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ABSTRACT: The manual explains the use of the computer program for deter-
mining the capacity of a signalized intersection. That program used equations de-
valoped by the Michigan Department of State Highways and Transpoertation, which are
based on the theory that headway decreases for each successive vehicle in a cycle.
Input data needed are Lane Type, Lane Width, Cycle Length, Split, Percent Amber,

" Approach Volumses, and Percent Trucks. The solution of a multi-phase signal is shown

by example. The devalopment of the equations used is discussed. The use of a remote
terminal to the Department’s Burroughs B5500 computer is also explained.
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CHAPTER 1
INTRODUCTION

This manual explains the use of a remote terminal to the
Michigan Department of State Highways and Tranéportation's
Burroughs B5500 computer. 1In particular the manual is con-
cerned with the computer program for Intersection Capacity
Analysis (Ql6288).

That program will compute the capacity of each lane of
each approach of an intersection, given the lane type, cycle-
‘length, signal split, percent amber and lane width. It will
also determine the volume/capacity ratio of each lane, based
on the flows and percents of trucks, and will distribute the
flows to balance the V/C ratios. The program will handle a
two-phase signal; multi-phase signals can be solved by set-—
ting up suécessive runs of the programs, as the example in
Chapter 3 shows.

The equations used té coméute capacity were developed by
the Traffic and Safety Division. The headway approach is
used{ with the theory that headway decreases with each suc-
cessive vehicle in a cycle, up to a point. The program was
written in COBOL by the Computer Services Division.

The Department's computer system is capable of provid-
ing a great deal of assistance. There are numerous pre-
written programs available to solve many problems, such as
traverses, statistical-analyses, and horizontal and vertical
alignments. In addition, individual programs can be written

to solve particular problems. Some jobs can be run on the



terminal, some must be run by batch (punching the proper con- -
trol and data cards and delivering them to the Machine Opera-
tions Room). The options available to users are numerous. ) P

Anyone with a massive amount of data to analyze should look

to the possibility of the computer doing the work more quickly,
easily, accurately.

This manual is expected to have a short useful life.
Many changes are contemplated for the program to make it more
powerful and versatile, but requi:ing more input and decision-~
making from the user. 1In addition, the Department will re-
place its computer system with another, larger system in the ‘?1
summer of 1975. That change will undoubtedly bring about
changes in the procedures for using the remote terminals and
the programs.

Comments or suggestions on the use of the manual or on
the Intersection Capacity Progréms will be welcomed by the

authors.



TRANSPORTATION LIBRARY
MICHIGAN DEPT. STATE HIGHWAYS &
CHAPTER 2 TRANSPORTATION LANSING, MICH.

HOW TO USE THE
COMPUTER REMOTE TERMINAL
This chapter gives a brief‘discussion of the proce-
dures used to log-in (enter) or log-out on the terminal
and of some of the command verbs. Not all commands are
described nor are all possible uses of them given. The
complete information is available in the 90-page booklet

Burrough B5500 Time Sharing System Terminal Users Guide.

The Terminal's Special Charactexs

fhe terminal is similar to a conventional typewritter
except that it has seﬁeral special function keys:

z; (Left Arrow; Upper Case of the Letter 0). FEach line
of input must end with this key. When it is typed the infor-
mation is transmitted to the computer and the machine re-
sponds with a carriage return and a line feed. On some

terminals, a different symbol appears when that key is typed.

+_ (Backspace; Upper Case of "7"). This character
erases the last character typed and will replace it with what-
ever character is typed next. This key can be used repeatedly
to erase more than one character. Example: 1234''AB is

entered in the computer as 12AB.

.l (Delete; Upper Case of nEey ., This character erases

the entire line being typed. When it is typed the computer
responds with DEL, and a carriage return and a line feed. If
the computer is under a SEQ command (discussed later) the

sequence number will be retyped by the computer.



WRU (Upper Case of "ﬁ") or BREAK (2nd row, far right).
These two kevs allow the user to stop the computer and regain
control,. Use WRU if the teletype is not typing and BREAK if
it is.

? e

—

This combination results in a preprogrammed message
being typed; the message depending on the situation. If it
1s typed immediately after the computer has printed ERR:
message a further explanation of tﬁe error encountered is
typed by the computer.

An example® of the use of '» !'s and ?+« follows:

Explanation

BEI_*10x Automatic sequencing command
10 EN*1 )

2Nl JENNY Y TY ] Spelling corrected by backspace
3VFUR EY INEL Line 30 deleted

30HIRTY+ Correct line 30 entered

40 Automatic sequencing ending

¥ Computer ready for new command
Print command

Eln: 20 Error message from cemputer

BNE OF YBUR PARAMRETERS 1S ILLEGAL

IP lOaQO.JG*i

Request for explanation of error
Preprogrammed explanation

Correct print command

10 TEN
20 TWENTY

3} Flle printed
30 THIRTY

Log-in and Log-out

To gain access to the computer it is first necessary to

establish a telephone connection; from the Lansing office the

extension is 32900. A busy signal indicates that all lines
are busy; a continuous ringing indicates that the computer is
not available, a high pitch steady tone indicates a successful
connection. When that is heard, the user places the handset
into the proper receptficle and turné the terminal to LINE.

The computer first asks for a user code, for the Traffic
and Safety Divislon that is QTRAF.

The computer next asks for a password. The password,

* In this manual, examples of data entered by the user are

boxed in
4




‘?3 which is changed frequently, prévents unauthorized use of the
computer and the user's files. It is available from cother
{Z users. The computer blacks out eight spaces for both the

user code and the password so that they cannot be read by

others, 1If either is not entered correctly, such as misspell-

ing or using an old password, the user must relog.

Finally the computer asks for a charge code, which con-

gists of the three digits of the user's organization code,

the two digits of the terminal number and (if he wishes) the

user's initials,

When the log-in is completed, the computer will type out

any messages it has for users; when it types a pound symhol

(#) the user can proceed.

To log-out, the user types either BYE or HELLO; the

difference being that with BYE the computer breaks the tele—

phone connection and with HELLO it retains the connection

and prepares to log-in a new user. Thus, HELLO should be

used as a courtesy if another person is waiting to use the.

terminal. 1In either case the computer lists the total time
the user was on and the times used for various functions, and

the user's session is ended.

An example of logging in and out follows:

Log-in Log—out

85500 TIME SHARING = NDE/04, SFATION 12 iE!YE"%

ENIER USER CODE, PLEASE~ BN FOR 7 MINs 24.3 SEC.
TR : C&E USE 6.9 SEC.

AND YOUR PASSWORD EXECUTE 13.5 5EC.

e ELT L ELEN 1@ TIME 33.3 SEC.

ENTER CHARGE CADE=-[490140J M= . AFF AT 9:20 AM.
10704774 9212 AM. GHOODRYE QTRAF

GeED MIRNING, USER YOU HAVE STAaTienN 12 107047714

L



Files

A file is a collection of information, such as a computer
program or the data needed to run a prbgram, that the user
can save from one session to another. Fach file must have a
name, which is any combination of letters and numbers up to
six characters long, the first being a letter. The computer
adds on the user code to form the complete identification.
Other users must include the uéer code when they specify the
file. TFor example, to run the Intersection Capacity Analysis
program a user with the user code QTRAF can specify "E Q16288,"
but a user working under a different user code must specify
"E Q16288/QTRAF".

The file that a user is currently building or changing is
called his "work file", it is stored on the disk when he enters
SAVE (p. 16). Note that two versions of the same file can exist
simultaneously, one on disk and the other as a work file. The
user must distinguish bet@een the two. Example: Suppose a
user writes a program and names it QA3. He saves it and
attempts to run it, but the computer sends back an error
message. He then locates and corrects the error. If he next
types RUN, the computer will run the work file version, contain-
ing the correction. But 1f he types RUN QA3, it will run the
incorrect version stored on disk and will find the same error.

Files are also designated by type. The type will be SEQ
(sequenced) unless thé user specifies another type. The other
types available to the user are those of the different program-
ming languages: ALGOL, COBCOL, BASIC, and FORTRAN. Output

from the execution of a program are of the type INFO.



?g Sequence Numbers

Each line of a user's files must contain its own unique
sequence number, which is a positive integer up to eight

digits that identifies the line. The computer arranges

these in numerical order, so they do not need to be entered
in order. Sequence numbers can be either typed in by the
user or generated by the computer (using the SEQ command).
Eé ‘ _ When typed in, the computer considers everything up to the

first non-numerical character (blank, letter, comma, etc.)

as the sequence number (up to eight digits). Note that if

the first column of data in a line contains a number and if

the sequence number is typed in by the user, the full eight
:3; digits (including leading zeros) must be typed to distin-
guish between sequence numbers and data. Example: Suppose
e line number 250 containing the information "24,15" is to be
typed in. TIf the user types in 25024,15 the computer will
interpret it as being sequence number 25024 containing the
information ",15". To enter it correctly the user must type
0000025024,15. To allow flexibility for making changes in a
v file, gaps should be left between sequence numbers.
Halt/Load
A halt/load occurs when the time-sharing system breaks
down and must be restarted. When this happens, some or all
of the data in the work file is usually lost and any jobs
that were running at the time, either on line or by scheduling,
are terminated and must be re-run. The user's first indica-

tion of a half/load is a lack of response from the computer.



After a time the computer will print: T

H

A
i v
P
RESTARTING « « « PLEASE WAIT

When restarting, the coméuter asks all users to log-in again.

Generally, 1t will also disconnect the phone line and the

user must re—establish the connection.

When to Enter Data

Once the computer has been given a command nothing should

be entered until it announces that it has completed processing
the cOmﬁanH, except when it is executing a program or working
on a SEQ command.

For some commaﬁds the computer types END command; for
others it types a pound symbol (#). If there is an error in
the command, such as specifylng a non-existant file, or a
sequence number of more than 8 digits, the computer will re-
spond with a one-word error message preceeded by ERR:. In
any of these cases the computer waits for another command.

When the computer is running a program and needs arline
of input data from the user it types a question mark. The
data is typed on the same iine, beginning in the first space 3;
after the question mark.

When the computer is generating sequence numbers, the - N
data is typed on the same line as the number typed by the

computér, beginning in the first space after the number.



DUMP Cards
To save a file overnight, it must be transfered to mag-
netic tape at the end of the day and reloaded onto the disk

the next morning. To request this, the user punches a dump

card and delivers it to the Machine Operations Room.

A dump card is a pink punched card that contains the

file name, including user code, beginning in the first column.

The name and user code are separated by a slash (/) and the
user code is followed by a comma and a dash (Figure 1).
The file will then be saved for 15 days after it is last

used. - After that if the user does not request that it be

retained, the file may be removed by Computer Services

Division.

This method should be used only to store active files.

o If the user doesn't expect to use the file again for a

while, but wants to avoid having to type it again, he should

use paper tape (PUNCH command, p 15) or punch cards (COPY TO

PUNCH, p 11) to store it, then re-enter it onto the disk

when he once more needs it.

e — ‘
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Figure 1. -Ekéﬁaie of a Dump Card, for a file named QSITEA




Commands

The following is a brief description of 27 command wverbs.
These verbs are part of the Command and Edit (CANDE) language
that is used on time sharing. Examples of the commands are
often given in the form COMMAND file sequence. File refers
to any file in the user's library; the command will cause that
file to be used. . If the file to be used is the work file,
its name is omitted. Sequence refers to a list of sequence
numbers of that file that will be used. If tﬁe list is omit-
ted the entire file is used. Up to nine sequence numbers can
be listed,,but always in ascending order. .They can be indi-
vidual numbers, separated by a comma, or a series, separated
by a dash. The word END can be used instead of the last
number in a series. Example: Suppose a file has 10 records
"in sequence numbers from 100 to 1000, in increments of 100,
If the list of sequence numbers given for a particular commaﬁd
is "100, 250, 300-400, 600, 790-END" the command would act on
sequence numbers 100, 300, 400, 600, 800, 900, and 1000. Note
that sequence number 250 was ignored as there is no such nu;—
ber in the file.

