vehicles under two-way stop control can be ameliorated ef­

fectively by conversion to four-way stop control. 
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Some measure of what constitutes excessive average delay is needed but it 

should be remembered that total delay increases drastically when the control 

mode is changed to a four-way stop. 

DISCUSSION OF RESULTS 

In studying the characteristics of intersections, many variables deserve 

consideration; including directional volumes, turning.movements, approach 

speeds, width and number of lanes, truck and pedestrian traffic, intersection 

geometry, and distance to adjacent intersections, among others. In almost all 

cases in this study, such factors as directional volumes, lane widths, inter­

section geometry, and the location of adjacent intersections were measured or 

could be determined. Truck and pedestrian traffic was very minor and was con­

sidered to have negligible effects in most instances. 

Little data on turning movements and approach speeds were available. Some 

manual counts of left-turn movements were kept, but these did not appear to 

have much influence on the delay characteristics of the intersections studied. 

In general, for almost all variables other than delay and volume, the range of 

the recorded varaible was so limited that its significance, if any, was masked. 

Occasionally such information as the sight-distance restrictions at 19th 

and Chicon helped to explain the greater delays experienced at that intersec­

tion than at others, especially for two-way stop control. However, few of 

these variables appeared to have much influence on the delay characteristics 

as four-way stop controlled intersections. This was pointed out in Fig 5.8, 

in which the data from five different intersections were plotted without dis­

tinction. Actually, there was no observed differentation among the data 

when plotted. 
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The geometric layout of each intersection studied under stop-sign control 

is included in Appendix A. Reference to these drawings will show marked dif­

ferences in geometry, but these seemingly did not influence delay characteristics. 

It is of particular importance to recognize that no conclusion is drawn 

regarding the irrelevance of these variables to delay characteristics other 

than in the limited range to which the variables were included in the studies 

reported. Additional studies designed especially to measure the influence 

of these variables must be carried out if the variable are to be understood 

thoroughly. 

The Highway Capacity Manual (Ref 13) lists some basic (ideal) capacities 

in terms of total vehicles per hour for various intersection types. These 

capacities are 1900 for a 2 X 2, 2800 for a 2 X 4, and 3600 for a 4 X 4 

intersection type. Corresponding practical capacities are given as 1200, 

1800, and 2200 vehicles per hour. The largest one-hour volume observed at a 

four-way stop intersection in this study was about 1300. The fact that the ob­

served volumes at intersections of various types were much smaller than the 

suggested capacities helps to explain why little or no influence due to inter­

section geometry was detected in this study. Apparently, the traffic volumes 

were not large enough with respect to capacity to allow geometry to appear as 

a significant influence on the delay characteristics of different intersections. 

An analysis was made in an effort to gain some information on the depar­

ture distribution at four-way stop intersections. A set of data was observed 

in which the intervals between successive departures were counted. The range 

in the number of intervals between successive departures was from zero to six. 

On interval in this study was equivalent to 1.44 seconds. 
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The frequency distribution is as listed below: 

No. of Interval Frequency (percent) 

0 14.5 

1 36.9 

2 25.2 

3 19.2 

4 2.2 

5 1.3 

6 0.6 

Tnese intervals were recorded only when at least two approaches were con­

tinuously occupied by stopped vehicles. A total of 317 observations were made. 

This sample had a mean of 1.64 intervals and a variance of 1.32. The mean of 

1.64 intervals in equivalent to 2.36 seconds. A simple statistical test will 

show that this mean is not significantly different from the 2.4 seconds that 

represents a departure rate of 1500 vph through the four approaches of a stop­

sign controlled intersection where a supply of stopped vehicles is always 

available for departure. 

This is significant because the Highway Capacity Manual (Ref 13) states 

that a line of vehicles stopped by an interruption will only rarely move aw?y 

from the interruption at a rate greater than 1500 passenger cars per lane per 

hour. The data collected in this study suggest that this also applies to four­

way stop intersections. However, capacities may be greater than the figure of 

1500 vehicles per hour for several reasons. A very important one is the lane 

configuration. With two lanes on an approach and a continuous supply of vehi­

cles, it should be possible to have twice as many departures per time interval 

as with one approach lane. The important point however, is that the additional 

efficiency afforded by multilane approaches appears to be effected only at 

relatively high volumes. 
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A similar analysis was made when there was a vehicle on only one approach. 

In order to eliminate the effects of interference, a vehicle's delay time was 

observed only if no one had departed within two intervals of arrival and if no 

other vehicles arrived within four intervals of departure. This would provide 

a measure of delay experience with virtually no restriction on movement except 

the stop sign and the driver's capability. In this case, the mean value for 

initial vehicle delay was about 3.5 seconds. 

WARRANTS 

The generally accepted warrants pertaining to the installation of stop­

signs, yield signs, and the various types of signals are published in the 

Manual on Uniform Traffic Control Devices (Ref 18). The purpose of these signs 

and signals is to assign right-of-way to traffic on the approaches of an inter­

section where conditions of hazard exist such that an uncontrolled intersection 

is not feasible and the normal rule, " the vehicle on the right has the right­

of-way," cannot be applied safe ly or efficient ly. 

The normal hierarchy of control devices, with respect to both cost and 

effectiveness, is probably the following: yield sign; two-way stop sign; four­

way stop sign; and the several signal configurations, including pretimed, semi­

actuated, full-actuated, and volume-density devices. 

In general, a yield sign is employed for special intersection configurations 

such as channelized right-turn lanes, intersections with a divided highway, or 

ramp entrances with inadequate or no acceleration lanes. Yield signs should 

also be considered applicable at intersections where stop signs are warranted 

but visibility and speed conditions are such that a full stop is not necessary 

for safety. 

Stop signs may be warranted at almost any intersection of a minor road with 

a main road or an intersection of two main roads, at an unsignalized intersection 
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in a signalized area, and at railroad crossings. However, stop signs are war­

ranted at any intersection where hazard or accident history indicates a need 

for stop-sign control. Generally, the two opposing minor-stream flows are 

stopped while the larger, major-stream flows are not stopped. Under certain 

conditions, all four approach flows must stop, necessitating four-way stop 

control, for which the Manual (Ref 18) lists more specific warrants, as opposed 

to the general policy outlined for yield and two-way stop control. 

A four-way stop may be used as temporary measure at an intersections to 

be signalized and at an intersection with turning and right-angle accidents 

accumulating to at least five within a l2-month period. In addition, certain 

minimum traffic volumes are established: 

(1) The total, all-approach vehicular volume must average at least 500 

vehicles per hour for any eight hours of an average day. 

(2) The combined vehicular and pedestrian volume from the minor approaches 

must average at least 200 units per hour for the same eight hours 

with an average delay of 30 seconds per vehicle or more for the minor­

street traffic during the maximum hour. 

(3) The volume warrants are reduced to 70 percent of those given above 

when the 8s-percentile approach speed of major-street traffic ex­

ceeds 40 miles per hour. 

The Manual (Ref 18) suggest, among several qualifications regarding the 

installation of stop signs, that a four-way stop not be used where the traffic 

volumes on the intersecting streets are very unequal. If the volumes are heavy 

enought to warrant additional controls in this instance, a signal installation 

might be preferrable. Chapter 7 of the present report includes a discussion 

of traffic-signal warrants. 
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RECOMMENDATIONS 

It does not appear practical to specify other than general policy state­

ments, such as those given on pages 27 and 30 of the Manual (Ref 18), as 

warrants for two-way stop and yield signs, respectively. The installation of 

these types of devices is often discretionary on the part of the traffic engi­

neer. 

Citizens often demand an increase in intersection control in their resi­

dential neighborhoods. The choice of control, if any, at these low-volume 

locations is between yield signs and two-way stop signs. Yield signs should 

be considered where a full stop is not necessary and where sight distances 

are adequate. They should not be used as substitutes for stop signs if stop 

signs are warranted. It should be recognized that demands from citizens in 

residential neighborhoods often stem from a desire to limit speeds rather than 

to control intersections se. 

However, the primary concern at this stage is the warrants for the instal­

lation of four-way stop signs. 

Traffic Split as a Warrant 

The warrants as presented on page 28 of the Manual on Uniform Traffic Con­

trol Devices begin with the statement that four-way stop signs should not be 

used where the intersecting flows are very unequal. The results of this study 

show that the total delay experienced at four-way stop intersections is vir­

tually unaffected by traffic splits ranging from SO/50 to about 80/20 (Fig 5.8). 

Table 5.1, however, shows that the higher-volume approaches tend to have 

higher average delays, but this is probably the result of the relatively high 

volume rather than of the unequal intersecting flows. Furthermore, the data 

give no indication of any influence on delay due to the traffic split when 

plotted on an approach basis (Fig 5.9). 
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It appears reasonable to conclude that total vehicle-seconds of delay at 

four-way stop intersections are not seriously influenced by unequal traffic 

splits as great as 80/20 where the total intersection volume is limited to 

between 1300 and 1400 vehicles per hour for 4 X 4 intersections and between 

1000 and 1100 vehicles per hour for 2 X 2 intersections. These were the 

greatest hourly volumes observed at these intersection types in this study. 

Of course, this does not imply that the delay experience at these volumes is 

satisfactory. 

Therefore, it is recommended that when the installation of a four-way stop 

sign is under consideration, the traffic split not be a factor in making the 

decision. At larger volumes at which the traffic split might be a factor, 

a signal installation, rather than a four-way stop installation, should be 

given consideration. 

Average Delay as a Warrant 

The minimum-volume warrant suggests an all-approach total averaging at 

least 500 vehicles per hour for any eight hours of an average day, at least 

200 vehicles and pedestrians entering from the minor street, and an average 

delay of at least 30 seconds per vehicle during the maxiumum hour. 

The critical all-approach hourly volume for two-way stop intersections has 

been established as approximately 750 vehicles per hour (Fig 5.4). At greater 

volumes, the delay begins to increase very rapidly. Thus, the suggested value 

of 500 vehicles per hour appears to be conservative on a vehicular delay basis. 

However, the average of eight hours of an average day may represent the 1000th 

to l200th highest hour of the year. 

The warrant also suggests an average delay of 30 seconds per vehicle during 

the maximum hour. Fig 5.12 shows average delay per stopped vehicle at a two-
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way stop controlled intersection as a function of the total volume on the stop­

sign controlled streets and the total intersection volume for IS-minute inter­

vals. The curves were obtained by replotting Fig 5.3. The average delay was 

relatively constant over a wide range of traffic volumes On the controlled 

approaches for a given total volume, i.e., a wide range of traffic splits. 

However, the maximum average delay occurs at a traffic split of approximately 

85/15 for a IS-minute total volume of 360 vehicles and close to a 50/50 

split for a IS-minute total volume of about 200 vehicles. The worst average 

delay to the stopped vehicles thus occurs at the higher volumes and very un­

equal traffic splits, the very situation for which the Manual (Ref 18) suggests 

that a four-way stop installation not be used. 

There is an average delay of approximately 30 seconds for a volume of 

about 300 vehicles per 15 minutes (Fig 5.12). The peaking factor may be ex­

pected to vary from about 0.75 in the peak-volume hours to about 0.90 in the low­

volume hours. Thus, a IS-minute volume of 300 may represent a volume of from 

900 to 1100 vehicles per hour. The warrant appears to stipulate that, for 

an average day, the average volume for any eight hours must be at least 500 

vehicles per hour and the maximum volume for hour must be in excess of approxi­

mately 1000 vehicles per hour. This would seem to be a difficult warrant to 

meet. The added requirement of a minimum stopped streeet vehicular and pedes­

trian volume of 200 makes the warrant even more difficult to meet. Average 

delay at even relatively low stopped volumes is only slightly lower than the 

average delay at higher stopped volumes for equivalent total volumes (Figs 5.12). 

The results of this study show that the total delay is greater at four­

way stops than at two-way stops for a given total volume throughout the range 

of total volumes observed. Thus, a warrant for four-way stops should be 

meant to limit the average delay experience rather than the total delay experience. 
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The warrants, as given On page 28 of the Manual (Ref 18), set two main 

conditions: first, to impose a minimum average volume Over an eight-hour 

period and, second, to impose a minimum deviation from the maximum-hour volume 

such that an average delay to stopped vehicles of at least 30 seconds is exper­

ienced during the maximum hour. This means that at least four, and possibly 

five or six, of the eight hours will have volumes under 500 vehicles per hour, 

but the highest hour must have between 900 and 1000 vehicles per hour. 

It would be more realistic, perhaps, to set a limit on average delay and 

work backwards to establish a set of volume warrants. The numbers of hours to 

use in computing an average volume must be selected first. As stated above, 

four to six of the eight hours would have volumes under 500 vehicles per hour, 

which is below the critical volume of 750 vehicles per hour as established 

previously (Fig 5.4) for two-way stops. In establishing a new warrant, it 

was decided to use four hours, probably both of the two-hour periods centered 

around each of the morning and afternoon peak periods. 

The following procedure was used in establishing the warrants: 

(1) An average delay was selected. Average delays of 20, 30, and 35 se­

conds per vehicle were used and the corresponding l5-minute volumes 

of 220, 285, and 320 were read from Fig 5.12. It may be observed 

that, for the stated volumes, the average delays hold over a wide 

range of stopped-vehicle volumes. In fact, these average delays are 

characteristic of through to stopped vehicle ratios of about 80/20 

to 60/40. Average delays are lower for ratios outside this range. 

(2) A peak-hour factor was selected. A peak-hour factor was necessary to 

convert the l5-minute volume of step 1 to a maximum-hour volume. 

Three ranges of peak-hour factors were used: 0.75 to 0.80, 0.80 to 

0.85, and 0.85 to 0.90 
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(3) A peak-period factor was selected. This factor was used to convert 

the maximum-hour volume of step 2 to the average hourly volume ob-

served during the two-hour peak period. The peak-period factor is 

similar to the well-known peak-hour factor and is calculated in the 

following manner: 

PPF 

or 

PPF 

== 
Sum of Volumes for Four Peak Hours 

4 X Maximum-Hour Volume 

Average Hourly Volume 
Maximum-Hour Volume 

Thus, the average hourly volume for the four-hour period is the pro-

duct of the maximum-hour volume and the peak-period factor. Four 

peak-period factors which were representative of the observed data 

from this study were used in this analysis: 0.60, 0.70, 0.80, and 

0.90. 

The application of this procedure resulted in the establishment of the 

minimum volume warrants for four-way stop signs (Table 5.2). It is the pro-

vince of the engineer in charge to decide on the average delay and peaking fac-

tors to be used in each specific case. However, it is recommended that 

(1) the peaking factors be based on field observations (or local 

experience), 

(2) an average delay of 30 seconds per stopped vehicle be used, and 

(3) the maximum average intersection volume permitted for two-way stop 

operation be set within the range of 750 to 800 vehicles per hour. 

It is also recommended that when the 8S-percenti1e speed on the major street 

exceeds 40 miles per hour, the warrants be reduced to 70 percent of the values 

in Table 5.2. 
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TABLE 5.2. VOLUME WARRANTS FOR FOUR-WAY STOP-SIGN INSTALLATION 

Minimum Four-Hour Average Intersection Volumes 
for Average Delays of 

Peak-Period 
Factor 20 sec 30 sec 35 sec 

.60 

.70 

.80 

.90 

.60 

.70 

.80 

.90 

.60 

.70 

.80 

.90 

Notes: 

400 

475 

550 

625 

425 

500 

575 

650 

450 

550 

625 

700 

Peak-Hour Factor = 0.75-0.80 

525 

625 

700 

800 

Peak-Hour Factor = 0.80-0.85 

550 

650 

750 

850 

Peak-Hour Factor = 0.85-0.90 

600 

700 

800 

900 

600 

700 

800 

900 

625 

750 

850 

950 

675 

800 

900 

1000 

(1) An average delay of 30 seconds per stopped vehicle is recom-
mended for general use. 

(2) Intersection volumes are all-approach totals. 

(3) Major-minor flow ratios from 80/20 to 60/40 are included. 

(4) Maximum hourly volume for two-way operation is 800 vehicles 
per hour (four-hour average). 

(5) Peak-period factor equals the average hourly volume for four 
hours divided by the maximum-hour volume. 



CHAPTER 6. EVALUATION OF SIGNAL CONTROL 

GENERAL 

The purpose of this chapter is to present an analysis of the delay studies 

conducted at the signalized intersections described in Chapter 4. Eight four­

leg intersections which were at or near right angle crossings, with light pe­

destrian traffic, were studied. All were relatively isolated from the effects 

of other signalized intersections; geometric features and amount of pedestrian 

traffic were almost identical. The percentage of traffic approaching the in­

tersections on the minor streets was similar, generally varying between 30 and 

40 percent. Accumulated delay data also reflected essentially the same char­

acteristics; therefore, only two intersections have been selected for separate 

and thorough analysis and for presentation in this chapter. These two four­

leg intersections are: (1) Woodrow and Koenig and (2) South First and Oltorf. 

ANALYSIS PROCEDURE 

Vehicular delay at intersections is significant from two standpoints to 

the traffic engineer. First, he attempts to minimize total stop-time delay, 

thereby minimizing overall user costs. Second, since this minimum total delay 

condition may, in some cases, subject a few vehicles to unreasonable amounts of 

delay, he must als-o evaluate the effects of the control system on individual 

vehicles on each intersection approach. For example, the first vehicle in a 

queue can be considered as representative in the latter case. 

A delay study should include a number of relationships besides the total 

vehicle-seconds of delay. These relationships, even though of varying degrees of 

85 
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importance, give a clear insight and understanding of the problems which exist 

at street and highway intersections. The average delay per vehicle is thought 

to be an important traffic statistic, since it is a measure of the length of 

time a representative vehicle is delayed." The average delay per vehicle 

stopped takes into consideration only the vehicles actually stopped before 

proceeding through the intersection. 

Delay to the first vehicle in a queue gives, in most cases, an indication 

of the maximum delay which will be experienced by a particular vehicle. Quan­

titative measures of this factor may be averaged over a period of time, there­

by giving a measure of the delay to which a representative vehicle stopped at 

the head of a queue might be subjected. 

Values such as the number of vehicles stopped, number of stops (a vehicle 

may be forced to stop more than once before proceeding through the intersec­

tion), and the percentage of vehicles stopped give indications of how and where 

delay is being accumulated. 

Finally, although an hour is frequently used as a time base in design and 

operation of certain traffic facilities, this is too long a period for study­

ing delay at signalized inter~ections where traffic volumes fluctuate moment 

by moment. In this study, the delay relationships were calculated and summed 

for 5, 15, and 60-minute intervals. Figures 6.1 and 6.2 show the average delay 

per vehicle plotted with the traffic volumes for 5 and IS-minute intervals, 

respectively, for Woodrow and Koenig. As might be expected, there is con­

~iderably more scatter in the delay data summed over 5-minute periods than 

that accumulated for IS-minute intervals. A study of the delay versus volume 

relationships for all the intersections observed revealed the same tendency. A 

IS-minute interval was therefore selected as the shortest practical time period 

for analysis of delay data, and all examples are based On this period. 
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In the two studies presented, delay relationships will be discussed, first 

in terms of all approaches combined. and then in relation to major and minor 

streets. In the discussion of major and minor streets, consideration will 

also be given to delay of the first vehicle in the queue which forms at the 

red signal indication. Intersection layouts, signal settings, and traffic 

volumes for each intersection are shown in Appendix A. 

ANALYSIS OF WOODROW AND KOENIG INTERSECTION 

In this section, the delay characeristics which include volume versus 

delay relationships for Woodrow and Koenig in Austin, Texas are discussed. 

Total Delay 

The relationship between the total traffic volume and the total vehicle­

seconds of delay for Woodrow and Koenig is shown in Fig 6.3. Total delay in­

creased as the total volume increased for each of the three types of controllers 

studied. The actuated equipment generally caused less total delay than the pre­

timed controller over the range of volumes observed. 

At total l5-minute volumes greater than approximately 450, total delay 

increased at a greater rate than for lower volumes. This tendency was noted 

for all types of controllers (Fig 6.4). 

The actuated controllers produced average cycle lengths ranging from 42 

seconds to 84 seconds during the studies at Woodrow and Koenig (Fig 6.5) while 

the pretimed controller was set for a 60-second cycle. It is interesting to 

note in Fig 6.3 that, even with the longer cycle lengths provided by the ac­

tuated equipment, the total delay increased at approximately the same rate as 

for pretimed control when the total volume exceeded 450 vehicles per 15 minutes. 

The flexibility in cycle length available with actuated control, however, re­

sulted in less total delay than for pretimed control throughout the range of 

traffic volumes. 



0' 
II) .., 
I 

.t: 
CII 
> -0 

II> 
"1:1 .:: 
0 
I/) 

~ 
0 
.t: 
+-

>-
0 
ID 
0 

-0 

II> 
"1:1 
.:: 
0 
0 
ID 
I/) 

..!? 
0 

.c:. 
GI 
> 

0 .... 
0 
~ 

10 r------------r------------~----------~------------~----------~------------,_----------~------------_r------~~~ ~ 

8 

6 

4 

2 

0 

150 

Woodrow a Koenig 

All Approaches 

Full- actuated o 

Semiactua1ed c 
Pretimed x 

c 

\'II~~I:jftfiJfJiiWX:/;k ...... . 
200 250 300 350 400 450 

Total Trotti c Volume (vehicles/15minutes) 

Fig 6.3 Total vehicle-seconds of delay, all 
approaches, Woodrow and Koenig. 

........ ~ 

500 550 600 



-... 
~ 
c 
0 
0 
III 
II) 

III 

o 
.r: 
III 
> -o ... 
~ 
c 

91 

10 - Full-actuated -

8 - -

6 I- -

4 - -

2 - -

o ~---------------------------------------------------------------------I 

o 
~ 10 - SemiQctuated -
o 
.r: .. 

8 -
>-
0 
"ii 

6 -0 

-0 4 -
f/I 
~ 2 -c 
0 
0 
III 
(f) 

0 I 
III 

"0 
.r: 10 -.. 
> 

8 -
0 

0 
~ 6 -

4 -

2 I-

0 
100 

a 

Pretimed 

I I 

200 300 400 500 

Total Traffic Volume (vehicles /15 minutes) 

Fig 6.4. Total vehicle-seconds of delay, all 
approaches, Woodrow and Koenig. 

-

-

-

-

-

-

-

-

-

I 

600 



1/1 
'0 
c 
0 
U 
<II 

'" 

<II -
U ,... 

U 

..-
0 

.t::: ... 
go 
C 
<II 
...J 

<II 
go 
0 
"-
<II ,.. 
« 

90 ~ 

80 

70 

60 

50 

40 
150 

Woodrow a Koenig 

All Approaches 

Full-actuated 

Sem iactuated 
Pretimed 

0--

[J •••••• 

1\ 
/ \ 

/ \ 
/ \ 

/ \ 

/ " 
/ 

.0 .' .' / .' .. ' ... 
/ .0 •• , 

I .' .' 
I .. ' ..... . 

p.~ . . . . 
O. II .': x·· 

/~ t(.······· 
--......... ~.--I"t.-xX-.l,;lgl------lIx~---... :: .. ..~ 

/.... .... ly/{"'/"/ .. . ~ 

~ : ... . ... d· . \ I 

,
r., .. : bo···· .- // (f 

~ .. 6 __ (1' 

" 
I~ ~ ..... 0 IY""'" ....... 
r\ 0······ r 

X d / \r" r//'~ 
J Ll ~ \ ", // 

V 

• • JC. : •••• Q 
.~ fu········ \ 

! o· 
: .s:J . . c·-

200 250 300 350 400 450 500 550 

Total Traffic Volume (vehicles/I 5 mi nutes) 

Fig 6.5. Average Length of cycle, all approaches, Woodrow and Koenig. 

