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ABSTRACT

This report describes the user's manual for PASSER III, a practical
computer program developed to assist the traffic engineer in determining
optimal traffic signal timings for pretimed or traffic-responsive, fixed-
sequence signalized diamond interchanges. The program is applicable to
isolated interchanges as well as to a series of interchanges through which
progression is desired along the frontage roads. In addition, design
engineers may use PASSER III to evaluate the effectiveness of proposed
interchange design alternatives. .

PASSER III can evaluate any signal timing plan that might exist at a
signalized diamond interchange. Four basic signal phasing sequences
(phasing codes) can be analyzed. A fifth phasing code, phasing code 1A, has
the same phasing sequence as code 1, but the green splits are calculated by
a different procedure. However, both methods of calculating green splits
are based on the approach movement volume to signal capacity ratios. The
program also determines the level of service for each phase at the inter-
sections which make up a diamond interchange. PASSER III provides all data
required to implement the signal timing plan it calculates.

Two typical example programs, an isolated interchange and a frontage
road progressive system, were coded and executed by PASSER III. The
completed input data card coding forms and the program output, including
time-space diagrams for the progression solution, are contained in this report.
Key Words: Diamond Interchanges, Signalizatijon, Frontage Road

Progression, Delay-Offset, Level of Service, PASSER III
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SUMMARY

With increasing demands on urban freeways, frontage roads are becoming
more important as a source of additional capacity for the main lanes. An
alternate route in the freeway corridor is especially beneficial during
rush hour or incident conditions. To make the best use of these existing
facilities, it is essential that intersections along the frontage roads
operate in the most efficient manner possible. Toward this goal, the Texas
State Department of Highways and Public Transportation in cooperation with
the U.S. Department of Transportation, Federal Highway Administration
sponsored a cooperative research project with the Texas Transportation
Institute entitled "Development of a Frontage Road Level of Service
Evaluation Program -~ PASSER III" which addressed several objectives related
to improving frontage road-freeway design and operations. This report
presents the user's manual for the diamond interchange signalization computer
program, PASSER III, developed in this research project.

The program was developed to assist the traffic engineer in determining
the optimal traffic signal timings for pretimed dr traffic-responsive,
fixed-sequence signalized diamond interchanges. It is applicable to isolated
interchanges as well as to a series of interchanges through which progression
is desired along the frontage roads. 1In addition, design engineers may
use the program to evaluate the effectiveness of proposed interchange design
alternatives. PASSER III provides all information required for the field
implementation of the signal timing plan it calculates.

The program can evaluate any signal timing plan that might exist at a
signalized diamond interchange. The four basic signal phasing sequences
(phasing codes), lead-lead, lag-lead, Tead-lag and lag-lag, can be analyzed.
A fifth phasing code, phasing code 1A, has the same phasing sequence as code
1, but the green splits are calculated by a different procedure. However,
both methods of calculating green splits are based on the approach movement
volume to signal capacity ratios. All interchange signal timing plans can
be analyzed by the delay-offset technique to determine which pattern provides
the smallest overall interchange delay. Both interior and exterior movement
delays are calculated by the program. Interior maximum queue lengths per
cycle are compared to the queue storage provided by the design. Based on
selected measures of effectiveness, the program determines the level of
service for each phase at the intersections which make up the diamond inter-

change. The program is structured to evaluate either proposed designs
111 :




or existing facilities on an. individual interchange basis.

Linked to the isolated diamond interchange program, to be used when
desired on an optional basis, is the frontage road progression program. This
program can analyze the diamond interchange frontage rdad network as if it
were a signalized arterial. Optimal frontage road progression time-space
diagrams'can be developed and offsets calculated. A complete frontage road
level of service analysis is provided including frontage road travel times.

The user's manual contains detailed, step-by-step instructions for
filling out the two input data card forms that were developed to assist the
engineer in the coding of data. Both forms are illustrated in the report.
The options available to users of this program along with the parameters
required for their execution are discussed. Two example problems, one
isolated interchange and one frontage road progressive system, were coded by
the authors and analyzed by PASSER III. The completed input data card coding
forms and the program output, including the optimal time-space diagrams for
the progression solution, are contained in the final section of the report.
Implementation

The results of this research, a practical and efficient computer program,
have been directly implemented on the Department's computer system in
Austin through the Division of Automation. The program will be available
statewide to Texas State Department of Highways and Public Transportation
engineers and may be accessed at the District remote terminal units. The
results generated by this program should prove most helpful in preparing
traffic signal timing plans for diamond interchanges and for evaluating
existing and proposed design alternatives.

iy
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INTRODUCTION TO PASSER III

Background

PASSER 1is an acronym for Progression Analysis and Signal System
Evaluation Routine. PASSER III is a practical computer program developed

to assist the traffic engineer in determining optimal traffic signal timings
for pretimed or traffic-responsive, fixed-sequence signalized diamond

interchanges. The program is applicable to isolated interchanges as well as to
a series of interchanges through which progression is desired along the
frontage roads. In addition, design engineers may use this program to
evaluate the effectiveness of proposed interchange design alternatives.

The basic theory of the progression option of the program was
developed and tested by the Texas Transportation Institute in the Dallas
Corridor Project sponsored by the Federal Highway Administration and
described in a previous publication (1). PASSER was adapted for off-line
processing and analysis purposes in HPR Project 165, and a Level-of-Service
determination for the approaches to an intersection was undertaken in
HPR Project 203. Both projects were sponsored by the Texas State Department
of Highways and Public Transportation, and the results of each have been
documented in several reports (2, 3, 4).

The development of PASSER III was undertaken in HPR Project 178 which
was also sponsored by the Texas State Department of Highways and Public
Transportation. A more detailed discussion of the operational theory and
field validation of this program is contained in a companion report (5).
Program users should be familiar with all aspects of Chapter 2 in Reference 5
before using PASSER III.

Diamond Interchange Signalization

The program determines the traffic signal timings (splits) and the
level of service for each phase at the two intersections which make up a
diamond interchange. The three basic protected signal phases (shown in
Figure 1) that exist at one intersection of the interchange can be combined
with the three basic phases that exist at the other intersection in four
possible sequences (6). These four phase sequence combinations (shown in
Figure 2) are called phasing codes in PASSER III. For phasing codes one
(1) through four (4), traffic signal timings are calculated by the Webster

1
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method (7). A modification of phasing code 1, phasing code 1A, uses the
four-phase with overlap procedure (8) to calculate the green splits. Although
the green splits computed by the two signal timing methods will usually be
different, the phase sequence order for phasing codes 1 and 1A is the same.
In both methods green splits are calculated based on approach movement volume
to signal capacity ratios. Therefore, the effectiveness of either signal timing
plan will depend on the quality of the volume and movement capacity (saturation
flow) data provided to the program.

One optional output of the program determines a signal timing plan
(green splits, phase sequence order and offset between the two signals)
which minimizes average delay per vehicle experienced by all vehiéles
using the signalized diamond interchange. Delay to the exterior movements
is calculated using Webster's delay equation (9), and delay to the interior
movements is computed from a modification of the deterministic delay-offset
technique (10, 11, 12). This feature of the program allows the traffic
engineer to select the optimal signal timing plan or to evaluate the
effectiveness of a specific timing plan at any interchange. A brief discus-
sion of this feature follows. : o '

As the internal offset (length of time from the start of the left side
basic phase :"A" to the end of right side basic "B") varies from zero to
the cycle length in one second increments, different signal timing plans
result. For a sixty second cycle, sixty timing plans would exist for each
phasing code. One or more phasing codes can be analyzed during a single run
with the average delay per vehicle being calculated for each signal timing
plan. The objective of this feature of the program is to find the offset
for each phasing code that minimizes the delay and from those minimums select
the lowest possible delay value.

A second output of the program provides a phase interval chart which is
simply the signa]Atiming plan selected by the delay-offset analysis with

the individual phase intervals defined 5ccording to the basic phase (Figure 1)
that exists at each frontage road intersection during the phase interval and
the time duration of that interval (Figure 3). Assume that phasing code
number one shown in Figure 2 is found to provide the minimum delay solution
when the internal offset between the two frontage road intersections is seven
seconds. The signal timing plan that would result is illustrated in Figure 3.
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Isolated Interchange Operations

PASSER III was developed in part to calculate the signal timing infor-
mation needed for the plan development and field implementation of a pretimed
or traffic-responsive, fixed-sequence signalized diamond interchange. The
program will calculate thé-optima] green times and will provide the
following measures of effectiveness for each movement at the two inter-
sections which make up the diamond interchange: '

1. Demand to signal capacity ratio, X-ratio, for the critical lane.

2. Average vehicular delay, sec./veh.

3. Probability of clearing the queue -for the critical lane.

4., Storage ratio on interior movements.

If the traffic engineer is concerned with minimizing individual vehicle
delay at a particular diamond interchange, the program will determine the
optimal signalization strategy for that interchange (delay-offset analysis).
This can be done by selecting the best solution from all signal timing
plans (Figure 3) that can be generated from each phasing code (Figure 2) the
user wants to consider. The program varies the internal offset in one second
increments throughout the cycle length (sixty signal timing plans for a sixty
second cycle) for each phasing code. PASSER provides a plot of individual

vehicle delay as a function .of the internal offset for each phasing code that
is analyzed (Figure.11).

Frontage Road Progressipn Operatiqns

Another PASSER III output will provide a frohtage road progression
solution. This solution can either be one-way progression along either of the
two frontage roads or maximum possible two-way progression along both frontage
roads. The user may select either option as desired. A1l standard output
and options applicable to isolated interchange operation apply to a pro-
gressive system as well. Green times, operational measures of effectiveness
and phase interval charts will be provided for each interchange in the
frontage road system. A delay-offset analysis is still optional for each
interchange, but is generally not recommended in combination with the
progression output (due to run cost).

Several progression options are also available to program users. These
include searching for the cycle length and progression speed (between specified _
bounds) which provide the optimal progression solution, specifying the




percent of the total progression bandwidth to be provided in the "B"

direction and requésting a printer and/or line plot of the optimal progression
solution. Standard output of the progression feature of the program includes
several system measures of effectiveness (bandwidths, progression speeds

and travel times in both directions and the efficiency and attaiﬁabi]ity of
the solution) together with all information needed to implement the optimal
solution in the field (phase interval charts and offsets for each interchange).

Data Requirements

Much of the input data required by the program is similar to that needed
by the PASSER II signal timing program. Allowable cycle lengths, turning
movement volumes, number of effective lanes and minimum green times are
required to analyze an isolated interchange. The Webster method described
in Appendix A can be used in developing the cycle lengths to be analyzed
by the program. If progression is desired, interchange distances and pro-

gression speeds are needed to arrive at an optimal solution. In addition,

the traffic engineer can specify a particular signal timing plan at an

interchange or a set of allowable timing plans. Each allowable timing plan

for the interchange is analyzed to determine the pattern which gives the best

frontage road progression. If a delay-offset analysis is desired, additional

information such as the travel times and queue storages for interior movements

is required as input data as well as the specific types of signé]ization to

be evaluated. Sample input coding sheets are shown in Figures 4 and 5, and two

example programs are shown in another section of this report. o
Results generated by this program may not necessarily represent the ‘ufh;h

optimal solution for a particular interchange and/or progressive system. ‘

However, the user can approach the optimal solution by supplying the most

accurate values for data such as the average speed, the queue clearances,

the intersection traffic volumes, the number of effective lanes and suitable

minimum green times. If the "floating car" study, calculated system cycle

length or other similar studies as well as traffic and pedestrian counts

are used as a basis for determining the values supplied to the program,

the probability of approaching an optimal solution will be greatly increased.
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PROGRAM CODING INSTRUCTIONS

Freeway and Interchange Card Forms

TWo input data card coding forms provided to assist the user in coding
the necessary data required by the program are shown in Figures 4 and 5.
These two coding forms contain the following data inputs:

1. FREEWAY HEADER (one card per freeway) and INTERCHANGE HEADER

(one card per interchange).

2. INTERCHANGE DETAIL (Three cards per interchange).

Freeway Header Card - This first card identifies the freeway along
which the diamond interchange(s) to be analyzed is (are) located. It also
defines some general analysis parameters and options.

Columns 1-12: Mame of City - Enter the name of the city, beginning
in Column 1.

Columns 13-36. Name of Freeway - Enter the name of the freeway,
beginning in Column 13.

Columns 37-38: Dist. - Enter the district number, ending in Column 38.

Columns 39-44: Date - Enter the date.

Columns 45-46: Run No. - Enter an arbitrary number to aid in

identifying different sets of input data.

CoTumns 47-48: Number of Interchanges - Enter the number of signalized
interchanges to be analyzed, ending in Column 48. The
maximum number is 15.

Column 49. Isolated? - If a one (1) is entered in Column 49,
jsolated interchange operations are desired, and the
program will calculate green splits for each interchange
in the data set for which volume data are provided. The
program will not search for an optimal frontage road
progression solution.

If an optimal frontage road progression solution is
desired, Column 49 should be skipped (left blank).

If a frontage road progression solution is desired, Columns 50 through
69 on the Freeway Header Card must be coded. Do not code columns 50-69 if
isolated operations are desired.

Column 50: Progression? - If a one (1) is entered in Column 50,
the program will calculate green splits for each
interchange in the data set and also search for an
optimal frontage road progression solution.

Columns 51-53: Lower Cycle Length - Enter the smallest cycle length
(in seconds) that the program may consider in finding
the optimal progression solution, ending in Column 53.




Columns 54-56:

Columns 57-58:

Columns 59-60:

It must be as large as the sum of the minimum con-
flicting greens. To permit program flexibility, a
value of at least four seconds greater than the sum
of the minimum conflicting greens is suggested.

The smallest permissible cycle length should be
calculated beforehand by using some suitable method
for optimal cycle length determination at individual
intersections. A review of one such method, the
Webster method, is given in Appendix A.

Each interchange along a frontage road will generally
have a different optimal cycle length from the other
interchanges. The smallest permissible cycle length
should not be less than 0.85 times the largest optimal
cycle length. A value closer to the largest inter-
change optimal cycle length is preferred from an
operational standpoint. Also, it should not normally
be greater than 1.25 times the smallest individual
optimal cycle length although a value of 1.5 is
permissible when the minimum cycle length is small.

Upper Cycle Length - Enter the largest cycle length
(in seconds) that the program may consider in finding
the optimal progression solution, ending in Column 56.
This upper bound on the cycle length is usually no
more than 10 seconds greater than the Tower bound
value. If a progression solution for only one cycle
length is desired, the same cycle length should be
entered for the lower and upper cycle.length limits.