APPEND This command causes records from cone file to be

copied onto the end of the work file. 1Its format is:

APPREND file sequence
The sequence numbers of the appended portion are equal to the
highest sequence number of the original work file plus the
sequence numbers in the appended file. ZExample: Suppose a
part of file QAl is to be appended to the work file, QA2, by

the command [APPEND @AAL 30+

W
)

oL 10



FILE:QAZ FILE: QAL

3 FIVE 16 TEN
16 TWO TIMES FIVE 20 TWENTY
15 THREE TIMES FIVE 30 THIRTY

20 FOUR TIMES FIVE
25 FIVE SQUARED

After the file is appended, the work file would be

S FIVE

10 TW@ TIMES FIVE
15 THREE TIMES FIVE
20 FoUR TIMES FIVE
25 FIVE SQUARED

35 THIRTY

CHANGE This command causes the name of a file to be
changed. Its format is:
CHANGE filel Ty filel
or CHANGE T3 filed
in the second case, the work file is changed. The o0ld name
is removed and may be used again.

COMPILE This command causes a source computer program
to be converted into an object file. Its format is:

COMPILE file type
The command "COMPILE" can be abbreviated "C". The type may
~be omitted if the file type matches the computer language
used.

COPY This command causes a file to be copied either
onto the work file or into a hard-copy version (printout or
punch cards). Its format is:

CaryY file sequence
or CUPY filel sequence T filel
orGarY file sequence ['d PAINTER
or3deY file sequence [ PUNCH
In the first case, a file containing ne information must
first be established as the work file. In the second case
TRANSPORTATION LIBRARY

MICHIGAN DEPT 1A Te R
11 ST STATE HIGHWAYS
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file 2 will be created, filled with the information from file
1, and saved. 1In the last two cases the output will be
available in the Machine Operation Room about 30 minutes
later. The printer will produce a printed copy of a file much
faster than will typing it out on the terminal. The output
would be on full sized éompgter sheets (11 X 14) double-
spaced. Note that if the word PRINTER (case 3) were mis-—
spelled (such as PRIMTER) the result would be the creation of
a file named PRIMTER, and the specified file would not be
printed. The fourth case will transfer a file onto a deck of
punch cards. Appendix 1l shows the procedure for re-—entering
a file from punch card onto the disk storage.
DELETE  This command causes the records specified to be
removed from the work file. Its format is:
DELETE sequence
If the sequence is omitted the entire file is deleted, only
the work file's name is retalned.
EXECUTE This command causes the object file of a computer
program to be run. Its format is:
LXECUTE file
The command "EXECUTE" can be abbreviated "E".
FILES This command causes the names of all the files in
the user's library to be printed. 1Its format is:
FILESI
FIX This command causes one specified record to be
changed by removing a portion and replacing it with another.
Its format is:

FIX sequence number gold stringynew string

12




The computer searches the record until it finds a string of
ch;racters exactly identical to the old string, removes that
string, and replaces it with the new string. If the two
strings are not of the same length, the part of the record
right of the old string is either shifted right to make room
for the new string or shifted 1ef£ to £1i11 in the gaps as
necessary. Any non-blank character that does not appear in
the old string can be used as the delimiter, such as "#"
shown above.

The old string shown in the FIX command must be an exact
copy of the portion to-be removed, including any blanks; and
must be the first time that particular string appears in the
record. Example: Suppose the follbwing record appears in
the work file 1800 EB INDINA TRAIL; the user wants to
correct the spelling of Indiana. The command FIX 1800
#IN#IAN would result in 1800 EB TANDINA TRAIL. A correct
command would be FIX 1800 #INA#IANA, which would result in:
1800 EB INDIANA TRAIL.

The FIX command is not acted upon when entered; when
some other command, such as SAVE is entered, all FIX commands
are applied. The word FIX can be substituted by "*'".

:EEEE; This command causes the specified file to be
printed with a heading showing file name, type, and the data.
Its format is:

LIST file sequence
or LIST FILES

The command LIST can be abbreviated "L'".

13




In the second case the computer will list all files in
the user's library, showing the number of‘records, the type,
and the dates created and last used.

LOAD This command causes a file from the user's library
to become the work file. Its format is:
LYAD fiZe

MAKE This command causes a file of the name specified

to be created as the work file. Its format is:

MAKE file type

If the file type is not specified the type SEQ is assumed.

_ﬁERGE: This command causes the specified file to be

merged into the work file, according to the sequence numbers

of both files. Its format is:

MERGE file sequence
If the same sequence number appears in both files, the work
file version is used. Example: Suppose a part of file QAl

is to be merged with the work file, QA2, by the command

[MERGE A1 2N-END<):

FILE:3a2 FILEzQA1
5 FIVE 10 TEN

10 T4O TIMES FivE 20 TAENTY
15 THREE TIMES FIVE 30 THIRTY

20 Faur TIMES FIVE
2% FIVE SQUARED

After the merge, the work file would be:

5 FIVE

10 TW@ TIMES FIVE
15 THREE TIMES FIVE
20 FBUR TIMES FIVE
25 FIVE SQUarRED

30 THIRTY

PRINT This command causes the specified file to be o

typed on the terminal. Its format is:

PRINT file sequence

The command PRINT can be abbreviated "P".

14



PUNCH This command causes the specified file to be
punched on paper tape at the terminal. Its format is:
PUNCH file
After entering the PUNCH command the user must turn on the
paper tape punch. The computer will punch 10 rubouts, the
file name, 40 rubouts, the contents of the file, including
sequence numbers, and 40 more rubouts. The rubouts, which
consist of punching out all holes, are to aid the user in
handling the paper tape; they are ignored by the computer.
The user can make his own paper tape without obtaining
access to the computer. He turns the terminal to LOCAL,
turns the punch on, types the rubouts, then enters the infor-~
mation just as if he were working with the computer, with
one exception: At the end of each line, after the left
arrow, he must type RETURN and FEED keys. He can type
deletes (!) and backspaces ('), but the paper tape cannot
include commands other than FIX statements. The user can
either enter sequence numbers on the paper tape or have thé
computer set them when It reads the tape, via a TAPE command.
REMOVE This command causes the specified file to be
erased from the user's library. Its format is:
REHAIVT file
Up to nine files can be specified, separated by commas. The
user should remove all of his files that he no longer needs.
RENAME This command causes the name of the work file to
be changed to the specified name. Tts format is:
RENAME filel

RESEQ This command causes the sequence numbers of the

15




specified file to be changed. Its format is:

RESED file sequence

or RESERQ file base + increment
Base is the sequence number to be used for the first record;
inerement is the amount each subsequent sequence number is
increased. If either base or increment, or both, is omitted
the value of 100 is used.
}ﬁ@i This command causes a computer program to be com-

piled, if necessary, then executed. Its format 1is:

RUN file type
The command RUN can be abbreviated "R". The type may be omit-
ted 1f the file type matches the computer language used. TIf
the program has already been compiled, RUN is equivalent to
EXECUTE.

}Qﬁﬁi This command causes the work file to be stored on

~disk in the user's library. Its format is:

SAVE
If there 1s a previous version of the file stored on disk,
that version is erased and replaced with the new version.
If the work file and the previous version are identical, the
SAVE command is ignored. " The work file is retained. To
prevent losing data by a halt/load, the user should make
frequent use of SAVE. If he attempts.a commaﬁd that will
destroy a work file before it is saved, such as logging out
or using a LOAD cbmmand, the computer will respond with
ERR: NO SAVE. That error message can be overridden by re-
typing the command.

SCHEDULE This command causes the information in the

16




specified file to be processed off-line at a later time,
with the output being stored in another specified file.
Its format is:

SCHEDULE filel T8 fileéd

:ggg: This command causes the computer to generate and

ltype sequence numbers fqr_the work file. 1Its format is:

SE3 base + increment
Base is the sequence number to be used for the first record;
inerement is the amount each subsequent sequence number is
increased. If the dincrement is omitted, the wvalue of 100 is
used. If the base is omitted, it is set equal to the sum of
the highesf éequence number currently in the file plus the
Itnerement (if there are no records in the file, the base is
equal to the inncrement), The automatic sequencing is
terminated by the user typing a left arrow in the first
column after the sequence number.

'STATUS This command causes the computer to report on

the progress of a scheduled job, Its format is:

STATUS filel
File & is the output file specified in the SCHEDULE command.
The machine will respond with SCHEDULED, RUNNING (number of
input vecords read), or DONE, When DONE, the user can print
the output file. Note: DONE does not imply successful
completion; if the job was running at the time of a halt/

load it will be reported as done, although it must be re-run.

So the user should be sure he has a successful run before he

removes his input file,

STOP This cemmand causes a scheduled job to be removed

17




from scheduling if its execution has not yet begun or to be
aborted if it is running. Its format is:
ST@P SCHEDULE file?
EEEEE: This command causes the computer to accept input
data for the work file from a paper tape. Its format is:
TAPE
TAPE SEQ pgse + increment
In the second case, the computer will generate sequence num-
bers as discussed in SEQ above.

After this command the computer types OK. The user must
then turn the tape reader to ON, unless it is already set to
AUTOSTART. To avoid delay, the user should have the tape
loaded onte the rea&er before this command is typed. A work
file must be established, by a LOAD or MAKE command, before
this command.

When the tape has been read, the user types ?END to
terminate the tape mode.

j@i This command causes a message to be typed on other
designated terminals, Its format is:

[¥ user code: message
or T line number: message
or [ 5P3: meséage
In the first case the message is sent to all users operating
under that user code; in the second case 1t is sent to the
terminal connected to that line:; in the third case it is
sent 'to the supervisory printer at the time sharing system's
master control panel. The terminals receiving the message
will receive:
FRIYM sender's user code (sender's line number) message
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If the intended receiver is not connected or is busy the
computer will so inform the user and the message is not
delivered.

Messages from the supervisory printer are received

£
|

as:
ATTN:3 message

jﬁﬁﬁi This c¢ommand causes the type of the work file
to be changed to that specified. Tts format is:

TYPE type
Any one of the five types (p 6) other than INFO can be
- specified,

WHATS This command causes the computer to provide
certain information about the file in question. TIts for-
mat is:

WHATS file
The computer will report on the number of records, type,
and date created of the file specified. If the file is
omitted the computer will report on the name and type of

the work file.
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CHAPTER 3 LE
USING COMPUTER PROGRAM Q16288

General

For any undivided intersection up to four legs operating

under a two-phase signal, this program will determine the
capacity for each lane, distribute the flow onto the lanes,
determine the volume/capacity (V/C) ratio and print the

results,

The information required is:

1. Number of Approaches (up to 4)

2. Coded lane type for each approach (up to 6 lanes
per approach)

3. Approach volumes,percent trHck, lane width, and
cycle split for each approach

4, Cycle length

5. Percent Amber

6. Names of Approaches

Form 1569, "Intersection Capacity Analysis," (Appendix 2) %i i
shows the format needed to enter the data into the computer.