N 



93 

The relationships between major or minor-street traffic volume and the 

total vehicle-seconds of delay for the major or minor-street traffic (Figs 6.6 

and 6.7) followed the same general trends shown by the total traffic volume 

versus delay relationships for all approaches (Fig 6.4). Delay increased uni­

formly as the volume increased until the major street volume reached approxi­

mately 300 vehicles per 15 minutes, or the minor-street volume reached about 

170 vehicles per 15 minutes. As the volume continued to increase beyond these 

values, delay increased at a faster rate, except for full-actuated control on 

the major street (Koenig) and semiactuated control on the minor street (Woodrow). 

Settings of the controllers help to explain these exceptions. Throughout 

the studies at Woodrow and Koenig, total traffic volume was split approximately 

35 percent on Woodrow and 65 percent on Koenig during the morning and evening 

study periods and 25 percent on Woodrow and 75 percent on Koenig in the off-

peak afternoon studies. Under full-actuated control, the maximum interval was 

set at 60 seconds on both major (Koenig) and minor (Woodrow) streets with similar 

initial and vehicle intervals (6 or 8 seconds) allowed on each street. At the 

higher volumes, traffic on the major street extended the green time to near the 

maximum and thereby caused no increase in the ratio of delay to volume on the 

major street. Traffic on the minor street, however, experienced more delay at 

the higher minor-street volumes. 

The studies of semiactuated control were conducted at Woodrow and Koenig 

with conventional intervals set on Woodrow but a long vehicle interval (30 

seconds) and a relatively short maximum interval (29 seconds) set on Koenig. 

This maximum was chosen to be the same as the major-street green phase under 

pretimed control, and the resulting delay to major-street traffic was in fact 

similar in both cases (Fig 6.6). Green time on the major street was extended 

to the maximum on virtually every cycle during the morning and evening periods, 
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while the average green time per cycle averaged only about 20 seconds per cycle 

on the minor street. 

For this 4 X 4 intersection carrying traffic which was split approximately 

35 percent on the minor street and 65 percent on the major street, total delay 

increased more beyond about 450 vehicles per 15 minutes, regardless of the 

type of signal controller used. 

Average Delay 

Figure 6.8 shows the relationship between the average delay per vehicle and 

the traffic volume for Woodrow and Koenig. As shown in this figure, the full­

actuated controller produced the lowest average delay per vehicle at low volumes, 

about 5 seconds at 200 vehicles per 15 minutes. The semiactuated yielded about 

6 seconds average delay at the same volume, while the pretimed controller pro­

duced a 8-second average delay. As the traffic volume increased, the difference 

between controllers was reduced. At a volume of 600 vehicles per 15 minutes, 

all the controllers produced about a IS-second average delay per vehicle. 

While the average delay values for the remaining intersections are some­

what different, the trends remain the same at all the location except Exposition 

and Windsor. At this location, the semiactuated controller yielded the lowest 

average delay up to a total volume of 250 vehicles per 15 minutes. 

On the basis of these data, it appears that the full-actuated controller 

yielded the lowest average delay for volumes up to approximately 450 vehicles 

per 15 minutes. At higher volumes all three types of control produced approxi­

mately the same average delay. 

Figure 6.9 shows the major-street traffic volume plotted against the major­

street average delay per vehicle. The full-actuated and semiactuated controllers 

yielded a lower average delay than the pretimed controller at major-street vol­

umes less than 250 vehicles per 15 minutes. At higher volumes, there was very 

little difference between controllers. 
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There was a wider variation of average delay per vehicle on the minor 

street than on the major. Figure 6.10 shows that there was not a consistent 

relationship between average delay and volume on the minor street for the 

range of volumes observed. It appears, however, that the full-actuated con­

troller generally gave lower average delays to minor-street traffic than the 

semiactuated or pretimed controller for the settings used in these studies. 

A comparison of Figs 6.9 and 6.10 shows that the traffic on the minor 

street experienced higher average delays (5 to 16 seconds) than the major-street 

street traffic (2 to 12 seconds). This clearly shows the preference given 

to the major flow. 

Delay per Veh~cle Stopped 

As stated before, the average delay per vehicle stopped includes only 

the vehicles forced to stop before proceeding through the intersection. 

This relationship for data observed at Woodrow and Koenig is shown in Fig 

6.11, which shows that the average delay per vehicle stopped increased slightly 

as the total volume increased from 200 to 400 vehicles per 15 minutes. The 

actuated controllers tended to produce lower average values than the pretimed 

controller. The distinction between semiactuated and pretimed control values 

was recognizable, with the semiactuated being somewhat lower. 

Perhaps the most significant factor shown in this figure is that for the 

pretimed control the average delay per vehicle increased only slightly as the 

total volume increased to Over 500 vehicles per 15 minutes. The average delay 

increased from 17 seconds at low volumes to about 22 seconds at higher volumes. 

While the average delay per vehicle stopped for the actuated equipment was lower 

at total volumes less than about 450 vehicles per 15 minutes, it was approxi­

mately the same for all controllers at total volumes of 600 vehicles per 15 

minutes. 
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Figure 6.12 shows that the average delay per vehicle stopped on the major 

street varied from 10 to 15 seconds for both the full-actuated and semiactuated 

controllers and from 15 to 20 seconds for the pretimed controller. The values 

remained within these limits until the volume reached approximately 300 vehi­

cles per 15 minutes on the major street. 

There was a wider range of values for the average delay per vehicle stopped 

on the minor street than on the major street (Fig 6.13). At volumes less than 

100 vehicles per 15 minutes on the minor street, the full-actuated controller 

yielded the lowest average delay per vehicle stopped; while the pretimed 

control generally gave the highest delay throughout the range of volumes studied. 

Perhaps this observed tendency for pretimed control to produce larger average 

delays when the minor-street total volume exceeded 100 vehicles per 15 minutes 

(or 200 vehicles per hour on the high-volume minor-street approach) lends cre­

dence to the minor-street volume warrants for pretimed control suggested in 

the Manual on Uniform Traffic Control Devices (Ref 18). 

A comparison of Figs 6.12 and 6.13 indicates that vehicles stopped on 

the minor street experienced longer average delays than those stopped on the 

major street. Average delay per stopped vehicle ranged from about 8 to 33 

seconds at Woodrow and Koenig. 

Vehicles Stopped 

Figure 6.14 shows the realtionship between the total number of vehicles 

stopped and total traffic volume per IS-minute interval. The number of vehi­

cles stopped increased with an increase in total volume. The percentage of 

vehicles stopped, on the other hand, remained relatively constant, as shown in 

Fig 6.15, and was almost equal for all controllers. This percentage ranged 

between 30 and 60 percent, regardless of the type of control. 
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The percentage of vehicles stopped for the major street is shown in Fig 

6.16. It appears that the full-actuated and semiactuated controllers produced 

a lower percentage of vehicles stopped than pretimed control. There was a 

slight tendency for the percentage to increase as the volume increased. The 

values of the pretimed controller generally varied from about 40 to 55 percent, 

regardless of the volume. The full-actuated and semiactuated controllers gave 

values ranging from about 30 percent at a volume of 150 vehicles per 15 minutes 

to about 55 percent at a major-street volume of 350 vehicles per 15 minutes. 

The values for the minor street are scattered in Fig 6.17 and do not ap­

pear to depend on the volume or type of controller. A larger percentage of 

the vehicles (up to 75 percent) on the minor street were forced to stop than 

on the major street. 

Delays to the First Vehicle in a Queue 

Figure 6.18 shows the average delay experienced by vehicles at the head of 

a queue on the higher-volume approach of the major street plotted against the 

total traffic volume. This was the higher-volume approach on Koenig. It can 

be seen that the pretimed system produced higher average delay to the first 

vehicle than the actuated system. This was expected, since the delay to the 

first vehicles on the major street depends on the length of time that the green 

signal faces the minor street, and the actuated equipment can return the green 

to the major street as soon as the minor demand is satisfied. 

Figure 6.19 shows the average delay experienced by first vehicles in a 

queue on a minor-street approach lane (southbound on Woodrow). This figure 

shows that the full-actuated equipment gave a lower average delay until the 

total traffic volume reached about 400 vehicles per 15 minutes. At total vol­

umes greater than 400, there was little difference in the control systems. 
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The relationship between the average delay to the first vehicle on a minor 

approach lane and the major-street volume is interesting. Figure 6.20 shows 

that the values for the full-actuated controller increase steadily with an 

increase in volume, while the semiactuated and pretimed values remain fairly 

constant as the volume increases. 

The relationships between the minor-street volume and the average delay to 

the first vehicles on the major-street, higher-volume approach is shown in 

Fig 6.21. This figure shows that the actuated equipment yielded lower averages 

which increased with the volume until the volume reached about 200 vehicles per 

15 minutes. The pretimed values remained almost constant for all volumes. 

ANALYSIS OF SOUTH FIRST AND OLTORF INTERSECTION 

In this section, the delay characteristics which include volume versus 

delay relationships for South First and 01torf intersection in Austin are dis­

cussed. This intersection was generally similar in geometric characteristics 

and traffic to Woodrow and Koenig described previously; therefore, similar de­

lay studies were made. Total traffic volumes at South First and 01torf were 

not quite as high as at Woodrow and Koenig; thus, a 50-second cycle was used 

for pretimed control rather than 60 seconds as at Woodrow and Koenig. Other 

differences in controller settings are detailed in Appendix A, but these were 

relatively minor. 

Two pertinent differences in traffic should be noted in comparing these 

two intersections: 

(1) Total traffic was split virtually 50/50 on South First and 01torf 

during all the morning and evening studies while Woodrow (minor 

street) carried only 30 to 40 percent of the total traffic at 

Woodrow and Koenig. 
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(2) About 30 percent of the traffic on both South First and 01torf was 

turning traffic, whereas at Woodrow and Koenig, only about 8 to 15 

percent of the traffic on the major street (Koenig) turned and about 

30 percent of the minor street (Woodrow) turned. 

Total Delay 

The relation between the total traffic volume for 15-minute periods and 

the associated total vehicle-seconds of delay for the three types of control 

studied at South First and 01torf is shown in Fig 6.22. This figure shows 

that there was a tendency for delay to increase as the total volume increased 

regardless of the type of signal control. The volume versus delay relationship 

is strikingly similar to that shown in Fig 6.3 for Woodrow and Koenig. Even 

though the total volume observed at South First and 01torf exceeded 450 vehi­

cles per 15 minutes for only a few periods, the same pattern of increasing 

delay beyond this volume as Seen for Woodrow and Koenig is evident here also. 

Full-actuated control caused the least total delay throughout the range of 

volumes observed. 

Figure 6.23 shows the relationship between total vehicle-seconds of delay 

on the major street (South First) and traffic volume on the major street. Even 

though the traffic was split approximately equally, South First carried more 

traffic than 01torf during certain periods (see Appendix A) and was therefore 

designated the major street for this analysis. At major-street volumes of ap­

proximately 100 vehicles per 15 minutes, actuated control caused less total 

delay to major-street traffic than pretimed control. Full-actuated control 

resulted in less delay than the other types for all major-street volumes ob­

served at this intersection, especially at major-street volumes over 200 

vehicles per 15 minutes. This was also true at Woodrow and Koenig (see Fig 6.6). 
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The total vehicle seconds of delay On the minor street (Oltorf) and minor 

street traffic volume relationship is shown in Fig 6.24. At minor-street 

volumes less than 150 vehicles per 15 minutes, the full-actuated controller 

caused less delay than either pretimed or semiactuated control, but at higher 

volumes, the largest delays to minor-street traffic resulted from full-actuated 

control. For comparison with Woodrow and Koenig, see Fig 6.7. It is inter­

esting that, even though the traffic split and the full-actuated controller 

settings were virtually the same on both streets, at South First and 01torf, 

traffic on 01torf experienced larger delays for volumes over about 150 vehi-

cles per 15 minutes than did the traffic on South First for this type of control. 

Average Delay 

As stated previously in this chapter, average delay per vehicle is an im­

portant statistic that gives a single-valued measure of how long a representa­

tive vehicle was delayed under specified conditions. Figure 6.25 shows the 

relation between the average delay per vehicle and total traffic volume per 

15 minutes at South First and 01torf. 

Full-actuated control resulted in the least average delay per vehicle 

(3 to 12 seconds) at South First and 01torf, while semiactuated and pretimed 

control caused approximately the same average delay (6 to 14 seconds). The 

average delay per vehicle at South First and 01torf (Fig 6.25) was quite simi­

lar in magnitude to that at Woodrow and Koenig (Fig 6.8) for pretimed and fu11-

actuated control, but was considerably greater for semiactuated control. 

This larger average delay is a reflection of the limited response of the 

semiactuated controller to the traffic demands at South First and 01torf where 

traffic was split approximately SO/50 on the two streets. While the settings 

used in the study were perhaps not optimum, they were selected so that compari­

sons could be made among the three types of control. As at Woodrow and Koenig, 
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for the semiactuated studies the maximum "go" interval on the major street was 

set at 50 percent of the cycle length used in the pretimed studies, and the 

maximum interval on the minor street was set at 60 seconds. 

At South First and Oltorf, the semiactuated controller assigned 25 seconds 

of "go" time to the major street (South First), and traffic actuations on 

Oltorf accounted for the comparatively large average delay observed at this 

intersection under semiactuated control. By contrast, at Woodrow and Koenig, 

where the minor street carried only about 30 percent of the total traffic, the 

"go" time was extended by traffic actuations to an average value of only 20 

seconds, and average delays were about 50 to 80 percent less than those ob­

served at South First and Oltorf for any given traffic volume. These studies 

of average delay per vehicle substantiate the basic concept that semiactuated 

control functions most effectively at isolated intersections where traffic on 

the minor-volume street is consistently less than about 30 to 40 percent of 

the total volume. 

Delay per Vehicle Stopped 

Relationships showing average delay per vehicle stopped and traffic volumes 

reveal the amount of delay that a typical stopped vehicle would normally exper­

ience. Figure 6.26 shows this relationship when all approaches at South First 

and Oltorf are considered. Pretimed and semiactuated control exhibit similar 

relationships; average delay increased from approximately 16 to 18 seconds per 

stopped vehicle as total volume increased from 200 to 450 vehicles per 15 

minutes. Full-actuated control caused consiperably less delay per vehicle 

stopped than the other types at total volumes less than 450 vehicles per 15 

minutes. The pattern here was similar to that at Woodrow and Koenig (see 

Fig 6.11). 
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The relations between average delay per vehicle stopped and traffic volume 

per 15 minutes are shown in Fig 6.27 for the major street (South First) and 

in Fig 6.28 for the minor street. Average delay per vehicle stopped is of 

the same magnitude as that observed at Woodrow and Koenig. Full-actuated control 

caused lower average delay to the vehicles that were stopped than the other 

types of control in virtually all the cases shown. 

Vehicles Stopped 

The relation of the total number of vehicles stopped on all approaches to 

the total traffic volume at South First and Oltorf is shown in Fig 6.29. Full­

actuated control generally stopped fewer vehicles than either pretimed or 

semiactuated control at this intersection (SO/50 volume split), whereas semi­

actuated control frequently resulted in the smallest number of stopped vehicles 

at Woodrow and Koenig (30/70 volume split, see Fig 6.14). The number of vehi­

cles stopped was proportional to total volume and similar in magnitude at both 

intersections. 

The number of vehicles stopped may be expressed as a percentage of the 

total traffic and presented as shown in Fig 6.30. The percentage of vehicles 

stopped ranged from 40 to 65 percent for all control types. At this intersec­

tion where the traffic volume was split approximately SO/50, semiactuated control 

consistently stopped a higher percentage of the total traffic than either pre­

timed or full-actuated control at total volumes less than about 300 vehicles 

per 15 minutes. Pretimed control stopped 45 to 55 percent of the vehicles 

throughout the range of volumes from 200 to 450 vehicles per 15 minutes. 

Figures 6.31 and 6.32 show the relationships of traffic volume and percen­

tage of vehicles stopped on the major and minor street respectively. There was 

no pronounced difference in the percentages as at Woodrow and Koenig (see Figs 
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6.16 and 6.17), where the traffic on the minor street had a larger percentage 

stopped than the major street which carried about 60 to 70 percent of the total 

traffic. 

OTHER SIGNALIZED INTERSECTIONS 

Although most of the signalized intersections studied had similar charac­

teristics, it is desirable to point out several volume versus delay relation­

ships which lend credence to the analyses presented previously in this chapter. 

Exposition and Windsor 

Exposition and Windsor is a four-leg, relatively isolated intersection 

in a primarily residential area in west Austin. Exposition Boulevard, the 

major street, is 40 feet in width with traffic moving on two approach lanes 

per leg (see Fig A.lO in Appendix A). Windsor Road, the minor street, is 

also 40 feet wide, but there are no lane stripes, other than the centerline, 

to guide traffic flow. Observers noted that vehicles approaching Windsor 

Road were in single file, but near the intersection two lanes of traffic usual­

ly formed under heavy volume conditions. Approximately 200 feet west of the 

intersection, Windsor Road is narrowed to a width of approximately 30 feet. 

Here vehicles are forced to merge into a single stream and some turbulence in 

vehicular flow was noticeable. Stopped-time delay was not visibly affected 

by this geometric restriction, but this factor should be considered when relat­

ing stopped-time delay to travel time. 

Almost 18 hours of delay studies were conducted at Exposition and Windsor 

in 1966. The signal controller settings during the studies and the approach 

volumes and turning movements for each IS-minute period of the studies are 

presented in Appendix A. Minor-street (Windsor) traffic ranged from a low of 

31 percent to a high of 43 percent of the total volume, and left turns were 

less than 10 percent of the total volume during all the studies. 
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Figure 6.33 shows the percentage of vehicles stopped at this intersection. 

The percentages range from approximately 35 to 65 percent and average about 

50 percent. Percentages increased slightly with volume when semiactuated or 

pretimed traffic control was used, but the percentage of stops when using 

full-actuated control was relatively consistent with respect to volume and 

slightly less than the percentages resulting from pre timed or semiactuated 

traffic control. 

Figures 6.34 and 6.35 show the average delay per major-street vehicle and 

average delay per minor-street vehicle and vehicular volume relationships. 

The data in Fig 6.34 indicate that average delay per major-street vehicle was 

generally greater when pretimed control was used than when using vehicle-ac­

tuated control. But Fig 6.35 shows that all three types of control resulted in 

similar average delays to minor-street traffic. It should be pointed out 

that for the studies at Exposition and Windsor green intervals were set at 

30 seconds on both the major and the minor streets under pretimed control, 

even though the traffic volume split (30 to 40 percent on minor street) would 

ordinarily indicate unequal green intervals for optimum performance. The re­

latively large average delays to major-street vehicles for pre timed control 

(Fig 6.34) reflect the improper proportioning of the green time for the 30/70 

volume split. Similar effects were observed at Woodrow and Koenig (Fig 6.9) 

where the split was approximately the same. 

Figure 6.36 shows the average delay per vehicle and total traffic volume 

relationships at Exposition and Windsor. Average delay per vehicle increased 

slightly with total volume for each control type; moreover, the rate of increase 

for each control type was about equal. There was no clearly defined advantage 

to using any particular type of control that was studied at this intersection 

as far as average delay per vehicle was concerned; however, if total delay is 
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considered, semiactuated equipment exhibited an advantage over pretimed and 

full-actuated controllers at this intersection (see Table 7.7). 

Hildebrand and Blanco 

Hildebrand and Blanco is a four-leg, relatively isolated intersection in 

San Antonio. Approaches are 43 feet wide, with two approach lanes on each leg. 

Delay studies were conducted at Hildebrand and Blanco in August 1966 for 

full-actuated and pretimed traffic control. Each intersection leg had two 

approach lanes for vehicular flow. Dial settings and 1S-minute volumes are 

summarized in Appendix A. 

Figure 6.37 shows the percentage of vehicles stopped versus 1S-minute 

volumes. For most of the 1S-minute volumes shown, the percentage ranges be­

tween 40 and 60 percent, as at the other intersections studied. 

Figures 6.38 and 6.39 show the average delay per major-street vehicle 

and average delay per minor-street vehicle and vehicular volume relationships 

for Hildebrand and Blanco. Both of these figures indicate that full-actuated 

control is a slightly more efficient method of controlling traffic for most 

of the street volumes shown at this intersection. 

Figure 6.40 shows the average delay per vehicle on all approaches versus 

1S-minute vehicular volumes. At total volumes ranging from 3S0 to SOO vehicles 

per 1S minutes, full-actuated control is slightly more efficient than pretimed 

control. But as volumes exceed SOO vehicles per 1S minutes, there is more 

scatter in the plotted data, and full-actuated control appears to have lost its 

operational advantages over pretimed control. 

Finally, Fig 6.41 shows the relationship between total vehicle-seconds 

of delay and 1S-minute volumes for Hildebrand and Blanco and Woodrow and Koe­

nig. These intersections are similar both in operating characteristics and in 

geometric features but are located in two different cities. As shown in 
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this figure, the delay versus volume relationship follows the same trend for 

both intersections and there appears to be no significant effect of location. 

Drivers responded in the same manner to similar situations. 

COST ANALYSIS 

In determining which type of control system could be installed at a 

particular intersection, consideration must be given to the effect of the sy­

stem on the intersection users as well as to the cost of buying and maintain­

ing the hardware. The following oversimplified example is presented to illu­

strate the importance of using the proper control system to minimize delay. 

While the cost of a signal installation will vary from one location to the next, 

depending on a number of factors, the cost data used in this example can be con­

sidered representative for a typical installation. 

Approximate costs of three types of signal installations are shown in 

Table 6.1. The installation cost includes items such as mast arms and poles, 

signal heads, wire, pull boxes, controller with cabinet, detectors where appli­

cable, and labor costs. The total annual cost shown in Table 6.1 includes 

maintenance costs and the annual amount that would have to be deposited at 

5 percent interest in a sinking fund to accumulate the original installation 

cost at the end of a ten-year design life. 

Using the data presented in Figs 6.11 and 6.15, Table 6.2a was developed 

to show the major portion of total average hourly cost incurred by stopped ve­

hicles when the intersection was operating at a volume of 1,400 vehicles per 

hour. This table shows that the cost of moving 1,400 vehicles per hour through 

the intersection operating under full-actuated control was about $3.17 less 

per hour than when pretimed control was used. 

Assuming that the intersection accommodated at least 1,400 vehicles per 

hour during 15 hours each week (a conservative estimate; see Appendix A), the 



Type of 
Control 

Full-Actuated 

Semiactuated 

Pretimed 

* Ref 7, p 11. 
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TABLE 6.1. TYPICAL COST OF SIGNAL INSTALLATIONS 

Total Annual Cost 
Assuming 5 Percent Interest 

Representative Annual Compounded Annually, 
Installation Maintenance Ten-Year Design Life, 

Cost* Cost* Zero Salvage Value 

$ 8,000.00 $ 175.00 $ 811.00 

$ 6,500.00 $ 150.00 $ 666.75 

$ 4,000.00 $ 100.00 $ 418.00 



Type of 
Control 

Full-Actuated 

Sem1ac tua ted 

Pretimed 

"" Ref 38, P662. 