Cycle Length Increment - Enter the increment (in
seconds) used by the program to evaluate between the
lower and upper cycle length limits, ending in

Column 58. A five-second increment is recommended for
pretimed signal systems, but a different increment
could be used for digital or analog traffic-responsive
systems.

Min. 'B' Direction Band Split - Option. 1. The user
may specify the percent of the total progression band-
width to be provided in the "B" direction, ending in
Column 60. The optimal progression solution determined
by the program will be Timited to one which provides

a bandwidth at least equal to this coded value.
However, if conditions allow, a larger "B" direction
band will be provided, resulting in different band
splits than those input. If no percentage is entered,
the "A" and "B" direction bands will be split genera]]y'
in proportion to the traffic volume distribution in

the "A" and "B" directions.

Min. 'B* Direction Band Sp11t - Option 2. If a one (1)
is coded in column 60, perfect one-way progression will
be prov1ded in the "A" direction. If & ninety-nine (99)
is cdded in columns 59-60, one-way progression will be
provided in the "B" direction.

11




Column 61: Link Speed Search? - If a one (1) is entered in
this column, the program will search for an optimal
solution by varying all link speeds within + 2 MPH
increments of the link .speeds coded in Columns 41-42
and 47-48 of the Interchange Header Cards. If Column
61 is skipped (left blank), no link speed search is
conducted.

Column 62: Printer Plot? - Enter a one (1) if it is desired to
have the optimal time-space progression diagram
printed on the district terminal printer. If it is
not desired to have the optimal time-space diagram
printed on the district terminal printer, Column 62
must be skipped (left blank).

Column 63: Line Plot? - Enter a one (1) if it is desired to
have the optimal time-space diagram plotted by a
D-19 Tine plotter. If it is not desired to have the
optimal time-space diagram plotted by the D-19 line
plotter, Column 63 must be skipped (left blank). .

If a D-19 line pTot was not requested, Columns 64-69 should be skipped
(1eft blank).

Columns 64-65: If a D-19 line plot has been requested, code the
number of seconds that are equal to one inch for
scaling the plot.

Columns 66-69: If a D-19 line plot has been requested, code the
: number of feet that are equal to one inch for
scaling the plot.

Interchange Header Card - The Interchange Header Card provides signal-
ization and geometric information for each signalized interchange in the
data set. One card (one line of information) is required for each interchange
to be analyzed. If a frontage road progression solution is desired,
additional information about the 1ink to the next interchange along the
frontage road also must be provided.-

Columns 1-12: Cross-Street Name - Enter the name of the arterial
cross-street at this interchange, beginning in Column 1.
Columns 13-14: Interchange Number - Enter the interchange sequence

number in the "A" direction, ending in Column 14. The
maximum number is 15. As noted in the figure of the
Interchange Header Card (Figure 4), the "A" direction can
be selected to be either direction along the frontage
road. However, all signal progression offsets will be
calculated with respect to the start of basic phase "A"
at the first interchange in the "A" direction.

If an optimal frontage road progression solution has been requested,
Columns 15-17 of the Interchange Header Card shall be skipped (left blank).

Columns 15-17: Cycle Length - If an optimal frontage road progression
solution was not requested, enter the desired cycle
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length for the interchange(s), ending in Column 17. It
must be as large as the sum of the minimum conflicting
greens. To permit program flexibility, a value of

at least four seconds greater than the sum of minimum
conflicting greens is recommended.

As many as 15 interchanges with the same cycle
length can be analyzed during one computer run.

The cycle length should be calculated beforehand by

using some suitable method for cycle length determination
at individual intersections. A review of one such
method, the Webster method, is given in Appendix A.

When an optimal frontage road progression solution has been requested
by the user, Columns 18-36 shall be skipped (left blank) in most cases.
Evaluating more. than one cycle length by the delay-offset technique when
the progression option is in effect would generate a staggering amount of
output, and use computer time which would be of considerable expense to the user.

Columns 18-22:

Columns 23-24:

Columns 25-28:

Delay-0ffset Analysis? - These five columns correspond
to the five phasing codes shown in the figure of the
Interchange Header Card (Figure 4). A delay-offset
analysis can be requested for any or all five phasing
codes. Enter a one (1) in the appropriate column

to request a delay-offset analysis for that phasing
code. If a delay-offset analysis is not desired for

a particular phasing code, the corresponding column
must be skipped (left blank).

Permissive Left Turns? - Enter a one (1) in Column 23

if a combination protected and unprotected left turns
[circular green with green arrow followed by circular
green (or vice versa) for left turn movements onto the
frontage road] onto the frontage road are permitted at
the left side intersection shown in the figure of the
Interchange Header Card (Figure 4). Enter a one (1)
in Column 24 if a combination protected and unprotected
left turns are allowed at the right side intersection.
If the protected and unprotected left turns are not
permitted, the appropriate column must be skipped
(1eft blank).

Interior Travel Time - Enter the travel time (in seconds)
from the left side intersection to the right side
intersection as shown in the figure of the Interchange
Header Card, (Figure -4), ending in Column 26. Enter

the travel time (in seconds) from the right side inter-
section to the left side intersection ending in Column
28. '

The travel time is the time required for a queue of
vehicles stopped at one intersection to start up and
travel to the adjacent intersection. To assist users
of this program, recommended travel times for inter-
changes with various internal spacings between the
intersections are shown in Table 1.
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TABLE 1, INTERCHANGE INTERIOR TRAVEL TIME
AND OVERLAP AS A FUNCTION OF
SEPARATION DISTANCE BETWEEN
INTERSECTION STOP LINES

Distance Travel Time® Overlapb
(feet) (seconds) ‘ (seconds)
67 | 6 4
94 7 5
125 8 6 ‘
160 9 7 }
200 10 8
244 11 9
288 12 10
322 13 11
376 14 12
420 15 13

2 Travel time of through vehicle from stop line on exterior approach
to interior stop line at downstream intersection. Calculated
from T = 0.5 + (0.45 ° d)o's; 30 m.p.h. maximum speed. Coded in
columns 25-28'Qf the Interchange Header Card.

b Used primarily with Phase Code 1A; four-phase overlap signalization.

Provides a two second advance green. Coded in columns 61-62 of

the Interchange Header Card.
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Columns 29-30:

Columns 31-32:

Columns 33-34:

Columns 35-36:

Interior Queue Storage - Enter the queue storage in
number of vehicles for vehicles traveling from left to
right and proceeding straight through the right
intersection, ending in Column 30.

An estimate of queue storage can be obtained by
assuming that one vehicle occupies 25 feet of lane
space. Multiple through lane storage must be added.

A Tane may share storage between left turn and through
movesments .

Interijor Queue Storage - Enter the queue storage in
number of vehicles for vehicles traveling from left
to right and turning left at the right intersection,
ending in Column 32.

Interior Queue Storage - Enter the queue storage in
number of vehicles for vehicles traveling from right

to left and proceeding straight through the left
intersection, ending in Column 34.

Interior Queue Storage - Enter the queue storage in
number of vehicles for vehicles traveling from right to
left and turning left at the left intersection, ending
in Column 36.

If a frontage road progression solution has been requested, Columns 37-52
of the Interchange Header Card must be completed.

Columns 37-40:

Columns 41-42:

"A" Direction Distance - Enter the distance in feet
along the frontage road from this interchange to

the next interchange in the "A" direction, ending in
Column 40. See the figure of the Interchange Header
Card (Figure 4) for illustration,

"A" Direction Speed - Enter the desired average
progression speed in miles per hour for the link
whose distance was just coded in Columns 37-40.

The “average speed" (in MPH) between interchanges for
each direction of travel should be the average speeds
during peak and off-peak volume conditions. The
"floating car" or some similar study can be used to
determine these average speeds. The "floating car"
study is based on the average speed (between two
points) found by traveling within or following platoons
of vehicles. This average speed is determined from
five to ten trial runs made during off-peak volume
conditions, five to ten trial runs made during AM
peak period conditions, or five to ten trial-runs
made during PM peak period conditions. The speeds
obtained should be free-flowing speeds of platoons
between stop signs and stops at traffic signals. If
there are only a few vehicles on the frontage road
(not enough to constitute a platoon), the observer
should travel at a comfortable speed keeping in mind
the few vehicles on the frontage road so as to obtain
a reasonable average speed. In such an instance, 10
runs should be made along each frontage road. Trial
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Columns 43-46:

Columns 47-48:

Columns 49-50:

Columns 51-52:

- Columns 53-62 must

runs during both off-peak and peak periods should be
made to determine if different average speeds occur.
If they do, two or three time-space diagrams should
be prepared. The "average speed" shown in columns
41-42 and 47-48 should normally be 2 to 4 miles per
hour below the average speed obtained from the
"floating car" study.

The user may not wish to enter a different average
progression speed for each 1link along a frontage road
even though the speeds vary. For example, if

the "A" direction average speed between interchanges
1 and 2 is 30 MPH and the "A" direction average

speed between interchanges 2 and 3 is 26 MPH,

Columns 41-42 for both Interchanges 1 and 2 could
show "28."

"B" Direction Distance - Enter the frontage road distance

in feet in the "B" direction from the next interchange
back to this one, ending in Column 46. (See the figure
of the Interchange Header Card, Figure 4.) Usually
this distance is the same as that coded in Columns
37-40.

“B" Direction Speed - Enter the desired average -
progression speed in miles per hour for the link whose
distance was just coded in Columns 43-46.

The last interchange along the frontage road will not
have a downstream link to code. Therefore, the last
Interchange Header Card would have Columns 37-48

blank (i.e., no link distance and speed information).

"A" Direction Queue Clearance - If it is desired to
insure that the progression band will lag the start
of the "A" direction progressive green by a certain amount

-at thexinterchange, enter this amount of lag time in

seconds, ending in Column 50. This lag time (queue
clearance time) should not exceed five seconds. If an
insured lag time is not desired, these columns must

be skipped (left blank).

PASSER attempts to balance out "slack" time and, as

a consequence, some progression lag time may occur

at a signal even if no assured time is provided. Hand
adjustments of the offsets from the time-space diagram
normally can also provide some progression lagging for
a given optimal progression solution.

"B" Direction Queue Clearance - If an insured lag
time is desired for the "B" direction at this signal,
enter this progression band lag in seconds, ending

in Column 51. This lag time should not exceed five
seconds. Normally, columns 49-50 and 51-52 will be
skipped (left blank).

be coded.

Columns 53-62:

Priority Phasing? - Internal offset values are

entered into these ten columns, two columns for each
of the five phasing codes shown in the figure of the

Interchange Header Card (Figure 4). The internal




offset is defined as the time in seconds from the
, beginning of basic phase "A" at the left side frontage
. road intersection %o the end of basic phase*"B" at:the
right side frontage road intersection.

If a delay-offset analysis was not requested.

internal offsets must be selected by the user and

must be coded into the columns corresponding to all

phasing patterns which are being evaluated. Interhal

\ ’ offset. values can range from zero to the cycle length.
Since an internal offset of zero is possible, a minus
one (-1) must be entered into the columns correspond-
ing to all phasing patterns which are not being
evaluated by the program.

- If a delay-offset analysis has been requested to
calculate optimal internal offsets, a minus one (=1)
must be coded into the columns corresponding to each of

. the five phasing patterns. 1he optimal internal offset
values calculated by the program will then be used to
find the best progression solution. However, the user
can override the optimal offset by substituting other
internal offset values ranging from zero to the cycle
length into the appropriate columns.

Interchange Detail Card Forms

There are three interchange detail cards (or three lines of information)
to be coded per signalized interchange. These cards (lines) relate to the
vehicle movements at each interchange as shown in Figure 5 (page 9). Al
data entered must be right-justified, i.e., ended in the right most field

_ column. 0n1yvcard descriptions will be given in the following discussion.

Line 1. The éduivaTent straight through movement passenge} car volumes
illustrated in Figure 5 must be entered on this card in-vehicles per hour.
Flow rates for other increments of time must be converted to an hourly volume.
It is suggested that the equivalent straight through movement passenger car
volumes be determined by the methods described in, "A Guide for Designing and
Operating Signalized Interseﬁfions in Texas," by Messer and Fambro (13).

Right turning movements (1, 4, 8, 11) for which a free right turn lane is
provided should have zero coded volumes. Arterial straight through movements
(2 and 9) pertain to those vehicles traveling on the arterial street which
proceed straight through the interchange. Arterial left turning movements

(3 and 10) are those vehicles traveling on the arterial street which turn
left onto the frontage road at the downstream intersection of the interchange.
Frontage road straight through movements (5 and 12) contain those vehicles
traveling on the frontage road which proceed straight through their
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respective intersection of the interchange. Frontage road left turning move-
ments (6 and 13) are those vehicles traveling on the frontage road which turn
left and proceed straight through the downstream intersection of the inter--
change. Frontage road U-turning movements (7 and 14) pertain to those vehicles
traveling on the frontage road which turn left and also turn left at the down-
stream intersection of the interchange. U-turning movements (7 and 14) for
which a U-turn lane is provided should have zero coded volumes. The interior
left turning movements (15 and 17) are the total number of vehicles turning
left, (Movement 15 = Movement 10 + Movement 14 and Movement 17 = Movement 3 +
Movement 7) and the interior straight through movements (16 and 18) are the total
number of vehicles traveling straight through the corresponding intersections
of the interchange (Movement 16 = Movement 9 + Movement 13 and Movement 18 =

Movement 2 + Movement 6).
Line 2. The number of effective lanes which serve the respective

movement volumes shown in Figure 5 must be entered on this card. The program
assumes the saturation capacity flow of each movement to be 1800 vehicles
per hour green per effective lane. A movement's saturation capacity flow can
be adjusted by multiplying the number of effective lanes which serve that
movement by an appropriate factor as shown in Table 2. If both through and
turning movements occur in the same lane, a fraction of that lane should be
assigned to each movement. This assignment is usually the same as the fraction
of the total traffic in the lane which performs each maneuver. For example,
assume that a three lane frontage road exists at the left side intersection
shown in Figure 5, and that the demand on each of the three lanes is 200
vehicles per hour. Of this, 50 vehicles per hour turn right from the right-
most lane, and all 200 vehicles in the leftmost lane turn left. Additionally, -
50 of the 200 vehicles which turn left at the left intersection also turn
left when they reach the right intersection (U-turn). Accordingly, the
number of effective lanes which serve movements 4, 5, 6 and 7 are 0.25
(50/200), 1.75 (150/200 + 200/200), 0.75 (150/200) and 0.25 (50/200).
Observation of the interchange being analyzed may indicate that an adjustment
is needed in the effective number of lanes which serve some of the movement
volumes. Reasonably accurate estimates of the number of effective lanes
which serve a movement should be established since green times are calculated
based on movement volume to saturation capacity flow rates.