This form should be filled out in advance, to reduce the time

at the computer terminal and to reduce errors.
After accepting the input data the program gives the user
an opportunity to have the data printed out in a table and to

correct any lines, as necessary, in the input, When tle user

is satisfied with the data, he instructs the computer to
execute the computations.
Given the input data, the program first checks for certain

"design errors". These are errors that cause the computer to
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either calculate values that are incorrect or waste time
calculating values that have no meaning. The errors that
are checked for are:

1. FEither providing laneage for non-exist@nt flows or
failing to provide laneage for existgnt flows,

2. Attempting to provide a dual turn through opposing
traffic,

3. Providing two or more optional lanes for the same
turn so that, in reality, turn vehicles would cross

the path of thru vehicles.

4, Specifying left turn lanes for both with and without
opposing traffic,

5. Specifying either left turn lanes with opposing when
there is no opposing flow, or left turn lanes with-

out copposing when there is opposing flow.

6. Assigning total green time of more than 100 percent
for Approaches that cross.

Any design error found must be corrected before the
program will ﬁroceed, so the user is given another opportunity
to change the data.

The program next adjusts the approach volumes by
multiplying them by the truck factors; separate factors are
used for each flow (left, thru, and right) for each approach.
The factor increases the volumes by 0.5 percent for each 1
percent trucks. Then the lane width factors are calculated,
to be applied to reduce the capacities after the capacities
are computed. One factor 1s used for all lanes of each
approach; the factors reduce the capacity by 6 percent for
each 1 ft reduction in lane width below 12 ft. The minimum
width is 8 ft and there is no increase in capacity if the
width is more than 12 ft.

The capacities of Type 5 (Thru Only) and Type 7 (Right
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Turn Only) lanes are calculated next, based on the theory

that headways decrease for each successive vehicle up to a
limit, as described in Chapter 4.

The equations used for Type 5 lanes are cubic for the
first 5 vehicles (11.81 sec of green time), quadratic for the
fifth to seventeenth vehicle (33.78 sec) and linear there-
after. The equations used for Type 7 are cubic for the first

5 vehicles (14.80 sec) and linear thereafter. If the green

time available falls in the ranges of the cubic or quadratic

equations, the number of vehicles (to the nearest 0.1 vehicle)
that can be accommodated within the green time is solved by
successive tré%ls. If the green time falls in the range of

the linear equation, the equations are solved directly. The

Type 5 Lane Capacity is assigned to Type 3 and 6 Lanes (option

lanes), to be adjusted later if the lanes also accommodate
turns; and the Type 7 Lane Capacity is assigned to Type 1 and

8 Lanes (turn-only lanes).

The penalty factor, to convert turn vehicles into equiva-

lent thru vehicles, is computed as the ratio of Type 5 Lane

Capacity to Type 7 Lane Capacity. "It increases siightly as

greenltime increases: 1.27 for 10 sec and 1,40 for 35 sec.
The capacities of Type 2 and 4 Lanes (left turns through

opposing traffic) are computed as follows: 1) They are

assigned a minimum capacity of 2 turns per cycle. 2) Additional
turn capacity is determined by subtracting the opposing thru
flow from 1200, and multiplying the difference by the percent
green time for that approach, 1If the opposing flow is 1200

vph or more, it is assumed that there are no gaps to allow




additional turms. 3) The thru capacity for a Type 4 Lane is
determined by computing the fraction of the time that the
lane is not blocked by a vehicle waiting to turn left,

assuming that turn vehicle arrives randomly. TIf there are 2

or more turns per cycle, it is assumed that the lane is
continually blocked and there is no thru capacity. By this
method each turn vehicle is penalized heavily, reducing the

thru capacity by 4 to 6 vph. The penalty is based on the

number of turns and the cycle length.

After all capacities are computed, the flow is distributed
for each app;oach by balancing V/C ratios. The program first
determines if there are option lanes for either or both
turning movements., If there are no option lanes, the flows
for each move are distributed evenly among all lanes that

will accommodate the move. If there are option lanes the

computer next determines if the option lanes cérry turns only,
thru vehicles only, or a mixture of the two. :

After the flows are disfributed, the truck factors are
removed from the approach volumes, the capacities are
similarly reduced, V/C ratics are computed, and the results

are printed.

How to Use Program (16288

This program is designed to be used through a remote

terminal, Tt uses a conversation mode for inputting the

data; that dis, it asks the user for each line of &ata,

usually giving him an example of the fdrﬁ of the input.
Use of the program 1is best explained by discussiﬁg a

sampleé problem: A three-~lane, one-way arterial that inter-

- TRANSPORTATION LIBRARY
23 MICHIGAN DEPT. STATE HIGHWAYS &
TRANSPORTATION LANSING, MICH.



sects a four-lane, two-way street, with the following data:

1. Flows {(vph) M93 (Wisconsin Av) Ontario Drive
& (%ZTrucks) Eastbound Northbd Southbd
Left turns 375(5.0) None 85(15.0)
Thru vehicles 1445(15.0) 760(10.0) 630(8.0)
Right Turns 1050(7.5) 185(15.0) None
TOTAL 2870 945 715

2. Cycle split: 617% Wisconsin Ave, 39% Ontario Drive

3. Use 60 sec cycle, 2-phase, 6% (3.6 sec) amber

4. Lane widths: Wisconsin Ave 11 ft, Ontario Drivé 12 ft

5. Right turn lane may be added to Wisconsiﬁ Ave

The user fills out Form 1569 (Fig. 2), gains access to
the computer and prepares to run the job. In this éxample, the
user will enter 23 lines of information, beginning with a
request to run the program,

[EQié288+]

RUNMNING

INTERSECTEGN CAPAGEITY ANALYSIS.
ENTER NUMBER OF APPRIACHES 1,25354.

The machine responds, types out the title, and requests
the number of approaches. The program requests data for, and
analyzes, each approach in sequence, up to the number typed

{maximum of 4),.

$+ ‘
ENTER LANE TYPE CUODES FOR APPROACH | 3
GNE CODE FER EACH LANE UP T@ SIX LANES

The program requests the codes for the types of lanes
for each‘approach; the codes are shown on Form 1569, Although
the program does not now consider the order of the lane
types, in future revisions the order may be important, so the
user is asked to number them from outside to inside. With

the code used, the lane types would always be entered in
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a Type 8 lane).

Lane Types 1,

5 and 7.

However,

a design error will appear

decreasing numerical value {(except for a dual right turn with

The computer will accept any number of

at the time of execution if certain combinations appear:

1549 (W lfT L1}

INTERSECTION CAPACITY ANALYSIS

[LOCAT!UN

MG ﬂ&hwmud@%%éWo

COUNTY

ICONTRDL SECTION

Joa NUMBER

J/

)] %

3

—+|

.é/fie’azrf_»; T

3.8

i

8y

DATE

INSTRUCTION:
1. Nomber Approaches Consecutively
2. Number Lanes from Quiside to Inside
3. Set Approach | Opposite 3 and 2 Opposife 4
4, To gain octess to the computer,
follow this log-in sequence.

USER CODE:

PASSWORD:

CHARGE CODE-

QTRAF

L_ Your Initlals {Optional)
| SInllon Number
1 OI/{?”/‘/ Q Qrgonization Code
E Qié2¢8
STEP 1 ENTER NUMBER OF APPROACHES: < T
' LANE TYPE
STEP 2 ENTER LANE TYPE CODES: T = Lot Oaly W/out Dpporng 3
2= Lalt Only W Cpponing [ o —
AppRE LANE NUMAER 3= Lefit/Thru Qption Wow L — T —t.
Ho brfafajals]s e Lot/ Theis Option W Oagotng e
1 1615 ~— (21} 5« Thiu Cniy [—
2 6452 —ma(22) & = Right/Thry Option —_—
3 514 {23 7 - Right Only —
4 -——n{24) 8 - Leit/R:ght Qption —
i s
STEP 3 ENTER APPROACH VOLUMES, PERCENT OF TRUCKS, LANE WIDTH, CYCLE SPLIT:
APPR APPROACH VOLUMLS ~ ¥PH PERCENT TRUCKS = % vll?{!fil | CST’IC.:.TE
NO | CLEFT THRU RIGHT LEFT THRU RIGHT iy G A
! W- < 01 71619 « oi/ljlﬁ; < g Lz < '{’n/lanlo « O|/|5a0 < 6‘.'/:2.:0 o 61319-0 "—(35}
2 0,375 3 /,4,4,5]314,0,5,0]310,0,501310,7,3,013]0,8 7,513[0,7,7,0i[0.8,/ 0| — 02
3ogﬁggoﬁﬁﬁguwwmsaumagmah03mm@a3@ﬁ40303&g~—””
4 P Koo bl 11 f ¢ 1 o i =l | i Lo 11.1"'_‘3“
1 B D 5
STEP 4 ENTER CYCLE LENGTH (SECK 816,05 e 40}
STEP S ENTER PERCENT OF AMBER (101840 + (50}
STEP 6 ENTER NAME OF APPROACHES:
APPR
4 NAME OF APPROACHES .
! ”Igl !Ol”l ’ IAIAJI /EOL lﬁlr’)k 4 i ‘/It.l | SO W N N N N T N N L) & (6;,
2 b8y W45 GO A n’*ayn‘&}”ﬁ"’lfx NACA XN [:.3}
B N S FO 1Y (T B AP LSt AT T I B S I SO S R PR """_:“:
4 P T W VOO0 VOO YO VA WS S S T T A Y Y VU 0 U S P Y A 0
T L 10 ] FIJ 15 0

STEP 7

IF DATA IS BEING PUT IN A FILE, FOR SCHEDULING, ALSO TYPE:

NO (OR YES, IF TABLE IS TO BE PRINTED]

NO
EXC
NO

Figure 2,

Form 1569 for Wisconsin/Ontario Sample Problem
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Only one each of Lane Types 2, 3, 4, 6 and 8 are accepted; if
Lane Type 2 is used, Types 1, 3 and 4 are not allowed; if
Type 4 is used, Types 1, 2 and 3 are not allowed; and if Type
8 is used, only Types 1 and 7 may also be used. The lane
codes for each approach (maximum of 6 lanes per approach) are

entered as a continuous number, with no spaces between,

ENTER LANE TYPE CODES FG@GR APPRIACH 2
ONE CODE FOR EACH LANE UP TO SIX LANES
%53+

ENTER LANE TYPE C®DES FOR APPROACH 3 3
QNE C2DE FBR EACH LANE P To SIXK LANES

B4
ENTER APPROACH VOLUMES, PERCENT @F TRUCKS, LANE WIDTH, CYCLE SPLIT
FOR APPRGACH 1 USING 4 DIGIT FIELDS
SEPARATING 8Y COMMAS.
SAMPLE:
LEFT TURNS : 0000 (NONE)
THRUS : 2000

RIGHT TURNS: 3000
PERCENT TRUCKS
LEFT 7.5
THRU 12.0
RIGHT 10.5
LANE WIDTH 1f.5
CYCLE SPLIT: 55%
WOULD BE ENTERED
0000,2000,3000,0075,0120:0105,0115,0550

The program next asks for 8 bits of information for each
approach: the flows and percent trucks for each move, the
lane width, and the cycle split. Fach is entered as a four-
digit number. The location of the decimal point, shown on
Form 1569, is important, as the decimal point is not entered.
A few rules should be followed: for the percent truck values,
the maximum value should be 1000 (equivalent to 100 percent).
There is no check in the program for this; if, for example,
1500 is entered the capacity will be calculated for 150
percent trucks. The smallest and largest values of lane
width that will affect the programs are 0080 and 0120 (8 ft
and 12 ft) respectively. Any vaiue lower than 0080 will
produce a lane width factor of 0.76, any value higher than

0120 will produce a lane width factor of 1. The cycle splits
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are read to the nearest 0.1 percent. Since signals can be
set only to the nearest whole percent, the last digit should
be zero. The computer adds the cycle splits for Approaches
1 and 2 and those for Approaches 3 and 4. TIf either sums to
more than 1000 (100 peféent) aldesign error will be printed.
The eight four-digit numbers are separated by a space
between each pair of numbers. Anything can be entered in
those columns. However, a non-numeric figure (suéh as a
comma) is recommended. Then, if the user mades a mistake in
spacing (such as entering a three-digit number) the computer
will not accept the data and the user is given a chance to
corréct. The data is entered on one line for each apprcach.