Stopping 
Cost, 
$/stop 

0.00710 

0.00710 

0.00710 

TABLE 6.2a. VEHICLE OPERATING COST 

Cost Estimates* 

Idling 
Cost, 

$/veh-hr 

0.140 

0.140 

0.140 

Va lue of Time 
Lost in Tdling, 

$/veh-hr 

1. 70 

1. 70 

1. 70 

Type of 
Control 

Fu ll-Ac tua ted 

Semiactuated 

Pre timed 

Percentages of Number of Vehicles Average Delay Per 
Vehicles Stopped, Stopped Per Hour, Stopped Vehicle, 

1,400 veh/hr 1,400 veh/hr 1,400 veh/hr, 
sec 

42 588 17.0 

45 630 18.5 

50 700 21 

TABLE 6.2b. A~~UAL COSTS 

Annual Cost = Total Annual Cost 
(From Table 6.1) Plus Average Hourly Cost 

(Table 6.2a) x 15 hrs/wk , 52 wks/yr 

$ 8,057.00 

$ 8,818.00 

$ 10,137.00 

Average Cost Total Average 
Per Stopped Hourly Cost 

Vehicle Incurred By 
Stopped Vehicles 

$ 0.0158 $ 9.29 

s 0.0166 S 10.45 

S 0.0178 S 12.46 
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annual cost of operating the intersection under full-actuated control was 

nearly $2,100 less than for pretimed control as shown in Table 6.2b. This 

analysis does not include the savings accrued when the traffic volume through 

the intersection was less than 1,400 vehicles per hour. 

Another way of interpreting the costs incurred from the various types 

of control can be in terms of the time required to offset the difference in 

initial costs. For the conditions stated above, the excess initial cost of 

full-actuated control over pretimed control would be compensated in less than 

two years of operation. 

These computations indicate that, from economic consi4erations alone, it 

appears that the most sophisticated control equipment can be easily justified, 

even though equipment and maintenance costs may be higher than for less effi­

cient control. 
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CHAPTER 7. WARRANTS FOR TRAFFIC SIGNALS 

Information recorded by the digital delay data recorder has been used to 

study existing as well as proposed warrants for the installation of traffic 

signals. Due to the fact that the D3 Recorder was used to measure only ve­

hicular traffic volume and delay characteristics, warrant factors such as 

pedestrian volume and accident experience cannot be evaluated from available 

data. Volume and resulting delay characteristics concerning warrants can be 

evaluated, however, as will be demonstrated in the following paragraphs. 

INTERSECTIONS STUDIED 

Three intersections in Austin, Texas (Woodrow at Koenig, South First at 

Oltorf, and Exposition at Windsor) were used for the studies conducted on 

June 20, August 4, and June 23, 1967, respectively. All three intersections 

were equipped with full-actuated traffic controllers which were adjusted to 

function as either semiactuated or pretimed controllers during certain phases 

of the study. In addition to the six hours of vehicular delay studies per day 

normally conducted in this research study, l2-hour traffic volume surveys 

were conducted from 0700 to 1900 hours on the day of the traffic study at 

each intersection. The data for the eight highest hours of traffic volume 

from each intersection, along with other pertinent information, may be seen 

in Tables 7.1, 7.2, and 7.3. From this information, which shows peak-hour 

volumes approaching 2,000 vph (probably too great for stop-sign control), 

and from the fact that these intersections have been signalized for over ten 

years, it should be clear that the question to be resolved was not the one 

147 
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TABLE 7.1. TRAFFIC VOLUME DATA FOR EIGHT HIGHEST HOURS AT WOODROW 
AND KOENIG, JUNE 20, 1967, 0700-1900 HOURS 

Total Volume, Time of Major Street, Higher Minor Approach, 
Rank vph Occurrence vph vph 

1st ~~S60 1645-1745 1,188 451 

2nd 1,767 0715-0815 951 662 

3rd ~,351 1145-1245 960 230 

4th 1,220 1745-1845 814 240 

5th 1,087' 1245-1345 954 183 

6th 1,081 1545-1645 802 143 

7th 896 1045-1145 680 119 

8th 894 1345-1445 644 156 



TABLE 7.2. TRAFFIC VOLUME DATA FOR EIGHT HIGHEST HOURS AT SOUTH 
FIRST AND OLTORF, AUGUST 4, 1967, 0700-1900 HOURS 

149 

Total Volume, Time of Major Street, Higher Minor Approach, 
R.ank vph Occurrence vph vph 

1st 1,918 1645-1745 1,379 336 

2nd 1,424 1745-1845 759 402 

3rd 1,298 0715-0815 586 563 

4th 1,215 1145- 1245 595 319 

5th 1,157 1545-1645 582 292 

6th 1,040 1345-1445 573 235 

7th 976 1245-1345 487 270 

8th 974 1045-1145 514 240 
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TALBE 7.3. TRAFFIC VOLUME DATA FOR EIGHT HIGHEST HOURS AT EXPOSITION 
AND WINDSOR, JUNE 23, 1967, 0700-1900 HOURS 

Total Volume, Time of Major Street, Higher Minor Approach 
Rank vph Occurrence vph vph 

1st 1,460 1645-1745 1,033 209 

2nd 1,005 0730-0830 1,023 223 

3rd 960 1200-1300 673 312 

4th 90 1745-1845 631 321 

5th 815 1545-1645 572 290 

6th 742 1100-1200 520 271 

7th 726 1300-1400 531 243 

8th 635 0930-1030 <4·91 203 

, 



of signals versus other control equipment, but what type of signalization 

was warranted and which type functioned best from a delay standpoint. 

WARRANTS FOR PRETIMED SIGNALS FROM THE MANUAL ON UNIFORM TRAFFIC CONTROL 
DEVICES 

151 

The data from the intersections mentioned above facilitates the investi-

gation of warrants 1, 2, and 6 for the installation of pretimed signals, as 

found on pages 185 and 190 of the Manual on Uniform Traffic Control Devices 

(Ref 18). Warrants 1 and 2 state that for their terms to be satisfied, the 

traffic volume at a given intersection for each of eight hours of an average 

day must be equal to or greater than the values specified in Tables 7.4 and 

7.5, respectively. Warrant 6 states that, even if no individual warrant is 

satisfied, signals may still be justified if 80 percent of the values specified 

in any two warrants is provided. 

The data shown in Tables 7.1, 7.2, and 7.3 were checked against these 

warrants. The results of this test are shown in Table 7.6. Because none of 

the intersections satisfied any of these warrants, it could be said that, 

according to these pretimed signal warrants based on vehicular volume alone, 

a pretimed signal was not warranted at any of the intersections. 

WARRANTS FOR TRAFFIC-ACTUATED SIGNALS 

No warrants for traffic-actuated signals are presented as such in the 

Manual on Uniform Traffic Control Devices. and, for purposes of this study, 

portions of a set of warrants proposed by the Texas Highway Department 

were evaluated. (The entire system of warrants and the accompanying com-

mentary is included in Appendix B.) These warrants were developed by com-

bining practical experience with intersection capacity information appearing 
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2 

2 

TABLE 7.4. MINIMUM VEHICULAR VOLUMES FOR WARRANT 1 
(MINIMUM VEHICULAR VOLUME WARRANT)* 

Number of Lanes Volumes for Each of Any Eight High Hours** 
Per Approach 

Vehicles Per H0ur on Vehicles Per Hour 
Major Minor Major Street (Total on Higher-Volume 
Street Street of Both Approaches) Minor Street Approach 

1 1 500 150 

or more 1 600 150 

or more 2 or more 600 200 

1 2 or more 500 200 

*Manual on Uniform Traffic Control Devices for Streets and Highways, U. S. 
Bureau of Public Roads, Washington, D. C., June 1961, p 185. 

**Same eight hours for both major-street and minor-street volume. 



TABLE 7.5. MINIMUM VEHICULAR VOLUMES FOR WARRANT 2 (INTERRUPTION 
OF CONTINUOUS TRAFFIC WARRANT)* 

Number of Lanes Volumes for Each of Any Eight High Hours** 
Per Approach 

Vehicles per Hour on Vehicles Per Hour 
Major Minor Major Street (Total on Higher-Volume 

153 

Street Street of Both Approaches) Minor Street Approach 

1 1 750 75 

2 or more 1 900 75 

2 or more 2 or more 900 100 

1 2 or more 750 100 

*Manua1 on Uniform Traffic Control Devices for Streets and Highways, U. S. 
Bureau of Public Roads, Washington, D. C., June 1961, p 186. 

**Same eight hours for both major-street and minor-street volumes. 
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TABLE 7. 6. NUMBER OF HOURS PAS S ING EACH WARRANT FOR EACH 
INTERSECTION (EIGHT REQUIRED TO PASS) 

Intersection 

Warrant Number Woodrow and South First Exposition 
Koenig and Oltorf and Windsor 

1 (Minimum volume) 4 2 4 

2 (Interruption of 4 1 2 
traffic) 

6 (Comb ina tion) 5 2 2 

TABLE 7.7. TOTAL DELAY AND RESPECTIVE VOLUMES FOR SIX HOURS 
OF DELAY STUDY (VEHICLE-SECONDS OF DELAY) 

Controller 
Intersection Pre timed Semiactuated Full-actuated 

Woodrow and 57,099 42,075 40,856 
Koenig (4,497 vehicles) (4,502 vehicles) (4,449 vehicles) 

South First 68,250 65,458 45,768 
and 01torf (6,810 vehicles) (6,815 vehicles) (6,452 vehicles) 

Exposition 50,132 44,117 49,569 
and Windsor (5,601 vehicles) (5,500 vehicles) (5,833 vehicles) 



ISS 

in Ref 9. The portion of this system of warrants which was investigated 

consists of four warrants which were developed for use in urban areas. The 

system also contains a set of four warrants for use in isolateQ communities 

having a population of less than 10,000 (latest Federal census), or in areas 

where the 8S-percentile speed of major-street traffic exceeds 40 miles per 

hour. 

The first of the urban warrants deals with peak-hour volumes and is con­

sidered to be satisfied when for one hour (any four consecutive IS-minute peri­

ods) of an average day the plotted point representing the vehicles per hour 

on the major street (total of both approaches) and the corresponding vehicles 

per hour on the higher-volume minor-street approach (one direction only) falls 

above the curve in Fig 7.1 for the particular existing combination of approach 

lanes. The major and minor-street volumes must be for the same time period. 

The second warrant deals with the traffic volume for the two highest 

hours, which are to consist of the four consecutive IS-minute periods having 

the highest volume and the four consecutive IS-minute periods having the sec­

ond highest volume. This warrant is considered to be satisfied when for each 

of the two hours the plotted points representing the vehicles per hour on 

the major street (total of both approaches) and the corresponding vehicles 

per hour on the higher-volume minor-street approach (one direction only) 

both fall above the curve in Fig 7.2 for the particular existing combination 

of approach lanes. The major and minor-street volumes are for the same hour 

and the volume on the minor street is not necessarily on the same approach 

for both hours. 

The third and fourth warrants deal with the four highest hour volumes and 

eight highest hour volumes, respectively. In both cases, the plotted points 

representing major street and higher-volume minor-street approach are plotted 



156 

:2500 
c. 
~ 
s:::. 
() 

o 
e400 
c. 
c. 
« .., 
E 
.2 300 
§; 

I 
s:::. 
01 

:J: 
~200 

li .., 
~ 
(/) 

o 100 
!E 
~ 

® 

(2x2) ® Woodrow a KoeniG 
(2x2) " South II! a Oltorf 

(2x2) ~ Exposition a Windsor 

(2xl) • Windsor a Hartford 

2 Lanes a 2 Lanes 

°7·~00~--~8~0~0--~9~0=0--~IOOO~~--~00~--~~----+-----4-----~-----+----~---
II 1200 1300 1400 1500 1600 1700 

700 

600 

~ 500 c. 
~ 

.c 
() 

o 
o 
~ 400 
a. 
« 
.., 
E 
:::I 

"0 
> 

I 

.c 
01 

:J: 

-III .., 
!:: 
(/) .. 
0 
c 
:i 

200 

100 

Major Street • Total of 80th Approaches, vph 

Fig 7.1. Peak-hour volume warrant factor for traffic-actuated 
signals, highest hour. urban area. 

(2x2) ® Woodrow a KoeniG 

® (2x2) " South liJ a Oltorf 

(2 )(2) ~ Exposition a Windsor 

(2 xl) • Windsor a Hartford 

® 

• 

2 Lants a 2 Lanes 

o~~--~~--~~----~~--~~--~~--~~----~-----+----~ 600 700 800 900 1000 1100 1200 1300 1400 1500 
Major Street, Total of Both Approaches (vph) 

Fig 7.2. Peak-hour volume "arrant factor for traffic-actuated 
signals, two highest hours, urban area. 



157 

on Figs 7.3 and 7.4 The same specifications that were applied in the second 

warrant to the calculation and plotting of the points must also be applied in 

the third and fourth warrants. 

The results of plotting the data from the three previously mentioned 

intersections, together with that from one additional intersection (Windsor 

Road at Hartford Road), show that all four intersections satisfy at least 

one of the warrants and one, South First at 01torf, satisfies all four 

(Figs 7.1, 7.2,7.3, and 7.4). 

According to all the previously mentioned warrants, traffic-actuated 

signals were warranted at these intersections, while pretimed control was not. 

It was interesting to compare the operation of these two basic types of con­

trollers in terms of vehicular delay at the three intersections selected for 

evaluation. 

The results of delay studies for pretimed, semiactuated, and full-actuated 

controllers at Woodrow and Koenig, South First and Oltorf, and Exposition and 

Windsor are illustrated in Figs 7.5, 7.6, and 7.7, respectively. The tabular 

results of the entire six hours of delay study (Table 7.7) reveal that all in­

tersections had a noticeable decrease in delay when controlled by actuated equi­

ment. Traffic on Sourth First and Oltorf, showed the most pronounced trend, a 

33 percent reduction in delay when the control was converted from pretimed to 

full-actuated at similar volumes (6,810 vehicles under pretimed control versus 

6,452 vehicles for the same amount of time under full-actuated control). Woodrow 

and Koenig showed a 29 percent reduction in delay for the full-actuated condition 

when compared to pretimed, with a total of 4,497 vehicles during the full-

actuated study and 4,449 vehicles during the pretimed condition. Exposition and 

Windsor, however, showed a 12 percent reduction for the semiactuated controller 

compared to pretimed, with 5,601 vehicles compared to 5,500 vehicles, respectively. 
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It appears, then, that in terms of vehicular delay, actuated controllers 

would be the proper choice for those intersections. This substantiates the 

validity of the proposed warrants and suggests that at least the urban por­

tion for traffic-actuated controllers is sound. 

SUMMARY 

163 

From the foregoing dicussion of portions of the presently accepted war­

rants for pre timed signals and the proposed warrants for traffic-actuated 

signals, two conclusions may be drawn: 

(1) When considering only volume-related warrant factors, both the 

warrants for pretimed and for traffic-actuated signals that have 

been evaluated herein provide helpful guides in selecting the 

proper type of traffic signal controller for specific uses. 

(2) The D3 Recorder is a valuable tool" for evaluating volume-related 

portions of warrants for the installation of traffic signals. 

DELAY WARRANTS 

It is probably desirable to have a method whereby, given a set of traffic 

conditions at an intersection, it would be possible to predict the delay ex­

perience likely to result from using each particular type of traffic-signal 

control device. Then, if a set of delay-based warrants were available, these 

could be used, in conjunction with other warrants, to determine the most prac­

ticable traffic control device to use. 

A procedure which is available for developing this method is model build­

ing by means of regression analysis. In general, the procedure involves 

gathering appropriate field data and then finding a mathematical relationship 

which can predict reasonably well the dependent variable, delay, as a function 

of a few easily measured independent variables. The data gathered in this 

research is currently being used in an effort to develop this methodology. 
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As an example of the model-building technique, consider a fully actuated 

signal for which 15-minute data summaries are'avai1ab1e, such as the Woodrow 

and Koenig intersection. An equation of the following form could be developed: 

y 

where 

y 

x 

= 

= 
= 

35.7 - x 

the average delay for stopped vehicle, in seconds; 

the number of complete signal cycles during the 15-minute 

interval. 

However, the number of cycles would not be known until after installation 

of the signal. Thus, a relationship explaining average delay in terms of 

another variable was needed. A new model was developed: 

y = 3.2 + .03125x1 

where 

y = average delay as defined above, 

xl = intersection volume per 15-~inute interval. 

Then, if a model of this type were available for each type of control, a 

better decision could be made regarding the proper signal installation. This 

model-building technique can be continued until a suitable model is developed. 

Models using up to five or six variables and their interactions to predict 

delay have been tested against actual observed delays as part of this research 

study, but no consistently adequate model has yet evolved. Work in this direc­

tion is continuing. 

A valid model, once available, can be used to investigate a wide variety 

of intersection conditions and aid in the development of delay-based warrants 

for various types of signal control. 



CHAPTER 8. COMPARATIVE DELAY STUDIES 

In addition to its usefulness as a research instrument, the D3 digital 

delay data recorder has many potential applications for assessing the relative 

effectiveness of modifications to highway intersections. Quantitative mea-

sures of delay can be used as the basis for comparing two or more alternative 

modifications or improvements to an intersection. Although evaluations of only 

two types of intersection changes (one a change in geometry and the other a 

change in traffic control) are described in this chapter, the equipment and 

the data summary techniques which have been employed have numerous practical 

applications in before-and-after studies. 

GEOMETRIC DESIGN MODIFICATIONS: GULF FREEWAY (IH 45) AND WAYSIDE 
DRIVE IN HOUSTON 

To evaluate the influence of a change in geometric design on intersection 

efficiency and to test the usefulness of the delay recording equipment for 

such purposes, two field studies were carried out at a diamond-type interchange 

located on the Gulf Freeway in Houston, Texas. Data were collected at the Way-

side interchange on October 5, 1965, when the two adjacent intersections were 

operating in the usual diamond-interchange manner. Then, on December 7, 1965, 

another study was made after new U-turn lanes on the frontage roads had been 

opened to traffic for about five weeks. 

Geometric Features 

The geometric features of this interchange during the first study are 

shown in Fig 8.1. Possibly this should not be considered a typical diamond 
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interchange because of the arrangement of the ramps, but the signalization of 

the two adjacent intersections is conventional. The frontage roads (westbound 

and eastbound) are three-lane, one-way approaches. Wayside Drive is a two­

way street with two-lane approaches. 

During the peak traffic flows, Wayside interchange had been loaded be­

yond capacity. A report by the Texas Transportation Institute published in 

September 1964 (Ref 20) recommended geometric design modifications for in­

creasing the capacity of this interchange. These modifications were made 

by the Texas Highway Department and are shown in Fig 8.2. The primary changes 

involved the addition of U-turn lanes on the frontage roads and provision of 

a left-turn lane on the westbound frontage road. 

Signal Phasing 

The signal phasing as recorded by the D3 equipment for the evening peak 

is shown in Fig 8.3. The cycle length is 70 seconds and the phasing is four 

phase with two S-second overlaps. The same signal timing was in operation 

for both studies. 

During the analysis of the data, it was noted that more green time was 

allowed on the eastbound approach (15 seconds) than on the westbound (12 sec­

onds), despite heavier traffic on the westbound approach. This imbalance is 

believed to be one cause of the excessive delay experienced on the westbound 

approach and is discussed later in this chapter. 

Traffic Volumes 

Although data were recorded continuously during the evening peak period 

between 1600 and 1800 hours for both studies, a 30-minute period, 1655 to 1725 

hours, was selected for comparative analysis. The choice of this period was 

based on the equivalence of the total traffic volume passing through the inter­

section on both days. There were 2,008 vehicles on October 5, as compared with 
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2,012 on December. 7. Since the total volumes are equal, results of the two 

studies can be compared. 

U-Turn Movements 

On October 5, vehicles making a U-turn had to pass through both intersec­

tions and some were stored between the intersections for a portion of the 

signal cycle. U-turn vehicles represented 13 percent of the volume approaching 

on the westbound frontage road and 9 percent of the total approaching on the 

eastbound frontage road. 

On December 7, 15 percent of the volume approaching from the west made a 

U-turn, and 7 percent of the vehicles from the east made U-turns. These volumes 

indicate that the U-turn movements were nearly equal for both studies. 

Discussion of Results 

Total Vehicle-Seconds of Delay. A comparison of the vehicular delay per­

mits the evaluation of the effect of changes in geometric design. The total 

vehicle-seconds of delay for all approaches is shown in Fig 8.4. This figure 

shows that the total delay dropped from 111,000 vehicle-seconds on October 5 

to 66,000 vehicle-seconds on December 7. This represents a decrease of 40 

percent. 

The westbound approach experienced the largest decrease in delay, approx­

imately 73 percent, despite a small increase in the volume of about 11 percent. 

The delay on the middle lane of this approach was reduced from 21,600 vehicle­

seconds to 1,600 vehicle-seconds. 

The vehicle delay on the eastbound approach decreased 31 percent; how­

ever, the volume decreased 20 percent. Assuming that the delay is proportional 

to the volume, this represents a 10 percent reduction in delay. 
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The southbound and northbound approaches, even though only indirectly 

affected by the U-turn lanes, also showed a decrease in delay. On the south­

bound approach, a drop of 25 percent in vehicle delay was experienced, des­

pite an increase of 11 percent in the volume. The northbound approach showed 

an 11 percent decrease in volume and a 13 percent decrease in delay. 

Percentage of Vehicles Stopped. During the evening peak this interchange 

is often overloaded, requiring some of the vehicles to wait for more than one 

cycle before proceeding through the intersection and some to stop more than once. 

Figure 8.5 shows a comparison of the percentage of vehicles stopped for 

the two study periods. Before the U-turn lanes were opened, all vehicles 

were forced to stop at least once before clearing the intersection. After 

the lanes were opened, only 83 percent of the vehicles were forced to stop. 

The westbound approach was affected most by the change in design. On 

October 5, all vehicles were required to stop, whereas only 75 percent had to 

stop on December 7. While the other three approaches experienced a reduction 

in the percentage of vehicles stopped, it was not as noticeable. 

Influence of Signal Timing. The signal phasing and timing were the same 

for both studies. While this has no influence on the comparative values, the 

effect of the timing is clearly shown for each study individually. 

It was shown earlier in this chapter that' an inbalance existed between 

the green time allowed on the westbound and eastbound frontage roads as com­

pared with the traffic volume on each approach. This imbalance is clearly re­

flected in the relative values of vehicle-seconds of delay. Four times more 

delay was recorded on the westbound (39,750 vehicle-seconds) than one the east­

bound (10,240 vehicle-seconds) during the 30-minute interval studied, while the 

westbound approach had 25 percent less traffic than the eastbound. The main 
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reason for this imbalance in delay appears to be the imbalance in the allotted 

green time. 

TRAFFIC CONTROL MODIFICATIONS: 19TH AND CHICON STREETS IN AUSTIN 

For the purpose of evaluating an experimental change from four-way to 

two-way stop-sign control at the intersection of 19th and Chicon Streets in 

Austin, Texas, two field studies were conducted at that intersection during 

the summer of 1967. Volume counts indicated that about 75 percent of the traf­

fic was on 19th Street and 25 percent on Chicon. The first study, in June, was 

made with the intersection operating under its normal four-way stop-sign control; 

then later, in August, another study was conducted with stop signs located 

only on Chicon Street. Advance warning signs were installed when the two-way 

stop experiment was begun in order to alert repeat drivers to the modification. 

The intersection operated under two-way stop-sign control for ten days before 

the second study was conducted. 