Line 3. The minimum green time. in seconds for each movement shown in the
‘aiagram of vehicle movements for minimum greens (Figure 5) is, in effect, the
minimum time for the green, yellow and all-red, if any, for the movement. For
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* TABLE 2 - ADJUSTMENT FACTORS TO ACCOUNT FOR VARIOUS
SATURATION CAPACITY FLOW RATES*

Desired Saturation - Multiply the Total
Capacity Flow Rate Number of Effective
(Veh./Hr./Lane) Lanes By
1500 0.83
1600 0.89
1700 0.94
1800 1.00
1900 1.06
2000 1.1

2100 1.17

* Different adjustment factors can be used for different
movements.
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example, if the desired minimum green interval was ten seconds followed by a
three second yellow interval and a one second alli-red interval, the coded
minimum green time would be 14 seconds. The minimum phase green times for
movements 1, 2, 3, 4, 5 and 7 must be long enough to insure adequate pedestrian
crossing times or adequate "Walk" and "Don't Walk" time when pedestrian signals
exist.

Note: For the isolated interchange option, the sum of the minimum
greens of the conflicting phases at each intersection of the interchange
must not exceed the cycle length coded in columns 15-17 of the Interchange
Header Card (Figure 4). If the progression option was specified, the sum of
the minimum greens must not exceed the minimum cycle length coded in columns
51-53 of the Freeway Header Card (Figure 4).
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APPLICATIONS

PASSER III was designed (1) to calculate the signal timing information
needed for the plan development and field implementation of pretimed or
traffic-responsive, fixed-sequence signalized diamond interchanges and
(2) to determine the optimal progression solution along the frontage roads
through a series of signalized diamond interchanges for the given set of
traffic flow conditions. Users of this program, as when using any other
computer program, should remember that the program only calculates - it does
not engineer. Sometimes several program runs may be needed before the final
solution is calculated.

Isolated Interchange QOption

To analyze a diamond interchange independently of its adjacent inter-
changes and/or intersections, if any exist, a one (1) should be coded in
column 49 of the Freeway Header Card. Columns 50 through 69 of this card
should be left blank as they refer to the frontage road progression option.
For the isolated interchange option, the two input card :coding forms would
be filled out as shown in Figures 6 and 7 (pages 28 and 29). Based on example
input data the program would provide the information shown in Figures 8
through 12 (pages 30 through 34) and described in -the following sections.

Input Data. As shown in Figure 8, the first sheet of output from any
program run contains a summary of the information punched on the Freeway
Header Card. In this example, the user requested that: the program calculate
the green splits and several measures of effectiveness for -an interchange
on Interstate Highway 35 in Austin. A delay-offset evaluation of this
interchange also has been requested . No progression options or parameters
were input to the program.

Data contained on the Interchange Header Card and the Interchange Detail
Cards are output by the program as shown in Figure 9. In the example, a
delay-offset analysis was requested for phasing codes 1 and 4 (a one was enter-
ed in columns 18 and 21 of the Interchange Header Card). Interior travel times
along with the interior queue storages were coded and input to the program
as they are required in the execution of the delay-offset option. For each
of the 18 vehicle movements, the volumes and the number of lanes which
correspond to them are coded as shown in Figure 7. They are output by the
program at the bottom of the Interchange Input Data Sheet (Figure 9). The
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eight minimum green values are coded on the same form (Figure 7) and output
on the same sheet (Figure 9).

Signal Timing. The program in this mode does not search for the best
cycle length to use; therefore, the cycle length to be analyzed must be
determined beforehand. A review of one method of determining optimal cycle
lengths at individual intersections, the Webster méthod, is given in Appendix
A. For the isolated interchange option the desired cycle length must be
entered in columns 15 through 17 of the first Interchange Header Card. In the
example, a cycle length of 70 seconds was chosen for analysis as shown in
Figure 6 (columns 16 and 17). After a run has been made, the measures of
effectiveness calculated by the program indicate whether there may be a
need to increase the cycle length to provide better green splits and increase
the general capacity of the interchange. However, excessively long cycle
lengths are more prone to overload the interior left turn lanes, which could
promote through lane blockages and reduce capacity. Under normal peak-hour
operating conditions, it is recommended that cycle lengths above 80 seconds
in length be avoided if at all possible.

As shown in Figure 10, the program calculates the length of each of the
three basic unprotected phases (green plus yellow plus all-red) which exist
at each intersection of the interchange. In addition, the length of the
"D" phase (time available for the interior straight through traffic, i.e.,
the sum of the "A" and "C" phases) is also output by the program.

Measures of Effectiveness. The program calculates several operational
measures of effectiveness for each movement (phase) of the two signalized
intersections of the diamond interchange along with a corresponding level
of service. This output from the example is shown in Figure 10. Previously
published criteria for three of the measures (13) upon which the level of
service evaluations are based are presented in Table 3. Different measures
may yield slightly different levels of service when evaluated for the same
phase, particularly when comparing delay with the other measures. The
fourth measure of effectiveness calculated by the program is the interchange
interior storage ratio which is simply the ratio of the length of the
maximum queue per cycle for the "C" and "D" phases to the available interior
storage capacities for those phases. Storage ratios should not exceed 0.8
with 0.6 being a more desirable maximum. It should be noted that storage
ratios are calculated only when a delay-offset analysis has been requested.
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TABLE 3. LEVEL OF SERVICE CRITERIA FOR OPERATIONAL MEASURES
OF EFFECTIVENESS ON SIGNALIZED MOVEMENTS (13)

UPERATIDNAL LEVEL OF SERVICE
MEASURES A B C D £ E
Saturation
Ratio, X <.6 <.7 <.8 <.85 <1.0 1.0

Probability of _
Clearing Queues, P, | >.95 >.90 >.75  >.50  <.50
Average Approach
Delay, d, sec./veh. | <15 <30 <45 <60 >60

The methods by which the program calculates these operational measures
of-effectiveness are illustrated in Appendix B.

The engineer ‘also can use the general Signalization information shown
in Figure 10 and the isolated interchange option to evaluate the effective-
ness of a predetermined interchange signal timing plan. To accomplish this
objective, the user must code the minimum green for each phase to be the
same length as the actual green (green plus yellow plus all=red) provided
for that phase by the timing plan being evaluated. The sum of the 1engthv
of the minimum green phases at each intersection of the interchange should
equal the cycle length coded in columns 15 through 17 of the Interchange
Header Card.

Delay-Offset Plot. The delay-difference of offset option of the program
can be utilized by the engineer to assist in the selection of an optimal
signal timing plan at an individual diamond interchange. This option
calculates the average delay per vehicle for all signal timing plans that
are being analyzed. For each phasing code considered, the internal offset
js varied in one second increments from zero to the length of the cycle.
This allows the program to look at all possible signal timing plans for
that phasing code. A delay-offset analysis of a particular phasing code is
undertaken whenever a one (1) is entered in the column corresponding to
that code (columns 18-22) on the Interchange Header Card. .In the example,
ones were coded in columns 18 and 21 of the Interchange Header Card.(Figure 6).
This is reflected by the program output shown in Figures 9 and 10.

23



The objective of the delay-offset option is to find the internal offset
for each phasing code analyzed which minimizes delay and from those minimums
select the lowest possible delay value. The phasing code and internal offset
from which this minimum delay results is retained by the program and used
to construct a phase interval chart. The phasing code and the internal offset
also appear at the bottom of the General Signalization Sheet (Figure 10) and
the Phase Interval Sheet (Figure 12). In addition, for each phasing code that
is analyzed, a plot of the average delay per vehicle as a function of offset
is provided by the program. The plot for the example program run is shown in
Figure 11.

Phase Interval Chart. A phase interval chart is provided for each

interchange at which either the delay-offset option was requested or a
priority phasing was input to the program. Figure 12 illustrates the phase
interval chart that resulted from the execution of the isolated interchange

example program. This chart reflects phasing code 1 (ABC:ABC) with an
internal offset of 7 seconds. The delay-offset option determined that this
signal timing plan produced the minimum delay per vehicle for the interchange.
Each phase interval chart contains the number of intervals that exist at
the interchange, the basic phases that exist at each intersection of the
interchange during\each of the intervals and the length of each interval.
Interchange Analysis. Although PASSER III was designed primarily to
analyze fixed-time and traffic-responsive fixed-sequence type control

operations, the delay-offset analysis also can be used to study various
full traffic actuated phasings and to determine the effects of different
interchange approach lane configurations (number of approach lanes), left
turn configurations between the frontage roads, and U-turn lane provisions.
Thus the delay-offset analysis is quite flexible in its application to
analyzing diamond interchanges.

A éimp]e analysis of the interchange operation for all phasing codes can
be made by permitting the delay-offset analysis to be run on all phasing codes
(by inputing a one (1) in each of Columns 18-22 and by inputting a minus one
(-1) for each Code shown in Columns 54-62). In making an analysis of an
interchange, the traffic conditions which would occur during at least two
peak periods (usually the AM and PM peak periods) should be analyzed. It
also would be desirable to study the off-peak period operation since the off-
peak period generally occurs during 20 to 22 hours of the day. If the delay-
offset solution provides different optimal signal timing plans (different phase

24




patterns) during the two (or more) peak periods and/or during the offpeak
period, the engineer will need to decide (from a review of all delay-offset
solutions) which phasing code will provide the best overall operation through-
out the day. ‘

There are occasions when the optimal operation of two or more phasing
codes should be compared. These include the difference in operation obtained
from different minimum green times associated with different phasing codes.
For example, at a particular interchange a minimum green time of 12 seconds
could be used for each movement when phasing code 4 is analyzed, and a minimum
green time of 18 seconds could be coded for each movement when phasing code 1
and/or 1A is analyzed (a minimum of 18 seconds would ensure that the interior
left turn movements between the frontage roads are cleared before oncoming
cross street movements begin). Also, a shorter cycle length may be calculated
by Webster for phasing code 4 than for phasing code 1A. The combination of
the shorter cycle length and shorter minimum green times for phasing code 3
may result in code 4 providing the optimal practical signal timing plan for
the interchange.

It is desirable to evaluate interchange operations resulting from the
anticipated future traffic volumes as well as the present traffic volumes.
This can be done by increasing the traffic volume to reflect the anticipated
volumes in seven to ten years. A factor of 1.4 could be used to increase the
current yearly volume for each movement if more reliable values are not
available. The result of such an evaluation could show that phasing code 4
is more efficient at present, but that phasing code 1A will be more efficient
and provide a better level of service in seven (or ten) years. A decision
could be made based on engineering judgment (taking into consideration the
difference in average delay per vehicle and the level of service measures
for the two candidate solutions) to determine which phasing code operation
to install at present.

The results of the research project have shown that the permissive Teft
turn from the cross street onto the frontage road (left turns permitted
during the circular green alone and during the circular green with the green
Teft turn arrow) generally provides a more efficient operation than the non-
permissive left turn (left turn only on green arrow indication) movement.
There are occasions, however, where a protected (non-permissive) left turn
phase will provide a more efficient operation than a permissive left turn
operation. An example is discussed below.
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In the example, there is a 325-foot distance between the two intersections
of the diamond interchange. The analysis is for the PM peak period. Minimum
green times for each movement are input for phasing code 1A W1th and without
permissible left turns and phasing code 4 with permissible left turns only.
The cycle lengths are based on Webster, the minimum green times, and the
requirement that a level of service C or better be obtained for each movement.

As in shown in Table 4, phasing code 1A with pkotected left turns only
provides a more efficient operation at the interchange than phasing code 1A
with permissive left turns. This is due to the traffic pattern at the
particular interchange and the long distance between the intersections of the
interchange. It should be noted that in this instance phasing code 4 is more
efficient than phasing code 1A. It also should be noted that phasing code 4
was found to be the most efficient for the AM peak period as -well as for the
PM peak period and was again found to be the most efficient after a factor
of 1.4 was applied to each movement. Based on the study results, a controller
providing phasing code 4 operation was chosen for installation.

Interchange Design. As previously mentioned, PASSER III can be used
for interchange design analysis. To evaluate the effect of adding an addi-
~tional lane to an approach, the effective number of lanes for the approach
can be changed on the Interchangé Detail Card. A11 other input data would
remain the same. When left turn lane configurations are being studied, the

interior queue storage values on the Interchange Detail Card can be changed.
Again, all other input data would remain the same. The operational effect

of adding a U-turn or free right turn lane can be evaluated by coding a

zero (0) value for both volume and number of effective lanes for the movement
where the lane was added. If a U-turn lane is added, the corresponding interior
left turn movement volumes will be decreased. Also, the effective number of
lanes serving the remaining movement volumes on the approach will usually
change. By inputting different values of interior travel time on the
Interchange Header Card, the operational effect of various spacings of the

two intersections of the interchange can be evaluated.




TABLE 4. COMPARISON OF THREE
ALTERNATIVE SIGNAL TIMING
PLANS AT A DIAMOND INTERCHANGE

Cycle Average Minimum Green for Movements
Length Delay per .
(Based Vehicle 143 2&4 5-38

on Webster) (Sec.)

