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The PRIFRE computer program and this documentation were developed and
written for a CDC 6400 computer. An IBM 360 version is available.
Contact the Urban Planning Division, Federal Highway Administration,
Washington, D.C., 20590, for information.

The opinions, findings, and conclusions expressed in this publication
are those of the authors and not necessarily those of the Federal
Highway Administration.
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1. INTRODUCTION

The urban freeway-expressway networks of our cities typically
contain congested segments during peak periods. If widened, these
segments are frequently soon congested again; additionally, these
segments may be bridges or tunnels for which the costs of providing
increased vehicular capacity or parallel links are likely to be
prohibitive. Automobile storage in the central city during working
hours is also limited, and it is doubtful that much additional park-
ing capacity can be provided. Lastly, public attention today is
being focused more and more on the esthetic and ecological disbene-
fits of the automobile in the mass, with some observers calling for
an outright ban on the automobile in central cities.

One means to alleviate:®these problems is to explore all methods
to faciiitate the movement of persons rather than vehicles. Although
entirely new systems to transport passengers could be constructed at
considerable cost, the existing highway network could accommodate
many more persons at much lower cost if a proper redistribution of
passengers into higher occupancy vehicles could be achieved. The
reserved lane concept is one method attempting to achieve this goal;
high occupancy vehicles are given preference in congested segments
of highways. This is accomplished by establishing separate lanes

. 2 *
for these vehicles, bypassing traffic bottlenecks . These reserved

These numbers appearing in the text refer to references in the
annotated bibliography, Appendix J.



lanes could be simply exclusive bus lanes; however, in most instances
a single lane reserved exclusively for buses would be considerably
under-utilized from a vehicular as well as a person capacity stana
point. Thus it will usually be more practical to use priority lanes
.in which buses 2}25 carpools are permitted to use the reserved lanes
and thereby obtain greater benefits.

Since 1968 a series of analytical models have been developed at
the Institute of Transportation and Traffic Engineering (ITTE) at
the University of Califbrnia in Berkeley to assist in the evaluation
of reserved lane schemes. These models differ only in their degree
of sophistication and exhaustiveness of applicability; the basic
philosophy of each is the same: the total travel time (passenger-=
hours) for the normal operating condition (no reserved lanes) is
compared to the sum of the separate total travel times in the re-
served and unreserved lanes for priority operation. The passenger
demand for both operations is assumed to remain constant during the
peak period.

The first of these models, which sets the outline for the
remaining models, was an exclusive bus lane model developed in 1968
by A. D. May4. It was a rudimentary model; the peak period demand
was assumed constant in time and space, and a simple Greenshields
flow submodel was employed.

In 1969, W, A. Stock6 improved the model by incorporating the
option of a more realistic peak period demand over time; piecewise
linear, triangular, or trapezoidal demand curves could be used.

Additionally, a wide variety of speed/flow submodels could be used,



including some based upon curves given in Fig. 9.1 of the 1965

Highway Capacity Manuals. :This model was known as EXCBUS.

Next, G. Sparks and A. May8 in 1969-70 broadened Stock's model
for the Federal Highway Administration to a full priority lane model,
permitting the evaluation of the mixed use of reserved lanes by both
buses and carpools. The model, although now bofh a bus and carpool
model, retained the EXCBUS name. Also, fairly extensive model
validation was done, and the model was applied to a typical situation:
the San Francisco-Oakland Bavaridge. The effects of occupancy
shifts, induced by the better level of service in the priority lanes,
were also investigated for the first time. The Sparks-May model was
used by Alan M. Voorhees and Associates in a feasibility analysis
for the Department of Transportation of priority lanes on a segment
of I-90 in Cleveland, Ohiols.

As convenient as the above models were to use, they lacked the
realism of having a demand paftern which could change over distance,
as actually happens at the off- and on-ramps of a freeway. In
addition, the éxisting priority lane models did not consider the
effects of capacity changes over distance, such as will occur due to
grédes, lane drops, ramp merges and diverges, weaving, etc. Thus
the need for a more realistic model was apparent, Such a model for
normal freeway operations had been developed at ITTE by Makigami,
Woodie, and May10 as an aid for the evaluation of freeway improve-
ments in connection with the Bay Area Freeway Operations Study (BAFO

Study) for the California Division of Highways. This model, known



as the Freeway Model, or FREEQ, does consider the effects of changing
demands and capacities, both over time and distance.

Two studies have already been done using FREEQ to evaluate the
use of priority lanes. The first, by Allen and Mayll, was done in
1970 as part of the BAFO Study, and was a general study using FREEQ
to analyze present and future freeway operations on the San Francisco-
Oakland Bay Bridge. As such, it briefly considered priority lanes
as a part of the much broader picture of improving freeway operations
on the bridge. Emphasis was on the eastbound traffic during the
evening peak period. The second study, by Stock, Wang, and May13
1970-71, for the Division of Bay Toll Crossings, was also of the Bay
Bridge. Since only priority lane operations were considered, its
study of this problem was considerably more detailed than the pre-
vious study. Both westbound A.M. and eéstbound P.M. peak-hour
traffic were analyzed. The eastbound P.M. direction was found to
be unfavorable for priority lanes, while the westbound A.M. direction
with no occupancy redistribution was found to be at best only margin-
ally favorable to priofity lanes. However, with a 5 to 10 percent
occupancy shift into priority vehicles, the westbound A.M. direction
was found to be rather favorable for priority lanes. Partially as
a result of the above study, the Division of Bay Toll Crossings
established, on December 8, 1971, the nation's first use of priority
lanes for buses and carpools of 3 or more occupants on a freeway-type
facility14. As an added inducement for motorists to form carpools,

the priority lanes were initially free, while the unreserved lanes



continue to have a 50¥% toll. As of this writing, the priority lanes
are stili in use, and some occupancy éhift has been noted.

The above two studies manually converted FREEQ in order to
evaluate priority lanes. This manual interfacing severely reduced
the number of alternatives which could be considered, due to the
high cost in man-hours for each alternative to be evaluated. Thus,
the latest priority lane mopdel, PRIFRE, the subject of this report,
has been developed. Essentially, PRIFRE éutomates the methodology
used in the above two studies. It combines the philosophy of the
earlier EXCBUS model of Sparks and May with the realism of the FREEQ
model.

PRIFRE was developed primarily to evaluate one-way 'normal”’
priority lane operations, i.e.,reserved lane(s) on the same side of
the freeway median as the unreserved lanes. However, with some
manual interfacing, PRIFRE can be used to evaluate wrong-way re-
versible lanes, separate bus roadways, freeway design improvement
strategies, and ramp control schemes affording priority ehtry to
high-occupancy vehicles.

PRIFRE can calculate total travel time expended under normal
freeway operations and total travel time expended under any number
of different priority operation strategies, and compare the two.
Any travel‘time difference (savings or losses) is noted in the
. final output. Similarly, PRIFRE can also calculate total vehicle-
miles accumulated under normal and priority operations, and compare

the two. Any variety of occupancy shifts, number of priority lanes,



modal splits, and growth periods can be input to the program and
results calculated and compared using PRIFRE. It is felt that the
Model as it now exists represents the most comprehensive analytical

tool available for evaluating priority operations on freeways.