Geometric Features 

During both studies~ geometrics at the int~rsection remained essentially 

unchanged. As shown in Fig A.l (Appendix A), 19th Street had four-lane 

approaches, and the approaches on Chicon Street were two-lane. Parking was 

permitted on both streets, but during the studies the approaches operated as 

four and two lanes, respectively, and no vehicl~s were parked near ·the inter­

section. Pedestrian traffic was light, and sight distance was restricted 

slightly by a building with a covered sidewalk on the southwest corner of the 

intersection (see Fig A.l, Appendix A). 

Traffic Volumes 

Data were recorded for morning and evening peaks as well as for afternoon 

periods. For purposes of this comparison, however, segments of the morning 



TABLE 8.6. VOLUME AND DATA OF STUDIES AT 19TH AND CHICON 

Time 

0745-0845 

1630-1730 

Control 

Two-Way Stop 

1,014 
(August 10, 1967) 

1,250 
(August 10, 1967) 

Four-Way Stop 

1,033 
(June 28, 1967) 

1,241 
(June 24, 1967) 

TABLE 8.7. TOTAL VEHICULAR DELAY FOR STUDIES OF 
19TH AND CHICON (SECONDS) 

Control 

Time Two-Way Stop Four-Way Stop 

0745-0845 5,055 12,518 

1630-1730 13,861 15,663 
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and evening peak studies were chosen. The particular time segments or test 

periods were chosen on the basis of the equivalency of the total traffic volume 

passing through the intersection. The segments of the morning peak studies 

for four-way and two-way stops that were chosen had a 0.6 percent difference 

in volume, and the evening studies showed a 1.8 percent total volume differen­

tial. The dates, times, and volumes are shown in Table 8.6. For all study 

periods, total traffic volume remained essentially distributed in a ratio of 

75 percent on 19th Street to 25 percent on Chicon. 

Discussion of Results 

When total seconds of vehicular delay experienced by all vehicles passing 

through the intersection are compared, it is found that during the morning 

peak test periods (0745 to 0845 hours) two-way stop-sign control resulted 

in 40 percent less delay than four-way stop signs. Data obtained during 

evening peak periods showed a similar trend, although less pronounced, with 

a 10 percent reduction in total delay for the two-way stop. Table 8.7 shows 

the results of the delay study. 

Although two-way stop-sign control reduced total delay substantially 

during both morning and evening peak periods, certain problems were associated 

with this type of control. These problems included large increases in average 

delay per vehicle stopped and hazardous actions by repeat drivers, who were 

accustomed to four-way stop control at this intersection. 

In the morning peak studies, average delay per stopped vehicle increased 

100 percent, while evening peaks showed a 400 percent increase. This meant 

average delays to all vehicles on the minor street (Chicon) of 24.4 seconds 

for morning peak periods and 52.7 seconds for evening peaks. These values 

can be compared to an average of 12.5 seconds for both morning and evening 

peaks under four-way control. 
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Even though no accidents were reported at the intersection during the 

two-week experimental period j a number of near misses were observed when re­

peat drivers on Chicon Street moved boldly into the intersection after stopping, 

obviously expecting traffic on 19th Street to stop. Special advance warning 

signs were not completely effective in this period of time. 

After reviewing the operational characterisitics of the intersection un­

der experimental two-way stop-sign control, the City of Austin restored four­

way stop control and subsequently, in May, installed a traffic signal. Quan­

titative measures of total delay and average delay per stopped vehicles provided 

part of the data needed for comparing four-way and two-way control at this 

intersection. 

CONCLUSIONS 

The following conclusions may be drawn from the two examples of before­

and-after studies in which the D3 delay recording equipment was utilized: 

(1) The digital delay data recorder is a useful tool for quantitative 

evaluation of the effects of changes in geometric design features 

and in traffic control technique. 

(2) Opening of new U-turn lanes at the Wayside interchange on the Gulf 

Freeway in Houston reduced the percentage of vehicles required to 

stop at the intersections by 17 percent. 

(3) Installation of the U-turn lanes resulted in a 40 percent decrease 

in total vehicle-seconds of delay during the evening peak-traffic 

flow period. 

(4) Although the two-way stop-sign control reduced total vehicular de-

lay at 19th and Chicon Streets in Austin by 40 percent, as compared 

with four-way stop control, excessive minor-street delay and potential 
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accident considerations indicated that two-way stop-sign control 

was not the best choice for this particular intersection. 



CHAPTER 9. SPECIAL STUDIES 

The traffic observation and recording techniques described in previous 

chapters can also be used for other types of studies. Two ancillary investi­

gations are described briefly to illustrate the usefulness of quantitative 

information in evaluating the effectiveness of traffic control measures. One 

investigation deals with assessing the effects of minor adjustments to dial 

settings of actuated controllers and the other with developing factual infor­

mation concerning traffic arrival patterns. 

TRE EFFECT OF DIAL SETTINGS OF FULL-ACTUATED SIGNAL CONTROLLERS 

If full-actuated control is selected for use at an intersection, it is 

helpful to the traffic engineer to know the potential influence' which dial 

settings will have on traffic delays. The Manual on Uniform Traffic Control 

Devices recommends the range of timing adjustments shown in Table 9.1 for nor­

mal operating conditions of a full-actuated controller. 

In 1967, nine studies were conducted at South First and Oltorf and at 

Woodrow and Koenig to determine the relative effect of selected controller 

dial settings on delay at these intersections. Tables 9.2 and 9.3 summarize 

the conditions included in the studies. 

Woodrow and Koenig is a four-leg (two approach lanes per leg) inter­

section located in northwest Austin. A two-phase, full-actuated signal con­

trols traffic. The intersection is essentially a right-angle crossing, and 

traffic is not noticeably influenced by other signals in the area. Pedes­

trian and heavy truck traffic are light. The traffic split at Woodrow and 
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TABLE 9.1. RANGE OF TIMING ADJUSTMENTS FOR FULL-ACTUATED CONTROL* 

Period Range of Timing Adjustments, seconds 

Initial intervals 2-30 

Vehicle intervals 2-30 

Maximum intervals 10-60 

Clearance intervals Up to 10 

Recall switches On-off 

* Manual on Uniform Traffic Control Devices for Streets and Highways, 
U.S. Bureau of Public Roads, Washington, D.C., June 1961, p 209. 



TABLE 9.2. SUMMARY OF DIAL SETTING STUDIES OF FULL-ACTUATED CONTROL AT SOUTH FIRST AND OLTORF 

Dial Settings, seconds 

Initial Vehicle Clearance Maximum 
Interval Interval Interval Interval 

Date Times N-S E-W N-S E-W N-S E-W N-S E-W Comments 

July 26, 1967 0700-0900 8.5 8.5 5.0 6.0 2.5 2.5 60.0 60.0 Normal 
settings 

1315-1510 

1600-1800 

August 1, 1967 0700-0900 8.5 8.5 4.5 4.5 2.5 2.5 60.0 60.0 Short vehi-
cle interval 

1315-1515 

1600-1800 



TABLE 9.3. SUMMARY OF DIAL SETTING STUDIES OF FULL-ACTUATED CONTROL AT WOODROW AND KOENIG 

Dial Settings, seconds 

Initial Vehicle Clearance Maxinnnn 
Interval Interval Interval Interval 

Date TimeR N-S E-W N-S E-W N,.S E-W N-S E-W Comments 

July 19, 1967 0730-0930 8.0 6.0 5.0 5.5 3.5 3.5 60.0 60.0 Normal 
settings 

July 21, 1967 0715-0915 8.0 6.0 5.0 5.5 3.5 3.5 60.0 60.0 Normal 
settings 

1300-1500 

1600-1800 

July 25, 1967 0700-0900 8.0 6.0 3.0 5.5 3.5 3.5 60.0 60.0 Short vehi-
cle 1nterva1 

1300-1500 

1600-1730 

August 9, 1967 0715-0915 4.0 4.0 5.0 5.5 3.5 3.5 60.0 60.0 Short ini-
tial interval 

...... 
00 
N 
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Koenig is almost even; Woodrow, the minor street, rarely handles less than 40 

percent of the total traffic for a given time period. Woodrow and Koenig is 

similar to South First and Oltorf in all factors (physical conditions, geometry, 

traffic volumes and movements, etc.) that might have a significant bearing on 

vehicular delay. Figure A.7 (Appendix A) shows the layout of Woodrow and Koe­

nig and Fig A.8 shows South First and Oltorf. 

Delay data were collected at both intersections in July and August of 

1967. The intersections were studied in the field with the full-actuated signal 

controllers operating first under normal dial settings, shown in Tables 9.2 and 

9.3; the initial interval and the vehicle interval were then shortened to the 

the levels shown in the tables, and studies were made during afternoon off-peak 

hours and morning and evening peak hours. 

Figures 9.1 and 9.2 show the results of the dial setting studies. Figure 9.1 

shows the average delay per vehicle on all approaches and the vehicular volume 

relationships for normal dial settings and for short vehicle intervals at 

South First and Oltorf. 

Observers at South First and Oltorf noted that a maximum of four vehicles 

per lane could be stored between the detectors and the stop lines. Vehicle 

departure rate studies have indicated that four vehicles stored between the 

detector and the intersection can normally clear the detector for actuation by 

a fifth vehicle in less than about 8 seconds; therefore, the initial interval 

should be at least 8 seconds. The associated minimum green time (initial in­

terval plus vehicle interval) on South First and 01torf should be at least 11 

seconds. Normal dial settings allowed 13.5 seconds on South First and 14.5 

seconds on Oltorf. 

In the August 1 study, the vehicle interval was shortened to 4.5 seconds 

on each street. Minimum green time then became 13 seconds on both streets, 
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still greater than the nominal minimum of 11 seconds. A bold adjustment was 

not deemed desirable until the sensitivity of the adjustment could be evaluated. 

During periods of light traffic, the changed dial settings produced 

slightly less delay than the normal dial settings as shown in Fig 9.1. At 

volumes of less than 300 vehicles per 15 minutes, the shortened vehicle interval 

produced less average delay per vehicle than the normal settings. At higher 

volumes, there is little apparent effect of the shorter interval on average 

delay. Delays to the first vehicles in queues were reduced; average phase 

lengths also became shorter than under normal conditions. During periods of 

light volume, traffic was rarely queued beyond the detectors; the minimum 

green time, being less with the shorter vehicle interval, was adequate to 

clear the stored vehicles and in less time than was allotted under normal dial 

settings, thereby conserving what may have been wasted green time. 

At Woodrow and Koenig. the detectors are about 130 feet from the stop lines. 

An average minimum of 12 seconds is required for the fifth vehicle to enter 

the intersection, according to past studies. Normal dial settings allotted a 

minimum green time of 13 seconds for Woodrow and 11.5 seconds for Koenig. 

Average delay per vehicle increased considerably at total traffic volumes 

over 400 vehicles per 15 minutes, both when the- normal dial settings were em­

ployed and when the shortened vehicle interval on Woodrow was introduced (see 

Fig 9.2). Shortening the vehicle interval from 5 to 3 seconds did not affect 

the average delay per vehicle for the volumes observed. 

Reducing the initial interval to approximately half the time normally 

required for the detector placement pattern at Woodrow and Koenig had no pro­

nounced effect on average delay per vehicle as shown in Fig 9.2. Similar 

effects are indicated by total volume versus t0tal delay relationships. 
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Within the range of dial settings for the actuated controllers studied, 

there were no dramatic effects on vehicular delay. Settings were not varied 

over extreme ranges, since there are obvious practical limits to such settings 

for given intersection and detector placement situations. Quantitative mea­

sures of delay, however, provided a basis for comparing the subtle variations 

in performance resulting from changes within practical limits. It may be con­

cluded from these limited observations that for the conditions studied dial 

settings of the actuated controllers are not extremely critical when kept within 

normally recognized ranges. 

FIELD DATA FOR VALIDATING SIMULATION MODELS 

Computer simulation of traffic flow at intersections is potentially a 

very powerful tool of traffic engineering. In field studies, the range over 

which controllable parameters can be varied is limited by practical, economic, 

and safety considerations, and traffic flow patterns must be accepted as they 

exist. But with simulation, no such restrictions exist. Parameters can be 

selected and varied at will, and traffic can be generated in many varied pat­

terns. Real time can be compressed greatly. 

Even though a considerable amount of work has been done on the develop­

ment of traffic simulation models, the state of the art is still rather primi­

tive. The primary restriction on significant advances in simulation today 

probably results from the almost complete lack of sufficient field data with 

which to validate the computer models. Before a model can be accepted for 

practical use in traffic studies, the validity of the assumptions and the re­

lationships upon which it is built must be proven by comparing the results of 

simulation with the observed real-world phenomena which are being simulated. 
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Data collected in the traffic studies described in this report include 

several types of information needed for verifying simulation models. Some of 

the recorded or computed information is directly applicable; other relation­

ships can be deduced. Arrival rates of vehicles are an example of this. 

Assuming that vehicles decelerate at the same rate, headways computed 

by using the difference between the times that successive vehicles stop on an 

intersection approach can be expected to relate favorably to headways observed 

at an arbitrary distance away from an intersection in a field traffic survey. 

In the studies described previously, observers, using counting modules, re­

corded the time each vehicle stopped on each approach at an intersection; 

these data were scanned and recorded on punched paper tape every 1.44 seconds. 

Vehicle stoppage headways on a selected approach were then computed for all 

times when the signal indication was red merely by finding the time gap be­

tween the stoppage times of successive vehicles. 

Figures 9.3 through 9.7 show some of the results of vehicle arrival-pattern 

studies at the South First and Oltorf intersection. Figure 9.3 shows the num­

ber of vehicles arriving at various vehicle stoppage headways for the July 26, 

1967, off-peak traffic study on the northbound approach. During this study, 

full-actuated traffic control was being utilized. 

Approximately 36 percent of the vehicle stoppage headways calculated were 

2.88 seconds or less, and approximately 26 percent were 1.44 seconds or less. 

This relationship indicates the possibility of a random arrival pattern. 

Figure 9.4 shows the number of vehicles arriving at various vehicle stop­

page headways for the northbound approach at the South First and Oltorf inter­

section for the morning peak traffic study on July 26, 1967. The traffic 

controller used at the intersection during the study was the full-actuated 

type. Approximately 59 percent of the vehicle stoppage headways were 2.88 
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seconds or less and approximately 44 percent of the vehicle stoppage headways 

were 1.44 seconds or less. The traffic volumes were higher during the morning 

peak traffic study than during the afternoon off~peak traffic study; moreover, 

the percentage of vehicles having vehicle stoppage headways of 2.88 or 1.44 

seconds or less is higher during the morning traffic study than those in the 

afternoon traffic study. 

It may then be concluded from the relationships shown in Figs 9.3 and 9.4 

that as approach volumes increase, the average vehicle stoppage headway de­

creases, or the percentage of vehicles with restricted headways increases as 

approach volume increases. Thus, the distribution of headways becomes less 

nearly random. 

Similar vehicle stoppage headway calculations have been made for traffic 

behavior on the northbound approach at the South First and Oltorf intersec-

tion for pretimed traffic control. Figure 9.5 shows the relationship of the 

number of arrivals versus the vehicle stoppage headway for the northbound ap­

proach at the South First and Oltorf intersection when traffic was controlled by 

the pretimed method. Approximately 58 percent of the vehicle stoppage headways 

are 2.88 seconds or less, and approximately 42 percent of the headways are 

1.44 seconds or less. Since these percentages compare favorably with those 

obtained when traffic was controlled by a full-actuated type signal, the dis­

tribution of vehicle stoppage headways seems to be dependent on approach volumes 

and independent of traffic controller type~ 

Studies have also been made to determine the relationship between the 

time elapsed after the red indication has been displayed and the frequency of 

single vehicle stoppages. Figure 9.6 shows the number of vehicle arrivals 

which occurred in the various time intervals after the beginning of the red 

when pretimed control was in use. Figure 9.7 shows comparable data for 
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full-actuated control. The distributions are generally similar, but the 

duration of the red indication was extended by traffic actuations in the lat­

ter case. 

These examples serve to illustrate the type of information that can be 

deduced from data which were perhaps recorded for another specific purpose. 

By designing field observation and recording practices appropriately, much 

valuable data needed for the validation of simulation models can be procured 

by the D3 digital delay data recorder. 
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CHAPTER 10. SUMMARY AND RECOMMENDATIONS 

All study objectives as outlined in the first chapter of this report have 

been met. 

DELAY RECORDING EQUIPMENT 

The Digital Delay Data Recorder (D3 Recorder) was developed and used 

successfully at everal intersection sites for the collection of large quanti­

ties of data pertaining to the delay experience of vehicles interrupted by 

various intersection control mechanisms. The principal advantage of the D3 

Recorder is its ability to record multiple observations in a form immediately 

suitable for computer processing with a minimum of encoding and manual data 

handling. In fact, six hours of field data, which frequently involved as many 

as 360,000 individually recorded data items, could normally be processed and 

fully analyzed, with all required summaries, on an overnight basis. 

The principal disadvantage is the large number of observers necessary 

to provide input data which is then automatically recorded on punched paper 

tape. This feature perhaps detracted slightly from the overall efficiency of 

traffic movement during the studies because of the resulting gaper's block, 

but utilization of a sign reading "Traffic Survey", at the intersection seemed 

to minimize the effect. 

The D3 Recorder appears to be a practical tool for the comprehensive 

analysis and evaluation of intersection phenomena, including some which are 

discussed below. 
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COMPUTER PROGRAMS 

Computer programs were written for summarizing delay data in various time 

intervals. It was these data summaries that were used extensively in the 

analysis portion of this research. Methods were developed for analyzing the 

data and for calculating appropriate traffic parameters. Traffic parameters 

which were calculated for each approach over a selected time period were: 

(1) traffic volume, 

(2) total vehicle-seconds of delay, 

(3) total number of vehicles stopped, 

(4) average delay per vehicle, 

(5) average delay per vehicle stopped, 

(6) percent of vehicles stopped, 

(7) total green time, 

(8) number of complete cycles, 

(9) average green time per cycle, and 

(10) average cycle length. 

The first six items were summarized for the intersection as a whole. Items 

seven and nine were characteristic of a given direction, while items eight 

and ten were characteristic of the intersection control. Only the first six 

items were calculated for stop-sign controlled intersections. 

TIME PERIOD FOR ANALYSIS 

Although the hour is generally the time unit employed in planning, design, 

and operation of highway facilities, there are significant variations in the 

short-term flow rates within an individual hour which are important from an 

operational standpoint. The largest l5-minute flow on a given intersection 

approach may range from the uniform value of 25 percent to more than 50 percent 

of the total hourly flow. 
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Thus, the time base used in a delay study should be some period of less 

than an hour's duration to take some of the short-term fluctuation into account. 

Plots were made of several volume versus delay relationships calculated for 

various time intervals. After analyzing these, it was concluded that 15-

minute time periods provided the most representative results in terms of the 

smoothness and regular appearance of the curves and were used throughout the 

study. 

FIELD STUDIES 

A total of 19 intersections were selected for the collection of field 

data. In all, 124 individual studies, including 240 hours of observed data, 

were performed, mainly during the summer months of 1966 and 1967. 

Intersections studied ranged from a low-volume, two-way stop-sign 

controlled intersection to a high-volume, signalized diamond interchange. 

Virtually every type of traffic signal control used in Austin, Texas, was in­

cluded in this study. Some intersections were studied. under several types of 

control in an attempt to gain additional insight into delay characteristics. 

Except for the diamond interchange, all of the intersections had four 

approaches and were essentially right-angle crossings. The sites generally 

were situated in suburban areas which were classified as either outlying bus­

iness districts or residential fringe areas. Parking was prohibited on all 

approaches in virtually all instances. Sight distances were generally adequate. 

The volume of pedestrian and truck traffic at each intersection location was 

considered to be negligible. 

STOP-SIGN CONTROLLED INTERSECTIONS 

The performance of traffic at seven different stop-sign controlled inter­

sections was studied and evaluated. Several graphic displays were developed 
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which illustrated the relationship of both average and total delay to several 

traffic parameters. A number of mathematical expressions for delay as a func-

tion of such values as approach volume and intersection volume were also 

developed. 

It was observed that delays began to increase very rapidly at total traf-

fic volumes of about 200 to 250 vehicles per IS-minute interval at two-way 

stops but at volumes of 300 vehicles per IS-minute interval at four-way stops. 

It also was observed that, for a given total intersection volume, the average 

delay for stopped vehicles was much higher for two-way stop control than for 

four-way stop control, but that the total delay was greater for four-way stop 

control than for two-way stop control. 

The following model was developed for two-way stop-sign controlled inter-

sections: 

where 

y 456 - 6.89x
l 

+ 0.08464x
2 

- .07l2x
3 

y total vehicle-seconds of delay on the stop-sign controlled 
approaches for IS-minute intervals, 

Xl the total volume (on all four approaches), 

X
2 

the square of the total volume, 

X3 the square of the through volume. 

This particular model was used in developing the volume versus delay relation-

ships illustrated in Figs 5.3 and 5.12. These relationships lead directly 

to the set of minimum volume warrants for the installation of four-way stop 

signs (Table 5.2). 
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The following model was developed for four-way stop-sign controlled inter-

sections: 

y 

where 

y the total vehicle-seconds of delay per IS-minute interval, 

x the total vehicular volume per IS-minute interval. 

This model for four-way stop control is especially interesting, not only be­

cause of the high correlation between the delay values predicted by the model 

and the actual delays observed in field studies (R
2 

= 0.984), but mainly be­

cause it was developed by using delay data from five different intersections. 

These intersections included two 4 X 2 and three 4 X 4 type intersections. 

One 4 X 4 had a wide median opening for one direction of flow. Traffic splits 

ranged from 75/25 to SO/50. The percentage of left-turn movements varied 

widely. Data were collected during the morning, afternoon, and evening periods. 

Thus, although the conditions varied quite widely, this particular model is 

excellent for explaining the variability in the volume versus delay relation­

ships of four-way stop-sign controlled intersections. 

While it appeared that no traffic parameter other than total volume 

influenced the delay characteristics at four-way stop controlled intersections, 

the traffic split was a factor at two-way stop controlled intersections. For 

a given total intersection volume, the total delay increased steadily as the 

percentage of stopped vehicles increased from about 20 percent ot slightly more 

than 40 percent, beyond which point the magnitude of total delay showed indi­

cations of leveling out or even decreasing. 
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It is recommended that the minimum volume warrants in Table 5.2 for the 

installation of four-way stop signs be validated by field testing and consi­

dered for adoption by the Texas Highway Department. 

SIGNALIZED INTERSECTIONS 

Traffic signals are used to assign the right-of-way alternately to vehi­

cles or queues of vehicles passing through an intersection. For maxiumum 

efficiency, the signals should be timed so that 

(1) the total delay to all traffic using the intersection is minimized, 

(2) no individual vehicle experiences excessive delay, and 

(3) the average delay per vehicle is tolerable for the circumstances. 

Studies of stopped-time delay at eight isolated signalized intersections 

which were operated under pretimed, semiactuated, and full-actuated control 

indicated that traffic-actuated control generally resulted in less delay than 

pretimed control for the range of conditions observed. Apportioning of the 

green time was found to have a pronounced effect on delay for pretimed control. 

Semiactuated control was most effective at locations where less than about 40 

percent of the total traffic was consistently carried on the street equipped 

for detection of vehicles. Full-actuated control resulted in less delay than 

either of the other types when the tot&l traffic was split approximately SO/50 

on the two streets or where short-time demands fluctuated on various approaches 

during the day. 