Phase Code 4 (ACB;ACB) 50 sec. 12.80 17 12 10
w/Permissive Left Turns
(Left Turns on Circular
Green During Phase A and
on Circular Green with
Left Turn Arrow During
Phase C)

Phase Code 1A (ABC:ABC) 60 sec. 15.02 17 12 10
w/Non-Permissive Left
Turns (Protected Left
Turns Only for Phase C)

Phase Code 1A (ABC:ABC) 70 sec. 19.37 21* 21%* 20*
wW/Permissive Left Turns

* The 21 second minimum provides 10 seconds for clearing the appropriate
vehicles through the far frontage road before the next movement begins
(i.e., Phasing Interval B + C = 10 sec. which is then followed by Phasing
Interval B + A). For movement 2.to be a minimum of 21 seconds, Phasing
Interval B + C is 10 seconds, and Phasing Interval B + A is 11 seconds.
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TEXAS STATE DEPARTMENT OF HIGHWAYS AND PUBLIC TRANSPORTATION : Form 1405 -2
PROGRESSION ANALYSIS AND SIGNAL SYSTEM EVALUATION ROUTINE
FOR DIAMOND INTERCHANGES - 'PASSER mI'
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: RUN NUMBER 1 DATE 3/ 4/77 :

: INTERSTATE HIGHWAY 35 AUSTIN DISTRICT 14 :
:tﬁi*ﬂ*i*i*ﬁ*itttt*ﬁ***titﬁt****iliifﬁﬁittti!t*ii**t*iﬁi*t**tt*tttttt**ititt*tttt:

-n : DPTIONS = :
—ds « »
@ @ * CALCULATE GREEN SPLITS AND MEASURES OF EFFECTIVENESS weeecaae YES *
3 : USE DELAY=(OFFSET EVALUATION TECHNIQUE wewuewevanecessccvrsccans YES .
* : DETERMINE OPTIMAL PROGRESSION SOLUTION smecesscccsccarccsccne ND :
: SEARCH FOR OPTIMAL SOLUTION BY VARYING LINK SPEEDS eswecwaaces NO :

: PRINT NPTIMAL TIME®SPACE PRIGRESSION DIAGRAM =swacecsvecscens ND :

: PLOT DOPTIMAL TIME=SPACE PROGRESSION DIAGRAM aveccscccncncan=s ND :

: PARAMETERS = (TSOLATED "INTERCHANGE ANALYSIS) .:

: DESIRED CYCLE LENGTH eweesscwscncccscsccsvasuncsonacansssansas 70 SECONDS :

: PARAMETERS = (FRONTAGE ROAD PROGRESSION ANALYSIS) E

: NUMBER OF INTERCHANGES secesssscscsccccevacsnnsscsscsctnsnsnne | *

: LOWER CYCLE LENGTH LIMIT eeccosmccccescescrmesanmcsncssasnunae 0 SECONDS :

: UPPER CYCLE LENGTH LIMIT esvwscescesssscsannannncsccensaccsews 0 SECONDS E

: CYCLE LENGTH INCREMENT -----------------------------Q-------- 1 SECONDS ¢

: MINIMUM '8! DIRECTION BAND SPLIT ecemecsccccccmccsnwstccssesn NONE :
:ttit*iitt**t****ﬁ*ﬁtt*ttit**ti*t*tit**ﬁt*ti**ttt*i*i*t**tl.ttlﬁtttit.ii*i**".":
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INTERCHANGE INPUT DATA

AR AR R AR AR AR AR AR AR AR RN AR RN R RN RN R AR AN AR AR AN AR AR AR AN R AR R AR NN AR R AN AN R AR R AR AN AR R RN RN R AR RAR AR AR RN R RN RRRARNAARRRS

L3 * » » 'S
L * DISTANCE * PROGRESSIDN SPEED * OUEUE CLEARANCE *
* « " [ "
* INTERCHANGE 1§ AR R R RN R AR R AR AR AR R AR AR NN AR R SR AR AN RN AR AR AN RA AN AR RN AR AR RN R R A RRAANARNN AN AN AR RN RN A AR NR AN
® * * * "
* HOUSTON AVE * FROM t TD 2 o= 0 FT, % FROM { TQ) 2 w»wee 0 MPH, « 1A! DIRECTION =e==e 0 SEC, «
" - " * *
* * FROM 2 Y0 { e=e 0 FT, * FROM 2 T0O | e=wwe 0 MPH, & tR! DIRECTION wwaes (0 SEC, #
* * L3 » "
AR R AR RRA N A AR AR R A AR R R RN AR AN AR AR AR AR RN A AR R AR R AN AR AN AR AR AN A AR AR AN AR R R AR TR T A AR AR RARANN AR AR RRARRARRAR RN AR RARARARNA
® % *
* RUN DELAY«DFFSET ANA_LYSIS? * PERMISSIVE LEFT TURNS ALLOWED? *
- . " "
AR AR R AR R R AR AR AR AR AR AR AR AR AR AR AR A AR AR R AR AR R R A N AN RN AR AN R R AR R AR N AR AR RN R RR AN R AR AR RN AR R AR N RARNR AN
» * *
* * AT LEFT SIDE INTERSECTION mewesceaccecasncevssusnenanssy YES «
* CODE 1| OR LEAD®LEAD weemmcwcccveneccesc=ew YES * *
* . * AT RIGHT SIDE INTERSECTION = moe muswes YES =
%« CODE 2 OR LAGeLEAD cweranccwcccccegsssuns N +# ®
* AR AR AR RN R AR AR KRR R AN R AR AR SRR AR RN RN AR RN AR R R KRN AR RN AR A kA
* CODE 3 OR LEAD=LAG cemame NO # .
* * INTERIOR TRAVE(L TIME *
* CODE 4 OR LAGeLAG =escecccrescevecessceses YES *
* AR AR RAR AR A RN R R AR AR RN N R AR R AR R R ANA RN RARARRRARAAAR KA KRR RN
* CDDE 1A OR T7] UePHASE ewcecsccosccmessees NO # .
* * FROM LEFT T0 RIGHT ACRDSS THE INTERCHANGE e=we=ew= 10 SEC, «
« ~ *
EAARARANARRARAANACAAARRRARNARRANNRARAAARANRRAARARRRRAS  FROM RIGHY TO LEFT ACRDSS THE INTERCHANGE wewwesee 10 SEC, »
* »
* PRIDRITY PHASINGS 7 INTERNAL DFFSET A AAR RN RA NN AR R R AN R AN R AN RAARRRARRRARANCRRRRANRRRRAARNRARR AR RANAEN
- * -
ANRRRR AR RN R A AR KRN RARRRRAARRANA R RN ARARNARRARRNARARR INTERIOR QUEUF SYORAGE *
" - ®
% AR AR AR AN AN A AR AR AR AN AN R R AN RRA RN AN AR R A AR AR AR AR AR R AR
* CODE 4 OR LAGwLAG esecccowcsee NONE * «
» % THROUGH MOVEMENT AT RIGNT SIDE INTERSECTION wwwes 8 VEH, =
% CODE 3 OR LEAD®|AG sscccvscess NONE * %
* « LEFT TYURN MOVEMENT AT RIGHT SIDE INTERSECTION wws B8 VEW, =
* CODE 2 OR LAGeLEAD emeccnaccss NONE ® "
»* #  THROUGM MOVEMENT AT LEFT SIDF INTERSECTION weswws B VEH,
* CODE § OR LEAD»LEAD seccwecees NONE * *
% * LEFT TURN MOVEMENT AY LEFT SIDE INTERSECTION ee=e 8 VEH, =
'Y " «
RN AR R AN R RN AN AR RN RN R R R AR AN AR AN R AR AR AR RN R AR AR RN RN AR ARA R AR AN AR RN RN R AR R AR AN AN RN ARRRANARANARARANNN AR RR
® " *
L MOVEMENTS L 1 2 3 4 S (] 7 8 9 10 11 12 13 14 15 16 17 18 *
® * *
AR RARR AR AR AR AR R AR R AR AR AR AR A AR AN AR A RN R AR N AR NN R R AR R AR RN RN AR R ARV R R AR AR R AR RANNRRANRRNAAN AR ANARRARANRR
" " "
" VOLUMES * 50 140 S0 40 900 160 0 70 10 30 220 900 30 [ 30 40 40 300 w
* * "
* NUMBER OF LANES # 0,40 1,20 0,40 0,09 2,46 0,45 0,0 1,28 0,18 0,54 0,45 2,49 0,06 0,0 0,86 1,14 0,24 1,76 »
* . «
L] MINIMUM GREEN * 14 25 18 26 14 14 14 14 *
1 . 1]

*
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®

GREEN TIME
(8EC,)

VOLUME/CAPACITY
RATID, X
LEVEL OF SERVICE
BELAY
(SEC,/VEHK,)
T LEVEL OF SERVICE
PROBABILITY OF
CLEARING QUEUE
LEVEL OF SERVICE

STORAGE RATID

LR B IR N SR NS B NE NS b N B NE b B b B IE 2 25 B B BN B NE BF B BE B B N B NE N NS OBE BN BE JE N 2
L 2R 2R N B N B B B IR NE S NE 2 25 2 Nk 2R B NS I B B NE N 3

*

14,0

42,0

14,0

0,09

28,0

0,06

0,07

*

L 20 20 2N BN BE B N R BN B B B Ak Ik 2R AR R A I I I 2 A

]

GENERAL SIGNALIZATION INFORMATION

14,0

0,22

1,00

42,0

0,51

1,00

14,0

28,0

*

*

INTERSTATE MIGHWAY 35 AT HDUSTON RUN NO, 2 32 4771 «
*

*
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* * ®

* LEFY SJIDE * RIGHT SIDE *

MEASURES * * *
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EFFECTIVENESS ® * =

* A 8 c D * A 8 4 D *

L] * L1
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PHASE (QRDER = ABC/ABC

INTERNAL NFFSET e 7 SECONDS
TOTAL INTERCHANGE DELAY =

8,69 VEHICLEwHQURS PER HOUR
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TNTERSTATE HIGHwWAY 35 AT HOUSTON RUN N, 2 3/ a/77
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Frontage Road Progression

In order for the program to search for an optimal frontage road pro-
gression solution, a one (1) must be coded in column 50 of the Freeway
Header Card. Column #9 on this same card must be left blank. The previous
discussion concerning the program options available for the analysis of
isolated interchanges is also applicable to the individual interchanges in
the progressive system. Signal timing information, measures of effectiveness
and phase interval charts will be provided as output by the program for
each interchange in the system. When a frontage road progression solution
was requested through a series of interchanges along Interstate Highway 35
in Austin, the two input card,forms were filled out as shown in Figures 13
and 14 (pages 39 and 40). Figures 15 through 35 (pages 41 through 61) illustrate
the output that was provided as a result of this data being punched on cards
and executed by the PASSER III computer program. The following section of
the report discusses the progression options available, the ways in which
these options can be used and the output provided by the program when a
frontage road progression solution has been requested.

Input Data. The first page of output, Figure 15, is a summary of the
input data contained on the Freeway Header Card. Green splits and measures
of effectiveness are calculated when a progression solution has been re-
quested. As shown in Figure 15, several progression options were requested.
These include varying the link speeds while searching for the optimal pro-
gression solution, printing the optimal time-space progression diagram on
the district terminal printer and plotting the optimal time-space progression
diagram on the D-19 line plotter. Notice that the parameters required for a
frontage road progression analysis were input %o.the program. Progression
options and parameters are entered in columns 50 through 69 of the Freeway
Header Card.

The Interchange Input Data Sheets, Figures 16 through 20 summdrize the
data contained on the Interchange Header Cards and the Interchange Detail
Cards. The information required for a progression solution (distances,
progression speeds and queue clearance intervals) were coded and input to
the program. No delay-offset analyses were requested; therefore, the para-
meters required for a delay-offset analysis, interior travel times and
interior queue storages were not coded (Figure 13). Priority phasings
(internal offsets) were input to the program because in order for the pro-
gram to construct a signal timing plan for an interchange, theiinternal
offset must be known. | |
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Signal Timing. The length of the basic phases at each of the inter-
sections in the system is output on the General Signalization Inform-
ation Sheets, Figures 21 through 25. The information presented on these

sheets is the same as would be presented if each interchange had been
analyzed using the isolated interchange option. The one exception to this
similarity is the addition of the external offset as output. The external
offset is defined as the time the start of basic phase "A" at the left side
intersection of the interchange lags the start of basic phase "A" at the
left side intersection of interchange number one.

Measures of Effectiveness. The measures of effectiveness shown in

Figures 21 through 25 are calculated by the same procedures used by the
isolated interchange option. As no delay-offset analyses were output by

the program, no interior storage ratios were output by the program, i.e.,
they are not applicable (N.A.) to this problem. These measures should be
examined closely to insure that all intersections in the system are operating
in a satisfactory manner.

When a frontage road progression option has been requested, several
system measures of effectiveness are output by the program as shown in
Figures 26 and 27. The program found the optimal cycle length for progression
to be 75 seconds. The progression speed and bandwidth in both directions
along with the efficiency and attainability of the progression solution are
shown on the Optimal Progression Solution Sheet (Figure 26). The efficiency
of the solution is the fraction of the cycle in the average progression band.
The attainabi]ity4is the fraction of the average of the minimum frontage
road green time in each direction used for progression. .0On the Frontage

Road Progression Information Sheet, Figure 27, the phase order for each
intersection, the internal offset, the external offset and the cumulative
travel time in both directions for each intersection in the system are pro-
vided as output by the program.

Phase Interval Charts. When a progression option has been requested,

a phase interval chart will be provided for each interchange in the system.
Figures 28 through 32 show the Phase Interval Sheets provided by the program
for the example problem. The information provided by these charts is
identical to the output provided by the isolated option with the exception

of the external offset. It should be noted that the program must have both

a phase order and an internal offset in order to construct these charts.

The only way in which this information can be furnished to the program is

by the request of a delay-offset analysis or the coding of a priority phasing
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(internaI offset) for each phasing code to be considered. In the example
~111ustrated:in this report, the priority phasing method was used, Note:
It is strongly recommended that the delay-offset option not be used. in
conjunct1on with any frontage road progression option until the users of
this program are throughly familfar with its operation due to the computer
“time and expense involved. } .

o Time?space Plots. As indicated on the first input data sheet, a
'printer“pIotfof'the:time4space diagram for the optimal solution was requested
by coding a one (1) in column 62 of the Freeway Header Card. The simulated

printer pIOt can be used to determine the most logical solution for a problem.

Several sets of input cards can be coded, and the best solution for each
set of data can be plotted by the printer. Once the most logical solution

- .is determined, the corresponding data can then be rerun and'a digital line

plot can ‘be requested from File D-19 by coding a one (1) in cqumn 63 of -
" the Freeway Header Card. : .

Figures 33 and 34 are a simulated printer plotted time-space'diagram'
of the optimal progression solution for the example problem with "+++"
indiCating basic phase "A", blanks indicating basic'phase "B" and "==="
1ndicat1ng basic. phase "C". The bottom line at each interchange represents
the left side intersection, whereas the top line represents the right side -
1ntersect1on The "..." show the location of the progression bands. F1gure
35 is the D-19 digital.line plot of the time- space diagram of the opt1ma1 '
progression solution for the example problem.