0008, 0760, 01 85,0008, 107, 9157, 0120, 0337+] -
ENTER APPROACH VOLUMES, PERCENT 9F TRUCKSs LANE WIDTM, OYCLE SPLIT
F@R APPROACH 2 USING 4 DIGIT FIELDS

SEPARATING SY CUMMAS.
A ATE 1445, 1050:0050410150,0075,0110,0610%+]

ENTER APPROACH VOLUMESs, PERCENT ®F TRUCKS, LANE WIDTH., CYCLE SPLIT
FOR APPROACH 3 USING 4 DIGIT FIELOS

SEPARATING RBY COMMAS. )
%iDB5,0630,0000, 0150, 00R0,0000,0120,0390*

ENTER CYCLE LENGTH (3 DIGITS) EXAMPLE 60 SECS IS 060

The computer next requests cycle length, given as a
three—-digit number and read to the whole second, and the
percent amber, also a three-digit number but read to 0.1
percent., Again, the last digit should be zero, The computer

will accept any numerical values entered.

108G

ENTER %X BF AMABER €3 DIGITS)

EXAMPLE: 7 % WBULD BE 070

HEG]

ENTER NAME FOR APPROACH 1, | TO 30 CHARACTERS

The last bit of input is the name for each approach,
The names sﬁquld be descriptive enough (direction, street

name, route number) to allow anyone to identify the

location. The name can be up to 30 spaces long, if a longer

27




name is entered, the portion after the thirty-space limit is

ignored by the computer. If no name is to be used, a single

blank space is entered.

ME ONTARIY DRIVEF

ENTER NAME FOR APPRBACH 2, {1 TE 30 CHARACTERS
R WISCONSIN AVENTE (M933+]

ENTER NAME F3d APPROACH 3, 1 T8 30 CHARACTERS
HSH8_ONTARTA DRIVE~]

D@ YOU WISH T@ PREINT TABLE SET (YES GR NO)

Normally the user should have the table set printed.
That results in the input data being printed out again with

proper headings and proper placement of the decimal points.

That will not only aid anyone who uses the analysis in the

future, but more importantly it also allows the user to

check his input (such as making sure that 5 percent trucks

a5
and 11 ft lane widths didn't come out at 50 percent and 1.1

fr).

YES*-

NUMRER @F APPRQOACHES:. 3 CODE 10

LANE TYPE cB
APP  LANE NUMBER DE
N9 1 2 3 4 5 6
1 6 5 21
2 6 5 3 22
3 5 4 23
4 R4

APP APP VELUMES VPH PERCENT @F TRUCKS LANE CYCLE ca
N@«. LEFT THRU RIGHT LEFT THRU RIGHT WDTH SPLIT DE

t 760 185 100  15.0 12.0 .390 al :
2 315 1445 1050 5.0 15.0 T+5 11.0 610 ag §
3 85 630 15.0 8.0 12.0 .390 33
4 <000 34

CYCLE LENGTH 060 SECONDS CADE 40

% OF AMBER 060 DECIMAL cang 5o

1 N8B ONTARIS DRIVE CODE 61

2 EB WISCONSIN AVENUE (M) C@DE 62

3 SR BNTARID DRIVE C@DE 63

4 CGDE 64 :
IF Y@U WISH T@ CHANGE INPUT DATA PREVIGUSLY ENTERED!

1. LOCATE DESIRED DATA IN TABLES LISTED ARGVE.
2. TYPE IN 2 DIGIT CODE THAT AFPPEARS T@ THE RIGHT @F THAT DATA
IF N@ CHANGE. TYPE N@
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The user is next given a chance to correct his input

by re-entering any line(s) that need changing. He enters

[ first the line code numbers; the computer responds by

s repeating the appropriate question for that line of input.

Y
]
=
4
-3

Once a line code number is typed in, the entire line,

corrected, must be re—-entered. After each change, the

computer prints the last two lines again, giving the user

the opportunity to make as many changes as necessary. When

all changes are made, the user types NO.

ENTER: CHG  FBR MORE CHANGES :
EXC TB EXECUTE PROGRAM AND LIST RESULTS L
STP T STOP THE RUN
PRT T8 PRINT TARLE SET AGAIN

The user next selects one of four steps for the'computer

to follow, If he enters CHG the program will return to the

change routine, If he enters EXC the computer first checks

for design errors (returning to the change routine if it

finds any) then performs the calculation and prints out the

results, If he enters STP the job is ended, all input is

lost, and the computer awaits further instructions. If he

enters PRT the table set is printed again., Unless the user

is positive that all corrections were entered properly, he

should request the table set.again°

DESIGN ERRORS FaLLowW:
N8 ERRORS T@ REPBRT
LANE LANE TYPE LEFT THRU RIGHT CAP. V/C
{ APPROACH 1 NB ONTARIQ DRIVE
I (6) RIGHT/THRU @PTION 254 184 45T .94
2 {5) THRU @enLY - 505 526 .96
APPRGACH 2 ERB WISCONSIN AVENUE (M33)
I (6) RIGHT/THRL epTIioN 1050 646 1.62
P 2 (5 THRU BuLY 970 B65 1.12
[y 3 (3) LEFI/THRU @PTIBN W/BUT QPP 374 474 T57T 1.12
. APPROACH 3 58 BNTARIO DRIVE
£ 1 (5) THRUE BNLY 519 532 .97
; 2 (4) LEFT/THRU OPTION W/OPPOASIN B4 110 198 .98
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SIGNAL SPLIT ¢
APPROACH

] NB ONTARIQ® DRIVE

60 SECBND CYCLE »

2 ER WISCONSIN AVENUE (M93)

3 58 @NTARIG DRIVE

D@ Y2 WISH T# RUN ANOTHER ANALYSISs

CYCLE SPLIT

GREEN

33
AMBER 6
GREEN 55
AMBER [
GREEN a3
AMRBER [
YES 2R N@

The user is next given a chance to run

either with all new data or with changes in

TIME (SEC)

k4 19.80
Z 3.60

33.00

z
z 3.60

% 19.B0
% . 3.60

another analysis,

the current data.

In this sample problem, at Approach 2 the right/turn option

lane cannot accommodate the right-turn demand; consequently

thru vehicles are not using that lane and overloading the

other two lanes.

The user knows he has right-of-way avail-

able for a right-turn lane, so he adds one Type 7 lane to

Approach 2 laneage.

AFES <
DG YOU HAVE ALL NEW DATA.
ENTER NEW 0GR CHG
HHG <]

2. TYPE IN 2 DIGIT GEDE
IF_NG CHANGE, TYPE NO
LD :
ENTER LANE TYPE C@DES FOR
ONE CEDE F@R EACH LANE UP
853+

2. TYPE IN 2 DIGIT C8DE
IF N@ CHANGE., TYPE N@

@R GNLY CHANGES T3 THE oLb.

THAT APPEARS TO THE RIGHT @F THAT DATA

APPRAACH 2 #
TA 51X LANES

THAT APPEARS T& THE RIGHT @F THAT DATA

Since only one short line was changed,

the user decides

against reprinting the table set and executes the computation

agalin.

B+

ENTER: CHG F2R MARE CHANGES
EXC
STP TO STIP THE AN
PRT

EXC ]
DESIGN ERRORS FOLLOW:
N@ ERRORS T@ REPERT

T3 PRINT TASLE SET AGAIN

T8 EXECUTE PRAGRAHM AND LIST RESULTS

LANE LANE TYPE LEFT THRU RIGHMT CAP. V/C
APPRGACH 1 NB 9NTARI® DRIVE
1 (6) RIGHT/THRU OPTION 254 1B4 457 96
2 (5) THRU @NLY 3053 526 .94
APPRBACH 2 ERB WISCENSIN AVENUE (M93) ’
1 (7) RIGHT ONLY 624 645 .96
2 €6) RIGHT/THRY GPTION 267 425 T15 .96
3 (5> THRU BNLY 837 B65 .96
4 (3 LEFT/THRU OPTION W/8UT @PP 374 340 739 .96
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APPROACH 3 ST ONTARID DRIVE
1 €5) THRU enNLY 519 532 .97
2 ¢4y LEFT/THRU OPTION W/@PPESIN' B84 110 198 .98

SIGNAL SPLIT ( &0 SECOND CYCLE )

APPRE@ACH CYCLE SPLIT TIME (SEC)
1 NB @NTARIZ DRIVE ‘ GREEN 23 % 19.80

' AMBER 6 % .60

2 ER WISGBNSIN AVENUE (M93) GREEN 55 2 33.00
AMBER 6 % 3.60

3 $9 BNTARI@ DRIVE GREEN 33 % 19.80

: AMBER 6 % 3.60

D@ YU WISH T@ RUN ANGTHER ANALYSIS, YES BR N@

Now the user has an operational intersection and has no

more changes to make, so he stops the run. The computer

responds with "EOJ" (end of job), prints out the computed

time used for execution of the program, and awaits further

instruction.

o)
STP TEST EoJ

END &16288 10.8 SEC.

Note the following on these two sample runs:

1.

Due to round-off errors, the sum of the vehicles
for each move after the flows are distributed is
slightly less than the approach volumes, For the
same reason, balanced V/C ratio may vary slightly.

For Approach 2, the capacity of the option lane
carrying only right turns (run 1: 646 vph) matches
the capacity of a right-turn only lane {(run 2:

645 vph). The capacity of agn optlon lane (except
Tvpe 4) is based on the proportion of thru and

turn vehicles carried; and unused capacity is

based on the same proportion. For Approach 2,

run 2, the Right/Thru Option Lane would carry 276
thrus and 439 right turns if the V/C ratio were 1,00,
If there were no turning vehicles in the option lane
the capacity of that lane would be that of a thru-
only lane (865 wvph).

The unused capacity of a Type 4 lane (Left/Thru
Option W/Opposing, Approach 3) consists entirely of
thru vehicles. The flow assigned to this lane
consists of 100 percent of the left turn capacity
(84 vehicles) plus 96 percent (110 vehicles) of its
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thru capacity (114 vehicles). The V/C ratio calcu- F
lated for this lane is the weighted average of the L
two flows; for that reason the final V/C ratio of a

Type 4 lane will always be closer to 1.00 than will };
the V/C ratio of any lane it is balanced with. i

Scheduling

To schedule a computer job means to store the input on
the disk file so that the computer can execute the program
sometime later in the day and store the results in another
file., The user then returns to the terminal and has the L
answer printed out. Almost any job run on the terminal can 7
be scheduled, if the user can foresee what information the

computer will need and the exact order and format necessary.

By edict some jobs, such as BASIS statistical analyses,

must be scheduled because of the long computer time required.

Scheduling has these advantages for the Intersection

Capacity Analysis program:

1. Input time is reduced. The user doesn't have to
wait for the computer to type out its part of the
input dialogue.

2, QOutput time can be reduced. The user can request
only the portion of the output he needs. The input
file appears in tabular form, although without head-
ings or decimal points, so the user may decide he
doesn't need the table set.

3. The input file can be retained, revised, and re-
entered later. Thus, if the user is unsure what
changes he has the option of making, he can sign off
the terminal, analyze the intersection layout, then pe
return later in the day, change only the lines that I
need changing, and re-schedule the job. By doing o
this, he avoids the need to re-enter all the data. . ,
In addition, by using FIX, he can make changes ?j i
within a line (such as signal split) without needing i
to re—-enter the entire 1line,

Scheduling, however, has some disadvantages:

1, The user loses his opportunity to change the input
and run the program a second time, based on the
results of the first run. That must now be done by
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a second scheduling of the job.