An economic analysis of a representative intersection showed that the 

higher equipment, maintenance, and operating costs of actuated control could 

be easily compensated for in less than two years by the lower stopping, idling, 

and time costs that would accrue to road users from the more efHcient traffic 

control. 
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Warrants for traffic signals developed by D-18T, Texas Highway Depart­

ment, were evaluated and found to provide good guidelines for selecting ac­

tuated equipment for locations where traffic volumes do not warrant pretimed 

signals. Delay studies at three intersections which met the suggested warrants 

for actuated control, but not for pretimed control, showed that actuated con­

trol consistently resulted in less delay than pretimed equipment up to total 

volumes of about 4S0 vehicles per IS-minutes. 

Studies of the effect of dial settings of actuated signal controllers on 

delay indicated that these settings were not extremely critical over the 

rather limited ranges considered to be practicable. If long loop-type detec­

tors (40 to 80 feet long) or other suitable vehic!e presence detectors which 

have become available since these studies were conducted are used, problems 

associated with detector placement, initial intervals, and vehicle intervals 

are virtually eliminated. Very precise controller response can be achieved 

by setting initial and vehicle intervals to minimum values. 

SPECIAL STUDIES 

The practical feasibility of using multichannel digital recording equip­

ment in the field for comparative delay studies was demonstrated. The re­

cording and data analysis techniques that were developed are useful for many 

types of before-and-after evaluation studies. Minor modifications to the 

observation and analysis techniques will make it possible to use equipment 

similar to the D3 Recorder for studying traffic phenomena such as headways, 

gaps, arrival patterns. and intersection capacity. 

MODERNIZED EQUIPMENT 

Recent spectacular advancements in electronic instrumentation have ren­

dered the electromechanical hardware, but not the concept, of the digital data 
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delay recorder obsolete. Development of a new instrument system with the same 

basic capabilities as the D3 Recorder is recommended. It is now possible to 

have a portable unit the size of a small suitcase with all the features 

needed to conduct field traffic studies at the most complex intersections. 

This unit would overcome most of the limitations such as bulk, scanning rate, 

and complex operation associated with the D3 Recorder. 

TRAFFIC SIMULATION 

Computer simulation of traffic flow at intersections is potentially a 

powerful tool for studying intersection efficiency, but up to now very little 

adequate field data have been available for validating simulation models. 

Data collected in the traffic studies described in this report include exten­

sive amounts of several types of information needed for verifying such models. 

Some of the recorded or computed information is directly applicable; other re­

lationships can be deduced. 

It is recommended that serious consideration be given to developing com­

puter simulation models that can be used to ~valuate traffic flow at isolated 

intersections and on street networks. Once properly verified models are 

available, wide ranges of traffic patterns, intersection configurations, and 

control techniques can be evaluated rapidly and conveniently without resorting 

to cut-and-try field techniques. Delay recording equipment can be used to 

establish quantitative information concerning realistic ranges of parameters 

to be evaluated by simulation. 



CHAPTER 11. IMPLEMENTATION 

Warrants for traffic-actuated signals in urban areas as proposed by 

D-18T, Texas Highway Department, have been evaluated in terms of volume ver­

sus delay relationships developed from several field studies conducted under 

this research project. The urban portion of the proposed warrants can now be 

applied with confidence in that actuated equipment selected in accordance 

with these warrants, even though slightly more expensive initially, will con­

sistently result in less delay than pretimed equipment. Use of these warrants 

by the Texas Highway Department should be continued. Sections of the warrants 

proposed for rural area conditions should be evaluated as soon as is feasible. 

The warrants proposed herein for the installation of four-way stop-sign 

control at intersections should be evaluated by the Texas Highway Department 

and cities in the State and, if found suitable, adopted for general use, 

The characteristic volume versus delay relationships for stop-sign and 

signal control as described in this report will prove useful in guiding the 

judgment and subsequent decisions of traffic engineers in regard to the suita­

bility of certain types of control for specific situations. 

The usefulness of multichannel data recording equipment for field traffic 

studies has been demonstrated in this study. Consideration should be given 

to developing a new generation of highly portable hardware with the same basic 

capabilities as the D3 Recorder. This equipment combined with the data col­

lection and analysis techniques developed for this study can yield quantita­

tive information needed for before-and-after evaluation studies of improvements 
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made under programs such as TOPICS. It can also be used to develop badly 

needed information concerning intersection and network capacities. 

Extensive amounts of recorded field data that are suitable for validating 

traffic simulation models have been developed in this project. A study of the 

formulation of valid simulation models useful for intersection and network 

flow analysis should be undertaken. 
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TABLE A.l. 15-MINDTE VOLUME - 19TH AND CHICON 

Intersection Type of Control Date Time 

19th and Chicon 4-Way Stop June 15, 1961 0130-0900 

Northbound Southbound Eastbound Westbound 
Time I"rotal 

Lft St Rt Tot ILft St Rt Tot Lft St Rt Tot ILft 1St Rt Tot 

0145 25 18 12 55 6 24 29 59 0 13 1 80 10 154 3 161 361 
0800 19 21 1 41 5 31 24 60 4 61 3 68 11 173 2 192 361 
0815 10 23 9 42 2 20 9 31 4 68 9 81 12 105 4 121 215 
0830 14 11 1 38 2 6 1 15 4 54 6 64 1 14 4 81 204 
0845 16 14 3 33 1 3 3 1 4 63 11 18 2 57 3 62 180 
0900 9 26 6 41 6 15 3 24 3 44 10 51 8 121 2 82 204 

Intersection Type of Control Date Time 

1330-1530 

Northbound Southbound Eastbound Westbound 
Time 

Lft St Rt Tot Lft St Rt Tot Lft St Rt Tot Lft St Rt Tot Tota 

1345 5 15 11 31 1 11 4 28 3 52 8 63 11 51 3 65 1181 

1400 10 19 10 39 5 18 3 26 2 
1

65 12 19 14 52 4 10 ~14 

1415 5 13 1 25 2 12 1 15 5 15 14 12 58 2 1~ 
1430 13 10 2 25 I 8 14 0 22 3 62 6 11 6 56 2 64 182 

1445 10 11 10 31 0 14 1 15 5 62 13 80 1 45 2 54 186 

1500 9 13 14 36 2 15 0 11 11 58 11 80 11 61 1 13 ~06 

1515 9 20 2 31 1 16 2 25 2 12 10 84 [9 46 2 51 191 

1530 13 14 8 35 4 11 1 22 3 65 9E 15 62 2 19 ~13 

(Continued) 
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TABLE A.1. (CONTINUED) 

Intersection Type of Control Date Time 

19th and Chicon 4-Way Stop June 15, 1967 1630-1830 

Northbound Southbound Eastbound Westbound 
Time Total 

Lft St Rt Tot ILft St Rt Tot Lft St Rt Tot ILft St Rt Tot 

1645 14 10 34 8 16 1 25 5 95 7 107 10 71 6 87 253 

1700 11 27 9 47 7 18 3 28 6 103 10 119 11 87 5 103 297 

1715 24 20 49 7 23 6 36 6 134 12 152 6 92 1 99 336 

1730 4 15 17 36 6 20 2 28 8 156 6 170 f*2 3 324 

1745 12 22 16 50 5 34 1 40 15 102 15 2 18 69 6 93 315 

1800 7 17 12 36 7 14 4 25 3 63 12 77 6 94 233 

1815 8 19 11 38 7 15 3 25 4 76 8 46 8 65 216 

1830 7 29 14 50 5 13 2 20 6 49 16 48 5 66 207 
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TABLE A. 3. 15-MINUTE VOLUME - NORTH LOOP AND WOODROW 

Intersection Type of Control Date Time 

North Loop and Woodrow 4-Way Stop June 8, 1966 0730-0900 

Northbound Southbound Eastbound Westbound 
Time rrota1 

Lft St Rt Tot Lft St Rt Tot Lft St Rt Tot ~ft St Rt Tot 

0745 0 19 18 37 33 66 21 120 3 88 2 93 2 73 11 86 336 

0800 1 15 16 32 35 56 19 110 9 85 3 97 11 76 7 94 333 

0815 0 16 5 21 18 37 2 57 4 39 1 44 6 43 9 58 180 

0830 3 9 1 13 12 21 2 35 3 28 0 31 7 48 7 62 141 

0845 2 12 7 21 13 23 4 40 3 25 0 28 4 34 7 45 134 

0900 1 15 3 19 11 16 5 32 5 26 1 32 4 42 2 48 131 

Intersection Type of Control Date Time 

1335-1520 

Northbound Southbound Eastbound Westbound 
Time 

Lft St Rt Tot ILft St Rt Tot Lft St Rt Tot Lft St Rt Tot Tota 

1350 1 16 8 25 6 18 3 27 6 52 0 58 4 35 5 44 154 

1405 0 14 4 18 8 19 7 34 5 50 0 55 4 46 4 54 161 

1420 5 17 3 25 1 14 4 19 3 25 0 28 3 36 6 45 117 

1435 0 14 5 19 4 17 5 26 5 32 1 38 2 48 7 57 140 

1450 2 16 3 21 8 21 7 36 6 39 1 46 2 42 5 49 152 

1505 2 20 3 25 2 12 3 17 4 39 2 45 2 38 8 48 135 

1520 4 17 4 25 6 11 2 19 6 32 3 41 1 37 3 41 126 

(Continued) 
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TABLE A.3. (CONTINUED) 

Intersection Type of Control Date Time 

North Loop and Woodrow 4-Way Stop June 8, 1966 1630-1830 

Northbound Southbound Eastbound Westbound 
Time 

FfstlRt 
!rota1 

Tot fLft St Rt Tot Lft St Rt Tot ILft St Rt Tot 

G645/t 5 22 4 31 3 23 7 33 13 66 1 80 3 56 12 71 215 
1700 0 48 14 62 3 18 9 30 10 57 3 70 7 42 21 70 232 

1715 3 98 9 110 11 23 13 47 28 76 1 105 9 84 31 124 386 
1730 4 102 5 111 4 18 7 29 19 50 2 71 26 103 314 
1745 3 58 5 66 10 21 10 41 9 53 2 64 21 90 261 
1800 1 52 9 62 7 23 9 39 8 58 0 66 259 
1815 0 36 8 44 5 17 4 26 10 42 1 64 10 79 198 
1830 4 22 7 33 6 16 7 29 9 36 4 5 60 5 70 181 
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TABLE A.4. 15-MINUTE VOLUME - JUSTIN AND WOODROW 

Intersection Type of Control Date Time 

Justin and Woodrow 4-Way Stop June 2, 1966 

Northbound Southbound Eastbound 
Time 

Lft St ft St Rt Tot Lft St Rt Tot 

0745 28 85 3 116 2 91 6 99 7 35 280 

0800 20 39 0 59 0 81 10 91 2 30 7 39 217 

9 13 31 0 44 0 31 6 37 1 22 5 28 118 

10 28 1 39 2 28 1 31 3 24 6 33 114 

14 20 4 38 3 27 5 35 3 40 8 51 149 

0900 19 24 2 45 1 34 3 38 7 21 9 37 133 

Intersection Type of Control Date Time 

1330-1530 

Northbound Southbound Eastbound Westbound 
Time 

1ft St Rt Tot ~ft St Rt Tot Lft St Rt Tot Lft St Rt Tot Tota 

1345 2 18 3 23 6 17 3 26 0 23 4 27 1 29 10 40 116 

1400 4 2 23 11 17 1 29 3 32 3 38 1 27 5 33 123 

1415 2 18 11 15 3 29 2 26 12 40 5 35 11 51 138 

1430 1 23 7 19 1 27 2 28 5 35 1 24 14 39 124 

31 9 16 0 25 0 30 6 36 3 30 7 40 ~32 

1500 9 7 19 1 27 1 26 3 E]7 37 7 51 ~27 

1515 6 20 3 8 21 4 33 8 30 2 40 9 23 4 36 138 

1530 4 24 3 31 7 23 1 31 3 24 10 37 4 39 12 55 ~54 

(Continued) 
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TABLE A.4. (CONTINUED) 

Intersection Type of Control Date Time 

Justin and Woodrow 4-Way Stop June 2, 1966 1630-1830 

Northbound Southbound Eastbound Westbound 
Time rota1 

Lft St Rt Tot Lft St t Tot Lft St Rt Tot Lft St Rt Tot 

1645 6 35 5 46 14 28 2 44 1 48 4 53 6 47 15 68 211 

1700 9 49 9 67 5 27 1 33 4 28 6 38 6 58 22 86 224 

1715 11 89 12 112 11 33 3 47 3 35 4 42 6 83 37 126 327 

1730 5 77 5 87 6 33 10 49 3 42 3 48 2 58 34 94 278 

1745 8 44 7 59 9 35 3 47 4 44 6 54 3 68 21 92 252 

1800 11 38 8 57 7 25 2 34 7 40 5 52 6 40 24 70 213 

1815 8 31 4 43 8 ; 3 39 2 21 5 28 3 35 19 57 167 

1830 2 27 5 34 7 4 0 31 3 27 8 38 4 45 15 64 167 
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TABLE A.5. 15-MINUTE VOLUME - 15TH AND CONGRESS 

Intersection Type of Control Date Time 

- d Congress 4-Way Stop June 13, 1966 0730-0900 

Northbound Southbound Eastbound Westbound 
Time h'ota1 

Lft St Rt Tot ~ft St Rt Tot Lft St Rt Tot ~ft St Rt 

0745 8 33 9 50 3 23 10 36 6 70 16 92 12 92 14 296 

0800 9 49 17 75 7 18 9 34 13 106 10 129 10 112 17 139 377 

0815 17 31 6 54 1 9 4 14 3 53 2 63 7 68 10 85 216 

0830 7 11 7 25 3 15 5 23 1 50 2 23 1 36 4 41 112 

0845 7 12 5 24 4 8 4 16 1 29 6 36 2 34 1 37 S 
0900 2 10 5 17 3 8 1 12 2 26 3 31 2 45 0 47 

fEE 

Intersection Type of Control Date Time 

1330-1530 

Northbound Southbound Eastbound Westbound 
Time 

Lft St Rt Tot Rt Tot ft St Rt Tot Lf St Rt Tot Tota 

1345 5 6 32 8 15 4 27 3 44 3 50 11 55 2 68 177 

0 15 2 14 3 19 1 37 0 38 2 39 4 45 117 

4 22 1 8 6 15 4 41 8 53 2 40 

5 27 3 11 2 16 3 51 2 56 2 34 

3 16 3 19 2 24 2 43 6 51 5 42 

3 16 2 10 1 13 2 42 4 48 7 44 

3 19 2 11 3 16 2 36 9 47 6 36 

6 18 0 18 7 25 2 38 3 43 3 33 
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TABLE A.5. (CONTINUED) 

Intersection Type of Control Date Time 

15th and Congress 4-Way Stop June 13, 1966 1630-1830 

Northbound Southbound Eastbound Westbound 
Time Total 

Lft St Rt Tot Lft St Rt Tot Lft St Rt Tot L..ft St Rt Tot 

1645 7 10 5 22 10 18 3 31 3 71 13 87 1:H;1 3 61 201 

1700 9 28 3 'i I 72 7 31 I 25 63 5 92 9 106 6 106 347 

1715 41 36 31 108 17 36 31 84 13 110 12 135 12 96 13 121 448 

1730 10 17 9 36 5 20 4 29 3 71 12 86 2 53 4 59 210 

1745 5 8 20 1 13 3 17 0 57 1 58 01 30 2 32 127 

1800 4 9 6 I 19 0 4 6 10 1 45 2 48 2 21 1 24 101 

1815 11 10 2 13 0 6 4 10 1 32 3 36 0 19 0 19 78 

1830 0 7 4 11 1 5 1 7 1 25 1 27 1 19 0 20 65 
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TABLE A.6. 15-MlNUTE VOLUME - HANCOCK AND BALCONES 

Intersection Type of Control Date Time 

Hancock and Ba1cones 4-Way Stop June 28, 1966 0730-0900 

Northbound Southbound Eastbound Westbound 
Time ~ota1 

Lft St Rt Tot !Lft St Rt Tot Lft St Rt Tot !Lft St Rt Tot 

0745 0 40 7 47 52 97 1 150 2 9 0 11 2 2 25 29 237 

0800 0 41 10 51 47 76 1 124 1 5 0 6 5 5 32 42 223 

0815 1 26 7 34 37 60 0 97 0 8 1 9 3 9 29 41 181 

0830 2 34 4 40 34 48 1 83 1 7 0 8 1 6 23 30 161 

0845 1 19 4 24 43 41 1 85 1 8 4 13 4 2 23 29 151 

0900 0 22 7 29 26 39 0 65 1 2 0 3 1 8 31 40 137 

Intersection Type of Control Date Time 

1330-1530 

Northbound Southbound Eastbound Westbound 
Time 

Lft St Rt Tot Lft St Rt Tot ILft St Rt Tot Lft St Rt Tot Tota 

1345 0 21 4 25 26 25 1 52 0 1 0 1 4 5 25 34 112 

1400 2 23 3 28 39 23 3 65 1 2 0 3 5 4 30 39 135 

1415 0 26 8 34 39 32 1 72 3 4 0 7 2 4 24 30 143 

1430 2 24 7 33 22 21 4 47 0 1 1 2 2 4 16 22 104 

1445 1 25 2 28 40 25 2 67 1 4 0 5 1 1 20 22 122 

1500 0 30 3 33 24 23 0 47 2 1 0 3 4 4 25 33 116 

1515 1 30 5 36 27 29 2 58 2 8 1 11 6 10 28 44 149 

1530 0 28 4 32 25 27 0 52 1 3 0 4 5 5 38 48 136 

(Continued) 
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TABLE A.6. (CONTINUED) 

Intersection Type of Control Date Time 

Hancock and Ba1cones 4-Way Stop June 28, 1966 1630-1830 

Northbound Southbound Eastbound Westbound 
Time rota1 

Lft St Rt Tot Lft St Rt Tot Lft St Rt Tot ILft St Rt Tot 

1645 1 57 6 64 43 34 6 83 3 4 1 8 10 10 54 74 229 

1700 li 9 70 31 38 3 72 0 6 0 6 2 9 49 60 208 

1715 9 78 10 97 43 49 2 94 2 2 0 4 7 8 85 rwo1295 

1730 2 83 5 90 51 43 2 96 4 7 0 11 3 1 108 112 309 

; 1745 1 53 5 59 32 38 2 72 2 10 

~lli 
9 10 137 156 299 

1800 1 65 5 71 32 26 1 7 11 12 11 123 146 295 

46j ~ 1815 0 3 49 28 34 0 62 3 2 1 6 6 72 84 201 

1830 0 42 5 47 34 26 2 62 1 2 1 4 6 42 54 167 
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TABLE A.7. 15-MINUTE VOLUME - WOODROW AND KOENIG 

Intersection Type of Control Date Time 

Woodrow and Koenig Full-Actuated Aug. 31, 1966 0730 - 0900 

I Northbound Southbound Eastbound We.tbound 

Time Total 

Lft St Rt Tot Lft St Rt Tot Lft St Rt Tot Lft St Rt Tot 

0745 2 13 7 22 54 96 5 155 2 179 3 184 7 81 9 97 458 

0800 Ii 20 8 29 36 85 4 125 2 162 5 169 3 74 4 81 404 

0815 2 17 6 25 14 46 7 67 1 92 4 97 5 79 11 95 284 

0830 2 12 14 18 13 23 5 41 2 80 2 84 6 80 5 91 234 

10845 4 8 0 22 8 23 7 38 1 86 3 90 3 72 12 87 237 

0900 2 18 0 12 9 29 9 47 1 69 2 72 9 81 8 98 229 . 

I nte Flection Type of Control Date Time 

Woodrow and Koenig Full-Actuated July 15, 1966 1330 - 1530 

Northbound Southbound Eastbound We.tbound 

Time Total 

Lft St Rt Tot LIt St Rt Tot Lft St Rt Tot Lft St Rt Tot 

1345 5 7 4 16 11 13 8 32 3 93 0 96 2 111 13 126 270 

1400 1 9 5 15 11 27 4 42 5 87 3 95 3 7,) 14 96 248 
i 

1415 3 18 1 22 10 15 7 32 4 80 --2 M 3. ~g 12 114 257 

1430 4 15 6 25 14 11 2 27 7 98 2 107 4 84 8 96 255 

1445 3 17 3 23 8 35 8 51 4 106 J 1113 3 7S 11 92 279 

1500 3 23 2 28 9 17 3 29 5 80 7 I 92 " 92 13 107 i 256 <-

1515 6 20 3 29 6 16 11 33 6 1100 2 108 4 96 10 110 280 

1530 5 18 4 27 10 17 5 32 4 76 3 83 1 97 8 106 248 i 

(Continued) 
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TABLE A.7. (CONTINUED) 

Intersection Type of Control Date Time 

Woodrow and Koenig Fu11-Ac tua ted Aug. 31, 1966 1630 - 1830 

Northbound Southbound Eastbound Welt bound 

Time Total 

Lft St Ftt Tot Lft St Rt Tot Lft St Rt Tot Lft Sf Rt Tot 

1645 8 52 14 17 2 33 6 104 2 112 3 121 18 142 339 

1700 79 14 21 5 40 2 112 2 116 9 111 20 140 375 

1715 8 6 142 13 36 14 63 2 129 5 136 6 191 34 231 572 

I 1730 18 139 8 165 14 29 10 53 8 100 3 111 5 172 36 213 542 

1745 7 65 7 79 15 31 13 59 6 97 2 105 6 160 46 212 455 

1800 13 56 7 76 16 22 7 45 8 93 4 105 5 97 27 129 355 

1815 11 61 5 77 13 19 5 37 7 91 1 99 7 121 23 151 364 

1830 5 39 9 53 16 19 3 38 16 74 4 94 5 107 18 130 315 

Intersection Type of Control Date Time 

Woodrow and Koenig Semiactuated July 22, 1966 0715 - 0915 

Northbound Southbound Eastbound Westbound 

Time Total 

St Rt Tot Lft St Rt Tot Lft St Rt Tot Lft St Rt Tot 

07 5 7 3 15 37 87 5 129 1 108 5 114 5 75 6 86 344 

074 2 19 8 29 72 125 6 203 3 189 7 199 4 ~05 2 111 542 

0800 40 9 54 73 101 5 179 1 238 6 245 0 02 10 112 590 

0815 2 25 9 36 17 53 8 78 3 128 2 133 

-
0830 7 9 3 19 14 48 4 66 6 79 0 85 

0845 4 20 3 27 15 37 4 56 1 56 3 60 

0900 3 13 1 17 9 27 3 39 1 73 3 77 o 60 

0915 1 10 • 7 18 9 22 4 35 4 65 71 6 53 7 66 190 

(Continued) 
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TABLE A.7. (CONTINUED) 