Frontage Road Analysis. With increased freeway ma1n1ane volumes, frontage'

roads“are becom1ng more 1mportant as arterial streets. The frontage roads
can serve partly as a freeway corridor alternate woute to mainlane traffic.
Short trip_traffic should also be encouraged to u$e the frontage roads in
lieu of moving onto~and off the freeway mainlanes in a short distance.
Improved level of serv1ce can be provided along a frontage road by inter-
connecting the frontage road signals. Frontage ‘road signals of a mile
spacing or Iess can be interconnected so as to obtain su1tab1e progression.
With PASSER III 1t is poss1b1e to des1gn 1nterconnected frontage road systems

which will assure operat1ng at su1tab1e Tevels of serv1ce on both the frontage

roads and cross street approaches. :

v It is aIso possib]e to determ1ne an approx1mat1on of the level of
service fbr an- 1nterchange and for the frontage road system By determ1n1ng
the IeveI of serv1ce based on each phase and based on each measure of ,
effect1veness as shown in FJgures 21-25, it 1s,poss1b1e_to determine an
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approximate level of service for each interchange (level of service A-C

for the interchanges in Figures 21-25). By then analyzing the level of service
for all interchanges as a group, it is possible to determine an approximate
level of service for the frontage road system. Since each interchange

(Figures 21-25) appears to be operating at a level of service between A and

C, it is possible to conclude that the level of service for the frontage road
system is between A and C. The highest value of attainability for progression
‘should be obtained while also obtaining the chosen level of service (or better)
for all phases. If it is desired to increase the values of efficiency and
attainability for progression, a calculated phase time could be inserted in
the Interchange Detail Cards for each phase after the initial computer run

so that the "Minimum Green" for "Vehicle Movements for Minimum Green" 1, 2

and 5 and for "Vehicle Movements for Minimum Green" 3, 4 and 7 shown in

Figure 5 would total to the cycle length (75 seconds in the example problem).
The phase green time for the cross street movements could be decreased at

the selected interchange(s) and the problem run again. A level of service

C should be obtained for the "Phase A and Phase C" movements at the selected
interchange(s) with the additional time given to the frontage road movements.
The program would then show whether the values of efficiency and attainability
have been increased. Several computer runs may be needed to obtain the desired
optimal progression solution.




TEXAS STATE DEPARTMENT OFf HIGHWAYS AND PUBLIC TRANSPORTATION Form 1405-)

PROGRESSION ANALYSIS AND SIGNAL SYSTEM EVALUATION ROUTINE
FOR DIAMOND INTERCHANGES-'PASSER II'
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TEXAS STATE DEPARTMENT OF HIGHWAYS AND PUBLIC TRANSPORTATION Form 1405 -2
PROGRESSION ANALYSIS AND SIGNAL SYSTEM EVALUATION ROUTINE
FOR DIAMOND INTERCHANGES - 'PASSER TH'

VEHICLE MOVEMENTS INTERCHANGE DETAIL CARD FORM (Three cards per interchange )
, FOR MiN. GREEN* VEHICLE MOVEMENTS
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: RUN NUMRER 1 DATE 6/17/77 :

: INTERSTATE HIGHWAY 35 AUSTIN DISTRICT 14 :
:ﬁ**it*tt**tt****t*tt**t*t**'*ﬂitt**itt*t*t**iﬁtt*ittititt.i*i*tttit**ﬁt*tiﬁ*ittt:

é? : NPTYONS = :

o [< * L
= 3 : CALCULATE GREEN SPLITS AND MFASURES OF EFFECYIVENESS weewew=- YES :
s : USE DELAY=DFFSET EVALUATION TECHNTAUF mecsvesccnaceacvracnanas ND :

* DETERMINE DPTIMAL PROGRESSION SOLUTION ecsceccccescsevcencens YES »

: SEARCH FOR DPTIMAL SOLUTION BY VARYING LINK SPEEDS mevcevesse YES :

: PRINT OPTIMAL TIME=SPACE PROGRESSIUN DIAGRAM =seecceccsccucces YES :

: PLOT ODPTIMAL TIMEwSPACE PROGRESSION DIAGRAM mewecwewsascnccecw YES :

: PARAMETERS = (ISOLATED INTERCHANGF ANALYSIS) :

: DESIRED CYCLE LENGTH mecvesscnssswnavcasncranncsnnnacsecncwns 0 SECINDS :

: PARAMETERS = (FRONTAGE RDAD PROGRFSSION ANALYSIS) :

: NUMBER DF INTERCHANGES wesececccccccccncencsnnccsnncccsccnnsnn 5 :

: LOWER CYCLE LENGTH LIMIT wevccamasececccnccnncsancenmsanncees 65 SECONDS :

: UPPER CYCLE LENGTH LIMIT ~eecccaccncsnccccsevenasaracscsnnaes 75 JECINDS :

: CYCLE LENGTH INCREMENT meesccsucacccnvescnsancssccnavresnnase 5 SECINDS :

: MINIMUM 18Y DIRFCTINN BAND SPLIT ececcceccsncacacecacncvnancansy NONE :
:t*ii.t'i**tt!ttitt*t*i*tt*tti*ilti'ttttitfiﬁtttttﬁ*lttt!tﬁittiﬁttittittk*tkit*tt:




A

9L dunbLy4

INTERCHANGE TNPUT DATA

ilt*i*!'.ﬁ*t't*tﬁtiiitt*it*ttﬂtt'i*ﬁttttiil'ﬂlﬁ’!i!tii**tt!tti*ti*****iﬁ**t*tttﬁitt!'t*tttﬂt*.ﬂt*lii.'tliﬁﬂiﬁtttit

3 * " [ «
L * DISTANCE * PROGRESSION SPEED * QUEUE CLEARANCE *
* * ® * *
* INTERCHANGE 1 ***t***tt**n:**gtkn*aan*t*tatutattt-tnntnttttn*ttu*titﬁttttt:*tat**gatnt*nn*tﬂt*ttﬁt*ngrt*ttﬁa
* * * * %
. HOUSTON AVE * FPOM 1 TO 2 ==e 1900 FT, * FROM | TO 2 =me= 35§ MPH, % ta) DIRECTION wwese 0 SEC, +
* * *« * *
* * FROM 2 TO | ew= 1900 FT, & FROM 2 70 | eewe 35 MPH, + B! DIRECTION eeeww 0 SEC, +
* * ' * * *
*ititt*tt*ﬁ**tttttt*******ﬂt*!tt*t***iiﬂQ*itﬁi*ttt*tttt**itttt**ﬁ***t*t**ﬁt!tt*ltttiat*QttQtttttﬂtitt*tt*ttﬁt!ittt
* * *
* RUN DELAY=DFFSET ANALYSIS? L PERMISSIVE LEFT TURNS ALLOWED? *
* * *
it*t*tﬁt*t*'t*t*tltﬁtttiti**w*t**tt**tﬁ*titﬁ*iittttﬁitﬁﬂit*i*'i!!t**t*ﬂt*tt*ﬂt*t*ttti*ittitﬂt*t**ﬁn'itttﬂ'ttt’**tt
* [ -
* % AT LEFT SIDE INTERSECTION esescmmmccecccsccemmeassans N
* CODE 1 OR LEAD®LEAD wwcccccsscccscansense N & *
* * AT RIGMY SIDE INTERSECTINN weerumcevwevaccasenccacnwse ND =
* CODE 2 OR LAGeLEAD evemccrccccocccccwcena NO # -«
* AR AR AN R R AR AR RN AN RN AR R AR R AR R AR NN AN R R AN KRR AR RN AR AR AR AN AR
* CODE 3 OR LEAD®|AG weecessmecccccacecccsess NO * -«
* * INTERINR TRAVEL TIME *
* CODE 4 OR LAGW|AG ~evwececceccccsccsscacns NI # *
* LA R A Ry 3 2 T I I IS
* CODE 14 OR 77} UmPHASF mecacccvancscasmeuess N3 = *
« * FROM LEFT YO RIGHT ACRDSS THE JNTERCHANGE weeecawe 0 SEC, «
* * *
FAKKEREKARARRKR KR RKARA AR RRARARRAARARKRARKARARRRRARAR  FROM RIGHT TO LEFT ACROSS THE INTERCHANGE we=we=e (0 SEC, =
. L *
® PRIORITY PHASINGS / INTERNAL OFFSFT AR KR AR AR AR R AN R AR R A N AR RN R R R R A A AR R AR AN AR AR R A AR AR AR A RN AR
* * *
AR RRAR RN RN RN AR RR R R R AR AR AR R R AR AR R AN R AR RRARY INTERTIOR QUEUF STORAGE *
* * *
« AR AR AR AR AR R AR AR AR AR AR AR RN R RN KRR AN R AR AR AN AR AR AR NN
* CODE {A OR TTT] UwPHASE memwewes 10 SEC, OFFSEYT » *
* *  THROUGH MOVEMENT AT RIGHY SIDE INTERSECTION wwaew 0 VEH, =
* CODE 4 U0R LAGwLAG wew=moweewes 10 SEC, OFFSET =« .
* * LEFT TURN MOVEMENT AT RIGHY SIDE INTERSECTION mee 0 VEH, =
* CODE 3 DR LEAD=|AG ewweweweew= 10 SEC, OFFSET x .
* *  THRDUGH MOVEMENT AT LEFT SIDE INTERSECTION e-e==s 0 VEW, ¢
* CODE 2 OR LAG=|EAD ~wewseemwe= 10 SEC, NFFSET = «
* * LEFT TURN MOVEMENT AT LEFY SIDE INTERSECTION wmee 0 VEH, =
* * *
el b e L R L L R Y g N L L L L a L L AP
* * *
» MOVEMENTS * 1 4 3 4 S [} 7 8 9 10 11 12 13 14 15 16 17 18 *
] * *
e L L L T L R Lt L it L Ly L N
L * "
* VOLUMES * 50 140 50 a0 900 160 0 70 10 30 220 900 30 0 30 40 40 300 «
® * »*
*  NUMBER OF LANES w 0,40 {,20 0,40 0,09 2,46 0,45 0,0 1,28 0,18 0,54 0,45 2,49 0,06 0,0 0,86 1,14 0,24 1,76 =
* * *
* MINIMUM GREEN * 14 25 14 26 14 14 14 14 *
* L] *
AR AR R AR AN A AR R R AR AR AT AR AR AR AR R R AR AR R R R AN R R AN A AN AR KRR AN R AR R AN N R ANV R IR AR AR RARR AR AN N AR R AR R R A
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INTERCHANGE INPUT DATA (CONTINUED)

A AR AN AR AR AR AR R R AR A AR R AN KRR N R AR AR AR R AR R RN R A AR KA AN A R R A AR A AR R A AR R AR R R AR RN AN A AR AR AR AR R R AR AR R AR AR AN R AR RN

* * * * : L]
- * DISTANCE * PROGRESSION SPEED * QUEUE CLEARANCE »
- * * * "
% INTERCMANGE 2 R AR RN AR R R RN N AN R AR AR R RN AR RN AR A AR AR RN AR KRR AR RN R RN R A A RAR AR R AR R R AR R AR AR R R AR RRAN R AR AR AR RS
[ * * * -
» DALLAS AVE # FRPAM 2 T0 3 ewm 720 FT, * FROM 2 TN 3 w=ee 35 MPM, & 1A' DIRECTION ww=wwe 0 SEC, =«
* * * » *
% *+ FROM 3 TN 2 eme 720 FT, * FROM 3 TQ 2 ==ece 35 MPH, & 8! DIRECTION e===e 0 SEC, *
* * * * *
A I I I I I I T T R T T T s e e e E a2 e )
" * *
* RUN DELAY=OFFSET ANALYSIS? * PERMISSIVE LEFT TURNS ALLOWED? *
[ * ~
AR AR AR R RN AR N AR R R R A AR AR R AR AR R AR AR R AR AN R AR AR AR R RN R A AR AR R AR AR AR P AR AR AR R AN R AR AR AR AR RN KA AN R R R A AR AR A RS
* " %
* % AT LEFT SIDE INTERSECTION esecensmsccssccscvecscucaceas NJ *
* CODE | OR LEAD®LEAD meweccesscanccscsceas N0 * *
* # AT RIGHT SIDE INTERSECTION esscceccumsswcasccsncesasa=es NJ *
* CODE 2 OR LAGeLEAD weeccomsccuvescascncaw NO * *
* AR AR AR AR R AR R R I AR R AR R AN R AR AR R AR RN AR RN R R AR R R AR RRRRRR AR AR AR R
4 CODE 3 OR LEAD®LAG weecscocncecscssscsanew N # *
* * INTERIDR TRAVEL TIME *
% CODE 4 OR LAG®|AG w=veweesccweccccearaseman NO * *
» AR R R AR R R AR R RN R R AR AR R AN R A R AR AR AR AN R A RN AR AR R AR AR AN RN AR AR
%* CODE 14 UR TTT UePHASE wmemmowccesecmemssa NO W .
* * FROM LEFT TO RIGHT ACRNSS THF INTERCHANGE se==ee= 0 SEC, #
* * *
ARREEREARARARA AR R RN RARRANRARKNRRARAKAAKARARARR ARk  FROM RIGHT TO LEFT ACR0NSS THF INTERCHANGE =eees=e (0 SEC,
. * *
* PRIORITY PHASINGS / INTERNAL OFFSET AR AR AR AR AR AR R R AR R AR RN E R AR AR AR AR R R R AR AR RN R A RRAR AR R AR AR AR
* * . L]
ARRRER KRR AR RN A RN R AR AR AR AN R AR R RARK NN RR AR AN ARk INTERTOR QUEUE STORAGE *
* » *
* AR AR AR AR R A AR RN AR AR R R AR AR AR AR R AR R AR AAN SRR R AR R RN R RN AR RA SRR AR
* CODE 1A OR TT! UePHASF eewceweee {10 SEC, OFFSEY =* *
* *  THROUGH MOVEMENT AT RIGHWT SINE INTERSECTION weeem 0 VEH,
* CODE 4 OR LAGw|LAG seecwwewsewea 10 SEC, NDFFSET » .
* * LEFT TURN MOVEMENY AT RIGHY SIDE INTERSECTION === 0 VEH, «
« CODE 3 OR LEAD=|AG =eccewesece= 10 SEC, NFFSET ¢ L
. . * THROUGH MDVEMENT AT LEFT SIDE INTERSECTION ewes== 0 VEH, *
% CODE 2 OR LAGw| EAD ==wsmccewew= 10 SFC, OFFSET # »
L * LFFY TURN MOVEMENT AT LEFT SIDF INTERSECTION ==ee 0 VEH, «*
* * *
AR AR NN AR R AR R R AR AR AR A AR AR AN AR AR AR AR AR AR AR AR AR R AR R R A R AR AR AR R R AR AR A AR AR R AR R AR AN RN A RN RN RN AR R R R RN RN R RRR RN RS
* * *
- MOVEMENTS ~ 1 2 3 4 S 6 7 8 9 10 11 12 13 14 15 16 17 18 *
" * *
AR R AR AR R RAR AR AR AR AR R AR AR AN AR R RN RN RN AR AR R AR R R AR AR R R R AR AR AR AR IR R R AR AN R A RN AR N AR AN R AR AR R R R AR RN KRR AR R AR R AR AR AR AR R RR
* " *
. VOLUMES * 350 150 350 a0 900 130 0 20 100 10 40 870 80 0 10 180 350 280 «
- * "
# NUMBER 0OF LANES « 0,82 0,36 0,82 0,09 2,58 0,33 0,0 0,30 1,54 0,16 0,12 2,64 0,24 0,0 1,00 2,00 1,00 2,00 =
« * »
» MINIMUM GREEN * 22 19 14 18 14 14 20 16 *
» = *
R I S T I I sy sy 23 2 2 s 2 2 2 P2 222 2 2 2 2 R R R 2 2 2 22 22 R 22222222l i s 2222222 82
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INTFRCHANGE INPUT DATA (CONTINUED)