2. MODEL STRUCTURE

A. Basic Assumptions

This chapter describes the development of PRIFRE. The reader

will be referred to Bay Area Freeway Operations Study - Final Report;

Analytic Techniques for Evaluating Freeway Improvements. Part I of

II1: The Freeway Model (throughout this report, the above report

10
will be referred to‘'as the FREEQ report) .

The following basic assumptions carry over from the FREEQ report:

1,

Traffic is treated as a compressible fluid where vehicles
are not considered individually.

Within any time interval, traffic demands remain constant
and do not fluctuate within that time interval.

Once the traffic demands are loaded-onto the freeway, the
demands propagate downstream instantaneously, subject of
course to capacity constraints.

Capacities of subsections, including weaving sections and

merging points, are estimated using the Highway Capacity

Manual methods.

The following additional assumptions were adopted for PRIFRE:

5.

No weaving will be allowed between priority lanes and non-
priority lanes; the reasoning behind this is that no
effective formula has been devised to calculate the weaving
effect between two lanes moving at differential speeds of
20-30 mph. Thus throughout PRIFRE (the priority lane model),
the priority sections are treated as an isolated roadway

with no entry or exit except at the beginning and end of the



section.

6. FREEQ is indeed an accurate model of a freeway under hon-
priority operations.

e No queueing will be allowed at the entrance to the priority
lanes. That is, if the demand exceeds capacity for a
priority lane, the excess vehicles will be demoted tp non-

priority status.

B. Basic Data

B Physical Condition of Freeway

In order to make a reasonable estimation of the travel time
on a freeway, it is necessary to know the physical and operational
characteristics of the freeway and to put them into an approximate
numerical expression.

In general, freeway sections exhibit a number of varying
design and operational features. Thus, to establish a meaningful
relationship of the average speed of traffic as a function of freeway
capacity and traffic demand, it becomes necessary to divide the free-
way section into homogeneous subsections which exhibit the properties
of constant capacity and demand over their lengths. It is also
necessary to itemize the features whitch affect the capacity of each
subsection such as design speed, number of lanes, lane width, volume
of buses, percent of grade, grade length, number of priority lanes,
and location of on- and off-ramps. Traffic factors, such as peréent
of trucks, which affect subsection capacities and which are hypothe-

sized to be constant over the peak period, should also be listed in



the same table. It is convenient for later analysis to list all of
these elements in the format shown in Fig. 1. These elements are

used to calculate the capacity of each subsection.

2% Traffic Demand

Traffic demands are introduced into the study section in
the form of origin-destination (0-D) tables. The entry into the study
section and each on-ramp are considered as origins, and each off-
ramp and the exit from the study section as destinations. The origins
and destinations are numbered consecutively from upstream to down-
stream as shown in Fig. 1.

Considering the fact that traffic demands during a peak period
usually vary, the peak period should be divided into a number of
smaller time intervals. In general, a 15 minute time interval should
be used because 15 minutes is short enough to simulate the traffic
demand change during the peak period and is still a reasonable time
interval for predicting traffic demand patterns in the near future.

It is therefore necessary to input O-D tables for each time interval
during the study period. One O-D table is required for buses and
another for non-buses (autos and trucks). See Tables 1 and 2.

This method of treating traffic demand, although adding com-
plexity, yields the following desirable characteristics:

a. Actual demand patterns are more realistically simulated.

b Travel times for individual O-D movements can be readily

obtained and are essential for evaluating the effectiveness

of such improvements as ramp control.
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SAMPLE O-D TABLES FOR PRIFRE

ONE TIME INTERVAL
TABLE 1. NON-BUS (AUTO) O-D TABLE IN PERSONS/HR

OFF-RAMP NO. .

1 2 3 4 5 6 7 8 9 10
1* 65 41 154 235 85 53 198 212 147 151
2 239 107 339 446 146 91 328 288 192 194
3 49 154 207 68 43 154 136 91 52
4 55 76 25 16 56 45 32 20
s . 6 113 37 23 84 76 51 33
Z 6 21 i 68 45 39
2 7 53 37 36 36
?g 8 91 64 61 63
~ 9 87 87 117
% 10 36 53
11 7 392
12 403
TABLE 2. BUS O-D TABLE IN BUSES/HR
i OFF-RAMP NO. '
; 1 2 3 4 5 6 7 8 9 10* _?
.i " |
| 1 0 0 0 8 0 0 0 4 0 1
g 2 2 0 0 4 0 0 0 0 |
,’ 3 2 0 0 0 1 0 o |
4 0 0 0 0 0 0 |
' . 5 3 0 2 0 5 l
2 6 0 0 0 0 |
I 7 0 4 0 1
| 2 8 0 4 0 0
oM 9 2 5 2
S ) 2 0 1
- © 11 0 10
12 2

11

On-ramp #1 and off-ramp #10 are the freeway input and
output stations, respectively.



C s The resultant freeway priority lane model exhibits a
flexibility which will facilifate considerations of network
traffic movements and patterns.

d. It facilitates future growth forecasts since each 0-D move-

ment can be multiplied by a common factor.

C. Model Development

1. Demand Calculation

An O-D table format is used to input traffic demand. Let
TRIPS (I, J, K) be the traffic demand (number of trips) between the
th 2 th . .
I - origin and the J destination. K = 1 corresponds to the bus
O-D tables and K = 2 to the non-bus O-D tables. The demand at the

th th
1 origin (on-ramp) and the J destination (off-ramp) can be

calculated as follows:

TSUM (I, 1) =Zz TRIPS (I, j, k)
k j

TESUM (J, 2) =ZZ TRIPS (i, J, k)
k i
. th . .

where T@SUM (I, 1) is the I on-ramp demand and T@SUM (J, 2) is

th '
the J off-ramp demand.

From basic assumptions (2) and (3), the subsection demand

th th - .

between the I origin and the J destination can be calculated

‘‘as follows:
I J-1
VoL (L) = Z TéSUM (i, 1) -2 TéSUM (j, 2) @

i= J‘:

12



where L is any subsection number between the Ith on-ramp and Jth

off-ramp.

2. Capacity Analysis

The Institute of Transportation and Traffic Engineering
has already developed a series of computer programs for capacity

analysis in accordance with the 1965 Highway Capacity Manual.

Therefore, the efforts of the FREEQ study were directed toward
fitting these programs into the system of the freeway model, and as
was already mentioned, FREEQ formed the basis of PRIFRE.

a. Freeway Capacity. Freeway capacities can be calculated

manually or by an ITTE developed computer program. The basic rela-

tionship of the Freeway Capacity Program is

SV 2,000 - N-W . T . (v/c)

where

SV = service volume in vehicles per hour
N = number of directional lanes
W = adjustment factor for lane width and lateral
clearance
T = truck factor

v/c = volume to capacity ratio

This program (Freeway Capacity Submodel) can be used as an
independent submodel, and the outputs, such as freeway capacity and
truck factor, can be used as the inputs for PRIFRE. Special con-
sideration is required for those subsections with an auxiliary lane

and subsections where the number of lanes changes,because the Freeway

13



L
Capacity Submodel cannot automatically handle capacity analysis
for subsections with unusual geometric features.

b. Ramp Capacity Since the freeway priority lane mouel is

normally to be used to analyze traffic flows during peak periods,
the ramp capacity analysis is based on the D-E method outlined in
the HCM which is used for levels of service D and E.