The user loses his opportunity to correct the input.
The computer will carry the program as far as 1t can
with the input given. If, for example, percent amber
is entered as 500 instead of 050, the computer will
perform the calculation using 50 percent amber, even
though that results in zero or negative green time,
Or in another example, if a design error is found,
the input file won't have the data the computer needs
to correct it, so the job will be anded with an

error message.

At least two trips to the terminal are needed. Often
the user, on his second trip, finds that he can't get
a line to the computer, or that the computer hasn't
completed the job, or that the job couldn't be
successfully finished because of a halt/load or an
error in the input. As a result, scheduling will
generally require more of the user's time than will
the conventional method unless he has many intersec-
tions to analyze., There is also danger, as this
process takes place after several hours, that the
working day may end before it is completed. Then

the user must begin anew the next day; if he failed
to make provision to save his input files overnight,
all may be lost.

How to Schedule

The first step in scheduling a job dis to build the iaput

file:

1.

A file is created by a MAKE command. The user
selects the name of the filey; if he has several
files to make he should devise a code to avoild
confusion, such as 0l6M1l, Ql6M2, etc.

Each line of a file, called a "record," must have
a sequence number. They may be entered by the user,
or they may be generated by the computer, using the
SEQ command.

The data is next entered in the exact order and
format shown on Form 1569.

After the approach names are entered, the user must
add four more lines to answer the computer's
questions:

(a) NO or YES to answer the question: DO YOU WISH
TO PRINT TABLE SET?
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(b)) NO to answer the gquestion: IF YOU WISH TO
CHANGE INPUT DATA PREVIQUSLY ENTERED . . . 7

(e} EXC to select between choices of CHG, EXGC, STP
or PRT,

(d) NO to answer the question: DO YOU WISH TO RUN
ANOTHER ANALYSIS? The user can enter YES here
if he knows in advance what changes he wishes
to make and the information the computer will
need, He will then enter either NEW or CHG.

If NEW, he must enter all new data, beginning
with the number of approaches. If CHG, he must
enter for each line to be changed, first the
line code number, second the complete data for
the line, After all changes are entered he must
finish with three lines: NO/EXC/NO.

5. To stop the computer from continuing to type sedquence
numbers, the user next types a single left arrow in
the first space.

6. The user next types SAVE,

7. The user next types PRINT. After the computer
prints out the file the user checks it for errors.
If he finds any, he can correct them by using FIX
or by re-typing the sequence number and the data,

8. After all changes are made the user must type SAVE
again and should follow that with another PRINT
command., '

The user then schedules the job and names the output file,

with a SCHEDULE command., The user checks on his job by a
STATUS command. The computer will respond with SCHEDULED,
RUNNING, or DONE.

When the job is DONE, the user requests to have the
output file printed, with a PRINT command. The ocutput file
contains all of the questions, examples, and input lines just
as though it had been ¥run live., As such, a typical problem
will produce an output file of about 150 lines, with 34 more
lines if the table set is printed. Since the user is inter-

ested in only part of the output file, he can ask for print-

ing of only the sequence numbers containing that part; those
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a second scheduling of the job.

The user loses his opportunity to correct the input.
The computer will carry the program as far as 1t can
with the input given, 1If, for: -example, percent amber
1s entered as 500 iIinstead of (50, the computer will
perform the calculation using 50 percent amber, even
though that results in zero or negative green time,
Or in another example, if a design error is found,
the input file won't have the data the computer needs
to correct it, so the job will be anded with an

error message.

At least two trips to the terminal are needed. Often
the user, on his second trip, finds that he can't get
a line to the computer, or that the computer hasn't
completed the job, or that the job couldn't be
successfully finished because of a halt/load or an
error im the input. As a result, scheduling will
generally require more of the user's time than will
the conventional method unless he has many intersec-
tions to analyze. There is alsoc danger, as this
process takes place after several hours, that the
working day may end before it is completed. Then

the user must begin anew the next day; if he failed
to make provision to save hils input files overnight,
all may be 1lost.

How to Schedule

file:

The first step in scheduling a job is to build the input

1.

A file is created by a MAKE command. The user
selects the name of the filej; if he has several
files to make he should devise a code to avoid
confusion, such as QL6M1, Ql6M2, etc.

Each line of a file, called a "record," must have

a sequence number. They may be entered by the user,
or they may be generated by the computer, using the
SEQ command,

The data is next entered in the exact order and
format shown on Form 1569.

After the appreoach names are entered, the user must
add four more lines to answer the computer's
questions:

(a) NO or YES to answer the question: DO YOU WISH
TO PRINT TABLE SET?

33




(b) NO to answer the question: IF YOU WISH TO
CHANGE INPUT DATA PREVIOUSLY ENTERED . . . ?

{(¢) EXC to select between choices of CHG, EXC, STP
or PRT.

(d) NO to answer the guestiom: DO YOU WISH TO RUN
ANOTHER ANALYSIS? The user can enter YES here
if he knows in advance what changes he wishes
to make and the information the computer will
need. He will then enter either NEW or CHG.

If NEW, he must enter all new data, beginning
with the number of approaches. If CHG, he must
enter for each line to be changed, first the
line code number, second the complete data for
the line. After all changes are entered he must
finish with three lines: NO/EXC/NO.

5. To stop the computer from continuing to type sequence
numbers, the user next types a single left arrow in
the first space,

6. The user next types SAVE,

7. The user next types PRINT. After the computer
prints out the file the user checks it for errors.

If he finds any, he can correct them by using FIX

or by re-typing the sequence number and the data.

8., After all changes are made the user must type SAVE

again and should follow that with another PRINT
command.

The user then schedules the job and names the output file,
with a SCHEDULE command., The user checks on his job by a
STATUS command, The computer will respond with SCHEDULED,
RUNNING, or DONE.

When the job isADONE, the user requests to have the
output file printed, with a PRINT command. The output file
éontains all of the questions, examples, and input lines just
as though it had been run live. As such, a typical problem
will produce an output file of ;bout 150 lines, with 34 more
lines if the table set is printed. Since the user is inter-
ested in only part of the output file, he can ask for print-

ing of only the sequence numbers containing that part; those
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sequence numbers can be calculated from Table 1, Example:

If there are a total of ten lanes on four approaches and if

the table set is to be printed, the user would enter PRINT
e Q16M1A 64-97, 108-146. The user can also have all or part
2 of the file printed on the printer with a COPY TO PRINTER
command, This method of printing the output takes consider-
ably less machine time than does printing the information on
l the terminal,
™ | The user, after reviewing the output, can change his
input file and re-schedule the job if he wishes. If he wants
to retain the input file, he can do so by either filing.a
dump card (p. 9) which will result in the file being stored
magnetically for 15 days, and loaded onto the disk each day,
or having the file punched on paper tape. The user will
notice that the full 8 digit sequence number is punched when

the first column in the output is a digit.

Number Table Set Not Printed Table Set Printed
Of [ ) T
Approaches Location Of Location Of | Location Of
QUTPUT TABLE TABLE -SET QUTPUT TABLE
=
1 47 to (60 + N)* | 37 to 70 81 to (96 + N)
f
2 56 to (74 + N) . 46 to 79 190 to (108 + N)
— ; ; S
3 : 65 to (88 + N) ' 55 to 88 99 to (122 + N)
A 74 to (102 + N) | 64 to 97 108 to (136 + N)
(] *# N = Total number of lanes, all approaches. This will

print output through signal phasing.

In all cases the execution time required is shown in the
seventh line following the end of the output table.

Table 1. Sequence Numbers for critical data in output file.
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When the user is finished with a file he should clean
up the machine storage by erasing it with a REMOVE command.

Example Problem

This example is designed to show:

1. How the program can be used to solve a three phase
signal

2. How the program is run by scheduling

Iin this example, a five-lane north-south trunkline is inter-

sected by a four-lane city street, The investigator is to

develop a signal system for the intersection, based on the follow-

ing information:

_ M63 (Ohio Ave.) Indiana St.

1. Flow (vph) Northbd Southbd Eastbd Westbd
Left Turns 238 88 55 92
Thru Vehicles 1,213 1,057 474 387
Right Turns 122 39 _61 206
TOTAL 1,573 1,184 590 685

2, Assume 5 percent trucks on all legs

3. All lane widths are 12 ft

4. Right turn lanes can be added to all approaches

5. Cycle-length is 75 sec.

6. Use 4 sec ¥ amber

7. Cycle can be 2-, 3-, or 4-phase

8. Maiimum V/C ratios for both routes should be balanced

The problem is approached by first attempting the simplest
solution: A two-phase signal with existing laneage. If
that doesn't produce an operational Intersection it will at
least provide a base for adjustments.

The percent amber is calculated: 4/75 = 0.0533, say 0.05.

The approximate signal split is determined. In this

case it 1is calculated by the ratios of highest flows per lane
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for each route

Route High Flow Per Lane Proportion
Ohio NB 524 0.604
Indiana W38 343 0.396
TOTAL 867

INTERSECTION CAPACITY ANALYSIS

(A" ME7 Otio @ Zndtims i | Wood | Egogs™ P

RY DATE
ts23
Ny H ,
2 INSTRUCTION:
/ \ 1. Number Approaches Consecutively
NORTH 2. Number Lanes from Outside to Inside
¢ 3. Set Approach T Opposite 3 and 2 Opposite 4
M:?MT - ?4 4. Togain access fo the computer,
1 + l follow this log-in sequence.
7 —%‘ ‘ USER CODE: QTRAF
e~ 1
’ PASSHORD:
CHARGE CODE: ——
emap——— ]

L L_ Your Inlticts (Dprional}
I Sration Number

Organi zation Coda

= E qQ16268
b STEP 1 ENTER NUMBER OF APPROACHES: Lot ——I[30)
i LANE TYPE
STEP 2 ENTER LANE TYPE CODES: | = Lelt Only W/ou1 Oovpeting 1 3
T = Lafi Only ¥ Opposing [ —
APpR| LANE NUMBER La- Left/Thry Optian ¥/out Gpposing by
WO Jtlzjatafeys 4 - Lait/Thiy Optron W Oppoting —
[N —{21) § = Thea Only O
2 |64 ——{21) & = Right/Theu Gption T
1 l6[5]2 e (23) TRy H—
£ 4 64 (24} 8 ~ Left/Roght Dption — 1
1 5
STEP 3 ENTER APPROACH VOLUMES, PERCENT OF TRUCKS, LANE WIDTH, CYCLE SPLIT:
APPR APPRDACH YOLUMES = VPH PERCENT TRUCKS = % e ] CSLCI_'E
) NO LEFT YHRU RIGHT LEFT THRU RIGHT Tt G- k",,e.
: 1 og@@gfe:1<g;a;‘goiq‘omao‘qua‘qgga ?;Lﬁ'*ﬁ;
. 2 oppﬁgoﬁ¢4§§%plg.ﬂ,.gl(q ootz aga ég:ﬁgf—ﬂﬁ
) 3 {0,085 ,‘ol?l"gi-—lw_i__lilu L } ¢ 'u—k—}—'l-—s . }‘( a ‘_} s U——‘f:;_ic,,jl‘i..—(‘g
4 Ololgf:’- Oj_’?ld;f. OI‘?PP 1 a s - i 13 4 P B 01 P._\(_:"_"_ 4}
i 5 10 15 20 25 30 15
STEP 4 ENTER CYCLE LENGTH (SECK R p—
STEP 5 ENTER PERCENT OF AMBER (k191549 «—— (50)
STEP & ENTER NAME OF APPROACHES: b
",’:z“ HAME OF APPROACHES
i ngl |0|H./‘C)| I‘dlb)l l'(l";rlél‘?l)l E.L & 1 1 J 1 ] L.k _ 4 (éll)
2 EB MG AN o s s st s, ‘_"'(:3:
IS OGN I MEE N L e ey ] .:6.1
P& Wy /v /A s b b s L1 }
T H 10 3 b3 b 3

STEP 7 IF DATA IS BEING PUT IN A FILE, FOR SCHEDULING, ALSQ TYPE:

NO {OR YES, IF TABLE 15 TO 8E PRINTELD)
NO

! EXC
NO

Figure 3. Form 1569 for Ohio/Indiana Sample Problem
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With this information the user can prepare Form 1569

(Fig. 3), make the input file, and schedule the initial run:

?

i&a&i DiaM1e

FILE:Q16M! ~ TYPE:SER -- CREATED
#

110E_Q16288+]

12084+]
130552+]
14064~]
150E52+]
1606a+-] ) :
1700236, 1213,0122,0050,0050,0050,0126G,05600+
1800355, 047 4,0061,0050,0050,N0850,9120,0400¢+
1900088, 1057, 0038,0050, 0050, 01150, 1127,7600+
2000092,9387,029706,0050,0050,0050,0120,0400+]
21007 5nEL
210075+]
220050+] :
23009 OHIZ AV (W 431+
240E8_INDIANA«
5058 0

d AV (M 63)F
260WB -
27 0N@=]
280Nar]
290EXC]
300N~
10E]
¥

SAVE»
WAIT=-,

FILE: Q161 - TYPE:SEG -~-- SAVED.