AR AR AR R R R R AR R R AR R AR R AR AR AR AR AR R AN R AN R A AR R AR AR A RN AN R R AR AR AR R AR AR R AR AR A AR AR A AR R AR AR RN AR AR AR RN RRARNRANRRA AR AR A RN

* * * " "
* * DISTANCF * PROGRESSION SPEED * RUEUE CLEARANCE *
) * * * *
* INTERCHANGE 3 AR AR R R R AR R R R AR AR IR R N AR R R AR AR R AR A AR TN R AR RN RN AN AR RN R A RA AR IR AR AR ARRARN A RN R AR N
* * * * *
* SAN MARCOS « FROM 3 T0 4 awe 2650 FT, % FROM 3 TN 4 weww 30 MPH, & 1A) DIRECTION =w=we 0 SEC, =
* * * #* *
* * FROM 4 TD 3 wwe 2650 FT, % FROM 4 TN 3 e=ee 30 MPH, =+ '8! DIRECTION ==wees 0 SEC,
« * . * -
AR R AR AR AR A NS R R RN R R R AR AR AR AR R AR R AR R AR R AR R AR A AR AR A AR R AR R AR R AR A R R AN AR R AR AR R AR R AR AR AR AR AR R R RN AR AR KA RN AN
- * ~
* RUN DELAY=OFFSET ANALYSTS? L PERMISSIVE LEFT TURNS ALLOWED? *
« * *
AR AR AR RN A AR R R AR R R A R R RN AR R AR AR AN A AR R AR AR R AR R AR A R R AR AR AR RN R R R AR R A AR AN RN R R AR R RN R AR A AR AR R RN AARAA AR,
* * *
* * AT LEFT SIDE INTERSECTINN mesmcescnsswemseasmmoneccene NO
* CODE | OR LEAD=LFAD reenccercccorewensses N * P
* ® AT RIGHT SIDF INTERSECTINN seeeweveemncwsececncwcscens NJ &
% CODE 2 OR LAGWLEAD erawseseccasssassesses N * «
« AR R AR KRR AR AR AR R AR RN R R AN A AR R RN R AR R AR RN KR AR AR AR A SN AR NS RARAA R
* CNDE 3 OK LFADe| AL sececvwmewmesosccacssans N #* -
" * INTERIOR TRAVEL TIME *
* CODE 4 OR LAG=|AG weecceovemcesweccssscncses NO # P
* AR R AR I RRARNR AR R AR AR R R AR NN AR AR R AR A AR RN RARN AR AARARRAANR AR RN
% CODE 1A OR TT] UePHASE wewswccuescswsewsesas NO =% *
* % FROM LEFY TO RIGHT ACROSS THE INTERCHANGE ee=ee=s 0 SEC, *
* * *
AR AR ARARKAN AN AR RRRRANRARARNARARRAANARRARANRRAREAAkN  FROM RIGHT TO LEFT ACROSS THE INTERCHANGE =eweewss 0 SEC, «
» * *
* PRIODRITY PHASINGS / INTERNAL OFFSET AR R AR RA R AR R AR AR R AR AR AR AR RN RN AR TR AR AR RRAR AR RANRA RS
* [ *
AN R AR R R R AR R AR R R AR RN R AR R IR AN R AR A AR AN R AR AR AN RNARRR INTERTDR QUEUF STNRAGE *
* * *
* AR RN RN IR R AR AR AR RN AR R A AR AR R AR AN AR RN RN RARR RN AR KRR RN AR NAR RN
* CODE tA OR TT! UwPHASE ew=wwwen |10 SEC, OFFSET + *
* % THROUGH MOVEMENT AT RIGHT SINE INTERSECTION =weew 0 VEH,
* CUDE 4 OR LAG®[AG mswawwesewea {0 SEC, OFFSET "
* * LEFT TURN MOVEMENT AT RIGKY SIDE INTERSECTION === 0 VEMH, =
* CODE 3 OR LEAD@LAG wemwe=ew=ee 10 SEC, OFFSET ' ~
* * THROUGH MDVEMENT AT LEFT SIDE INTERSECTINN ewweew 0 VEM, #
* CODE 2 OR LAG=LEAD ee=mewew==w 10 SEC, OFFSET * «
* * LEFT TURN MOVEMENTY AT LEFT SIDE INTERSECTION ==== 0 VEH, =
* " *
AR AR AR R R AR AR AR AN AR R RN AR L AR RN AR AR AR AR AR R AR R AN IR AR A AR R R AN AR R AR AR AT AR N A AR AR AR AR AR A AN R KRR RR AR AR A AR RRARARARNARA
* - *
L] MOVEMENTS * 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 *
~ * »
AR AR AR AR AR RN A AR AR A A AR R R AR AR R AR AN AR AR AR R AN RN RA AN RN R A RN RN AN KRN RN AR R RN AR AR R AR AR R A AR AR R RN RN RN R RRRRR ARV
* *

* VOLUMES * 60 300 50 (100 900 90 (] S0 200 40 20 800 70 0 a0 270 S0 390 »
* * *
% NUMBER OF LANES * 0,16 1,64 0,20 0,27 2,49 0,24 0,0 0,20 1,64 0,16 0,06 2,70 0,24 0,0 1,00 2,00 1,00 2,00 =
* - &
* MINIMUM GREEN * 1R 19 16 17 14 16 14 16 L]
* * *
AR AR AR AN AR R AN R AR AR AR AR RN I AR AR RN AR R AR A AR RN R KN AR R R AR A RN AR R R R AR R AR R A A SR AR AN AR R AR AR AR RN RA KRR AN AR RN RRRRARA NS




St

6l o4nb14

INTERCHANGE JNPUT DATA (CONTINUED)

AR RN AN A AR RN R AR R AR R R R R A AR AR A R R R AR R R R A R A A R RN R A R R N R AR R R R A AR A AR NN R AR R R R R R A R AR AR AR AR AR R AR I R AR A NANN IR AR AN AR RN

AR R AR R AR AN N AR R AR R AR A A N R R AR R AN R R R R A R R AR AN R A R R R AR R AR AR AR TR R R R AR AR TR RN AR AR R R AR AN RN IR AR RN AR R R RAANARRR R RN
*

VDLUMES 70 200 120 20 900 120 0 20 150 60 100 BoO0 100 0 60 250 120 320

NUMRER OF LANES 0,36 1,02 0,62 0,06 2,61 0,33 0,0 0,18 1,30 0,52 0,30 2,40 0,30 0,0 0,38 1,62 0,54 1,46

* * % % »

MINIMUM GREEN 14 19 14 19 14 16 14 18
*

*
*
*
*
*
*
R R R AR R R AR AR R AR R R AN A AN AR AR AR R R A AR R AR R AR R RN A R R R R A AR R R A R R AR A AR R R A NN AR AR AN RN R R RN AR AN R RRRARANARARR AR AN RNR RS

* * " * *
* = DISTANCE * PROGRESSINN SPFED * QUEUE CLEARANCE *
* * * * *
* INTERCHANGE 4 KRR kAR AR R AR A A R A AR R AR AN A A N R R A A A R A RN RN AR R AR A A R AR R RN A AR R AR R AR R R AN R AR A RN ARN RN R RN R A AR R AR
* * * * *
* EL PASD ST * FROM 4 T0 5 wes 2220 FT, % FROM 4 YO 5 meee 38 MPH, % 'A! DIRECTION e=wee 0 SEC, #
® * - * *
L * FROM 5 70 4 ewe 2200 FT, % FROM 5 T) 4 mwee 38 MPH, % 1BY DIRECTION =eewe 0 SEC, =«
" * " " *
AR AR R AR R KRN AR R R AR AR R R AR R AR R R R R AR AR R AR AR AR RN R A A AR AR AR R AR AR AR R AR AN R R AR AR AN R R R A kAN AR AR A AR RN AR RRANENA
. * "
* RUN DELAY=DFFSET ANALYSIS? * PERMISSIVE LEFT TURNS ALLOWED? «
* * *
LR e e R R e R R R R I I T I T
1] * *
" * AT LEFT SIDE INTERSECTION eweccceccevevecvcnmeccsacccanss N #
# CODE | OR LEAD®LEAD mewcevaswsncwmcsmesce NO = *
* * AT RIGHT SIDE INTERSECTION wececccasmecsvecscwcwmssscas NJ &
* CODE 2 OR LAG#LEAD mecevmawocameseveccaw=s N & "
* AR R R AR AR R R AR R AR AR AR A R AR AR R AR RN R AR NN AR AR IR AR R AR A
®# CODE 3 OR LEADe| Al wemcccwwsevcecsemsesss NO +* «
* * INTERIDR TRAVEL TIME *
®* CODE 4 OR LAG=| Al mecesccccscacvcsvcscemes N0 * *
* AR AR R AR AR RN AR AN AR AR AR A AR R R AR AR AR RN RN RN R KA RN R RN AR AR RN
* CODE 1A OR TT] UePHASE ewawsmenemccsamememes NO * "
* * FROM LEFT YO RIGHY ACRDSS THE INTERCHANGE =eesece= 0 SEC, *
* * *
RERRRAEKRKARKRRRARAKRRRARRARRARRRKRRRRAR AR RN RAAARANX FROM RIGHT TO LEFT ACROSS THE INTERCHANGE e=eemew 0 SEC,
* * *
* PRIDRITY PHASINGS /7 INTERNAL DFFSET AR AR AR AR R R R R A AN R R R RN RN R AR R A RN R A AR R R RN R AR AR R RNRARRN AR AR
» * *
KA RERENARRIN AR AR R AR RN KRR R R R KRR AR R ARNANRERRNRRA NN AR K INTERIOR QUEUF STNRAGE *
* " -
* AR RN R AR R R R AR AR AR R AR AR AR R R AR AR AR N R R AR R RN AR AN RN AR
* CODE 1A UR TT1l UmPHASE wwwwweea {0 SEC, NFFSET # N
* % THROUGH MOVEMENT AT RIGHY SIDE INTERSECTION e=ee= 0 VEH, =
®* CODE 4 OR LAG=|AG ewwoswmveesws 10 SEC, OFFSET « .
* * LEFT TURN MOVEMENT AT RIGHT SIDE INTERSECTION === 0 VEW,
* CODE 3 OR LEAD=LAG wmeeewmsew=es 10 SEC, NFFSET » *
* *  THROUGH MOVEMENT AT LEFT SIDE INTERSECTION eeewen 0 VEH, =
* CODE 2 OR LAGwLEAD wwenemwcem=a 10 SEC, OFFSET = *
* ' * LEFT TURN MOVEMENT AT LEFT SIDE INTERSECTION e=eee 0 VEWH, «
® * *
L L L Ry S N Y L R I I I T I
" * -
* MOVEMENTS » 1 2 3 4 5 ) 7 8 9 10 11 12 13 14 15 16 17 18 L]
- - *
*

.

*

»

®

-

*

-

*
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INTERCHANGE INPUY DATA (CONTINUED)

t*'**'Q*itiiQti'!t'Q..ta'ttliﬁt"tt*it*tiittﬁti*.'iﬁ*'ﬂ'iiiﬁ*i!Q.QQQt'*Qtttl*lilﬁﬁl*t'ttﬁi'..tt!"*lt'ﬁﬁﬁti*'ﬂti't

: DISTANCE : PROGRESSION SPEED : QUEUE CLEARANCE :
INTERCHANGE S :ﬁmaa.t*wt:*.nt**-tatita*aatnna:aantt.:t*a'.a*aattt'uttt-ttant:at-nat..ttntt--nintltttqat-tat:
ELGIN BLVD : FROM S TD 6 wee 0 FT, : FROM S TO 6 wee= 0 MPH, : 1At DIRECTION wewsws 0 SEC, :
: FROM 6 TO S ==e 0 FT, : FROM 6 TQ 5 ==== 0 MPH, : tB8! DIRECTION e=e== 0 SECL, :
iatituit!tiﬂ*tttt*ﬁ:ﬁ*ttiﬁtf*tttﬁtittt'attt**itﬁﬂ.:tttt'ttttiiiﬁttittittt'!'itttﬁ:tittttht.!ttttttttitit.ttttﬁﬁl:
RUN DELAY=OFFSET ANALYSIS? : PERMISSIVE LEFT TURNS ALLOWED? :

"

tiit!iit*iﬁ*ﬂtttt!t*ﬂtit'tQ*i**ttﬂiit**iti*ﬁ’t'i'iﬂ'itl.liitiﬁt'tt*'tiit!!ﬂﬁ!!ﬁtit.t'ﬂti..i.tﬂiiii’!*!il'tilt'tﬁt

"

1]

"

«

*

.