Traffic demands at on-ramps are compared with ramp limits, and
if the demand exceeds the ramp limit at the on-ramp, the delay time
and queue length at the entrance to the ramp are computed following
the usual queueing theory. Ramp limits are set to the general ramp
limit--say 1500 vph--for usual ramps. By reducing this value to the
ramp metering rate, it is possible to evaluate the effect of ramp
control plans on freeway traffic.

The D-E method cannot handle ramp capacity.analysis for unusual
ramp design features such as left side ramps and the two-lane ramps;
therefore, several check systems are included in the ramp capacity
analysis subroutines in order to supplement the merging volume analy-
sis which is based on the D-E method. There are three kinds of
input data for this check system:

(1) special ramp indicators, (2) on-ramp limits, and

(3) off-ramp limits.

If there are any left-side ramps or two-lane ramps, the special
ramp indicator should be coded 1 or 2 respectively, and the capacities
of those ramps may be input to the computer in the form of ramp limits.
The ramp limits, in this case, should be the best estimates of capa-

cities for those special ramps.

14



In the ramp merging volume analysis, the lane one volumes at
merging points (500 feet downstream of each on-ramp) are compared
with the merging capacity which is assumed to be 2,000 vehicles per
hour. If the lane one volumes at the merging point are found to
be greater than the merging capacity, the excess demand is stored
at the merging point and the queue length and the delay time caused
by the merging restriction are computed following the usual queueing
theory.

Off-ramp demands are merely compared with ramp limits. If the
demands exceed the ramp limits at certain off-ramps, a statement is
printed in the computer output to show the excess demands at those
off-ramps; there are no particular computation procedures for the
queue length or the delay time evaluation for the off-ramp excess
demands. This is to alert the user of operational problems not
handled by the present model.

C. Weaving Capacity For a given weaving section, the length

of the weaving section is found from the freeway subsection para-
meter table, and the weaving volumes are calculated from the O-D
tables for each time interval. Then the value of the weaving in-
fluence factor k is found following the procedures used in Fig. 7.4

of the Highway Capacity Manual. If k is greater than one, the

maximum volumes for the designated lévels of service can be calcu-

lated, using the formula given in the Manual:

vV+(k-=-1) - W2

SV

N

15



where

k = weaving influence factor

V = total volume in vph

N = number of directional lanes
SV = service volume in vph/lane
W2 = smaller weaving volume in vph

Taking the upper limit of level of service E,

147]

<

1
zlo

then, adjusted capacity c’ would be

The various types of weaving sections that can be handled by

the freeway priority lane model include both left and right-hand

(2)

ramp: weaving situations. For multiple weaving sections, a maximum

of two adjacent weaving sections can be analyzed.
As stated in basic assumption (5), the priority lanes are

separated from the non-priority lanes; however, weaving analysis

might still be needed at the entrance and exit of the prierity lane.

This can either be ignored, assuming sufficient signing and controls

extend far enough upstream so that lane-changing, and not weaving,

16



takes plaée; or an adjustment to the input capacity of that section
can be made following a simple weaving analysis suiting the user's

individual situations.

3. Total Travel Time in Non-queueing Situation

a. Estimation of Average Speed. The average speed of

each subsection is estimated from the relationship between the v/c

(volume /capacity) ratio and the operating speed shown in the Highwa

Capacity Manual. In Fig. 9-1 of the Highway Capacity Manqal the
operating speed is expressed as a function of the v/c ratio, number
of lanes in one direction, and design speed of the freeway. See
Fig. 2.

For convenience of cdhputer operation, all the curves in Fig.
in the Manual are fitted by various polynomials. The operating
speed is then converted to the average speed by

-—; l 4 1

where Vo_ is the operating speed in mph, and DS is the design speed
of the freeway in mph.
In addition the user can specify his own speed-flow curves by

inputting a set of speed-v/c conditions which will be used instead

of the Highway Capacity Manual Curves. A straight linear interpo-

lation is performed on these curves to compute the average speed.
interpolation is done between the two closest specified v/c ratios

and necessitates the user giving average speeds for v/c ratios of

17
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0.0, 1.0, -1.0, and -0.0. The negative values correspond to queueing
calculations, positive values to non-queueihg calculations. Each
subsection can have its own speed-flow relationship.

b. Travel Time Calculations As long as the capacity is

greater than the demand, the travel time for a given subsection and

a given time period can be calculated as follows:

» L
TT = 35380 - v Bty
A
while
D = VA d
then
_d - L
T =5380 " %o )
where:
TT = travel time in vehicle hours
VA = average speed in miles per hour
= demand for a given time period in hourly rate of flow
L = length of subsection in feet
T0 = time interval in hours

density in vehicles per mile

Since the flow of traffic under either queueing or nonqueueing
conditions is simply the product of the density and the speed, the

density of subsection i can be found from the expression

= 1
di vo umei/speedi (5)
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4, Queueing Extension of PRIFRE (See Fig. 3)

When demands exceed capacities for certain subsections,
physical queues occur upstream of these bottleneck subsections. A
bottleneck subsection operates at capacity, and the demands of down-
stream subsections are modified. Then the physical queue length can
be estimated from the rate at which vehicles are stored in the queue
and the '"excess density" of the queue. The number of vehicles in
the queue equals the rate at which vehicles are being stored times
the length of time interval. Also, the number of vehicles in the
queue is equal to the length of the queue times the increase in
density due to queueing. Equating these two expressions and dividing by
the excess density, one obtains the expression for the length of

the queue:

o i-1
H. = 7 . ’ (6)
il {d i-1 di-l)
where
RAl—l - D1 - Cl

according to the following definitions:

RAi 1 ° net rate of change of the number of vehicles in

subsection i-1 (vph)

Di = demand for the bottleneck subsection i (vph)

Ci = capacity of subsection i (vph)

Hi-l = the length of the physical queue formed upstream

of subsection i (in miles)
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d/ , = queueihg demsity in subsection i-1 (vpm)

451

nonqueueing density in subsection i-1 (vpm)

fhen, the traffic speed in the queueing density situation is
detérmihéd, and it is possible to evaluate the delay time caused
by the bottleneck and the effect of the bottleneck on the total
travel time,

Density and travel speeds in (ueueing situations can be esti-
mated by using the relationship between the v/c ratio and average
speed, as was done for ndnqueueing situations, 1If, for a certain
time interval, the demand exceeds the capacity in subsection i, the
flow rate in subsection i should be equal to the rate of capacityi
flow, and the average speed of traffic in capacity flow should

have the value corrésponding to v/c = 1 on the curves in Fig. 9-1

of the Highway Capacity Mﬁnual. The demands of downstream subsec-
tions should be‘recalculated, bésed on fhe capacity flow rate of
subsection i.-

The traffic volume upstream of subsection i, for example, at

the exit of subsection i-1, should be

Uisy T Pip ~ By,
where
U,y = volume of traffic leaving subsection i-1
Di_l = demand for subsection i-1 at this time interval;
then, if

22



the travel speed in subsection i-l can be estimated by reading the

1 = - A
value of the 'speed corresponding to v/c (Di—l RAi_l}/Ci_l on

the dotted line for level F in Fig. 9-1 of the Highway Capacity Manual,

(Sée Fig. 3 of fhis report). Then the physical queue length at
the end of this time interval can be calculated from Eq. (6).