110 E Q16288
120 4
130 652
140" 64
"150 652
160 64
170 0238, 1213,0122, 0050, 0050, 0050, 0120, CANT
180 0055,047453061.0050,0050,0050,0120,0400
190 0088,1057,003B8,0050,0050,0050,0120,0600
200 0092,0387,0206,0050,0050,0050,0120,0400
210 075
220 050
230 NB @HIO AV (M 63
240 E3 INDIANA
250 S7 GHIB® AV (M 63)
260 WB INDIANA
270 NO
230 N2
290 EXC
00 NO

L
[SCHEDULE Q16M1_TO 21641A+]
AAIT .

END SCHEDUL 1.3 SEC.

!STATUS Q16M1A-

RUNNTNG €17 ¥

Later:

STATUS @16MIA«

DANE .

[P atemMiAa 74-112+
DESIGN ERRGBRS FOLLOW:
N@ ERRORS TG REPOAT
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LANE " LANE TYPE LEFT THRU RIGHT CAP. V/C

APPRBACH 1 NB OHI@ AV (M 62>

s 1 €6) RIGHT/THRU BPTIGN 520 21 923 .69
2 (5) THRU @NLY 692 997 .69
3 (2) LEFT @NLYs W/BPPASING 23R 157 1.51

APPROACH 2 EB INDIANA
1 ¢6y RIGHT/THRU GPTIGON 326 60 583 .68
2 ¢4) LEFT/THRU @OPTISBN W/OPPBSIN 54 147 271 T4

APPROACH 3 SO BHMIG AV (M 63)

1 ¢6) RIGHT/THRU OPTION 504 38 969 55
£y 2 {5} THRU ONLY 555 995 .55
3 (2) LEFT @NLY, W/QPPOSING 84 24 .93

APPRBACH 4 WR INDIANA
T €(6) RIGHT/THRU OPTI@N ITT 206 527 1.10
2 4) LEFT/THRU QFT1ON W/OPPASIN 21 9 10t 1.01

SIGNAL SPLIT ¢ 75 SECGND CYCLE

APPROACH CYCLE SPLIT TIME (SEC)
1 NH QHI? AV (M 63) GREEN 5 % A1.25
AMRER 5 % 3.75

) ER INDIANA GREEN 35 %2 26.25
AMBER 5 % 3.75

3 SB BHIZ AV (M 63) GREEN 55 % 41.25
AMBER 5 2 3.75

4 WB INDIANA GREEN as % 26.25
AMRBER 5 2 3.75

]

fREMBVE GI16MIA~

" _ 3

The capacity of a Type 2 or 4 lane is depend#dnt more on

the opposing thru flow than on cycle split, so the investi-

gator knows that he probably cannot obtain sufficient left

turn capacity for Approach 1 by increasing the green time

(in fact, even at 100 percent green, the maximum capacity
for Approcach 1 is 207 left turns perhhour). The left turn

capacity for Approach 3 is two turns per cycle reduced by

the truck factor, So the investigator decides that he needs

a third phase. The third phase can either:

1. Stop Thru and Right-turn Flows and allow simultan-
eous left turns from Approaches 1 and 3, or

v 2. Stop Approach 3 and allow all movements from
Approach 1

In either case, the left-turn flow from Approach 1
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determines the cycle split reguired for the third phase.

That flow equéls 238 vph/48 cycles per hour = 5 vpe., From
Table 2 (p.49) that flow requires about 15 sec of green time,
or 19 sec (25 percent) of the cycle split, leaving 75 per-
cent of the split available for Phases 1 and 2. The cycle
splits required for the approaches can be estimated from the

V/C ratios:
App 1 App 2 App 3  App 4

(G 4+ A) Split Provided . 600 . 400 . 600 . 400
-Amber -.050 -.050 -,050 -.050
=Green Provided . 550 .350 550 . 350
xV/C ratio x.69 X.68 X.55 x1.,10

=Green Required . 380 .238 . 302 . 385
+Amber _ +.050  4.050 +,050  +.050
=83plit Required . LA30 .288 352 435

Summing all possible combinations:

Ohio Indiana App 2 App 4
App 1 0.718 0.865
App 3 0.640 0.787

{0.75 Available)

It is evident that Approach 4 cannot be accommodated
with either Ohio Avenuve split. Thus added laneage, a right
turn lane, will be needed for Approach 4, making Apprbach 2
the critical Indiana St. Approach,

It appears that the combination of Approaches 1 and 2
could be accommodated with a small amount of green time to
spare (0.032 or 2.4 sec), But because the capacity-equations
are not linear, the cycle splits calculated above are too.
short if the V/C ratio is less than 1.00 and too long if the
V/C ratio is more than 1,00. For example, to accommodate 69

percémnts pf-the cap301ty of!Approach 1 requires about 72 per-

. . N
S "ﬁi,'* St £y

cent . oi the, green time prov1ded So the investigator could

expect the Approach 1 and 2 combination to be over-capacity

40




and decides to use the second option for his third phase:
to stop Approaches 2, 3 and 4 and allow all moves for

Approach 1. He sets up his phasing:

Split Split

Phase App 1 App 2 App 3 App 4 Req'd Provided
1 Red Green Red Green 0.288 0.32
2 G(Th&Rt) Red Green Red 0.352 0.40
3 Green Red Red Red 0.250 0.28
TOTAL 0.890 1,00

The investigator corrects his dinput file by 1) adding
a right-turn only (Type 7) lane to Approach 4; 2) removing
the Type 2 lane and the left-turn flow from Approach 1: 3)
changing the cycle splits to: Appreoach 1, 0.68 (sum of
phases 2 and 3), Approach 2, 0.32, Approach 3, 0.40,
Approach 4, 0.32.

The data for the solution of the fhird phase can be
added to the input file by changing the last line from NO to
YES (answer the question DO YOU WISH TO RUN ANOTHER ANALYSTS),
following that with NEW (answer the guestion DG YOU HAVE ALL
NEW DATA OR ONLY CHANGES TO THE 0LD}), and entering the data
beginning with the number of approaches., Note that the Type
2 lane for Approach 1 becomes a Type 1 lane because there is
no opposing traffic during Phase 3.

The investigator updates his file and schedules the

second run:

YAD Qi6Mle
FILEt@16M1 - TYPE:3EQ -- LOADING
20 REC®RDS LOQADED.LAST RECORD LQADED=3N0

END LOAD 1.0 SEC.

[FIX 130 #é52465¢«

racomz vl TRANSPORTATION LIBRARY
XI70 91050 70000-] MICHIGAN DEPT. STATE HIGHWAYS &

L TITEIE TRANSPORTATION LANSING, MICH,

FIX 190 ¥060070400%]

FIX 200 #040040320+]
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2400238, 0000,0000,0500, ' ' **050,0000,0000:,0120, 0280+]
35007 5+
360030+
370N GHIG AV (M 63) *Li PHASE#+]
NG) i

[
0
o]
Z[d
ol

FILE:Q16M] -~ TYPE:SEQ =-- SAVEDs

[F {30, 160-200,300-ENDY]

130 65

160 764

170 6000,1213,0122,0000,0050,0050,0120,0680
180 0055,0474,0061,0050,0050G,0050,0120,0320
190 0088, 1057,0038,0050,0050,0050,0120,0400
200 0092.0387, 0206, 0050, 0050,0050-0120,0320
300 YES

310 NEW

320 |

330 1§ -
340 0238.0000.0000, 0050,0000,0000,0120, 0280
350 075

360 050 .

370 NB @HIB AV (M 63) =LT PHASE*

380 No

390 N@

400 EXC

410 NG

#
ISCHEDULE Q156M) _TE@ 916M17-
WAIT.

END SCHEDUL 1.4 SEC.

The investigator can estimate the sequence numbers in
the output table for the second problem by adding the sequence
numbers>calculated from Table 1 to the last sequence number
for the output table for the first problem (112). TFor the
second problem (1 approach, 1 lane) the oﬁtput should be

about (112 + 47) to (112 + 61). To be certain of including

the entire output table, two or three lines on each side of

these limits should also be printed, vielding the limits of

157-175,

[STaTUS 014M18+] gk
DENE » :'— :
[PRINT Q16018 T4-112s 157-175+]

DESIGN ERR@RS FoLLAW:

N@ ERRYKRS T® REPORT
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LANE LANE TYPE LEFT THRU RIGHT CAP. V/C

APPRBACH 1 NB PHIE AV (M 63)
1 (&) RIGHT/THRL @PTIBN 519 121 1068 60
2 (5) THRU @NLY 693 1157 <60

APPREACH 2 ERB INDIANA

1 €6) RIGHT/THRU @PTION 331 60 419 .93
1 2 (4) LEFT/THRU OPTIGN W/OBPPOSIN 54 142 ' 207 .93
APPRBACH 3 58 OHI® AV (M 63)
1 (&) RIGHT/THRU oPTION 502 as 580 .93
2 (5 THRU @nLY 554 594 .93
3 (2) LEFT BNLYs, W/OPPOSING 88 94 .93
APPROACH 4 WS INDIANA
1 (73 RIGHT @nLY . 206 330 .62
2 {6y RIGHT/THRU SPTIGN asl1 441 86
3 ¢4) LEFT/THRY O@PTI@N W/QPPOSIN 91 5 9B 99

- SIGNAL SPLIT ¢ 75 SECOND CYCLE )

APPROACH CYCLE SPLIT TIME (S5EC)
] NR OHIG AV (M 63) GREEN 63 % 47 .25
AMBER 5% 3.75
2 £Q INDIANA GREEN 27 % 2025
AMRER S Z 3.75
3 58 9HI@ AV (M 63) GREEN 35 % 26.25
AMBER 5 2 3.75
4 WB INDIANA GREEN - 27 2% 20.25
AMBER S 2 3475
sTP TA STAP THE RUN
PRT T@ PRINT TABLE SET AGAIN

27EXC
DESIGN ERRORS FOLLOW:
N@ ERRBRS T2 REP@RT

LANE LANE TYPE LEFT THRU RIGHT CAP. V/C

o APPRBACH 1 NB QHIO@ AV (M 63) *LT PHASE#®
: 1 {1» LEFT 8NLY, W/0UT DPFPBSING 238 278 +85

SIGNAL SPLIT ( 75 SECOND CYCLE 3}

APPROACH CYCLE SPLIT TIME (SEC)

1 NB DHI® AV (M 63> *LT PHASEX GREEN 23 % 17.25
AMIER 57 3.75

#
REMOVE Ql16MIAr

#

The investigator now has an operational design, he needs

to make only minor adjustments., The right-turn lane he added

to Approach 4 has considerable surplus capacity, so he re-

moves the dual turn by changing the Type 6 lane to a Type 5.