Intersection Type of Control Dote Time 

Woodrow and Koenig Semiactuated July 18, 1966 1330 - 1530 

Northbound Southbound Eastbound Westbound 

Time Total 

Lft St Rt T.I~T.I Ltt _RI Tot 

1345 6 13 3 22 8 38 8 100 3 8 84 254 

1400 5 14 7 26 8 20 5 33 5 77 2 8 73 216 

~~ 
6 15 0 21 12 25 4 41 6 63 7 76 0 71 9 80 218 

4 21 9 34 12 19 7 38 4 84 4 92 7 105 9 121 285 

1

1445 4 19 5 28 9 37 9 55 3 90 3 96 1 66 5 72 251 

I 1500 2 14 3 19 4 13 2 19 8 63 3 74 3 76 6 85 197 

.1515 4 24 5 3 10 19 3 32 2 84 4 90 9 72 8 89 244 

1
1530 6 23 5 3· 5 15 8 28 2 0 60 2 68 11 81 203 

In t ersection Type of Control Date Time 

. Woodrow and Koenig Semiactuated July 18, 1966 1630 - 1830 

Northbound Southbound Eastbound Westbound 

• Time Total 

Lft St Rt St Rt Tot Ltt St "" ...... Lft St Rt Tot 

1645 9 32 4 45 8 26 9 43 4 93 3 ll5 24 142 329 

1700 8 70 6 84 11 21 6 38 6 3 140 19 162 384 

1715 12 157 13 182 13 25 10 48 4 2 128 5 205 36 246 604 

1730 7 97 4 108 13 23 7 43 5 75 5. 85 8 143 35 186 422 

1745 12 56 7 75 16 38 15 69 10 4 114 71 136 28 171 429 

1800 8 49 5 62 17 23 5 45 7 72 3 82 10
1

119 18 147 336 

1815 4 47 4 55 18 23 8 49 4 73 3 80 7 1 87 19 113 297 

1830 7 25 5 37 14 17 8 39 5 71 2 78 7 87 21 ll5 269 

(Continued) 
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TABLE A.7. (CONTINUED) 

Intersection I Type of Control Date Time 

Woodrow and Koenig Pretimed July 15, 1966 0715 - 0915 

Northbound Southbound Eastbound Westbound 

Time Total 

Ut St Rt Tot Lft St Rt Tot Lft St Rt Tot Tot 

0730 4 8 5 17 53 101 4 158 1 138 4 87 98 416 

0745 4 20 9 33 72 128 5 205 3 227 14 244 5 92 13 llO 592 

0800 7 36 4 47 64 93 8 165 2 225 9 236 2 130 16 148 596 

0815 3 15 2 20ffif32 6 60 5 102 4 III 4 95 16 115 306 

0830 0 22 2 24 15 24 8 47 4 80 2 86 2 73 11 86 243 

0845 4 15 
4 23 i 13

1

25 

3 

41 2 82 0 84 3 69 7 79 227 

0900 2 13 3 21 6 40 2 75 4 81 3 56 9 68 207 

0915 4 15 2 9 ~W 32 3 68 1 72 2 56 9 67 192 

Intersection Type of Control Date Time 

Woodrow and Koenig Pretimed July 6, 1966 1345 - 1530 

Northbound Southbound Eastbound West bound 

Time 

[St 

Total 

Ltt I Rt Tot Ut St Rt Tot Ut St Rt Tot Ut St Rt Tot 

1400 2 11 5 18 21 6 39 6 78 6 90 6 67 8 81 228 

1415 5 13 2 20 6 7 16 5 65 1 71 6 83 8 97 204 

1430 6 15 5 26 15 5 31 t~ 1 92 3 84 12 99 248 

1445 4 17 4 25 12 25 4 41 I 85 10 99 252 

1500 2 12 4 18 15 27 6 48 1 9 102 246 

1515 5 20 1 26 14 16 8 38 4 64 72 6 81 217 

1530 4 22 6 32 9 13 6 28 5 861 3 94 0 59 8 67 221 

(Continued) 
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TABLE A.7. (CONTINUED) 

In te rsec:tio n Type of Control Date Time 

Woodrow and Koenig Pretimed July 6, 1966 1700 - 1845 

Northbound Soutbound Eastbound I Westbound 

Time Total 

Ut St Rt Tot Ltt St Rt Tot Ut St Rt Tot Ut St Rt Tot 

1715 13 133 5 151 9 23 10 42 6 114 2 122 11 166 36 213 528 

1730 15 111 11 137 11 22 4 37 5 82 4 91 8 68 33 209 474 

1745 5 5 59 15 23 6 44 6 74 5 85 9 139 36 184 372 

1800 6 64 16 15 5 36 6 76 3 85 15 111 27 153 338 

1815 9 59 18 16 11 45 7 81 4 92 5 106 22 133 329 

1830 3 46 7 27 9 43 4 54 4 62 4 112 18 134 285 

1845 4
1 

8 34 18 22 10 50 4 77 1 82 3 78 15 96 262 I 
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TABLE A.8. SIGNAL CONTROLLER SETTINGS FOR WOODROW AND KOENIG 

Full-Ac tua ted 
Date Time 

Woodrow Koenig 

Aug 31 0730 - Initial Interval 8 Initial Interval 6 
0900 Vehicle Interval 6 Vehicle Interval 6 

Recall Switch off Recall Switch off 
Maximum Interval 60 Maximum Interval 60 
Clearance Interval 4 Clearance Interval 3 

July 15 1330 - Initial Interval 8 Initial Interval 6 
1530 Vehicle Interval 6 Vehicle Interval 6 

Recall Switch off Recall Switch off 
Maximum Interval 60 Maximum Interval 60 
Clearance Interval 4 Clearance Interval 3 

Aug 31 1630 - Initial Interval 8 Initial Interval 6 

I 1830 Vehicle Interval 6 Vehicle Interval 6 

I 

Recall Switch off Recall Switch off 
Maximum Interval 60 Maximum Interval 60 
Clearance Interval 4 Clearance Interval 3 

Semia'c tuated 
Date Time 

Woodrow Koenig 

July 22 0715 - Initial Interval 8 Initial Interval 6 
0915 Vehicle Interval 5 Vehicle Interval 30 

Recall Switch off Recall Switch off 
Maximum Interval 60 Maximum Interval 29 
Clearance Interval , 3 Clearance Interval 3 

July 14 1330 - Initial Interval 8 Initial Interval 6 
1530 Vehicle Interval 5 Vehicle Interval 30 

Recall Switch off Recall Switch off 
Maximum Interval 60 Maximum Interval 29 
Clearance Interval 3 Clearance Interval 3 

July 14 1630 - Initial Interval 8 Initial Interval 6 
1830 Vehicle Interval 5 Vehicle Interval 30 

Recall Switch off Recall Switch off 
Maximum Interval 60 Maximum Interval 27 
Clearance Interval 3 Clearance Interval 3 

(Continued) 
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TABLE A. 8 • (CONTINUED) 

Pretimed* 
Date Time 

Woodrow Koenig 

July 15 0715 - Initial Interval 0 Initial Interval 
0915 Vehicle Interval 30 Vehicle Interval 

Recall Swi tch off Recall Switch 
Maximum Interval 25 Maximum Interval 
Clearance Interval 3 Clearance Interval 

July 6 1340 - Initial Interval 0 Initial Interval 
1540 Vehicle Interval 30 Vehicle Interval 

Recall Switch off Recall Swi tch 
Maximum Interval 25 Maximum Interval 
Clearance Interval 3 Clearance Interval 

July 6 1650 - Initial Interval I 0 Initial Interval 
1850 Vehicle Interval 30 Vehicle Interval 

Recall Switch off Recall Swi tch 
Maximum Interval 20 Maximum Interval 
Clearance Interval 3 Clearance Interval 

* These settings were set to force the controller to operate on a 
pretimed plan. In this case the maximum interval controls the 
length of green on each phase. 
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TABLE A.9. IS-MINUTE VOLUME - SOUTH FIRST AND OLTORF 

Intersection Type of Control Date Time 

South 1st and 01torf Full-Actuated July 14, 1966 1330 - 1530 

ITim• 
Northbound Southbound Eastbound Westbound 

Ltt I;t 

Total 

Lft St Rt Tot Rt Tot Lft 1St Rt Tot Ltt St Rt Tot 

1345 I 3 20 15 38 11 36 : f!!Pa- 33 3 43 11 49 5 65 201 

1400 6 38 12 56 19 24 48 5 61 I! I 38 11 <;? I ? 1 R 

1415 2 35 7 44 18 32 4 54 4 58 4 66 I 35 17 62 226 

1430 4 22 6 32 13 27 7 47 3 39 4 46 2 42 9 53 178 

1445 4 33 4 41 9 31 8 48 4 27 7 38 9 32 10 51 178 

1500 3 22 13 38 10 26 5 41 5 53 1 59 9 39 13 61 199 

1515 3 27 4 34 15 33 5 53 2 45 5 52 10 49 16 75 214 

1530 5 21 2 28 14 35 6 55 3 52 6 61 11 50 10 71 215 

Intersection Type of Control Date Time 

South 1st and 01torf Full-Actuated July 14, 1966 1630 - 1800 

Northbound Southbound Eastbound Westbound 

Time 

Lft St Rt Tot Lft St Rt Tot Ltt St Rt Tot Ltt St Rt Tot 

• 1645 14 55 14 I 83 26 76 

I 1700 9 49 16 74 21 87 

1715 ~I 1':1 I 781132 141 

r-=-:17~3...;;,.0 ---If""::' 22 96 3 6 118 

1745 11 17 74 26 88 

I 1800 7 45 16 68 11 59 r 

17 119 5 53 13 71 12 85 19 116 3Rq 

23 131 

27 20J 

22 176 

12 47 11 70 

6 44 13 63 

7 S9 17 83 

15 81 1q 115 

22 95 14 1'3,1 

20 97 25 It..? 

3QO 

!..7'3, 

t..Q7 

22 136 10 83 13 106 20 195 17 11? 

(Continued) 
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TABLE A.9. (CONTINuED) 

Intersection Type of Control Date Time 
l 

South Is t and 01torf Semiactuated July 20, 1966 0715 - 0915 

Northbound Southbound Eastbound Westbound 

Time Total 

Ut St I Rt Tot Ut St Rt Tot Lft St Rt Tot Lft St Rt Tot 

0730 II 12 I 127 8 147 8 35 3 46 21 63 5 89 4 32 13 49 331 
10745 12 1149 11 17211 4 28 4 36 33 71 4 108 4 30 16 'i0 inn 
0800 7 112 17 136 12 42 2 46 24 66 7 97 4 50 9~ 0815 5 75 12 92 9 39 8 56 16 57 10 83 3 25 13 272 

0830 3 45 9 <:'7 Ill,. 23 4 51 8 43 8 59 5 27 6 3R 20'i 

0845 3 49 8 60 8 25 5 38 16 26 8 50 3 36 8 47 195 

.0900 5 50 10 65 12 33 6 51 11 41 6 58 11 30 9 50 224 

0915 9 44 7 60 19 31 6 56 6 44 5 55 4 32 17 53 224 

In tersection ' Type of Control Date Time 

ISouth 1st and 01torf I Semiac tuated July 20, 1966 1330 - 1530 
! 

Northbound Southbound Eastbound Westbound 

Time Total 

Lff St Rt Tot Lft St Rt Tot Lft St Rt Tot Ltt St Rt Tot 

1345 6 26 9 41 17 25 3 45 4 36 7 47 11 47 17 75 208 

1400 4 29 6 39 R*31 3 59 9 41 8 58 16 43 10 69 225 

1415 5 32 15 52 21 3 4 30 5 39 5 49 16 70 195 

1430 2 32 6 40 11 31 8 50 10 43 5 58 7 36 13 56 204 

1445 3 30 9 42 10 28 5 43 4 41 8 53 11 33 17 61 199 

i1500 8 31 12 51 13 25 5 43 5 54 6 65 II 7 44 14 65 224 

1515 12 21 12 ~ 12 44 9 65 9 48 9 66 8 38 12 58 234 

~5 26 12 17 14 5 36 6 35 8 49 6 55 8 69 197 

(Continued) 
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TABLE A. 9. (CONTINUED) 

Intersection Type of Control Date Time 

South Is t and 01torf Semiactuated July 20, 1966 1630 - 1830 

Northbound Southbound Eastbound Westbound 

Time Total 

Lft St Rt Tot Lft St Rt Tot Lft St Rt Tot Lft St Rt Tot 

1645 14 52 II 77 24 73 10 107 10 65 II 86 13 83 26 122 392 

1700 10 55 16 81 25 91 16 132 10 69 II 90 10 98 22 130 433 

1715 7 41 15 63 35 133 25 193 4 67 12 83 24 91 12 127 466 

1730 12 40 16 68 20 ll8 23 161 5 59 15 79 25 ll3 16 154 462 

1745 10 39 22 71 25 92 13 130 6 42 II 59 18 67 14 109 369 

1800 II 36 9 56 17 73 15 105 2 59 21 82 22 77 14 ll3 356 

1815 13 27 10 50 18 63 17 98 3 73 7 83 30 94 22 146 377 

1830 8 46 10 64 15 59 13 87 6 45 7 58 17 77 16 llO 319 

In tersect ion Type of Control Date Time 

South 1st and 01torf Pretimed July 19, 1966 0705 - 0905 

Northbound Southbound Eastbound Westbound 

Time Total 

Lft St Rt Tot Lft St Rt Tot Lft St Rt Tot Lft St Rt Tot 

0720 5 91 II 107 6 41 7 54 10 55 9 74 5 35 9 49 284 

0735 12 142 6 160 12 28 6 46 27 85 2 ll4 3 36 II 50 370 

0750 7 151 10 168 15 46 3 64 39 88 9 136 3 52 17 72 440 

0805 7 ll4 II 132 10 53 II 74 22 62 16 100 1 37 15 53 359 

0820 II 100 9 120 II 30 6 47 18 45 5 68 3 35 15 53 288 

0835 4 73 10 87 13 24 9 46 13 41 5 59 6 30 4 40 232 

0850 2 47 6 55 II 28 6 45 II 52 5 68 1 33 7 41 209 

0905 4 47 II 62 13 28 7 48 8 62 3 73 3 33 4 40 223 

(Continued) 



241 

TABLE A.9. (CONTINUED) 

Intersection Type of Control Date Time 

South Is t and Oltorf Pretirned July 19, 1966 1330 - 1530 

Northbound Southbound Eastbound Westbound 

Time Total 

Lft St Rt Tot Lft St Rt Tot Lft St Rt Tot Lft St Rt Tot 

1345 7 43 II 61 22 30 8 60 12 47 7 66 8 46 13 67 254 

1400 6 48 8 62 14 38 2 54 II 47 13 71 II 40 12 63 250 

1415 6 45 17 68 15 29 4 48 9 40 8 57 9 60 14 83 256 

1430 3 36 8 47 17 31 17 65 5 42 7 54 9 51 13 73 239 

1445 4 34 12 52 12 29 9 50 3 40 10 53 12 41 7 60 215 

1500 6 37 12 55 12 36 14 62 2 37 12 51 7 38 14 59 227 

1515 7 23 13 45 17 49 12 78 II 39 14 64 3 48 18 69 256 

1530 10 37 13 60 12 31 12 55 8 57 3 68 13 44 II 68 251 

Intersection Type of Control Date Time 

South 1st and 01 torf Pretirned July 19, 1966 1630 - 1830 

Northbound Southbound Eastbound Westbound 

Time Total 

Lft St Rt Tot Lft St Rt Tot Lft St Rt Tot Lft St Rt Tot 

1645 9 41 9 59 17 65 17 99 8 50 2 60 12 77 22 III 329 

1700 8 50 10 68 17 103 16 136 3 74 1 78 20 102 18 140 422 

1715 9 43 8 60 25 129 24 178 4 58 10 72 23 95 17 135 445 

1730 10 47 18 75 32 123 29 174 7 71 12 90 26 ll8 26 170 509 

1745 7 40 14 61 31 104 28 163 5 59 12 76 19 78 15 ll2 412 

1800 6 46 12 64 19 80 9 108 6 41 14 61 13 89 15 107 340 

1815 6 52 12 70 11 66 17 94 5 56 9 70 17 71 10 98 332 

1830 10 38 6 54 15 56 13 84 2 50 3 55 15 66 7 88 281 
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TABLE A.lO. SIGNAL CONTROLLER S~TTINGS FOR SOUTH FIRST AND OLTORF 

Semiactuated 
Date Time 

South First Oltorf 

July 20 0715 - Initial Interval 6 In it ial Interval 
0915 Vehicle Interval 30 Vehicle Interval 

Recall Switch off Recall Switch 
Maximum Interval 22 Maximum Interval 
Clearance Interval 3 Clearance Interval 

July 20 1330 - Initial Interval 6 Initial Interval 
1530 Vehicle Interval 30 Vehicle Interval 

i 
Recall Switch off Recall Switch 
Maximum Interval 22 Maximum Interval 
Clearance Interval 3 Clearance Interval 

July 20 1630 - Initial Interval 6 Initial Interval 
1830 Vehicle Interval 30 Vehicle Interval 

Recall Switch off Rec a 11 Switc h 
Maximum Interval 22 Maximum Interval 
Clearance Interval 3 Clearance Interval 

Pretimed 
Date Time 

South First Oltorf 

July 19 0700 - Initial Interval 6 Initial Interval 
0900 Vehicle Interval 30 Vehicle Interval 

Recall Switch off Recall Switch 
Maximum Interval 22 Maximum Interval 
Clearance Interval 3 Clearance Interval 

July 19 1330 - Initial Interval 6 Initial Interval 
1530 Vehicle Interval 30 Vehicle Interval 

Recall Switch off Recall Switch 
Maximum Interval 22 Maximum Interval 
Clearance Interval 3 Clearance Interval 

July 19 1630 - Initial Interval 6 Initial Interval 
1830 Vehicle Interval 30 Vehicle Interval 

Rec all Switc h off Rec a 11 Switc h 
Maximum Interval 22 Maximum Interval 
Clearance Interval 3 Clearance Interval 

Note: See p 253 for full-actuated controller settings at South First 
and Oltorf. 
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TABLE A.ll. 15-MINUTE VOLUME - BEN WHITE AND MANCHACA 

Intersection Type of Control Date 

Ben White and Manchaca Full-Actuated July 28, 1966 0730-0900 

Northbound Southbound Eastbound Westbound 
Time ota1 

St Rt Tot Lft St Rt Tot ft St Rt Tot 

8 14 3 2 1 88 2 91 12 29 8 49 291 

14 14 0 2 62 0 64 15 38 7 60 225 

55 9 13 2 5 43 2 50 12 32 5 49 178 

0830 7 1 1 5 39 4 48 13 28 10 51 179 

0845 13 2 22 4 33 2 39 9 30 2 41 151 

0900 11 4 25 4 39 3 46 12 24 7 43 154 

Intersection Type of Control Date Time 

1330-1530 

Northbound Southbound Eastbound ltlestbound 
Time 

Lft St Rt Tot Lit St Rt Tot fLo ft St Rt Tot Lft St Rt Tot Tota 

1345 0 21 1'i 3L.. 11 27 7 45 6 72 3 81 9 46 9 64 224 

1400 2 29 15 46 12 23 7 42 4 59 4 67 16 52 13 81 236 

1415 42 6 31 6 43 4 58 2 64 14 45 7 66 215 

1430 16 42 7 26 6 39 6 46 2 54 17 67 8 92 227 

1445 25 54 9 28 2 39 3 50 2 55 17 47 7 71 219 

1500 1 16 20 37 11 32 5 48 2 50 6 I 58 22 55 10 87 230 

1515 4 29 19 52 12 32 5 49 6 53 4 63 16 48 11 75 239 

1530 1 19 13 33 5 28 7 40 4 50 1 55 29 37 9 75 203 

(Continued) 
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TABLE A.11. (CONTINUED) 

Intersection Type of Control Date Time 

fBen White and Manchaca Full-Actuated July 28, 1966 1630-1830 

Northbound Southbound Eastbound Westbound 
Time rrota1 

Lft St Rt Tot rtft St Rt Tot Lft St Rt Tot Lft St Rt Tot 

1645 5 34 19 58 9 44 9 62 2 48 4 54 26 69 8 103 11277 

1700 5 26 16 45 18 551 7 80 

~ 
40 11 50 84 8 142 325 

1715 2 35 17 54 13 68 5 86 63 6 66 104 16 186 400 

1730 3 24 15 42 13 87 12 112 6 42 4 52 49 73 12 134 340 

1745 II 2 41 19 62 12 70 12 94 3 48 11 62 65 11 119 337 

1800 5 34 21 60 19 49 8 76 4 49 8 61 30 82 19 131 328 

1815 4 I 26 14 44 20 37 3 60 6 40 11 37 62 11 110 271 

1830 or 30 12 42 17 27 9 53 1 47 6 54 24 45 14 83 232 
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TABLE A.12. 15-MINUTE VOLUME - EXPOSITION AND WINDSOR 

I Intersection Type of Control Date Time 

Exposition and Windsor Full-Actuated July 27, 1966 0715 - 0845 

Northbound Southbound Eastbound Westbound 
ITime Total 

I 

Lft St Rt Tot Lft St Rt Tot Lft St Rt Tot Lft St Rt Tot 

073~ 8011 17 68 3 88 4 29 5 38 8 7 5 20 226 
0745 27 132 18 60 8 86 8 38 10 156 1110 12 5 27 301 

080 10 136 15 80 2 97 4 46 3 53 14 13 20 47 333 

0815 52 27 92 16 50 5 71 5 52 3 60 12 15 12 39 262 

0830 34 21 57 25 54 7 86 6 25 2 33 10 21 11 42 218 

0845 2 44 14 60 19 45 7 71 4 29 8 4 11 16 8 35 207 

! 