If the physical queue length exceeds the 1ength of subsection
i-1, theVphysical queue should be extended into further upstream
subsections and should be considered in the same way,.

Then travel time for subsection i~1 can be expressed as:

» ? ’ 2 - ¢
= » . -+ - M 1 2 . + - . .
TP =t - dy )0t Ly g oy gmdy g) 0 120t A (T -t) - dy gt Ly
N
where
RAi—l
r = e = speed of shock wave
d, - d,
i-1 i-1
L.
t = min l i-1 s T
o
Li-l = the length of subsection i-1
TO = time interval (.25 for 15-minute interval)

- The derivation of Eq. (7) is shown in Appendix A of the Freeway Model
(FREEQ) report,
If Di—l > Ci—l the excess demand of subsection i-1 is added to

RA, and the computer proceeds to subsections further upstream,

following the procedure described above, until the computer finds a
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nonsaturated subsection.

When the demand becomes less than.the capacity at subsection i,
but physicgl queues still remain in ups.ream subsections i-1, i-z,.;.y
stored vehicles are discharged into downstream subsection i at the

rate of Rai-l’ where -

and the travel speed in queueing densities, the decrease of the phys-~
ical queue length, and the travel time can all be calculated using

the methods described above.
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3. PROGRAM DESCRIPTION

This chapter describes the operation of the freeway priority lane
model computer program, named PRIFRE. This program provides an
analytical method for estimating freeway travel times under normal
and priority lane operations. It is under these conditions that
the operation of possible priority lane schemes are of interest for
the purpose of reducing total freeway travel time during peak traffic
demand beriods. The purposg of this chapter is to provide a detailed
description of program operation, input data formats, and the possible

output formats and statements.

A, Description of Program Operation

The main program of the freeway priority lane model is the calling
routine named PRIFRE. A calling routine is a program which has mostly
call statements. In this manner, the subprograms which are called
do almost all of thé computations while the éalling routine coor-
dinates them. One variable name which appears in this chapter and
is used in PRIFRE to communidate information from the subprograms.
concerning program control is ITRIG, often called ITX in the sub-
routines. A flow chart of PRIFRE is shown in Fig. 4, and a listing
of the program can be found in Appendix C. Each of the subroutines
will be described in this section.

1. Capacity Data Input

The first subroutine called by PRIFRE is READIT. READIT

actually reads all of the input data and stores the data on a physical
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storage device (i.e., a disk or magnetic tape). The first section of
READIT reads the main title card, parameter card, and the freeway
characteristics (i.e., the subsection cards and ramp limits). READIT
then checks for illegal parameters and design characteristaics; if nohe
are found READIT prints the title, parameters, and freeway charac-
teristics, All of these permanent values are not written on the
temporary tape or disc storage de§ice as they are constant for all

time slices, and thus remain in the memory of the computer.

2. Origin-Destination Tables

As mentioned earlier, there are two O-D tables for each
time slice, one for buses and one for nqn—buses. There are also
the revised ramp limits which will remain in effect over the re-
maininé time slices or until reset, and the occupancy cards (the
number depending on the IOCS - No. of occupancy shifts - option).
Thus for each time slice, the title and all tables and revisions
are written onto the stérage device. After all time slices have
been read, the storage device is rewound and control returned to
the main program.

PRIFRE will then call the subroutine CONTROL with parameter
IFLAG. CONTROL initializés all the values used during the simula-
tion for each criterion. Depending on the values of I0P-the no.
of priority  1anes selgctor - and NGP - the no. of growth periods
CONTROL will determine if all the requested criteria have been ex-
hausted and, if this is the case, IFLAG will be set to 2 and PRIFRE

will use this to call READIT again for a new freeway section to be
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studied. If there are still time slices tovevaluate or if a new
criterion is to be started, CONTROL will return to PRIFRE and PRIFRE
will call SLICE.

SLICE's purpose is to read from the storage device each indi—
vidual time slice's data, print the O-D tables with the corresponding
occupancy cards, and to call ODADD which finds the input and output
volumes for;each on-ramp and off-ramp. It should be mentioned that
the O0-D tables for buses ére in vehicles per hour and the O-D tables
for non-buses are in persons per hour. The O-D tables for the non-
buses are converted into vehicies by the use éf vehicle occupancy
data, SLICE also reads any revised ramp 1imité and modifies the
ramp limit arrays. Now that all arrays are initialized, the actual

simulation can begin.

3. Ramp Queueing
The subroutine RAMPQ is then called. This subroutine

compares all on-ramp demands (computed in ODADD) with the on-ramp
limits (which were initialized in CONTROL and possibly modified in
SLICE). If the ramp démands exceed the ramp limits, then RAMPQ
- will reduce the O-D table appropriately and recompute the ramp
demands. (Truncation errors may occur in this process since the
O-D table is made of relatively small numbers.) The number of
vehicles not allowed to,entervare,stored in the ramp queue and the:
ramp delay is computed.

If the on-ramp demand is less than the ramp limit, and there’

is no queue present from a previous time period, nothing further
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needs to be done. But if there already is a queue present,’the
ramp demand is increased either to the ramp limit or to the rate
which would discharge the entire ramp queue in 1/4 hour, whichever

is the smaller. Again, the ramp delay is computed.

4, Volume Calculations

After all the on-ramp demands have been compared with t heir
ramp limits, all gections have two volumes computed by .PRILANE
(VNPR - Volume of non-priority vehicles ~ and VPRI - Volume of pri-
ority vehicles), PRILANE finds out how many priority sections
there are and in which subsections they start and end,.

If a priority lane starts in a given subsection, any vehicle
that enters the freeway in that subsection or in downstream sub-
~sections, and any vehicle which will exit in a subsection where
the priority section still exists are refused entry to the'priority
lanes and demoted to non-priority status for that priority study éec-
tion.  PRILANE will also compute the array POFF (I, J). POFF (I, 1)
has for the Ith priority situation the number of vehicles entering
the priority lane(s). POFF (I, 2) is the accompanying subsection
number. POFF (I +1, 1) equals the ﬁumber of vehicles returning téy

the unreserved lanes of the freeway after the priority lane has ended.

5. Ramp Merging Analysis

There are seven subprograms which contribute to the ramp
merging analysis. RMSUM is the first of the seven ramp programs
and creates the arrays RVOL(J) and RDIS(J). RVOL{(J) is the volume

t
of the Jth ramp, counting both on- and off-ramps. If the J B ramp
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is an off-ramp, then RVOL(J) will havé‘a negative value. The
existence of this array removes the need to locate a ramp by sub-
Secfion number and then search for the next section containing a
ramp.

The array RDIS(J) contains the distance from the beginning of
the study section to the.Jth ramp nose in feet. This array removes
the need to add up lengths of subsections from one ramp to another.
If the Jth ramp is a 1eft-side ramp, RDIS{J) is made negative.
Therefore, before RDIS(J) is used, it is tested for sign.

The second subprogram is UDRAMR. The purpose of UDRAMP is to
search upstream and downstream from dn—ramp RVOL(L) and locate
those influencing ramps which are within 4,000 feet of it. The ramp
numbers of those ramps which have influence on ramp L are stored
in array LX for use by subprogram PVL, UDRAMP also checks for an
auxiliary lane condition and uses the variable ITYP to indicate the
presence of an auxilia?y lane.