*

*

®

*

*

*

L

*

« * ~
- * AT LEFT 3IDE INTERSECTION w=e weas mmaswess N0 #
* CODE | OR LEADSLEAD weceescocsssecseacssm=s N0 # . "
* % AT RIGHT SIDE INTERSECTION wewscnencseeccecsccswscasss NO &
* CODE 2 OR LAGeLEAD wemsenceccaccscecsn=as NO 2 «
* ARRAREN R RR R RN R RN RN R RN N AR R RN R RRARNA R R RN AN A RRA AR RRRRAAARR ALK
* CODE 3 OR LEAD@|AG e=cecewcceccumcewae=aw NO * "
* * INTERIOR TRAVE| TIME L]
* CODE 4 OR _LAGe| AG erevweccucesccnvewncconas ND » . . *
* EARARARRARRRAR RN ARRARAARRENARAN AR AN ARARA KA RRRARARRARRANRARAARK
% CODE 1A DR TT] UePMASE escecsmccceveacemces N) * -
* #» FROM LEFT TO RIGHT ACROSS THE INTERCHANGE eees=es 0 SEC, «
* " *
AN RS RRARENRRANEANRRANRARRAARAANARANRRANRAAR SR AR FROM RIGHT TO LEFT ACRDSS THE INTERCHANGE weeo=cewn 0 SEC, =
» * *
* PRIORITY PHASINGS / INTERNAL OFFSEY RERARARRRRANARNRRR AR KRR RA R AR AR R AR RARNARARCRARRRRRNNAAR AN ARANRRRNS
* * *
AAERAR AN RR R RN RNE R RN R RO AN AR AR AR AR RARARAARARRAN INTERIOR QUEUE STORAGE *
* - *
" AARRRARRRRR AR R AARAARRR RN AR AR ARRAANARAR RN RRRRAR RN AR AR ARAR
% CODPE 1A OR TT] UaPHASE wee=ww== 10 SEC, OFFSET w *
* * THROUGH MOVEMENT AT RIGHT SIDE INTERSECTION =e=e= 0 VEW,
* CODE U4 OR LAG® AG wwweweesaeea {0 SEC, OFFSET » . -
* * LEFT TURN MDVEMENT AT RIGHT SIDE INTERSECTION === 0 VEH, =«
% CODE 3 OR LEAD®| Al w=seewee=es 10 SEC, OFFSEYT = .
- * THROUGH MOVEMENT AT LEFT SIDE INTERSECTION =e==w= 0 VEH, =
* CODE 2 OR LAGW|EAD w=eceneaee=e {10 SEC, OFFSEY * "
* » LEFT TURN MOVEMENT AT LEFT SIDE INTERSECTION wee= 0 VEW, #
= " *
AR A AR R A RA AR R A AR R AN R AN AN AR AN AR A AR E AN AR AR AR R R R AR AR AR AR RN AR R AR AR AR AR AR R AR R A AR R R AR AR AR AR AR R RRRRARAR AR NS
* * *
* MOVEMENTS * 1 4 3 4 S 6 7 8 9 10 11 12 13 14 15 16 17 18 L]
* : * »
AN A NARE AR AR AR A AR AR R R AN E R RN AR A RN R I TR RRRRAR RN ARARARAN AR R AR AN A ANARNARKARRA AR RN RARRAARRRARARR AT AAASY
« *

3 VOLUMES * 80 220 200 15 900 110 0 5 200 120 10 920 60 0 120 260 200 330
L * "
% NUMBER OF LANES =+ 0,32 0,88 0,80 0,03 2,67 0,30 0,0 0,04 1,22 0.74 6,03 2,79 0,18 0,0 0,64 1,36 0,76 1,28 =
* * »
" MINIMUM GREEN * 16 19 14 19 14 14 14 16 L
* * *
* »

itﬁiti!!tltlt*iitttttﬁ*t*ti*!***tti!t*tk*ikt*itt*tii*i*itt'i*t'ﬁ*i*i*tt!***ttﬁt***tﬁtt'tﬁﬁ'it*t**tttit.’ti!**'ﬁi
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GENFRAL STIGNALIZATIOIN INFIRMATINN

**ti*i**i*t*tﬁ***tti*Rtitilﬁ*****!*i*!*i*ttt*t*i**t*t#**t*i*ttit*i*ﬂ*I*.titt*i***t*t*ttk***ti"**itt*ift*

*

*

* *
® *
*  INTERSYAVE HIGHAwAY 35 AT HNUSTON AVE RUN NO, 6/17/777 =
* *
* *
i*tl**tt*t**!*ttt****titﬁ****k*t***i**tﬁ*iktkti*ﬁ*t*iti**t*t**t*ti*ﬁ*t**iktﬂliﬁtti**tﬁ*tt.tf}ttt****tt***
* * * *
* * LEFTY SIDF * RIGHT SINE *
* MEASURES * * *
* ala *tt*i**i****ttki***ﬁ*i**ti*tﬁitt*iti*ﬁtkit*iit*ﬁt*l**t**tt**it****tt*t*t*it*tk*tttt
* EFFECTIVENESS * * *
» * A R c n * A R C b} *
* * * »
**i******ﬁfi*ttt*i**t**tt**t**tt*****t****t**i**tk***tﬁttt*t*!*i*tit***iti*tiiﬁ****tﬁk*t**t*tti**t*t**t*i
L 4 * * *
* * x *
*  GREEN TIME * 14,0 34,1 26,9 40,9 * 14,0 32,9 P8,1 U2, *
* (SEC,) * * *
* * * *
w » L] *
*  VOLUME/CAPACTITY * 0,52 0,62 0,06 0,04 = 0,25 0,72 0,29 0,19 o«
* RaTIO, X * * N
* * * *
*  LEVEL UF SERVICF = A R A A * A I 1y A *
* * * *
* * * *
* DFLAY * 31,30 14,36 18,71 9,94 x 29,62 13,94 23 ,h6 10,28 »
* (SEC./VEH,) * * *
» * * x
* LEVFL OF SERVICE =* o A R A * A A ] A *
* * * *
* » x *
* PRDRABILITY OF * 0.96 0,98 * 1,00 0,90 *
* CLEARING QJEUE * * *
* * * *
* LEVEL (OF SERVICF = A A % A B *
~ * * *
X * * *
* STORAGE RATTID * N, A, N,a, * Nod, MoA, *
* * * *
% *
* *

ktt*t**i**t*!ti*tt*lthtt!*i***!**i*ﬁik*ti*i*ﬁ*t*****t**tﬁit’**iiﬁtl*t***i*t**fiﬁ**kii’**ﬁ**ﬁ*li*ﬁit*ti*

PHASE (IRNFR < ARC/AR(C

INTERNAL NFFSFT « 10 SECONDS
EXTERNAL NFFSFY = 0,0 SFCONDS




GENFRAL SIGNALIZATION INFORMATIOQON

AR AR A AR R R R R AR I R A R AR AR AR R AR AR R R AR R R A R AN R R AR AR AN AR RN AR R AN AR AR R A AR R AR A RN A RARRARRARANRARNRNARRARRRRR A AR AR

* *

* *

* INTERSTATFE HIGHWAY 35 AT DA|LAS AVE RUN NO, 1 6/11/717 *

* %

x "

RN R AR AR R AR A A RN R A AR R R R R AR AR R R R A A AN R AR R R AR AR R AN R AN R AR R AR RN R R AN R NRANENRNRANARARARARRARRNRAR A AR

* * 4 *

* »* LEFT SIDE » RIGHT SIDE *

* MEASURFS * * .

* 0OF 2222222222228 23 222222222222 2222233323223 2322222223 33233332333 312X Y222222)

* EFFECTIVENESS * * *

* * A A C o] * A 8 [ 0 *

* * * *

AR R R AR R kA RN R A A AR AN R AR R R AR A AR AR A AR AR AR AR AR AR AR R R AR AR R AR R AR R R AR R RN AR RN ERNRARRAAAARRRARRERARARRR R R A AN R

* * L *

- *x * - ®
—. * GREEN TIME * 28,1 28,9 18,0 46,1 * 14,0 24,0 37,0 51,0 *
IS < *  (SEC,) * * «
o = * * * *
® * * * *
) % VOLUME /CAPACITY * 0,74 0,74 0,03 0,09 = 0,23 0,69 0,44 0,12 #
LAY * RATIO, X * * ]
* * 4

* LEVEL NF SERVICE C C A A * A B A A »

* ! * * *

* * * *

* DELAY * 24,56 11,20 25,10 T.68 = 29,84 9,82 15,98 S.,78 =

* (SEC,/VEH,) * * hd

* * * *

* LEVEL OF SERVICE « B A R A * 2) A B A "

* * *

* * * *

* PROBABTLITY OF * 0,86 0,85 * 1,00 0,89 *

* CLEARING QUEUE » * »

* * * 4

* LEVEL OF SERVICE «x [ c * A [« *

* > * L

* * * *

*  STORAGE RATIU * N,A, NoA, = N.4, NeA, *

* * * *

* - * *

I3 Y R R Y R R 022 220302323222 2222 2222223222222 22 2SS e RS RS2 X2 32X 22222 st 2222 ] ]

PHASE (IRDFR « ARC/ARC
INTERNAL NFFSFT = 10 SECONDS
EXTERNAL OFFSFT = 30,8 SECONDS
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GENERAL SIGNALIZATION INFORMATION

ili!**‘k*tt*'ktt*tiii!tﬂit*it!*t**iitat***t**t*t!tti*'h*fﬁtti**tt****ttt*iﬂ*itﬁttitl’t.t*itf!‘ﬁ'*ﬁt*t**k*****

* *
* *
* INTERSTATE WIGHWAY 35 AT SAN MARCDS RUN NO, 1 6217717 =
* *
* *
P AU g e e S e S 2 2 2 X2 E T R S R S E R RS 2L SR 222 RS S SR S A8 2 A0 2 S 200 R0}
* » N ®
* % LEFY SIDE % RIGHTY SIDE *
* MEASURES * * *
* OF AE AR AR AN AR AR AR A RN A RN R AR AN AR R AR AR A RN R R AR AR AR R A AR AR R AR R R AR A AR R AR AN RRARR AR AR
* EFFECTIVENESS * * .
* * A B c D * A 8 c D "
* * * *
AR R ARk R AN RN AR AR R AR AR RN A AR R R R AR RN AR R AR AR AR R R AN SN R AR R R RN R AR IR R AR AR AR RN RA R AN RR A KR RARNAR AR RN
* * * *
* * * "
*  GREEN TIMF * 27.1 13,9 14,0 41,1 * 23,8 37.2 14,0 37,8 *
* (SEC.) * * *
* * * L
* * * *
®  VOLUME/CAPACITY * 0,68 0,52 0,17 0,15 » 0,53 0,42 0,21 0,24 »
* RATID, X * * *
* * * *
* LEVEL NF SERVICE » a A A A L A A A A *
* » * *
* * » %
* DELAY * 20,R7 21,49 29,84 10,53 22,64 10,17 30,22 13,01 =
* (SEC./VEH,) * * *
x * * *
* LEVEL OF SERVICE » B R A A * B A c A »
* * % *
= * * *
% PRDOBABILITY OF * 0,92 1,00 * 0,99 1,00 #
* CLEARING RUEUE * * L
* * ] *
* LEVEL OF SERVICE ~» 8 A * A A "
* * * *
* * * *
x  STORAGE RATID * NGA, NJA, * N.A, NeA, «
% * * *
* * * *
AR KRR RN R AR AR N AR AR R ARRR P AR R R AR AR R AR R A AN R R R AR RN AR NN AR AR R AR RA R AR R AR AN R AR KA AR R RN AR AR RN R RRARRRA RN A AR

PHASE QORDER = ACR/ACB
INTFRNAL OFFSET = 10 SECONDS
EXTERNAL OFFSET = 24,3 SECONDS




GENERAL SIGNALIZATION TINFORMATION

AR AR AR R R R R AR RN AR AN AR R AR R R A AR R R RN A R AN AR R RN AR R AR AR AR R AN R AR R AR A AR R AR R AR RN RRRN AR AR R R RN RRRRRANRNRRAN

* "

* *

* INTERSTATE HIGHAWAY 35 AT EL PASD ST RUN NO, 1 &/17/7711 =«

* *

* *

L2 R s R R R R 2 R R Y R R e R R R R R R Y Y Y Y Y R 2 222232222223 2232222 2]

* * * *

* * LEFT SIDE * RIGHT SIDE *

* MEASLIRES * * *

* OF KRR R R R AR AR AR A A RN R R R R A AR R AR R AR N AR AR AR R AR AN SRR R A AR RN R A RN R AN RARNRRRRRRARNR R AR

* EFFECTIVENESS * * *

* * A R c D b A 8 c ] *

* * L 4 *

A AR R AR R A AN AR AR R R R A AN AR RN R R AN R kA A RN R R AR AR AR AN R R A AR R AN R R AR RN AR AR AR AR R NN R R AR RN RN AR NN R RN ARRRR R AR AN

* * * *

:1 * * * ~
a *  GREEN TIME * 19,3 32,6 23, t 42,4 * 14,0 29,1 31,9 45,9 *
e 5 * (SEC,) x . *
(] 1)) * * * -
L] * * *

5: *  VOLUME/CAPACITY * 0,53 0,53 0,34 0,17 = 0,48 0,55 0,33% 0,22 »
* RATID, X * * *

x * * A

* LEVEL NF SERVICE = A A A A * A A A A *

* * % *

* * * ®

* DELAY * 27,64 22,33 26,98 10,01 =« 31.13 6,66 18,97 8,65 »

* (SEC./VEH,) * * L

* * * %

* LEVEL OF SERVICE « 8 B B A » % A 8 A *

* L 4 *x *

* * " *

*  PROBABILITY OF * 0,98 1,00 *x 0,98 0,99 *

*  CLEARING RUEUE * * *

x* * * *

* LEVEL OF SERVILCE =+ A A * A A *

* * * *

* * » *

*  STNORAGE RATT) * N A, N,A, * NgA, NJA, «

x * * *

* * . L *

AR R R AR RN AR R AR R R AN AR R R AR R AR A AR A R A R R AR R AR R R AR AN AR R R AR AR AR AR AR R AR R R AR N R AR R AR RRARNNR A RRAAN RN ARRANARRARN AR

PHASE RDER =~ ABC/ARC
INTERNAL DFFSFT « 10 SELONNDS
EXTERNAL NFFSET = 34,4 SECONDS




GENFRAL SIGNALTZATION INFORMATINON

L2 R R SR R R R R I R R A R A R E R N E R R e R R e R S Z SRS SRR NS E N R AR S RS

w *

*® *

* INTERSTATE HIGHWAY 35 AT ELGIN BLVD RUN NOD, ¢ 6/1717271 =

* &

* *

KAARR AR AR AR AR AR AR AT RN R AR A A AR A AR AR R AR T R R AR R A AR A A R AR N R AR R AR A AR A AN AN AR R AR AR ARE R R AR R A AR AR R AR AN R AR A A ek k&

* & * *

* » LFFT SINDF * RIGHT SINE *

* MEASIIRES * * *

* nF I Z 2RSSR RS R FEE SR F R 2R R R RS R R ER R RS SRS R R R R R R R R A RS E R RS SER RS RERE AR R R RS2SRRSR 281

* EFFECTIVENESS * * . *

* * A [ ¢ ] * A B c ) *

* * * *

LA E RS SR SRS R R R R Y R R I R R N R S R R R e 22222 222X

* L3 * *

iy * * * *

(3' *  GREEN TIMF * 20,8 37.6 16,6 37,4 * 17,6 31,6 25,8 43,4 *

o Pt * (S€C,) * * *

—_— ] * * * *
D

* * * *

D: *  VOLUME/CAPACTITY * 0,62 N,67 0,62 0,24 = 0,50 0,50 1,50 0,28 »