I 

In tersection Type of Control Date Time 

Exposition and Windsor Full-Actuated July 21, 1966 1330 - 1530 

Northbound Southbound Eastbound Westbound 

. Time Total 

Lft St Rt Tot Lft St Rt Tot Lft C Rt r,1 f;t SI Rt Tot 
I 

1345 1 41 14 56 19 49 10 78 10 25 5 40 22 21 55 229 

1400 0 46 8 54 20 39 12 71 9 20 2 12 20 14 46 202 I 

1415 3 43 16 62 13 49 6 68 9 23 3 35 12 25 15 52 217 

1430 3 59 11 73 12 45 9 66 3 22 2 27 15 14 15 44 210 

1445 1 51 11 63 13 33 4 50 5 15 2 G] 18 17 7 42 177 

1500 1 37 8 46 7 31 6 44 9 12 2 23 16 16 14 59 

1515 6 38 6 50 18 44 18 80 8 19 5 32 18 21 18 57 219 

1530 4 38 10 52 10 55 6 71 10 9 4 23 9 22 14 45 191 

(Continued) 
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TABLE A.12. (CONTINUED) 

In tersecti on Type of Control Date Time 

• Exposition and Windsor Fu11-Ac tua ted July 21, 1966 1630 - 1830 

Northbound Southbound Eastbound Westbound 

Time Total 

Lft St Rt Tot Lft St Rt Tot Ut St Rt Tot Lft St Rt Tot 

• 1645 1 73 12 86 18 73 9 100 9 24 8 41 24 46 21 91 318 

1700 ~ 115 7 38 1 133 7 31 5 43124 46 25 95 386 

1715 5 91 19 115 11 164 10 185 14 24 4 42 51 59 25 135 477 

, 1730 7 106 18 131 20 77 13 11(J 12 24 2 38 37 54 32 123 402 

1745 5 85 26 116 14 93 10 117 9 24 9 42 25 64 25 114 389 

1800 1 65 12 78 8 95 14 117 12 16 10 38 22 48 18 88 321 

1815 11 83 14 108 12 94 13 119 5 19 2 26 19 44 21 84 337 

1830 4 48 14 66 19 53 11 83 4 23 4 31 17 35 11 63 243 

Intersect ion Type of Control Dote Time 

Exposition and Windsor tuated I July 26, 1966 0715 - 0915 

Northbound Southbound Eastbound 

Time Totol 

Lft St Rt Tot Ut St Rt Tot Lft St Rt Tot Ut St Rt Tot 

.0730 -;- 52 20 72 12 48 4 64 6 21 2 29 4 7 2 13 178 

0745 1106 30 138 17 79 1 97 6 35 7 48 6 9 4 19 302 

0800 3 122 33 158 31 66 4 01 5 64 11 16 8 35 358 

0815 1 56 27 84 14 66 7 87 7 44 1 52 13 12 36 

0830 3 44 18 65 17 71 4 92 5 40 5 50 7 11 11 29 

0845 6 53 14 73 13 57 1 71 7 31 4 42 8 19 8 35 221 

0900 

~~ 
64 11 46 6 63 8 43 7 58 8 22 12 42 227 

0915 54 16 23 7 46 II 6 131 6 43 9 20 4 33 176 

(Continued) 
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TABLE A.12. (CONTINUED) 

Intersection T~pe of Control Date Time 

Exposition and Windsor Semiactuated July 26, 1966 1330 - 1530 

Northbound Southbound Eastbound Westbound 

Time Total 

I 
Ut St Rt Tot Ut St Rt Tot Ltt St Rt Tot Ut St Rt Tot 

I 

1345 2 49 12 63 19 44 6 69 12 24 2 38 10 15 12 37 207 i 

! 1400 0 48 16 64 ~ 41 7 64 6 15 2 23 12 28 21 61 212 

i 1415 1 46 9 56 15 32 7 54 11 20 3 34 18 21 18 57 201 

'1430 1 36 11 48 16 38 0 54 3 20 2 2-; 13 13 17 43 170 

1445 3 46 11 17 46 7 70 8 23 4 34 14 22 17 53 217 

1500 2 46 9 57 21 38 3 62 7 19 5 31 11 21 12 42 192 

1515 7 42 14 63 16 46 8 70 9 15 7 31 17 27 13 57 221 

1530 3 27 12 42 7 32 7 46 9 18 3 30 18 21 15 44 172 

I 
Intersection T~pe of Control Date Time 

i 

• Exposition and Windsor Semiactuated July 26, 1966 1630 - 1830 
-- _ .. _ 

Northbound Southbound Eastbound Westbound 

! Time Total 

Lft St Rt Tot Ut St Rt Tot Ut St Rt Tot Ut St Rt Tot 

1645 2 71 10 83 15 54 6 75 12 30 6 48 14 24 20 58 264 

1700 3 71 14 88 13 72 9 94 8 20 10 38 18 37 15 70 290 

1715 4 ~09 21 134 14 139 8 161 10 20 6 36 24 38 12 74 405 

1730 7 100 11 118 15 100 20 135 13 29 7 49 5 60 29 124 426 

1745 2 72 8 82 13 56 14 83 8 15 8 31 26 68 24 118 314 

1800 8 93 19 120 16 61 4 81 7 26 1 34 31 63 18 112 347 

1815 ! 3 68 13 84 6 51 1 58 7 16 2 25 19 68 13 100 267 

1830 2 57 17 76 2 58 6 66 11 27 5 43 211 32 9 62 247 
.... -~ ... 

(Continued) 
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TABLE A.12. (CONTINUED) 

Intersection Type of Control Date Time 

Expos ition and Windsor Pretimed Aug. 4, 1966 0700 - 0900 

Northbound Southbound Eastbound Westbound 

Time 

Lft EE~Lft 
Total 

Ut St Rt Tot Ut St Rt Tot St Rt Tot 

0715 1 30 9 4 43 2 49 5 12 2 19 6 4 2 12 120 

0730 1 11 48 2 61 4 18 4 26 4 5 3 12 177 

0745 1 112 38 151 23 70 5 98 11 43 5 59 14 9 8 31 339 

.0800 1 107 33 141 28 79 3 110 8 46 3 57 11 22 13 
46 ! 3S~ 

0815 2 39 34 75 21 56 4 81 6 36 3 45 12 11 7 

0830 5 46 19 70 25 46 5 76 8 34 2 44 13 18 12 

0845 2 42 8 52 11 40 4 55 5 26 FR~L: 16 8 31 172 

0900 2 33 17 52 13 43 3 59 7 30 15 11 41 195 

Intersection Type of Control Date Time 

Expos ition and Windsor Pretimed July 25, 1966 1330 - 1530 

Northbound Southbound Eastbound Westbound 

Time Total 

Lft St Rt Tot Lft St Rt Tot Lft Sf Rf Tot Ltt St Rt Tot 

1345 4 43 11 5~ 16 44 11 71 14 23 5 42 15 22 23 60 231 

1400 5 43 11 59 16 33 7 56 9 26 4 39 9 22 20 51 205 

1415 2 52 10 64 26 45 11 82 15 25 4 44 17 25 22 64 254 

1430 5 53 9 67 19 34 10 63 15 27 4 46 12 22 19 53 229 

1445 6 39 4 49 21 34 4 59 5 28 35 13 20 17 50 193 

1500 3 54 13 70 16 47 9 72 10 21 37 10 22 16 48 227 

1515 5 46 10 61 12 40 ~S3 5 26 10 24 23 57 206 

1530 0 40 6 46 17 33 6 56 7 22 3 32 14 28 15 57 191 

(Continued) 
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TABlE A.12. (CONTINUED) 

Intersection Type of Control Date Time 

Expos ition and Windsor Pretimed July 25, 1966 1630 - 1830 

Northbound I Southbound I Eastbound Westbound 

Time Total 

Ltt St Rt Tot Lft St Rm' Rt Tot ILft Sf Rt Tot 

1645 2 55 13 21 69 10 1 18 7 18 28 28 74 281 

1700 I 3 81 23 107 20 91 1 10 21 4 35 23 33 21 7 ~ 

1715 3 958 117 21 151 14 186 6 18 7 31 39 54 31 124 458 

1730 7 101 17 125 20 88 14 122 14 25 10 49 32 62 22 116 412 

I 1745 3 82 11 96 13 55 11 79 8 24 2 34 35 54 24 113 322 

1800 4 77 20 101 8 55 8 71 11 25 

ffi* 
42 17 89 298 

1815 4 59 13 76 20 70 9 99 11 21 34 22 81 291 

1830 3 62 13 78 17 54 18 79 13 14 28 240 

I ntersect ion Type of Control Date Time 

i South Is t and Oltorf Full-Actuated July 29, 1966 0700 - 0900 

Northbound Southbound Eastbound Westbound 

Time Total 

Lft St Rt Tot Lft St Rt Tot Lft St Rt Tot Lft St Rt Tot 

0715 6 86 15 107 14 32 4 55 13 52 11 7 7 25 6 38 1276 

0730 8 120 9 137 i 39 4 50 II 26 64 8 33 • 12 53 338 

0745 6 140 17 163 40 5 56 31 78 3 112 3 35 13 51 382 

0800 13 126 14 153 9 33 6 48 36~14 63 1421 

0815 8 63 10 81 14 32 7 53 12 17 <; 

10830 2 45 9 56 .... 0 7 3 7 II 13 41- 8 24 10 39 197 
0845 4 50 9 63 11 22 6 39 8 c- 6 69 4 27 9 40 211 

! 0900 1 41 9 51 13 24 15 42 11 57 8 76 6 24 20 50 219 
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TABLE A.13. SIGNAL CONTROLLER SETTINGS FOR EXPOSITION AND WINDSOR 

Full-Actuated 
Date Time 

Exposition Windsor 

July 27 0715 - Initial Interval 6 Initial Interval 6 
0845 Vehicle Interval 3 Vehicle Interval 3 

Recall Switch off Recall Switch on 
Maximum Interval 60 Maximum Interval 60 
Clearance Interval 4 Clearance Interval 4 

July 21 1330 - Initial Interval 6 Initial Interval 6 
1530 Vehicle Interval 5 Vehicle Interval 3 

Recall Switch off Recall Switch on 
Maximum Interval 55 Maximum Interval 55 
Clearance Interval 4 Clearance Interval 4 

July 21 1630 - Initial Interval 6 Initial Interval 6 
1830 Vehicle Interval 6 Vehicle Interval 3 

Recall Switch off Recall Switch on 
Maximum Interval 52 Maximum Interval 52 
Clearance Interval 3 Clearance Interval 4 

Semiactuated 
Date Time 

Exposition Windsor 

July 26 0715 - Initial Interval 6 Initial Interval 6 
0915 Vehicle Interval 30 Vehicle Interval 3 

Recall Switch off Recall Switch off 
Maximum Interval 18 Maximum Interval 60 
Clearance Interval 4 Clearance Interval 3 

July 26 1330 - Initial Interval 6 Initial Interval 6 
1530 Vehicle Interval 30 Vehicle Interval 3 

Recall Switch off Recall Switch off 
Maximum Interval 18 Maximum Interval 60 
Clearance Interval 4 Clearance Interval 3 

July 26 1630 - Initial Interval 6 Initial Interval 6 
1830 Vehicle Interval 30 Vehicle Interval 3 

Recall Switch off Recall Switch off 
Maximum Interval 18 Maximum Interval 60 
Clearance Interval 4 Clearance Interval 3 
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TABLE A.13. (CONTINUED) 

Pretimed 
Dote Time 

Exposition Windsor 

Aug 4 0700 - Initial Interval 6 Initial Interval 6 
0900 Vehicle Interval 30 Vehicle Interval 30 

Recall Switch off Recall Switch off 
Maximum Interval 18 Maximum Interval 17 
Clearance Interval 3 Clearance Interval 3 

July 25 1330 - Initial Interval 6 Initial Interval 6 
1530 Vehicle Interval 30 Vehicle Interval 30 

Recall Switch off Recall Switch off 
Maximum Interval 18 Maximum Interval 17 
Clearance Interval 3 Clearance Interval 3 

July 25 1630 - Initial Interval 6 Initial Interval 6 
1830 Vehicle Interval 30 Vehicle Interval 30 

Recall Switch off Recall Switch off 
Maximum Interval 18 Maximum Interval 

1 ~ I Clearance Interval 3 Clearance Interval 

Full-Actuated 
Dofe Time 

South Firs t Oltorf 

July 29 0700 - Initial Interval 10 Initial Interval 9 
0900 Vehicle Interval 6 Vehicle Interval 7 

Recall Switch off Recall Switch off 
Maximum Interval 50 Maximum Interval 50 
Clearance Interval 5 Clearance Interval 5 

July 14 1330 - Initial Interval 10 Init ia 1 Interva 1 9 
1530 Vehicle Interval 6 Vehic Ie Interval 7 

Recall Switch off Recall Switch off 
Maximum Interval 50 Maximum Interval 50 
Clearance Interval 5 Clearance Interval 5 

July 14 1630 - Initial Interval 10 Initial Interval 9 
1800 Vehicle Interval 6 Vehicle Interval 7 

Recall Switch off Recall Switch off 
Maximum Interval 50 Maximum Interval 50 
Clearance Interval 5 Clearance Interval 5 
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TABLE A.14. 15-MINUTE VOLUME - HARTFORD AND WINDSOR 

Intersection Type of Control Date Time 

Hartford and Windsor Full-Actuated June 21, 1967 0730-0900 

Northbound Southbound Eastbound Westbound 
Time rrota1 

LlIlffii 
iJ..,ft St Rt Tot Lft St Rt Tot ILft St Rt Tot 

0745 16 7 37 56 1 94 12 172 8 192 0 24 8 22 375 

0800 69 51 75 4 130 71 185 7 199 1 41 21 63 461 

0815 2 24 10 36 34 42 4 80 3 143 9 155 2 58 11 71 343 

0830 5 19 9 33 29 38 4 71 7 118 10 135 3 62 7 72 311 

0845 5 20 5 30 27 42 6 75 11 89 7 107 5 46 8 59 271 

0900 1 19 7 27 23 26 2 51 3 85 10 98 2 41 10 53 229 

Intersection Type of Control Date Time 

1330-1530 

Northbound Southbound Eastbound Westbound 
Time 

Lft St Rt Tot !Lft St Rt Tot L..ft St Rt ~ft St Rt Tot Tota 

1345 8 19 1 2f 13 16 10 39 6 54 12 72 3 51 9 63 202 

1400 6 21 4 3 11 31 8 50 8 54 12 74 0 52 12 64 219 

1415 6 16 2 10 10 6 26 7 65 7 79 5 59 8 72 201 

1430 2 7 1 10 50 14 74 6 70 11 87 1 59 9 69 240 

1445 7 20 1 28 6 37 5 48 7 79 9 95 3 40 3 46 217 

1500 3 21 3 27 8 37 9 54 7 44 7 58 4 54 9 67 206 

1515 10 13 3 26 9 19 3 31 8 59 8 73 2 70 5 77 209 

1530 4 12 0 16 5 14 7 26 6 50 5 61 0 52 8 60 163 

(Continued) 
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TABLE A.14. (CONTINUED) 

Intersection Type of Control Date Time 

Hartford and Windsor Full-Actuated June 21, 1967 1630-1830 

Northbound Southbound Eastbound Westbound 
Time rrota1 

Lft St Rt Tot Lift St Rt Tot Lft St Rt Tot ~ft St Rt Tot 

1645 11 32 6 49 17 35 10 62 7 60 6 73 3 95 22 120 304 

1700 12 37 4 53 16 40 5 61 10 68 10 ~ 8 89 27 124 326 

1715 4 75 3 82 20 51 17 88 11 51 8 70 5 150 49 204 444 

1730 12 59 4 75 16 34 17 67 15 45 8 68 5 178 37 220 430 

1745 19 39 7 65 11 27 11 49 3 36 4 43 7 120 25 152 318 

1800 7 41 3 51 7 31 16 54 4 64 3 71 8 102 16 126 302 

1815 8 37 0 45 1 36 18 55 4 34 6 44 1 69 18 88 232 

1830 7 19 5 31 7 3 7 51 11 51 9 71 2 58 14 74 227 
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TABLE A.15. 15-MINUTE VOLUME - HILDEBRAND AND BLANCO 

Intersection Type of Control Date Time 

Hildebrand and Blanco Full-Actuated Aug. 23, 1966 0800 - 0930 

Northbound Southbound Eastbound Westbound 

Time Total 

Lft St Rt Tot Lft St Rt Tot Lft St Rt Tot Lft St Rt Tot 

815 5 57 8 70 11 94 20 125 28 124 11 163 5 68 7 80 438 

830 7 48 11 66 10 88 23 121 18 138 6 162 4 66 7 77 426 

845 4 48 7 59 12 62 18 92 17 113 8 138 6 69 5 RO 1fiq 

900 11 51 16 78 14 62 21 97 27 108 4 139 9 63 19 91 405 

915 9 47 9 65 12 51 27 90 18 94 8 120 11 68 9 88 363 
930 6 63 9 78 13 48 17 78 21 99 10 130 6 73 12 9l 377 

Intersection Type of Control Date Time 

Hildebrand and Blanco Full-Actuated Aug. 23, 1966 1330 - 1515 

Northbound Southbound Eastbound Westbound 

Time Total 

Lft St Rt Tot Lft St Rt Tot Lft St Rt Tot Lft St Rt Tot 

1330 

1345 15 42 11 68 12 54 24 90 29 88 15 132 11 103 4 118 408 

1400 8 63 12 83 16 62 19 97 21 89 8 118 6 90 12 108 406 

1415 13 55 11 79 20 50 22 92 20 102 16 138 5 97 10 112 421 

1430 8 37 8 53 15 54 22 9l 20 99 13 132 7 104 16 127 403 

1445 7 33 7 47 6 38 16 60 19 88 10 117 5 92 17 117 341 

1500 11 45 5 61 9 41 18 68 15 87 9 111 5 121 5 141 381 

1515 12 40 12 64 11 44 34 89 19 102 9 130 8 123 17 148 431 

(Continued) 
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TABLE A.15. (CONTINUED) 

Intersection Type of Control Date Time 

Hildebrand and Blanco Full-Actuated g. 23) 1966 1600 - 1800 

Northbound Southbound Eastbound Westbound 

Time Total 

Lft St Rt Tot Lft St Rt Tot Lft St Rt Tot Lft St Rt Tot 

1615 18 52 7 77 10 57 22 89 18 102 9 129 13 139 23 175 470 

1630 11 98 10 119 12 65 25 102 21 105 13 139 6 146 19 171 531 I 

I 10 
! 

1645 89 9 108 4 15 1 7 190 18 215 580 

1700 14 105 7 126 12 84 37 133 17 18 20B~ 626 

1715 13 123 5 141 9 69 38 116 14 112 10 136 10 196 626 

1730 19 187 8 214 10 77 33 120 23 118 13 154 11 148 23 184 672 

1745 17 124 7 148 12 63 26 102 15 88 14 117 16 160 23 199 566 

1800 ~ 10 140 13 60 31 104 19 86 10 115 11 135 24 170 529 

Intersection Type of Control Date Time 

Hildebrand and Blanco Pretimed Aug. 24, 1966 0700 - 0900 

Northbound Southbound Eastbound Westbound 

Time TDtffit Total 

Lft St Rt Tot I Lft St Rt Tot Lft 1St Rt Tot 

715 7 58 9 74 26 99 18 143 26 143 6 175 3 46 2 51 443 

730 55 7 68 24 131 14 169 22 176 15 213 1 65 7 73 523 

745 70 9 189 12 217 32 161 13 206 4 70 4 78 584 

800 7 76 12 95 13 151 15 179 36 182 10 228 10 71 13 94 596 

815 10 41 12 63 14 104 11 129 36 126 9 171 3 64 8 75 438 

830 3 45 9 57 14 63 20 97 28 127 7 162 5 69 385 

845 I 12 64 3 79 18 70 19 107 45 111 12 168 4 m 106 460 

900 I 101 69 11 90 9 83 16 108 42 111 11 164 6 65 18 89 451 

(Con tinued ) 
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TABLE A.15. (CONTINUED) 

I 
Intersection T:1pe of Control I Dote Time 

Hildebrand and Blanco Pretimed Aug. 24, 1967 1330 - 1530 

Northbound Southbound Eastbound Westbound 

Time Total 

Ut St Rt Tot IUt St Rt ~Lft St Rt Tot Ut St Rt Tot 

i 1345 11 57 12 80 9 76 34 20 99 9 

;F:l 
97 9 115 441 

1400 8 43 5 56 12 46 16 75 15 80 12 90 9 107 345 
I 
• 1415 8 50 6 64 13 54 19 86 16 72 13 98 10 114 365 

1430 10 49 12 711 11 44 16 71 21 79 ~1~ 87 13 110 368 

1445 10~ 13 7111 141 60 18 92 10 95 101 13 121 398 

1500 6 71 13 80 I 9 62 24 95 17 100 6 123 13 116 18 147 445 

1515 14 44 15 73 6 50 39 95 26 100 7 133 6 115 13 134 435 

1530 4 46 5 55 10 63 16 89 18 93 7 118 9 94 19 122 384 

Intersection Type of Control Date Time 

Hildebrand and Blanco Pretimed Aug. 24, 1967 1600 - 1830 

Northbound Southbound Eastbound Westbound 

Time Total 

tft St Rt Tot Lft St Rt Tot Lft St Rt Tot Ut St Rt Tot 

!1615 6 74 8 ~ 9 47 26 82 21 101 13 135 14 130 15 159 464 

1630 12 88 111 12 65 35 112 15 112 7 134 13 139 29 181 538 

1645 12 89 12 113 10 85 40 16 108 13 137 8 190 14 217 1602 

·1745 
I 10m 122 1800 12 115 14 141 9 80 

2rs
6 18 95 16 148 528 

1815 18 63 14 95 6 58 18 2 16 76 13 9 147 20 176 458 

1830 10 72 10 92 13 38 15 66 17 83 9 109 12 109 18 139 406 
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TABLE A.IS. (CONTINUED) 

Full-Actuated 
Date Time 

Hildebrand Blanco 

Aug 23 0800 - Initial Interval 5 Initial Interval 5 
0930 Vehicle Interval 4 Vehicle Interval 4 

Recall Switch off Recall Switch off 
Maximum Interval 40 Maximum Interval 40 
Clearance Interval 3 Clearance Interval 3 

Aug 23 1330 - Init ia 1 Interval 5 Init ial Interval 5 
1525 Vehicle Interval 4 Vehicle Interval 4 

Recall Switch off Reca 11 Switch off 
Maximum Interval 40 Maximum Interval 40 
Clearance Interval 3 Clearance Interval 3 

Aug 23 1600 - Initial Interval 5 Init ia 1 Interval 5 
1800 Vehicle Interval 4 Vehicle Interval 4 

Recall Switch off Recall Switch off 
Maximum Interval 40 Maximum Interval 40 
Clearance Interval 3 Clearance Interval 3 

Pretimed 
Date Time 

Hildebrand Blanco 

Aug 24 0700 - Initial Interval 6 Initial Interval 6 
0900 Vehicle Interval 30 Vehicle Interval 30 

Recall Switch off Reca 11 Switch off 
Maximum Interval 24 Maximum Interval 30 
Clearance Interval 3 Clearance Interval 3 

Aug 24 1330 - Initial Interval 6 Initial Interval 6 
1530 Vehicle Interval 30 Vehicle Interval 30 

Recall Switch off Recall Switch off 
Maximum Interval 24 Maximum Interval 30 
Clearance Interval 3 Clearance Interval 3 

Aug 24 1745 - Initial Interval 6 Init ial Interval 6 
1830 Vehicle Interval 30 Vehicle Interval 30 

Recall Switch off Recall Switch off 
Maximum Interval 24 Maximum Interval 30 
Clearance Interval 3 Clearance Interval 3 
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TABLE A.16. 15-MINUTE VOLUME - SOUTH FIRST AND BEN WHITE 

Intersection ~Of Control Date Time 

~outh 1st and Ben White Volume Density Aug. 5, 1966 0730-0900 

Northbound Southbound Eastbound Westbound 
Time "ota1 

Lft St Rt Tot ILft St Rt Tot Lft St Rt Tot Lft St 
Rt fiH 

0745 7 50 27 84 7 10 6 23 49 199 3 251 14 72 10 454 

5 57 12 11 8 31 35 123 2 160 15 60 9 8 332 

0815 5 37 10 17 10 37 25 111 3 139 12 74 12 98 311 

0830 27 5 13 3 21 16 92 3 111 6 60 7 73 232 

0845 45 5 7 8 20 18 83 2 103 9 55 11 75 243 

0900 27 5 8 7 20 18 68 3 89 10 60 5 75 211 

Intersection Type of Control Date Time 

1330-1530 

Northbound Southbound Eastbound Westbound 
Time 

Lft St Rt Tot fUft St Rt Tot Lft St Rt Tot Lft St Rt Tot Tota 

1345 5 18 7 30 4 14 12 30 20 85 6 ~11 8 83 9 00 271 

1400 14 10 29 7 18 13 38 13 71 5 89 3 69 9 81 237 

1415 9 31 12 17 5 34 13 76 4 93 8 80 6 94 252 

1430 7 22 12 23 14 49 18 67 5 90 10 79 3 92 253 

1 jt 9 13 12 34 11 79 1 91 12 73 3 88 230 

1500 7 19 5 7 23 15 45 13 73 5 91 8 90 12 10 277 

1515 2 9 6 17 11 15 15 411111 70 7 188 II 6 84 9 99, 245 

1530 6 18 4 28 11 22 17 50 15 63 3 81 lito 83 12 05 264 

(Continued) 



264 

TABLE A.16. (CONTINUED) 