If no ramp numbers are entered into érray 1X, then subprogram
PVL is not called, and ITRIG = 3 in PRIFRE after UDRAMP. But if IX
has one or more entries, then subprogram PVL will compute the'per~
centage of ramp traffic still in lane one at the merge point (of
already in lane one if it is a 'downstream off-ramp). PVL also
subtracts the ramp traffic from the total freeway traffic to obtain
the valus of tle through traffic on the freeway at that pbint; The
method of subprogram PVI +g based on Fig. 8.24 of the Highway

Capacity Manual.
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After the ramp traffic inm lane one is computed, subprogram

IVP8 uses values from Table 8.3 of the Highway Capacity Manual
to calculate VOL1l, the total volume 'in lane one at the merge point,
which is composed of ramp traffic and through traffic,

Next subprogram P823 is called; and if ITYP = i (no auxiliary
lane), P823 does nothing. But if ITYP = 2, P823 will recompute the
percentage of on-ramp traffic already in lane one under the auxiliary
lane condition. Then it will add to VOLl the percentage of off-
ramp traffic at the merge point.

If VOL1 - volume in lane 1 - exceeds 2,000 vph under the assump-
tions of the model, a queue will form on the freeway, while all the
ramp traffic is free to enter. This queue is assumed to have no
physicél length, but rather the cars are thought to be stored in
a vertical queue. This is the simplest assumption to make in
computing merge point delay. Subprogram MERGQ will compare VOLI
with 2,000 vph and increase the queue if necessary; or, if a queue
was already present and VOLl is less than 2,000 vph, decrease it,

An increase in the length of a merge point queue implies that
some of thé through tfaffic was not allowed to flow. This means
that dowﬁstream subsections should reflect the existence of the
queue’by lower demands through them. The purpose of subprogram
DISQ is to. compute the destination patturn of the traffic in the
queue (assumed to be the same as the péttern of through traffic at
that point) and reduce the demand (VNPR(I)) of doﬁnstream subsec-

tions. 1If the merge queue is decreasing, the demand of downstream
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subsections will be increased according to the destination pattern.
DISQ is also used in another part of the program to distribute the
effect of queues caused by freeway capacity restraint. This completes

the description of the ramp analysis subprograms.

6. Weaviﬂg Analysis

There are five subprograms which perform the calculations
of the weaving effect for each subsection. The first, WEAVCON, is
the calling routine for the other four.

The second one, TYPEWV searches from upstream to downstream for
possible weaving sections of 8,000 feet and less and identifies
them by type. There are three possible types: (1) simple weaving,
on-off, ITY = 1; (2) multiple weaving, on-~on-off, ITY = 2; and
(3) multiple weaving, on-off-off, ITY = 3.

Next, the individual weaving movements are calculated in sub-
program WYOL if ITY = 1 or 2 (or WYL3 if ITY = 3). The left hand
ramp indicators are tested and the geometry of fhe weaving section
ir determined. Fbr simple weaving sections, only two weaving
movements are computed; for multiple weaving, four.

The last of the five weaving subprograms is WVEFF. This routine
computés the total weaving volume and lengths of either simple or
multiple weaving sections according to the method described in

Chapter 7 of the Highway Capacity Manual. Then, using data from

Fig. 7.4 of the Manual, the weaving influence factors are determined
and combined with the weaving volumes to yield the total weaving
effect, the reduction in capacity due to weaving, in vehicles per

hour, These values are stored in EFF(I) for subsection I, Program
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control is then returned to TYPEWV via WEAVCON, and the mext weaving
section found.

Again, it is emphasized that no weaving calculations are per-
formed for entrance into or exit from a priority lane(s). This is
so because no accurate weaving formula could be foﬁnd which takes
into account the many variables associated with the many differeﬁt
priority weaving gituations.

When all weaving sections have been calculated, WEAVCON returns

control to PRIFRE.

7. Queueing Subprograms

Up to this point, the only changes made to the subsection
demands were in DISQ in the case of a merge point queue. A check must
‘now be made in each subsection, however, to see if the demand exceeds
the effective capacity (input subsection capacity minus weaving
effect), and appropriate action taken if it does. This is the task
of QUEUP and DISQ. After.subsection demands are limited to fheir
capacities, the queues will increase, decrease, or remain unchanged.
Queues may collide or they may split. All of these possibilities,
along with travel time and travel distance calculations, are handled
in subprograms TRAVEL, TAILQ, QTIME, and QCOLL,

Subprogram QUEUP begins by finding 10 and ID, the origin and
destiﬂation ramp indicators for subsection I to be tied by DISQ
in case a queue is present. Then RA(I-1) is set to zero to clear
out any values left over from the previous time interval. CN, a
possible value of RA(I-1), is computed by subtracting the effective

capacity from the demand in subsection I. If CN is positive, then
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a queué must grow from the jﬁnction between subsectioﬁs I and I-1.
Since subsection I is the bottleneck, it will’nperate at capacity
and under nonqueueing conditions, while subsection I-1 will operate
beiow capacity and encounter‘queueing conditions., (There are
special conditions, such as a more restricted downstream bottleneck,
which will allow the bottleneck subsection to operate with queueing
such as in the case of a queue split.,) 8o, if CN is positive; this
value is put into RA(I-1) and QUEUP returns to PRIFRE, wﬁich calls
DISQ to distribute the effect of CN to déwnstream subsections. Then
PRIFRE calls QUEUP again and processing continues downstream,

If QUEUP computes CN and finds it to be negative, the procedure
is more complicated. If a queue is not present in subsection I-1,
there is no problem for QUEUP. But if subsection I has a queue over
its entire length, a queue in I-1 cannot be discharged, so RA(I-1)
is not changed. If a queue in I-1l can be discharged, another check
is made to see if the value of CN added to the demand would make
the total demand exceed the effective capacity of I-1, 1If this is
true, then subsection I-1 becomes the bottleneck subsection operating
under queueing conditions, with the value of CN chosen so that the
resultant volume equals capacity.

Assume that it has been determihed that a queue is going to be
discharged at rate CN. There are still two additional situations
to be considered before RA(I-1) can be set equai to CN: (1) queue
split and (2) a short queue.

A queue split occurs when one subsection containing part of the

queue cannot provide the necessary rate of flow to satisfy the demand
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volume in the downstream subsection by the amount CN, The queue-
split condition can happen only at the beginning of a time slice,
since demand is a constant withih each time slice. When a queue
split is found, the subsection pointer I is set equal to the sub-
section following the new bottleneck, a message is punched, and the
queue in subsection I is reduced by a small distance (.0002 miles)
so that QUEUP can now recognize two distinct queues. Processing
then continues in QUEUP on the upstream ¢ueue firsf.

The problem of the short queue arises from a bésic assumption
of the freeway priority lane model which says that demand is constant
over any time slice. Therefore, a short gueue might be dispersed
completely in, say, .01 hours; however, the bottleneck subsection
would still have to operate at capacity for the full .25 hours.