* RATIN, X % * *

* * * *

* LEVEL NF SFRVICE » 5 A ] A * A A L] A *

* * * *

* * * *

*  DELAY * 7,57 6,73 37,34 13,39 « 28,57 17,48 24,93 10,48 »

* (SEC4/VFH,) * * *

* * * *

* LEVEL 1)F SERVICE # R A [ A * B B 3 A *

* * * *

* * * *

*  PROBARTLITY NF * 0,94 n, R * 0,98 1,00 *

* CLEARING GUEUE * * *

* * * *

* LEVEL NF SERVICE « B ) * A A *

x x * *

* * * *

* STIRAGE RATIN * NG A, N A, N A, M, A, *

* * * *

« * * *

ARA AR AR R R AR AR AR AR RN AR R R AR R AR R A AR AR AR AR R RS R R AR AR R R AR A RN A AR AR T AN AR AN AN AR R A AR A AR R AR AR AR R AR AR AR A AN Ak AR

PHASE RDFR e AWC/ACH
INTERNAL ODFFSET = 10 SECINDS
EXTERNAL FFSET = 70,0 SFLINNS




OPTIMA_ PROGRESSION SOLUTION

t**i*ﬁ***ittt**‘iittﬁ****iﬁ*tt*!ﬁhtkﬁt*i**i***t*ﬁ**tttt L4
* *
* *
* INTERSTATE HIGHWAY 35 RUN ND, I 6/{T/7T7  »
* * -
* *
ii*t******t**t**titt*iﬂt*itﬁ******iii********i*titﬁt*ﬂ
* *
* *
* CYCLF LENGTH 75 SEC,
* *
L b
x  'A' DIRECTION *
* *
* PROGRESSINN SPEFD 34,8 MPH, «
* *
* RAND WINTH 25,0 SFEC, =
* L]
* *
* 'BY DIRECTION *
* *
* PROGRESSION SPEFD 34,8 MPH,
W *
* RAND WINTH 23,9 SEC, «* -
* ]
* *
* EFFICIENCY 0,33 *
* % v
® *
* ATTAINARILITY 0,93 *
N *
* *
12 230 2232232331222 2223233322222 323 2322332222223

Figure 26 -

52
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FRONTAGE ROAD PROGRESSYON INFORMATION

KRR R AR A A AR AR AR AR A R R AR R AR AR A A AR AR AR R AR AR AR A AN AR AR AN RN AR RN R A RN R AR R A AR AR A RN R AR RN AR RN RN RN R AN RAANRARN AR AR A

»
* *
* [NTERSTATE HIGHWAY 35 RUN ND, i 6/17/17 =
* : *
* *
AR AR AR AR AR A RN R AR R AR R AR RN KA AR AN AR AN R AR RN AN R R AR A R AR RN AN R AR R R AR R A A AN AR AR AR R R AR AR AR AR R RN RN AR R AR R RN
* * *
" ] L
* * LEFT SIDE  RIGHT SIDE INTERNAL EXTERNAL *AY DIRECTINN ‘Bt DIRECTION *
*  INTERCHANGE * PHASE ORDER PMASE NRNDER OFFSET(SEC,) OFFSET(SEC,) TRAVE|[ TIME(SEC,) TRAVEL TIME(SEC,) »
* * "
* * _ *
A AN AR AR AR AR R R R AR A KRR AR R KR AN AR R AR RN R R AR AR R R AR AR R R AR AR R AR R AR N AR R AR A AR AR AAR R RN R AN R AR AR RN AR R AN
* * "
* * *
*  HOUSTON AVE = ARC ABC 10 0,0 14,4 208,8 ]
* * *
* DALLAS AVFE * ABC ARC 10 30,8 62,6 17,8 *
* * *
*  SAN MARCOS * ACB ACB 10 24,3 98,1 134,0 *
* * "
* EL PASO $1 * ARC ARC 10 34,4 180,6 63,6 *
* " »
* ELGIN BLVD * ABC ACB 10 70,0 227,2 17,5 *
* * »
L] * *
R AR AR AN AR AR R R KRN AR AR R R AR R AR R AN AR R R R A AN AR R AR RN R AR R AR R AR AR A AR R RN AR R AR KRR AR R AR AN AR R AR AR AR A AR
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PHASE INTERVALS

KA AR AR AR AR AR RN AR R R AR R AR RN R R R AR AR AR R R R AR R A R A AR R AR RS AR R AR R KA A K
INTERSTATE HIGHWAY 35 AT HOUSTON AVE RUN NO, 1 6/17/77
KRR AR A RN RN R AR AR R AR AR R R AR R RN A AR N AR R AR AR AR R AR ARAR AR AR AR AR RRARARR

PHASE INTERVAL LEFT SIDE RIGHT SIDF PHASE INTERVAL
' NUMRER STATUS STATUS LENGTH(SEC.)

ARRAN AT RAR R AR AR AR AR R R ARA I RRA AR R AR RNR R RN AR NARRRRNRR AR RN AR AN AR AR AR AR AN

1 A B 10,0
2 A c 4,0
3 8 c 24,1
4 B A 10,0
5 c A 4,0
6 c B 22,9

* *
* *
* *
* *
x %
* *
* *
* *
* ®
* *
* *
* *
* *
* *
® *
X *
* *
* *
* *
* "
* *
* x
* ®
* *
* *
* *
* *
* *
L] *
* %
» *
* ]
* *
* x

AR AN R R RR AR AR RN AR AR AN AR R R RN R AR NR AR R AN AR AR AR RARCARARRRARRRANRRR

PHASE ORDER « AB(C/ABC
TNTERNAL OFFSEY = 10 SECONDS
EXTERMAL OFFSFY « 0,0 SECONDS
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PHASE TNTERVALS

AR R AR AR AR KRR R AR A AR AR AR AR AR R AR AN AR AR A A AR AR AR R AR AR R AR A AR A AR R RA RN RARAK
INTERSTATE HIGHWAY 135 AT DALLAS AVE RUN NO, 1 6/17/177
AR KRR AR R AR AR AR AR R AN A AR AN AR AR AR R R KRR R R AR AN AR AR AR AR AR AR AR

PHASE INTERVAL LEFY SIDE RIGHT SIDE PHASE INTERVAL
NUMBER STATUS STATUS LENGTH(SEC,)

AR AR R AR AR AR A AR R AR R AR R K AR R AR AR R AR KRR R AR ARAR R AR AR A AN RARR KRR R RNRARR

1 A B 10,0
2 & c 18,1
3 B c 18,9
4 8 A 10,0
5 ¢ A 4,0
6 c A 14,0

* *
* L]
* *
% *
* L]
" *
* *
* ]
* *
* *
* *
* ®
* *
* *
* *
* *
* 1 4
*x *
x *
® *
* L]
w *
* *
* *
* *
* ®
* ®
* L]
X ]
* x
w *
* *
* ®
* *

T I T2 2233232232322 3232222222422 202022222 s d h 2l

PHASE ORDER = ABC/ABC
INTERNAL OFFSET « 10 SECONDS
EXTERNAL DFFSET = 30,8 SECONDS
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PHASE INTERVALS

LSRR SRS RL AR el s R Y Y Y 2022222232211

* *
* )
* INTERSTATE WIGHMWAY 35 AT SAN MARCDS RUN NO, 1 6717777 «
* *
* »
AR RN R AR AR A AR R AR AR AR R R AR AR AR R AN N R AR R AR AR AR R R AN R R A A AR RN AN AR RN AN
* *
* *
* PHASE INTERVA( LEFT SIDE RIGHT SIDE PHASE INTERVAL *
* NUMBER STATUS STATUS LENGTH(SEC,) *
* *
* ”
AR R R AR R AR R AR AR R AR R R R AR AR N AR R AN R AR AR R AR AR R R A AR R AR ARAR AR KA RN AR AR AN
* "
* *
* 1 A B 10,0 *
* *
* ®
* 2 A A 17,1 "
* , *
» x
* 3 c A 6,7 *
* *
* *
* 4 ¢ c 7,3 *
* *
* *
* S 8 o 6,7 *
* "
* *
* 6 B B 27.2 *
* *
* *
AR AR R R RN R AN R AR AR R AR R R R R AR R A AR R R R AR A AR AR R AR R AR AR AR R R R AR AR AR AR R AR AN

PHASE ORDER = ACB/ACBH
INTFRNAL OFFSET = 10 SECONDS
EXTERNAL OFFSET = 24,3 SFCONDS
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PHASE INTERVALS
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INTERSTATF MIGHWAY 35 AT EIL PAS] 87 RUN MO, A 6217777
T A T T 2 2 2 LR R R RS2SR S R R RS S A2 AR R AR S0 S0 LA A Rl il

PMASE INTERVAL LEFT SIDE RIGHT SIDE PHASE TNTERVAL
NUMBER STATUS STATUS LENGTH(SEC,)

********i******t*t********t**t***ti***l*t*t****‘k***i*ﬁ*i‘*ﬁ*‘k******i*ﬁ***

1 A B 10,0
2 A c 9,3
3 3 c 22,6
4 2] A 10,0
5 ¢ o 4,0
6 c B 19,1

* *
* *
* *
* 4
* *
* %
* *
* *
* *
* *
*x *
* *
* *
* *
* *
* *
* *
* *
* *
* *
* *
* x
* *
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« *
® *
* *
* *
* *
x *

**t**it***t*t*****it*****’k*i****t**tkit***t****t**i*i*i*ﬁ*t*ﬁﬁ***i**i*tk

PHASE NRDER = ARAC/ABC
INTERNAL OFFSET = 10 SECONDS
EXTERNAL OFFSFT = 34,4 SECONDS
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PHASF INTERVALS

AR R AR R R R R RN R R R R RN A AN R AR AR A AR R R RN AR AR AR AR R R AR R R AR AR AN R A AR R R AR AR AR RN RN

* *
* *
* INTERSTATE HIGHWAY 35 AT ELGIN BLVD RUN NO, 1 6/17/777 =
» ' *
* *
RN AR AR AR R RN AR R R R R AN AR R R AR AN R AN R AR AR R RN R R AR R AR R R RN RN ANRRRRRRARARN
» *
* *
® PHASE INTERVAL LEFT SIDE RIGHT SIDE PHASE INTERVAL *
% NUMBER STATUS STATUS LENGTH(SEC,) *
* *
* *
KRR KRR AR R AR AR RN R R AN AR RN AR AR AR AR R RN AR R AN R AR RR AN R RN R AR R AR R AR A RN RN
* *
* *
* 1 A B 10,0 *
* »
* *
* 2 A A 10,8 *
* *
» "
* 3 8 A 6,8 *
* %
* *
* 4 8 t 25,8 *
* *
* *
* 5 ' 8 B 5,0 *
* *
* _ *
* & c B 16,6 *
* *
* *
AR AR R R R AR AR R RN R R AN AR AR R AR RN R A AN R A AN R R A NN R RN KRR RN R AR R A AR R R AR RRARRAN

PHASE DRDER = ABC/ACH
INTERNAL OFFSEY = 10 SECONDS
EXTERNAL OFFSET = 70,0 SECONDS
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APPENDIX A
WEBSTER'S METHOD FOR CALCULATING FIXED TIME CYCLE LENGTHS AND SPLITS

C =[(1.5-1L)+5]/(1-Y) (1)
Where: C = Cycle length, sec.
n
L =2 ﬂi, n = number of phases.
i=1

L. = Lost time per phase, sec. The recommended value
is 4 seconds.

Y =
i

nm™m>

Y5> N = number of phases.
1

The ratio between the actual demand volume and the
saturation capacity flow rate for each phase.

~<
fl

To calculate splits:

6; = [y:/Y) + (C-L)] + 2, (2)

Note: Each intersection of a diamond interchange will generally have a
different optimal cycle length. The smallest permissible cycle
length for the interchange should not be less than 0.85 times the
larger optimal cycle length, nor normally be greater than 1.25
times the smaller optimal cycle length for the interchange. For
example, assume that the optimal cycle lengths based on the Webster
formula for the two intersections which make up the diamond inter-
change are 45 and 50 seconds. The smallest permissible cycle length
for the interchange should not be less than (0.85 x 50) = 43 seconds
nor greater than (1.25 x 45) = 56 seconds.

If the frontage road progression option is being utilized, the small-
est and largest cycle lengths the program may consider in finding

the optimal solution must be determined beforehand. The smallest
permissible cycle length for the frontage road system should not be
less than 0.85 times the largest optimal cycle length of any
individual intersection in the system, nor normally be greater than
1.25 times the smallest optimal cycle length of any individual inter-
section in the system. .
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APPENDIX B

METHODS OF CALCULATING OPERATIONAL MEASURES OF EFFECTIVENESS

I. Demand volume to signal capacity ratio, Xx.

Where:

and

Where:

II. Average

Where:

and

Where:

x
1]

(@-¢)/(s-g)

Demand volume to signal capacity ratio for the critical

lane on the approach.

Average arrival rate for the critical lane on the approach,

veh./hr.

Interchange cycle length, sec.

Saturation capacity flow rate for the critical lane on the

approach, veh./hr.

Length of the effective green phase on the
approach, sec.

G -1

Length of the green plus yellow phases on the
approach, sec.

Lost time per phase, sec. The program assumes
a value of 4 seconds per phase.

vehicular delay, d.

a
1

_c.(1-0)2 2 L3 a5

2. (T-21.x) +f2-q-)él~x) - 0.65 -+ ( 2)

Fal

Average vehicular delay on the approach, sec./veh.

Interchange cycle length, sec.

Demand volume to signal capacity ratio on the
approach.

Average arrival rate on the approach, veh./sec.
g/C

Length of the effective greén phase on the
approach, sec.

Interchange cycle length, sec.
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III. Probability

Pc
Where: Pc
and ¢
Where: x
A
g

of clearing the queue, Pc’

1158 0 9

(5)
Miller's probability of clearing the queue on
the approach.
1 -x
( ) . s 9 (6)

Demand volume to signal capacity ratio for the
critical lane on the approach.

Saturation capacity flow rate for the critical lane
on the approach, veh./sec.

Length of the effective green phase on the approach,
sec.

IV. Interior storage ratio, S.

H

It

Qu/S (7)

Interior storage ratio.
Maximum queue per cycle on the approach, veh.

Available storage capacity on the approach, veh.
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