Intersection Type of Control Date Time 

South 1st and Ben White Volume Density Aug. 5, 1966 1700-1900 

Northbound Southbound Eastbound Westbound 
Time trota1 

Lft St Rt Tot Lft St Rt Tot Lft St Rt Tot ILft St Rt Tot 

1715 ~20 7 32 12 56 41 109 17 76 10 103 . 21 202 16 239 483 

1730 16 5 25 19 65 82 166 14 84 7 105 22 27 2· 589 

1745 4 13 4 21 13 50 35 98 14 74 10 98 21 135 15 171 388 

1800 6 30 3 39 10 38 30 78 20 81 6 107 ~23 18 161 385 

1815 6 15 5 26 8 30 35 73 8 49 3 60 89 10 114 273 

1830 6 18 5 29 13 23 21 57 15 37 3 55 21 85 18 124 265 

1845 5 ~ 6 28 ~20 12 37 18 53 8 -m 22 101 7 130 274 

1900 4 17 10 31 12 29 10 51 7 58 10 75 8 91 6 105 190 
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TABLE A.17. 15-MINUTE VOLUME - 38TH AND LAMAR 

Intersection Type of Control Date Time 

38th and L.amar Volume Density Aug. 10, 1966 0730-0900 

Northbound Southbound Eastbound W.;:stbound 
Time h'ota1 

Lft St Rt Tot !Lft Rt Tot Lft St Rt Tnr h'ft St Rt Tot 

0745 15 87 9 111 28 300 23 351 17 73 

II 
10 123 713 

0800 25 107 16 148 22 272 22 316 13 110 17 114 745 

0815 12 99 10 121 35 204 4 243 7 92 33 9 63 559 

0830 17 82 12 111 6 152 13 171 7 71 35 113 8 8 59 454 

0845 12 94 8 114 19 106 6 131 5 68 19 92 6 37 9 52 389 

0900 10 71 10 91 9 102 9 120 4 58 22 84 9 39 8 56 351 

Intersection Type of Control Date Time 

1330-1530 

Northbound Southbound Eastbound Westbound 
Time 

Lft St Rt ft St Rt 

1345 17 113 15 22 

! 1400 21 118 13 152 31 17 

1415 15 113 11 159 15 112 11 138 10 43 

1430 20 141 14 175 135 8 29 24 45 

1445 16 134 1 159 9 43 25 77 18 56 

30 142 11 41 20 72 7 42 

1515 23 143 13 63 6 82 10 45 

1530 27 153 6 37 19 19 60 

(Continued) 
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TABLE A.17. (CONTINUED) 

Intersection Type of Control Date Time 

38th and Lamar Volume Density Aug. 10, 1966 1630-1830 

Northbound Southbound Eastbound Westbound 
Time trota1 

Lft St Rt Tot ~ft St Rt Tot Lft St Rt Tot Lft St Rt Tot 

1645 38 224 13 ~75 20 125 26 171 21 52 24 97 14 66 21 01 649 

1700 38 266 11 315 18 127 15 160 12 95 22 129 9 84 16 ~09 713 

1715 340 13 411 1 162 23 203 9 85 17 111 11 09 19 39 864 

1730 49 329 9 387 1 108 20 142 5 52 20 77 12 49 24 85 791 

1745 62 253 19 4 16 112 23 151 12 40 18 70 10 82 15 1107 662 

1800 45 177 35 30 89 13 132 12 45 16 73 10 81 17 08 548 

1815 41 139 20 6 14 150 14 36 15 65 12 76 9 97 504 

1830 49 182 13 16 123 9 44 16 69 13 54 10 77 514 
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TABLE A.17. (CONTINUED) 

Intersection Type of Control Date Time 

38th and Lamar Volume Density Aug. 9, 1966 0730-0900 

Northbound Southbound Eastbound Westbound 
Time 

Ff 
trota1 

Rt Tot Lft St Rt Tot Lft St Rt Tot ,-,ft St Rt Tot 

0745 13 115 11 139 31 1336 25 392 15 77 38 13~ 7 86 II 104 765 

~lll 13 143 22 212 23 257 23 93 51 167 3 95 19 117 684 

08 11 109 8 128 22 179 15 216 II 100 51 162 3 57 9 I 69 575 
0830 13 95 10 ll8 17 159 10 186 11 52W:.3 106 9 39 9 57 467 
0845 20 101 4 125 14 138 6 158 9 37 30 76 6 44 10 60 419 

0900 12 76 12 100 18 158 11 187 10 53 34 97 4 41 4 49 433 

Intersection Type of Control Date Time 

1335-1535 

Northbound Southbound Eastbound Westbound 
Time 

Lft St Rt Tot !-<ft St Rt Tot fU ft St Rt Tot Lft St Rt Tot Tota 

1350 28 ll8 13 159 15 141 12 168 8 63 20 91 16 34 16 66 484 

1405 18 130 17 165 12 126 9 147 17 44 23 84 11 24 16 61 457 

1420 14 142 II 167 13 105 10 128 18 42 23 83 13 46 18 77 455 

1435' 26 126 20 172 20 122 8 150 13 48 19 80 11 41 10 62 464 

1450 41 156 16 213 15 129 9 153 11 38 16 65 11 58 15 84 515 

1505 20 98 11 129 13 III 10 134 II 56 30 97 14 37 11 62 422 

1520 26 122 ~15a 15 190 12 58 32 102 14 40 22 76 521 

1535 14 184 101 14 128 20 31 25 76 16 54 14 84 506 

(Continued) 
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TABLE A.17. (CONTINUED) 

Intersection Type of Control Date Time 

38th and Lamar Volume Density Aug. 9, 1966 1630-1815 

Northbound Southbound Eastbound Westbound 
Time rota1 

Lft St Rt Tot J..ft St Rt Tot Lft St Rt Tot ILft St Rt Tot 

1645 40 212 14 266 22 147 16 185 12 58 24 94 13 65 15 93 638 

1700 46 228 8 282 24 113 20 157 11 78 19 108 8 102 20 1130 677 

1715 51 346; 13 410 22 173 33 228 10 93 16 119 10 130 20 160 917 

1730 47 349 13 409 15 108 22 145 12 54 17 83 7 123 23 153 790 

1745 54 244 19 317 17 112 16 145 6 59 16 81 10 86 18 114 657 

1800 41 2l5~ 17 112 28 157 14 29 13 75 12 101 577 

1815 32 176 14 20 98 20 138 8 28 22 58 13 74 14 101 519 
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TABLE A.18. 15-MINUTE VOLUME - 24TH AND LAMAR 

Intersection Type of Control Date Time 

24th and Lamar Volume Density Aug. 17, 1966 0730-0900 

Northbound Southbound Eastbound Westbound 
Time Total 

Lft St Rt Tot ~Rt Tot Lft St Rt Tot 'Lft St Rt Tot 

0745 17 117 2 136 268 6 275 9 87 112 208 6 17 7 30 649 

0800 28 127 3 158 6 250 5 261 14 157 158 329 3 27 6 36 784 

0815 26 116 2 144 6 12 248 23 131 229 3 28 2 33 654 

0830 22 117 3 142 4 167 4 175 11 132 99 242 3 47 10 60 619 

0845 10 76 0 86 5 143 12 160 4 89 49 142 2 28 4 34 422 

0900 23 76 3 102 5 137 6 148 5 88 51 144 6 25 11 42 436 

t- H 

Intersection Type of Control Date Time 

1330-1530 

Northbound Southbound Eastbound Westbound 
Time 

Lft St Rt Tot Lit St Rt Tot Lft ~Rt Tot Lft St Rt Tot Tota 

1345 34 113 4 151 4 137 7 148 9 36 95 8 38 6 52 446 

1400 38 107 3 148 9 140 10 159 8 44 46 98 7 31 9 47 452 

I 141 123 4 150 129 14 154 13 50 44 107 11 35 7 53 464 

1430 2 100 2 134 111 9 126 11 47 29 87 9 43 7 59 406 

1445 28 118 4 1 135 11 157 55 22 80 8 27 9 44 431 

1500 12 123 2 137 5 116 12 133 45 24 76 9 38 G56 402 

1515 39 155 2 196 9 115 10 134 6 50 23 79 10 51 3 64 473 

1530 26 115 3 144 3 122 14 139 12 32 23 77 9 37 6 52 412 

(Continued) 
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TABLE A.18. (CONTINUED) 

Intersection Type of Control Date Time 

24th and Lamar Volume Density Aug. 17, 1966 1630-1800 

Northbound Southbound Eastbound Westbound 
Time trota1 

Lft 1St Rt Tot !Lft St Rt Tot Lft St Rt Tot !Lft 1 St Rt Tot 

1645 66 187 2 255 4 169 13 186 ~ 52 37 93 18 72 14 104 638 

1700 64 267 4 335 3 143 10 156 7 46 38 97 5 99 9 ll3 ! 695 

1715 ll3 359 1 473 4 194 26 224 5 47 33 85 21 127 15 163 945 

1730 89 276 1 366 4 175 19 198 13 35 24 72 22 160 13 ~5 831 

1745 66 224 1 290 6 120 23 149 15 45 35 95 21 ll8 7 146 680 

1800 56 170 2 228 5 100 17 122 16 38 15 69 15 61 9 85 504 

I 
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TABLE A.19. 15-MINUTE VOLUME - 38-1/2 AND INTERREGIONAL 

Intersection Type of Control Date Time 

~8-1/2 and Interregional Actuated and Aug. 16, 1966 0730-0900 Diamond Interchange 

Northbound Southbound Eastbound Westbound 
Time Irotal 

Lft St Rt Tot tJ.,ft St Rt Tot Lft St Rt Tot ~ft St Rt Tot 

0745 57 13 7 77 17 118 7 142 0 40 7 47 0 98 10 108 374 

0800 52 16 4 72 24 74 10 108 0 43 8 51 0 99 10 109 340 

0815 34 7 61 25 52 9 86 0 39 9 48 0 58 5 63 258 

0830 26 10 51 16T441 9 69 0 25 11 36 0 48 6 54 210 

0845 33 23 5 61 20 26 6 52 0 23 10 33 0 48 6 54 200 

0900 36 26 5 67 20 28 9 57 0 30 9 39 0 71' 3 74 237 

Intersection Type of Control Date Time 

1425-1555 

Northbound Southbound Eastbound \vestbound 
Time 

Lft St Rt Tot fUft St Rt Tot L.ft St Rt Tot Lft St Rt Tot Tota 

1440 37 3 87 41 57 3 101 37 7 44 38 II 49 281 

1455 28 4 77 42 52 6 100 38 6 44 35 8 43 264 

1510 29 9 78 38 63 15 ll6 38 9 47 44 3 47 288 

1525 32 35 8 75 48 59 8 ll5 68 7 75 31 8 39 304 

1546 34 35 7 76 42 57 6 105 43 11 54 44 2 46 

1555 36 31 7 74 44 64 7 ll5 35 15 50 46 6 52 288 

t-
(Continued) 
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TABLE A.19. (CONTINUED) 

Intersection Type of Control Date Time 

Actuated and 
38-1/2 and Interregional Diamond Interchange Aug. 16, 1966 1630-1830 

Northbound Southbound Eastbound Westbound 
Time !'rota1 

Lft St Rt Tot ILft St Rt Tot Lft St Rt Tot !Lft St Rt Tot 

1645 45 38 10 93 56 59 12 127 0 51 12 63 0 61 14 75 358 

1700 51 73 6 130 48 64 12 124 0 85 19 104 0 62 8 70 428 

1715 57 145 7 209 66 64 11 141 0 83 13 96 0 65 15 80 526 

1730 48 146 14 208 79 58 11 148 0 108 11 119 0 62 11 73 548 

1745 36 44 11 91 88 61 15 164 0 75 12 87 0 48 11 59 401 

1800 40 50 19 109 53 50 8 III 0 63 7 70 0 53 11 64 354 

1815 34 49 8 91 90 50 11 151 0 59 12 71 0 59 17 76 389 

1830 22 37 9 68 42 59 9 110 0 37 9 46 0 40 4 44 268 
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TABLE A.19. (CONTINUED) 

Intersection Type of Control Date Time 

38-1/2 and Interregional Actuated and 
16, 1966 0730-0900 (Over Bridge) Diamond Interchange Aug. 

Northbound Southbound Eastbound Westbound 
Time rrota1 

Lft St Rt Tot ~ft St Rt Tot Lft St Rt Tot ~ft St Rt Tot 

0745 18 40 58 35 112 147 205 

08008 18 46 64 37 102 139 203 

0815 16 48 64 45 84 148 

0830 16 26 42 30 54 84 126 

0845 18 26 44 26 50 76 120 

0900 22 22 44 39 68 107 151 

Intersection Type of Control Date Time 

1425-1555 

Northbound Southbound Eastbound Westbound 
Time 

Lft St Rt Tot p...ft St Rt Tot .... ft St Rt Tot Lft St Rt Tot Tota 
UT UT 

1440 6 17 24 40 64 10 57 67 154 

1455 3 21 24 37 61 26 44 70 155 

1510 10 9 33 36 69 21 50 71 159 

1525 3 23 24 72 96 14 43 57 179 

1540 3 18 18 45 63 18 47 65 149 

1555 9 18 21 38 59 18 56 74 160 

(Continued) 
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TABLE A.19. (CONTINUED) 

Intersection Type of Control Date Time 

~8-1/2 and Interregional Actuated and Aug. 16, 1966 1630-1830 
(Over Bridge) Diamond Interchange 

Northbound Southbound Eastbound Westbound 
Time l'rota1 

Lft St Rt- Tot fUft St Rt Tot Lft St Rt Tot ILft St Rt Tot 

1645 24 51 9 84 18 72 12 102 186 

1700 37 83 22 73 7 

1715 28 83 30 25 89 12 126 267 
1730 41 103 15 159 18 l13 13 144 303 

1745 34 82 13 129 23 76 18 117 246 
1800 46 58 9 l13 21 68 4 93 206 
1815 14 l10 25 149 14 74 10 98 247 

0 9 56 19 84 9 58 11 78 162 
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APPENDIX B 

PROPOSED WARRANTS FOR TRAFFIC-ACTUATED SIGNALS 
BY THE TEXAS HIGHWAY DEPARTMENT 
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APPENDIX B. HIGHWAY TRAFFIC SIGNALS 

REVIEW OF WARRANTS FOR PRETIMED AND TRAFFIC-ACTUATED SIGNALS 

The purpose of this discussion is to describe the procedure and guidelines 

used by File D-18T in reviewing traffic study data to determine if the instal­

lation of a traffic signal is justified. The method described has provided a 

good indicator in determining if the traffic volumes and accident conditions 

are such that a traffic signal could be warranted and is being submitted for 

general use by the Department. 

It should be noted initially that the warrants and warrant factors used 

are minimum volumes and that a traffic signal may not be needed or even be 

desirable though the warrant volumes are met. Even when the warrants for a 

traffic signal are met, therefore, consideration should be given to such 

factors as 

(1) traffic volume patterns and movements, 

(2) approach speeds, 

(3) accident conditions, 

(4) intersection and approach conditions, 

(5) sight-distance restrictions, and 

(6) existing traffic control devices 

to determine if there are less restrictive traffic control measures and/or 

improvements which can be installed that will provide a more efficient and 

safer operation at the intersection than that which can be obtained with a 

traffic signal. A traffic signal should be installed at an intersection only 

when the warrants or warrant factors are met and the results of the study show 
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the operating conditions on a major street are such that the minor street 

suffers undue delay or hazard in entering or crossing the major street. 

The vehicular volumes and the cross-traffic warrant factors are considered 

to be satisfied when, for each of any eight hours of the average day, the plot­

ted points representing the vehicles per hour on the major street (total of 

both approaches) and the corresponding vehicles per hour on the higher-volume 

minor-street approach (one direction only) all lie above the curve in Fig B.l 

or Fig B.2 for the particular existing combination of approach lanes. The 

major-street and minor-street volumes are for the same eight hours. During 

those eight hours, the direction of higher traffic volume on the minor street 

may be on one approach during some hours, and on the opposite approach during 

other hours. The bottom of the three curves in Fig B.l (and in Fig B.2) is 

applicable when both streets have one lane on each approach. The center curve 

of the three is to be used when one street has two or more lanes on each 

approach and the other street has one lane on each approach, irrespective of 

whether the major street or the minor street has the wider (more lanes) 

approach. The top curve of the three curves in Fig B.l (and in Fig B.2) is to 

be used when both streets have two or more lanes on each approach. 

When the 8S-percentile speed of major-street traffic exceeds 40 miles per 

hour, or when the intersection lies within the built-up area of an isolated 

community having a population less than 10,000 (latest Federal Census), the 

curves in Fig B.2 are to be used. In all other cases, the curves in Fig B.l 

are to be used. 

It should be noted, as a matter of information, that when the plotted 

points representing the vehicles per hour on the major street and the minor 

street given in warrants 1, 2, and 6 are plotted on Figs B.l and B.2 these 
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points will fall close to the appropriate traffic-volume cunre for the 

vehicular volumes and cross-traffic warrant factors. 

When traffic control signals are required at an intersection during only 

a small part of the day, such as during peak traffic hours, traffic-actuated 

signals may be installed if economically justified, since they will not unduly 

delay traffic at other times. Three levels of the peak-hour volumes warrant 

are given for the highest hour, for the two highest hours, and for the four 

highest hours, all of an average day. 

The highest hour level of the peak-hour volumes warrant is considered to 

be satisfied when, for one hour (any four consecutive 15-minute periods on an 

average day, the plotted point representing 'the vehicles per hour on the major 

street (total of both approaches) and the corresponding vehicles per hour on 

the higher-volume minor-street approach (one direction only) falls above the 

curve in Fig B.3 or Fig B.4 for the particular existing combination of approach 

lanes. The major-street and minor-street volumes are for the same hour. 

When the 85-percentile speed of major-street traffic exceeds 40 miles per 

hour, or when the intersection is within the built-up area of an isolated 

community having a population less than 10,000 (latest Federal Census), the 

curves in Fig B.4 are to be used. In all other cases the curves in Fig B.3 

are to be used. 

The two highest hours of the day shall consist of the four consecutive 

15-minute periods having the highest volume of traffic and the four consecu­

tive 15-minute periods having the second highest volume of traffic. The two 

highest hours level of the peak-hour volumes warrant can be considered to be 

satisfied when for each of the two hours of the day described above the 

plotted points representing the vehicles per hour on the major street (total 

of both approaches) and the corresponding vehicles per hour on the higher-
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volume minor-street approach (one direction only) both fall above the curve 

in Fig B.5 or Fig B.6 for the particular eXisting combination of approach 

lanes. The major-street and minor-street volumes are for the same two hours. 

During those two hours the direction of higher traffic volume on the minor 

street may be on one approach during one hour and on the other approach during 

the other hour. 

When the 85-percentile speed of major-street traffic exceeds 40 miles per 

hour, or when the intersection lies within the built-up area of an isolated 

community having a population of less than 10,000 (latest Federal Census), the 

curves in Fig B.6 are to be used. In all other cases the curves in Fig B.5 

are to be used. 

The four highest hours of the day shall consist of the four consecutive 

l5-minute periods having (1) the highest volume of traffic, (2) the second 

highest volume of traffic, (3) the third highest volume of traffic, and (4) 

the fourth highest volume of traffic. The four highest hours level of the 

peak-hour volumes warrant can be considered to be satisfied ~Yhen, for each of 

the four hours of the day described above, the plotted points representing the 

vehicles per hour on the major street (total of both approaches) and the 

corresponding vehicles per hour on the higher-volume minor-street approach 

(one direction only) all lie above the curve in Fig B.7 or Fig B.8 for the 

particular existing combination of approach lanes. The major-street and minor­

street volumes are for the same four hours. During those four hours the 

direction of higher traffic volume on the minor street may be on one approach 

during some hours and on the opposite approach during the other hours. 

When the 85-percentile speed of major-street traffic exceeds 40 miles per 

hour, or when the intersection lies within the built-up area of an isolated 

community having a population less than 10,000 (latest Federal Census), the 
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curves in Fig B.8 are to be used. In all other cases the curves in Fig B.7 

are to be used. 

It should be noted that the computer-processed Vehicular Volume Summary 

Sheets and Count Analysis Sheets prepared by File D-19 include the traffic 

volumes for the four highest hours of traffic to be used in the three levels 

of the peak-hour volumes warrant factor. 

The accident-hazard warrant factor refers back to the accident experience 

warrant for pretimed signals. The last sentence of this requirement states, 

however, that signals may be justified at locations where the accident exper-

ience is less than that warranting pretimed signals, but adds that careful 

analysis should be made to assure effective results. In our view a minimum of 

four reported accidents of a type susceptible to correction by a traffic sig-

na1 should have occurred during a one-year period before the accident-hazard 

warrant factor is considered. It should be noted that the traffic volume re-

quirement for the accident-experience warrant also applies to the accident-

hazard warrant factor as does the requirement that less restrictive remedies 

be applied first. It should also be remembered that the following passage on 

page 189 of the 1961 AASHO Manual applies by inference to the accident-hazard 

warrant factor as well as to the accident-experience warrant: 

'~ot infrequently there are more accident·s with signals in 
operation than before installation. Hence if none of the 
warrants except the accident-experience warrant is fulfilled, 
the initial presumption should be against signalization." 

The 1961 AASHO Manual also provides the following passage on page 200 under 

the vehicular-volumes warrant factor: 

'~t intersections where the volume of vehicular traffic is not 
great enough to warrant pretimed signals, traffic-actuated sig­
nals may be applied if other conditions indicate the need for 
traffic control signals and justify the cost of the installation." 
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This provision is available for application under special conditions when 

none of the above·mentioned warrants and warrant factors are applicable and 

where the need for the traffic control signal justifies the cost of installa­

tion. Since the above warrant requirements will, in almost all cases, enable 

personnel to determine if the installation of a traffic signal is warranted, 

this provision is applicable only in special cases where unusual conditions 

prevail. 



THE AUTHORS 

Clyde E. Lee is the Director of the Center for Highway 

Research and a Professor of Civil Engineering at the Univer­

sity of Texas at Austin. His research experience includes 

work with the Mississippi Highway Department, the Texas 

Highway Department, and the Center for Highway Research at 

The University of Texas at Austin. He is associated with a 

number of professional societies, and he is a member of the Board of Directors 

of the American Academy of Transportation and is Liaison Representative for 

the Highway Research Board. His current research is concerned with (1) in­

motion weighing and dimensioning of highway vehicles, (2) dynamic loading of 

highway structures, (3) simulation of traffic flow on street networks, and 

(4) micro-surface profile characteristics related to skidding. He is the 

author of a number of publications. 

Walter C. Vodrazka is currently an Associate Professor 

of Civil Engineering at Wisconsin State University, Platte­

ville, Wisconsin. While at The University of Texas at 

Austin (1968-70), he was an Assistant Professor of Civil 

Engineering and Research Engineer at the Center for Highway 

Research, where his research was focused upon the evalua­

tion of intersection control. He has had a wide variety of other research ex­

perience at Purdue University, with the Corps of Engineers, and in private 

industry. His teaching experience includes a number of years at both Mississippi 

State University and Purdue University. He is a member of several professional 

societies and the author of a number of publications. 

291 


	Title Page

	Preface

	Abstract

	Summary

	Table of Contents

	Acknowledgements

	CH 1. Introduction

	CH 2. Digital Delay Data Recorder

	CH 3. Data Processing

	CH 4. Study Sites

	CH 5. Stop-Sign Controlled Intersections

	CH 6. Evaluation of Signal Control

	CH 7. Warrants for Traffic Signals

	CH 8. Comparative Delay Studies

	CH 9. Special Studies

	CH 10. Summary and Recommendations

	CH 11. Implementation

	References

	Appendix A Geometric Layout of Intersections and Volume Information

	Appendix B Proposed Warrants for Traffic-Actuated Signals by the Texas Highway Department

	The Authors