This means that vehicles would be fictitiously generated for ,24 hours
at th2 rate RA{(I~1), which can be quite large. The procedure de-
veloped to overcome this problem is to estimate the excess number

of vehicles stored upstream of the bottleneck by using the differ-
encesg in vehicle’density between queueing and nonqueueing conditions.
For each subsection, the difference in density is multiplied by the
length of the subsection and a running total of vehicles is kept.
Since there is only an estimate, however, there is no guarantee that
the queue length wili be exactly zero at the end of .25 hours,
Therefore, when this condition occurs, the subsection number is
stored; and if ; queue still remains at the end of .25 hours, it is
cleared and a message is printed giving the length of queue cleared.

If the queue disperses before .25 hours, a message is printed giving
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the time it dispersed.

After QUEUP and DISQ have computed the new values of VNPR(I)
and RA(I), PRIFRE calls TRAVEL which will control the evolution of
queues by stepping from downstream to upsiream subsection and test-
ing the value of RA(I). Under nonqueueing conditions, RA(I) is zero,
so TRAVEL calculates the travel time (veh-hrs.) and the travel
distance (veh-mi) for subsection I, reduces the value of I by one,
and then returns to test RA(I) again. |

If RA(I) is found to be negative, TRAVEL will call TAILQ and
then QTIME. TAI1LQ does nothing concerning a change in queue length;
its primary function is to fiﬁd the upstream boundary of the queue.
Also, TAILQ solves for travel time and travel distance for all sub~
sections which are’fully congested on the assumption that they will
remainAfully congested for the entire time interval,

Subprogram QTIME operates from upstream to downstream, just
the opposite of TRAVEL and QCOLL. Also, QTIME has the unique property
of having a variable time interval,

First, QTIME checks for the upstream boundary of the queue in sub-
Section>1, and, if the first subsection is completely filled by a
queue, it will discharge the queue from RQ(1,1), the main on-ramp
queue, either until RG(1,1) = 0, or until the t.me equals the value
stored in S8, the length of time interval in QTIME. SS will usually
contain the value .25(1/4 hour). If, however, subprogram QCOLL has
found a queue collision with this decreasing queue, SS will contain

- the time of queue collision.
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Neft, QTIME computes the shock-wave velocity of the upstream
boundary of the queue based on the value of RA(I) and the differences
of density between nonqueueing and queueing conditions., It then re-
computes the travel time and travel distance based upon the queue
dynamics, and this valu; replaces the4calcu1ation done by TAILQ
for subsection I;v When the time reaches 8S, or when the gueue
length reaches zero, QTIME will not perform any travel ?ime calcu~
létions beyond the subsection being processed. The last step is a
check on the subsection number to see if QUEUP had set a poiﬂter
to this subsection to indicate a queue whigh should have been éom—
pletely depleted. QTIME then returns control to TRAVEL which
céntinues processing with the subsection upstream of the one in which
tﬁe upstream boundary o{ the queue originally fell.

If TRAVEL finds that RA(I) is positive, it will call subprogram
QCOLL.’ QCOLL will then compute the shock wave velocity of the queue
and the time that the queue leaves subsection I and enters subsection
I-1, 1If the time is greater than .25 hours, this means that the tail
of the queue does not leave subsection I, so the time is set to ;25
and I will be the last subsection to be processed by QCOLL. If,
however,‘the upstream boundary of the queue leaves subsection I,
and if subsection I-1 already has a queue,Athen a queue collision
occurs and a message is printed. If the second queue has a positive
value of RA(I-1), fhen QCOLL can handle the calculations alone. But
if RA(I-1) is negative, QCOLL will first set SS(the length of ﬁime
interval in QTIME) to the time of queue collision and then call TAILQ

7

ind QTIME. The reason for this procedu@e is to have the queue behave
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according to the basic assumptions as closely as possible. If this
were not done, the second queue would not, at the time of queue
collision, have had a chancé to decrease from time zerp to time SS.
After TAILQ and QTIME have reduced the queue, the new value of RA(I-1)
may be positive or negative, depending on the relative values of RA(I)
and RA(I-1) before collision. If the result is a positive RA, QCOLL
continues processihg in subsection Ifl. But if the new RA(I-1) is
negative, SS will be set to the remginder of the time, .25‘~ 58,
and QCOLL will return control to TRAVEL, which will call TAIIQ and
QTIME again.

When the resultant RA(I-1) is positive and greater than RA (i),
QCOLL allows for the growth of the second queue by recomputing the
value of the time of the queue collision. The collision time is

reduced by multiplying by the factor

_ RA (I-1)
RA (I) + RA(I-1) °

This factor was determined so that the length of the second queue
would be the same at the end of ;25 hours after queue collision as

it would have been if it had grown at the old rate RA(I-1) until the
time of queue collision and thén at the new rate of RA(I-1) for the
remainder of the time slice. This is based on the simplifying
assumption that the shock wave velocity of the queue is a linear
function of RA. QCOLL then continues to compute the times that the
queue enters upstream subsections. When the time exceeds .25, QCOLL,

without processing any more subsections, returns control to TRAVEL,
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When all subsections have been processed, control is returned to

PRIFRE.

8. Speed Flow /Capacity Curves

Throughout the above Queueing routines, whenever the density
or travel time is required, the function SPEED is called to compute
them. The parameters to SPEED are the section number, the voluﬁe/
capacity ratio, and IFLAG. As will be mentioned under the input’
card setup, each subsection has three design speeds: one for normal
lane operation, one for reservedvlane operatién, and one for un-
reserved lane operation. The value of IFLAG tells SPEED which design
speed to use for each subsection when it is called. If the value of
design speed, DS, is a number 1-5, then SPEED knows that it must look
for and interpolate user supplied speed curves.

For the user-supplied speed-volume/capacity coordinates a
straight linear interpolation is performed; and this necessitates
the user supplying average speed values for at least four points for
the v/c¢ ratios of 0,1, -1, -0.0. The values for 1 and -1.0 may be
the same, but there must be two . ~tries on the speed flow cards. The
speeds for the negative ratios correspond to the speed during queueing

(see Fig. 3). Also available to the user are the design speeds of

50, 60, and 70 mph from Fig. 9-1 of thé Highway Capacity Manual and
the ITTE specially developed 65 mph curve for the I-80 Eastshore
Freeway. If the program has trouble finding .. user supplied
curves or the necessary values are not found, a message is printed

and the design speed is set to 70 mph,



9. Output

The preceding subroutines have calculated the travel times
and queue lengths for all normal lanes and unreserved lanes. The
subroutine OUTIT is now called to compute the travel time for the
priority lanes and oﬁtputs the information to the user. OUTIT will
print a summary table whose format depends on the freeway operation
scheme selected. Each summary table contains the final on- and off-
ramp demands as calculated by PRIFRE and a list of what the total
volumes would have been if there had been no queueing. In this
manner the user can compare the number of vehicles that actually
traversed the section to the number of’vehicles that desired to
traversed the distance and calculate the number of vehicles stored
through freeway capacity restrainfsi

Then, the demand volume of each subsection is reduced by the
value of RA for that subsection, and if RA exceeds: the volume, a
warning message is printed. If a queue is present in any subsection,
a star is printed for that subsection so that queues are visually
more apparent. Also, the average speed, travel timé, and density
are computed for each subsectioﬁ. A warning message is also printed
if the demand exceeds the capacity of any priority lane, and states
the number of vehicles demoted to non-priority status.