This will not effect the computed capacity. The V/C ratio

for the third phase is slightly lower than those for the

other two phases, The investigator attempts to balance
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these by taking two percent from Phase 3's split and adding

one percent to each of the others, To prepare a work file
for the intersection, he also has the table sets printed for

both problems (sequence numbers 270 and 380). - With these

changes the investigator schedules the third run:

[LOAD “BI6MIr
FILE:QL6M1 - TYPE:SEQ -- LBADING
31 RECORDS LOADED,LAST RECERD LBADED=410

END LBAD .9 SEC.

FIX 160 #7164475 4*f
FIX 219

FIR 190, 34007410+
FIX 200 #320%#330%
[FIX_ 340 ¥25Q4260¢+]

SAVEY

WAIT- :
FILE:216M1 - TYPE:SEQ -- SAVED.

P 160-200,870.340, 380"

160 754

170 0000,121320122,0000,0050,0050,0120s0870 {,}
180 Q055,047 45,0061 0050,0050,0050,0120,0330 )
190 0088, 1057,0036,0050,0050,0050,0120,0410

200 0092:0387 020650050, 0050,0050,0120,0330

270 YES

340 0238,0000,0000,0050,0000,0000,0120,0260

380 YES :

#
[SCHEDULE G16M1_T8 QIGMICY
WAIT.

END SCHEDUL 1.3 SEC.

STATUS gls6MmICH
RUNNENGCEZ)

Later he prints out his ocutput and he is finished with
the computer.

[ETATUS G1&MiGe]
D@VF- )
P QI6MIC 64-97s 108-1456, 184- 217: 2OR=242 s 249*[

NUMRBER OF APPROACHES: 4 CepE 10

LANE TYPE ce
APP LANE NUMBER pE
NG 1 2 3 4 5 6
1 6 5 2t
2 6 4 22
3 &6 5 2 23
4 1 5 4 24 j
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APP APP VBLUMES VPH
NG. LEFT THRU RIGHT
1 1243 122

2 S5 474 61
3 BB 1057 38
4 92 387 ° 206
CYCLE LENGTH 075 SECEN
% OF AMBER  .050 DECIM
I NB BHE@ AV (M 63)
2 EB INDIANA
3 38 GHIG AV (M 63)
4 WB INDIANA
DESIGN ERRORS FOLLOW:
N@ ERRBRS T@ REPORT
LANE LANE TYPE
APPRBACH 1| NR @HID AV
1 ¢6% RIGHT/THRU PPTI
2 ¢S) THRU BNLY

APPROGACH 2 ES INDIANA
1 ¢6) RIGHT/THRU @PTI

PERCENT BF TRUCKS

LEFT THRUY RIGHT

5.0 5.0

5.0 5.0 5.0

5.0 5.0 5.0

5.0 3.0 5.0
ps CODE 40
AL CBDE 50

caDg &1

CBDE 62

CODE 63
CODE 64

LANE CYCLE
WDTH S5PLIT

12.0 <570
12.0 .33
12.0 410
12.0 .330

LEFT THRU RIGHT CAFP.

M 63)
anN

oN

519
693

331
142

502

- 554

2 (4) LEFT/THRU BPTION W/OPPASIN 54
APPRBACH 3 59 GHIG AV (M 63)

§ (6) RIGHT/THRU BPTIBN

2 (5} THRU @NLY

3 (2) LEFT @NLY., W/OPPBSING B8

APPRIACH 4 WB INDIANA
1 (7)) RIGHT ONLY
2 (5) THRU @NLY

3 ¢4) LEFT/THRU GPTION W/BPPOSIN 91

SIGNAL SPLIT ¢ 73 SECAND CYCLE )

APPROACH
1 N2 gHI@ AV (M 63D
2 EB INDIANA

3 58 @HIO AV (M 63)

4 WB INDIANA

NUMBER GF APPROACHES: 1
LANE TYPE
APP  LANE NUMRER
NG 1 2 3 4 5
] i
2
3

4

3681

121 1052
1136

60 427
214

38 599
613
94

206 344
459

ce
DE
31
az
a3

34

v/C

261
+61

«89
92

<90
-90
«93

+39
«B3
.99

CYCLE SPLIT TIME (SEC)

GREEN
AMABER
GREEN
AMAER
GREEN
AMRER
GREEN
AMRER
C3DE 19
ca
DE
&
21
22
23
24

AFPP APP VEBLUMES VPH PERCENT @F TRUCKS
N@« LEFT THRU RIGHT LEFT THRU RIGHT

1 2238
2
3
4

CYCLE LENGTH 075 SECeN

5.0

Ds CBDE 40

45

62

(%] n
o m
MM MM MM

0
xR
"o

LANE CYCLE
WDBTH SPLIT
12.G 260

«000

«000

«N0D

ca
DE
3t
32
33

34

46450
3.75

21.00
3.75

27.00
3.75

21.00
375




% OF AMBER =050 DECIMAL C@bE 50

1 NS BHI® AV. (M 63) #LT PHASE% CADE 61
2 CODE 62
a CaDnE 63 : .
4 CODE 64 i

DESIGN ERRORS FOLLOW:
Ng ERRYJRS T@ REPORT

LANE LANE TYPE LEFT THRU RIGHT CAP. V/C

APPRBACH 1 N8B GHIB AV (M 633 *#LT PHASE%
1 (1) LEFT QNLY., W/0UT OPPOSING 238 252 94

SIGNAL SPLIT ¢ 75 SECGND CYCLE )

APPROACH ’ _ CYCLE SPLIT TIME (SEC)

1 N3 BHIZ AV (M 63) %LT PHASE* GREEN . 2t % 15.75
AMBER 5% 3.75

END R16288 7.9 SEC.

#

REMOVE Q16M1, Q14MI°1C*]

#

Had the investigator selected the first option for the

third phase (p. 41) and allowed simultaneocus left turns from £

Approaches 1 and 3, he would have obtained a design that is

on the margin of being operational: . ?ﬂ

Second Run " Third Run

Phase  Approach Split V/G Split v/C
1 App 2 . 0.30 1.03 0.31 0.98
App 4 0.30 0.95 0.31 0.90
2 App 1 0.44 1.02 0,45 0.99
3 App 1 0.26 0.94 0.24 1.05
App 3 0.26 0.35 0.24 0.39

46



CHAPTER 4

THE THEORY USED IN INTERSECTION
" CAPACITY ANALYSIS

The equations used in the program for estimating lane
capacity are the product of in-the-field research that
culminated in the summer of 1972, Four locations were
studied with the total survey data amounting to slightly
less than 30,000 vehicles. Each site was to represent lane
headway characteristics for population areas over 10,000,
100,000, and 1 million. Consequently, one intersection was
Selecﬁed in Charlotte, one near Lansing and two in the
greater Detroit area. |

All intersections intersect at or near 90 degrees with
flat grades, have good alignment, curb and gutter, and
generally are void of deficiencies that would significantly
affect the results of the study. During the survey period
all vehicles of the approaching traffic Wefe recorded,

The equations selected for the intersection capacity
analysis program were developed from the data obtained at
the Study Site Number 3: Southfield Road at 10 Mile Road,
City of Southfield, Oakland County.

Being the first major intersection north of the northern
terminus of M-=39, a north-south freeway, it is one of the
most heavily used intersections in Michigan. Excessive
backups are experienced on all legs for several hours during
the day.

Traffie control was provided by a two-phase, 80-sec
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cycle, stop-and-go traffic signal with 39 sec of green time
for Southfield Road.

The southbound approach of Southfield Road consists of
two 12 ft lanes with right turns occurring from Lane 1. A
center left-turn lane provides storage for vehicles desiring
to turn left,

The northbound approach consists of two thru lanes, a
center left—turn lane and a right-turn lane, Both approaches
have 12 ft lanes.

A reél—time recorder was used in registering the indi-
vidual headways Qf successive vehicles per lane. The recorder
registered sixty bits of information every one—quarter of a
secénd. The controls were divided into ten panels with six
buttons per control panel. ©Each lane of the approach was
assigned oné control panel. The first four buttons (bits)
were coded with respect to the vehicular characteristics as
follows:

#1 Passenger vehicle thru

#2 Passenger vehicle turn#®

#3 Truck thru

#4 Truck turn*

For this study trucks were definea as vehicles having
more than one rear axle or one rear axle with dual tires.

In general, single unit vehicles were considered trucks and
vehicles such as pickups and panel trucks were recorded as
passenger vehicles., A datum line was determined for each

approach being surveyed. Normally, the stop bar, a standard

* The turn was either right or left depending upon the lane
position
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THREG LANE TRy LAnE

VEH HEAGwaY  TCTan TiwE  nEADWAY  FTQTAL TIWE
1 J.L2 3el2 ) debdz 3,52
2 2on7 5¢59 3011 662
K Zeih 7.82 2e83 Gl
4 £ U3 986 2e68 12.14
5 10(4’5 llq&.‘i 2#0"5 1“.80
6 19t 13672 20065 17.45%
7 1,90 15662 2+08 20,09
b 1,88 17450 2¢65% 22.75
L 10 1485 21623 2605 2R. 05
. 11 1.84 2307 2.65 30,69
[ 12 L,82 24089 2065 33434
B 13 " 1.81 2Bl 265 36400
14 1,79 28449 2eb5 3,65
15 ' 1.78 3027 2065 41,29
16 1476 . 32403 2065 43,94
17 1475 33478 2205 46,59
L 18 1475 35.53 265 4G .24
v 19 1.75 37 .28 . 2065 51,89
. 2 1af5 36443 2¢065 bl&.bQ
21 1,75 40476 2465 57619
2 1.75 4753 2+05 DG B4
23 1.75 44.28 2e08 62,49
24 1e75. 46003 2463 68,14
5 1.75 47.78 2eb® 67.79
L 26 1475 56453 2o 65 fQol4
b 27 1.75 51.28 2465 73.09
28 1e?75 33653 2965 75479
29 1,75 S54.78 2063 f8.39
30 1.75 56653 2063 B1.04
[ 31 1.73 58428 2e65% 3,469
i 32 1,75 6303 2635 B6434
33 1.75 H1+78 2465 86,00
o 34 1.75 63.53 .69 91464
3% 1,75 65428 2463 94,29
36 1.75 6703 2¢65 6,54
37 1.75 4B T8 2e05 99,59
38 1.75 7Ce53 2065 102425
39 1.75 7228 ceb98 104,89
40 1.75 T44G3 20063 107 454

Table 2. Headways and Total Green Time required for Thru
and Turn Passenger Cars
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pavement marking at signalized'intersections, served as the
datum Iine. If not available, a painted yellow line was
applied prior te the survey and located at the sprinépoint
of the curbed turning radiué.