After the summary table is printed, OUTIT then checks all of
the on-ramp delays and prints any non-zero on-ramp delay with the
associated queue lengths, OUTIT then returns control to PRIFRE.

PRIFRE then-.calls TIMEOUT which first checks for excess off-ramp

demand and prints the offending off-ramp number and capacity. The
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actual volume can be read ,off the summary table. Then, depending on
a non-zero value of FAC(2), TIMEOUT prints two OD type tables giving
single~trip times for priority and non-priority thicles. TIMEOUT

" also sums the ramp delays, subsection travel times, and ;ubsection
travel distances, and computes the passenger houré and cumulative
values and prints these values for priority apd non~priority vehicles.
1f there are no priority lanes, then the table corresponding to the
priority situation is deleted. TIMEOUT then returns to PRIFRE

which calls CONTROL and the next iteration proceeds. See Sample

Output in Appendix E. See Sample Input in Appendix D.

B. Input Data Formats (See Appendix D)

fhe cards required to constitute a complete run on the-CDC 6400
are naturallydivided into three categories: (1) system control cards,
(2) object deck, and (3) input data. if the object deck were loaded
via tape, for instance, then a complete run would be a deck of two
parts plus one tape.. Also, every Epmputer sysfem requires a differ-
ent set of control cards. Appendix D deals exclusively with the
formats needed to specify input data. Also an example of CDC 6400
cohtrol cards will be found in Appendix B.

Figure 5 shows an input data deck set-up which would constitute
a complete run: that is, one set of input parameters and capacity
data, followed by a number of O-D data decks. The seven card for-
mdts which are acceptable to the priority'lane model are shown below:

1, Title Card

Figure 6(a) shows the title card format. This card may have
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any valid keypunch characters anywhere on the card. The purpose of
this card is to provide the user with a description of the data,which
will appear on the printed output unaltered. The title ¢ard must
occur as the first card of the data set.

2, Parameter Card

Figure 6(b) shows how the parameter card must be prepared.
This card does not appear on the printed output unaltered, as the
title card did. NSEC is the number of_subsections_(so maximum allowed)
and must be exactly equal to the number of capacity cards for the run.
FAC(l) is the number of time‘slices per hour. At ITTﬁ, 0-D tables
were prepared on a 15-minuté time basis, so FAC(l) = 4. These two
vparameters are the only ones on this card whibh‘must not be left
blank, |

FAC(2) is an output control parameter. If FAC(2) = 0, only the
summary table for the subsections will be punched. FAC(2) = 1 will
additionally cause single trip travel times in an O-D table format
to be printed. If FAC(2) = 2, the original O-D tables will be printéd
also,

PLC is the minimum vehicle occupancy level at which priority statusA
commences (e.g., if PLCf= 2, all vehicles with 2 or more occupants
have priority status). The case of PLC = 6 corresponds to bus-only
priority status.

IOP is the freeway operations scheme selector, The values of
I0P are:

Iop =0

normal operation only (1 option)

et
n

1 priority lane only {1 option)
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2 = 2 priority lanes only (1 option)

3 = normal and 1 priority lane (2 options)
4 = normal and 2 priority lanés (2 éptions)-
5 = 1 priority lane and 2 priority lanes (2 options)

6 = normal, 1 priority lane and 2 priority lanes (3 options)

NGP is the number of growth periods and may be any decimal
integer, including zero (blank); NGP = 1 means that there is one
growth period. GF is the gro@th factor by which each entry in the
0-D tables is multiplied for successive growth periods, and it
should be greater.than one. (All O~D tables are assumed to grow
uniformly at the same rate.) |

I0OCS is the number of océupancy sets considered, and may range
from Q(blank) to 5., The numbers 1, 0, or blank are all treated the
same, If IOCS is greater than 1, there must be a correspcndiﬁg
number of occupancy distribution cards in each time slice card
set-up. The user must supply the data for each occupancy shift on
the occupancy distribution card which isrdiscussed in a fdilowing
section,

Bus equivalency factors (EBN and EBL) are introduced to allow
the user to modify the effect of buses on traffic and capacity by
multiplying by a car-equivalency factor, EBN is an equivalency
factor for buses in normal, mixed traffic, while EBL is an equiva~-
lency factor for buses in priority lanes., 1IF the user does not
supply any values, the program automatically adopts EBN = 2,0 and’

EBL = 1.6 equivalent vehicles,
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3. Capacity Card

The capacity card is shown in Fig. 7(a). Due to storage
constraints a maximum of 50 subsections are allowed. The first
field, SUB SECT, is the section number, If IP = P this section can
have a priority lane(s) and if IP = ¥ (blank), this section is
always a ''mormal’ section (i.e., no priority lane). NLANE = number
of lanes. If there is an auxiliary lane, the value of NLANE.should
be one greater than the number of through lanes, and subprogram
UDRAMP will automatically detect the auxiliary lane. CAPACITY =
capacity of this section (precalculated); and PRI-CAP, the capa-
city for each priority lane = 1,500 vehicles per lane if left blank.
Capacity is for one direction (one side) of the freeway only; also
there must be no fewer than 2 unreserved lanes in each direction of
the freeway at all times.

In a priority lane situation, the capacity of the unreserved
1anestwill now have a capacity equal to ((NLANE—NPﬁYNLANE) * CAPACITY
vehicles per hour. NPL is the number of priority lanes adopted for
this section. XLENGF is length of subsection in feet. The next three
fields are design speeds. NOR = design speed if this is a "normal’
section (IP = ¥ blank). RES and UNR refer to design speeds for
reserved and unreserved lanes, respectively, and (IP = P). These
three fields must contain either the design speed of 50, 60,

- 65, or 70 mph or the number of a user speed curve. If any design
speed field has a value of 1 -5, special speed-flow data supplied
by the user is substituted for HCM data and inserted after the

ramp cards, TRK FAC is only used to calculate the bus and truck
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effect on capacity due to weaving losses. The truck factor is com-
puted using the percent trucks, percent grade, and length of grade

according to Table 9.5 of the Highway Capacity Manual.

Next the origin and destination indicators are coded. If the
subsection has an on-ramp, an 0 should be punched in column 38 of
the capacity card., 1If it has an off-ramp, a D should be punched in
column 39. If a subsection has a special ramp (two-lane on-ramp
or left-hand on- or off ramp), there can be only one ramp in that
subsection, because the special ramp indicator applies to the whole
subsection ahd not to a particular ramp. The coding of SP should be
a one in column 40 if the ramp is a left-hand ramp, or a 2 in column
40 if it is a two-lane on-ramp. If the subsection has no special
ramp, then this data field should be left blank.

The remainder of the parameter card can be used for any descrip-
tive information which the user would like to have appear on the

printed output, such as section names, key ramp names, etc.

4. Ramp Limits Card

Tn order to test queueing at on-ramps and off-ramps caused
by ramp demands exceeding ramp capacities, PRIFRE can assign up to
six on-ramp limits and three off-ramp limits which are diffeient
from the general ramp limit. Figure 7(b) shows the format of the
ramp limits card., The first data field of six columns contains the
general ramp limit; this value is assigned to every ramp, both on and
off, except for those listed in the femaining fields on this card,

or thoge additional fields listed on the first occupancy card.
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The remainder of the card indicates the exceptions to this value in
the following way. The first three columns indicate which off-
ramp (counting only off-ramps) is to have the ramp limit replaced;
the next five columns are for the ramp limits. The first three
sets of eight~column fields pertain to off—rampé and the remaining

six sets pertain to on-ramps.