An individual from the survey crew was assigned to a
particular lane,. As the rear tire of successive vehicles
touched the datum line, an impulse was recorded via the
appropfiate bit with respect to vehicle type and movement.
Impulses were recorded for every vehicle until the queue
had cleared the interseétion. An additional crew membetr was
assigned a control .panel to record the signal phases. Survey
crews varied in size depending on the number of lanes being
surveyed., Twenty-fourrhbur machine counts supplemented the
survey by providing approach volumes and turning movements.

A simple computer program was developed to read the
magnetic tape from the recorder and reconstruct the lane-
flow characteristics,

In assembling the data in a usable form, individﬁal
headways were determined by hand from the computer printouts,
Average headways for each variable were computed froﬁ the
first to the ntB vehicle of the quéue. The average headways
were classified with fespect to study site, peak period,
lane position, vehicle type and yehicle movement., The
average headways for passenger‘vehicles making a thru move-
ment were plotted with respec£ to time and vehicle position
in the queué.

In developing a reiationship“for the various conditions

previously mentioned, a mathematical curve fitting was
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applied by using the basic quadratic equation Y = aX2 + bX +
¢ and linear equation Y = mX + b. The coefficients were
computed from the empirical data. Often both equations were
needed for a good fit. To ensure the proper tangency
between the two equations the slope of the linear equation
was equated to the first derivative of the quadratic
equation.

m = %% = 2aX + b

Knowing thelrelationship of individual starting headways
as a function of time and vehicle queue position, lane-—
cycle capacity (total time required) was easily determined
by integrating the previously mentioned equations, Due to
the fact that the variable does not vary uniformally with

time, a simple adjustment was introduced. Consequently,

the basic equation is as follows:

x = i
t = f (aX? 4+ bX + ¢) dx
x =0
x = i ¢
+ % f [2aX + (a + b)] dx
x = 0
X = n
+ J [mX + (m + b)] dx
x = i '
Therefore:
a = i
T = | 3x% + (ﬁ—%—i)xz + (ha + b+ c) XI¥ 2§
m X = n
+ [ZXP 4+ (sm o+ b)Y X|y, o g
T = the total amount of green timefcycle needed to

ciear a queue of n vehicles.

For program Q16288, those equations are:
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Thru Lane:

3 2 X=5
T = | 0.0210 X* - 0.291 X* + 3.292 X | __o

2 Xx=n

+ | - 0.00765 X* + 1.999 X | .5

Turn Lane:
3 2 1 X=5
T = | 0.0214 X® - 0.269 X* + 3.769 X | __¢
+ | - 0.0194 X2 + 2.417 X | 1.3

When thage equations were expanded for long cycle length
it was found that the computed capacities were abnormally
high for thru lanes and low for turn lanes. To compensate,
these equafions are diséontinued and replaced with constant
headways at the arbitrary values of 1.75 sec headway for
thru lanes after the 17th vehicle (33.78 sec of green time)
and 2.65 sec for turn lanes after the 5th vehicle (14.80
sec of green time). The individual headways and total green
times used in the program are shown in Table 2,

The backbone of the research is the hypothesis that the
capacity of an intersection is highly correlated to the type
of lane operation and variability of dindividual vehicular
headways with length of green time, The common denominator
for analysis is the headway of a passenger thru vehicle,
Compensation factors are used for converting turning vehicles
and.trucks to equivalent passenger thru vehicies.

There ére many factors that affect capacity; most are
difficult to quantitate. The study sites were selected to

minimize the effects of these factors. Therefore, in using
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the capacity equations of this study the following should be
assumed: signalization, good pavement; relatively flat
approaches, moderate or no pedestrians traffic and in general
a good geometric design.

Preliminary use of these capacity equations indicates
that the resultant values represent the upper limits of
true capacity. Thus actual volumes will seldom if ever
exceed calculated volumes. For design purposes v/c¢ ratios

of_less than 1.0 should be used,
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APPENDIX 1
PROCEDURE FOR.RUNNING COMPUTER JOBS BY BATCH MODE

This appendix shows by example how to set up a deck of
punch cards so that a job can be run by batch mode. The
example used is Program Q17150, for 1oading a deck of cards
onto the disk. This description is very brief. The complete
procedure for all types of program®is given in the

Department's 198-page Data Processing Guide.

END
TR kL 1 RS LR TRt T SR P U LR S SRR DR Sk D S A TR R ALY
LERARS T4 AR AR P Ty o475 0 g PV BANE M IY W S do b 40306 45 45 6/ ay 43 051 3¢ 53 34 o4 B4 37 %0 5 60
=2 s
He H
R R AR AN I R TR L CLEEE Y AT SN LR S R B OO E G SN I L
[ R " H AR S RIS ST b oS LIS RN PR A S

nunbnl LU LT R RS R S A LT R S EEL L RS Bl C T AL L] g
A% kP E E Wi P AL ek 8 0T ER im Pu 3t e g SLEF Sr g AL3TOTH Yy MG ST A7 o) 44 43 An S2OLSMASL M ONT MR LI 6D by &5 ?1
11 %
. 110 \ 2 34
B R R PR A BB T L L R e S ST B B AR "f:‘ o ri
W3 X
L B RIRA Y p
& DATR OCTP150 ™~ e, 1
@ ;/ '.’51 ! ‘-ru-.' lﬁm:f 1: 4 ‘i"’.t':.“.’,"J’E :_ck:;:q;axna , n‘xlx,uﬁ ," '- 5' A n b a:.‘_-“ ﬁ‘i;‘;}’ 2 3-4_;.1‘-‘«1»5.-‘15;5 :lﬂq‘ ;:» " snom 1;: |s 1: ) n nn ?ﬂ.g :i ": P
N — «b3 E5 o pe
(::) FILE TSR D16/ 7QVRAF ‘~\ noses 71
g | lI‘.'I;N"'z & J'.':’ St L CLES g SRR ERES SRS ARE LR BN RSN BN RS EEARENEEAMY b 17 :: 'Bi 3
o33 - R A SO ¥ S R o5
960 WY DM (L ]
JHIBMI BRI N ML b b LA LBy AR E Gl s i e s ot 1 5 2 £8 A
7 - ERT SIS ST S PR B U A il SRR o e LIRS JLR L e Bmne o T2 i . ™
. 1A A 43 3 4
STATE OF miCHIGAN 13
DEPARTMENT OF STATE HIGHWAYS Form 2050F (Rew. 30/72} 154 22 ;¢ o5 2P
@ COMPUTER SBERVICES DIVI3IEN GOMPUYER SERVIDE REQUEST Destroy aid pravious editlons. fuyg  jRE L0 e P
Pleasa run for production program(s) Q l 7’ 50 Dats Submirted i Qug. Coda it 13 H 17 ,l:',_/
- #90 R TV PR
Distribution . + ey Aw '™ ne
- e i
[ Normal [3 Other 77;7;;/{‘ £ SAFETN pon 1er 13 55 11 Ei
Spacial Instructions (Use when deviating from abstroct) 14 [ i
- M L T PV
55 Tl g
""T“ p |
p 18

Qutput Neadad:
U(E;‘\QRI::":) 73 24 Hes, ] 3 Duys T3 % Week [ Oher

Oper. inlts,

Run Date

@) All jobs begin with Form 2350%;MhCoﬁputer Services
Request," showing the program number. To aid in returning
the cards and ocutput to the user, he should include the
division name and his name on the card. For program Q17150
only, the letters TSS {(for Time Sharing System) tell the

Machine Operation Section that the user is waiting to use
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the program results on the terminal; so, if possible, they
will run the job immediately instead of running it over-
night.

() The next card {(pink-colored) lists the program to
be run, The first column is punched so as to be unrecog-
nizable to the computer; in this case the numbers 1, 2, and
3 were ali punched in that column., This card punch applies
ﬁi to all the pink-colored control cards. The command (COMPILE
& ‘or EXECUTE) to the computer begins in the third column. The
user's organizatioﬂ'code is punched in columns 60 to 62, the
letters HY in columns 67 and 68, and the user's initials in-

columns 70 to 72,

'CD The next card (pink-colored) tells the computer

b

the name of the file being loaded. Different programs
require different cards here, In some cases hundreds of
cards may be required at this point.,

@ The next card (pink-colored) informs the computer
that the data for the run will follow. The "C" after the
"Q" in the file name signifies that the data is on cards,

- B The next cards (salmon-colored) are the data

cards; the data must be in proper order and in the form

required by the program., For program Q1l7150, the sequence

numbers of the data cards are punched in columns 72 to 80.

The data will be listed in the time~sharing file as type

UNKNOWN; the user must correct the type. In this example,

the first 3 cards of the file given on page 38 are shown.

@ The last card (pink) i1s the END statement.
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APPENDIX 2

INPUT YORM FOR INTERSECTION CAPACITY ANALYSIS

INTERSECTION CAPACITY ANALYSIS

LOCATION |

COUNTY

CONTROL SECTION JOB NUMBER

2

BY

DATE

N2
7N

HORTH

=

1

INSTRUCTION:
1. Number Approoches Consecutively
2. Number Lanes from Qutside to Inside
3. Set Appreach 1 Opposite 3 and 2 Opposite 4
4. To gain access to the computer,
follow this logein sequence.

USER CODE: QTRAF

PASSWORD:

CHARGE CODE: ——
—_——————

L_ Your Initicls (Optionod)

I L Station Number
Orgonization Coda

E 316288
STEP Y ENTER NUMBER OF APPROACHES: L {10}
1 LANE TYPE
STEP 2 ENTER LANE TYPE CODES: 1« Lelt Oaly W/out Opposing N
2 = Left Only W Opposing - A
APPR| LANE NUMBER 3A77 L:fi/lhru Option W/out Opposing : [
MO frjajaj4)sis 4 = Lof/Thru Option W Opposing P p—
1 = (21} 53 = Thre Onty —_—
2 —{22) 6 = Right/Theu Option - ——
3 ~—(23) 7 - Right Only —
4 ———{(24] 8 - Left/Right Optien | ———
1 5
STEP 3 ENTER APPROACH VOLUMES, PERCENT OF TRUCKS, LANE WIDTH, CYCLE SPLIT:
- -% LANE CYCLE
APPR APPROACH VOLUMES ~ VPH PERCENT TRICKS LANE T 17 CYCLE
No [ CEFT THRU RIGHT LEFT THRU RIGHT freti) 61 A
! Iila§llt-jlll-§llL-;ll-l ;,_l.ld(il-lzlll"—-((;;;
] Lo beE e oo SFL 0wy JELa AFl 0o [FEV 0 oo PFL 0w [FE o oa | 33)
3t a3l JI 15 4 ST A b N 11 S« 180 0 v w Bl | 24)
4 J I 1 & & £ 3 1 1 b oo | 14 1 i o | - - {
1 5 10 15 26 25 30 35
STEP 4 ENTER CYCLE LENGTH (SEC): L i g — 0
STEP § ENTER PERCENT OF AMBER (%): L1 4 | =— (50)
STEP 6 ENTER NAME OF APPRCACHES:
A:gk N NAME OF APPROACHES
1 — {81)
| N S T SN Y NN TN N T U SN T TR SR N SN SV WA NN S S S N N N S T Y 62)
2 | VRN O W T OO NS TNUN AN VOO SN SHUN ST (PO WY SUT SV NN N SN SONS S N UOU T S GO0 T | “_—(63)
3 | U0 RN S SO0 WO T N SN S W NN TS TN VNN (O S NS N SN TR TN T S N S N S S 1 {
1 o {64)
I U0 N UV VR WU NS N WA TS VAT TOOF W O YUY N Y WY TN VOO T S S U W B
] 5 10 15 20 25 30
ALSO TYPE:

STEP 7 IF DATA IS BEING PUT IN A FILE, FOR SCHEDULING,

NO {OR YES; IF TABLE IS TO BE PRINTED}
NO ’

EXC

NO
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