5. Speed-Flow/Capacity Card

This card(s) is for user designed speed-flow/capacity
data (see Fig. 8(a)). The first field (NCRV) is the curve number
(1-53). The remainder of the card consists of at least four X(V/C
ratic) values and corresponding Y (average speed, mph) values.:
There is an upper limit of 20 points (five cards) per curve with a
minimum of 2’points for the upper and 2 points for the lower parts
of the curve (Upper curve for non-queueing and lower curve for
queueing), as mentioned in Section  3-A-8., If the user inserts
any speed-flow/capacity coordinates, a blank card must follow the
last speed-flow/capacity card. If no user-supplied data are to be
used, then the ramp limits card should be immediately followed by

the first time slice card.

6, Time Slice Data - Title Card

The time slice title card follows the same format as the main
title card (Fig. 6(a)) ; however, the card may not have the word END
within the first four columns. For example, this card could be
coded, '"Exclusive -Bus Lane - Marin - US 101, Northbound, PM Peak.

Time Slice 1, 3:30".
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7. Occupancy Card

Figure 8(b) shows the formét of the oceupancy card. BUS 0OCC
is the average passenger occupancy of buses. The number of bus
passengers therefore is equal to total number of buses from the bus
O-D tables for this time period times this factor. The next.five fields
are for the distribution of the passc¢nger occupancies for the non-
bus O-D table. If the total of the percentages from the five fields
is more or less than>100%, the run is aborted.

There are also 5 sets of ramp limit fields for revision or
addition of on~ramp limits on the first occupancy card. These are
exactly the same as the ramp limits cards, except no revised off-
ramp limits are allowed. The need for including revised on-ramp
limits was found if the capacity qf a ramp varies over time, and

for use in developing ramp control strategies.

8. Origin-Destination Card

As mentioned previously, there are two distinct O-D tables
per time slice. The O-D table for buses (in vehicles per hour) must
be placed first, and must be followed by the O-D table for non-buses
(in persons per hour). Inputs are always in‘hourly flow rates for
gach 15~minute time interval. If there are no demands for a particu-
lar origin, a blank card must be placed in the deck, as the program
requires an O-D card for each input station (origin or on-ramp) to
maintain proper sequence.

The O-D table is prepared according to the format shown in Fig.
9(a). This card shows the number of trips from input station (on-

ramp) humber one to all following output stations (off-ramps).
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The second card of the 0-D table would have the number of trips

from on~ramp humber two to all following off-ramps, etc. . There are
exactly as many cards in the O~D table as there are on~ramps, .in-
cluding the mainline freeway input. ‘Most study sections will
have roughly triangular O-D tables, the on-ramps normally alternating

with the off-ramps.

9. End of O-D Card
Figure 9(b) shows the form of the card to be used after
the last 0-D table; READIT will know that all the time slices have

been read and the simulation can begin,

C. Qutput Data (For example, see Appendix E)

The output from PRIFRE falls into four groups: (1) a listing of
input data, (2) messages concerning the queues, (3) summary table of
numerical results, and (4) travel times.

1. Listing of Input Data

The first line of oﬁfput is always the title card which is
the first card of the data deck. This card is reproduced without
change. The second line of output is always a description of the
data contained on the parameter card.

A column heading for the subsectiqn capacity cards is then
punched, followed by all of the subsection capacity cards essentially
unchanged. Also, at this point if READIT detects an error in freeway
design, a message on the nature of the error wiil be printed and thé
execution will halt, After the capacity data, the ramp limits are
punched, followed by a page skip to begin the output for the first

time slice.
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The first line of output of each time slice is the time slice
title card description, followed by the occupancy and the revised
on-ramp limits, if there are any. At this point, if EAC(Q)'was sef
equal to 2, the next output would be the original O-D tables input.
If FAC(2) was se‘yt equal to 0 or 1, there would be no O-D tables, and the

next possible output would be information about the queues.

2. Queue Messages

‘There are four possible messages pertaining to queues
occuring in the current time slice. A message such as 'QUEUE
COLLISION 6 T2 = .106" is initiated in the QCOLL subprogram. The
number 6 means that the queue in subsection 6 was growing and left
the subsection at time T2 = .106 of an hour after the current time
slice began. In subsection 5 another dqueue already existed and this
caused a queue collision. [If the value of RA(I) is positive in
subsection 5, then the time is reset to a value earlier than .106
of an hour before analyzing subsection 5. If the resultant RA of
subsection 5 is positive, but smaller than RA of 6,‘then QCOLL would
have called TAILQ and QTIME with SS = ,106, as described in the
section on program operation with the remainder of the analysis of
the upstream subsections being done in QCOLL. If the new value of
RA is negative at subsection 5, then QCOLL would have called TAILQ
and QTIME would have tested RA(5) after the queue collision, would
have set the value of SS = .25 - T2, and then would have returned
control to TRAVEL. From TRAVEL, TAILQ and QTIME would have let the

discharging queue run out for the remainder of the time interval.l
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The next queue message could be "QUEUE SPLIT 7. This message
is printed from subprogram QUEUP. It means that, in what was one
queue, an additional capacity restraint forced a division into two
queues.’ Since this always happens at thé beginning of a time slice,
there is no special problem for TAILQ and QTIME. The number 7 means
that subsection 7 was not able to carry the sum of demand vehicles
plus discharging vehicles. Therefore, subsection 7 cannot discharge
the queue, and at the same time it becomes the bottleneck of the
new queue,

The other two types of queueing messages pertain to the condi-
tions where the queue is in the final time slice of a decreasing
queue situation. As mentioned in the program description, because
demand cannot change during one time interval, the negative value
of RA during the final time slice must be adjusted so that the queue
length will reach zero as close to the end of the time slice (.25
'hours) as possible. Therefore, there are two possibilities: (1) the
queue length can reach zero before .25 hours, or (2) the queue will
8till remain after .25 hours have elapsed.

The message 'SEC 12 T2 = ,231" means that the queue length
reached zero at .231 hours. For the remainder of the time interval,
vehicleg continued to be discharged. The other message is YSEC 12
CLEAR 153." 1In tuis case, after .25 hours, there still remained
153 feet of queue, which was simply cleared. 1In both of these cases
the v/c ratio of the bottleneck subsection is less than one, and

these should be only conditions under which the bottleneck subsection
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operates with v/c different from one.

3. Summary Table of Numerical Results

The remaining output conveys the calculated results to the user.
In the case where there are no priority lanes, a column heading is printed
for the subsection summary table which consists of 15 or 24 columns. (Fig.
10A shows the normal operations output, and Fig. 10B the output under

priority operations.)

The first column is the subsection number. The second, third,
and fourth columns give the final on-ramp, final off-ramp, and
original subsection demands in vehicles per hour. The fifth column
gives the volume of traffic leaving each subsection during |
the time interval, Next, column six, ig the effective freeway capa-
city (after subtracting the weaving effect), and the weaving effect
is given in cblumn seven in vehicles per hour. Then, in column
eight, the v/c value of the subsection is listed, followed by the
dénsity (vehicles pef mile per lane) and the time average speed
(mph). Column eleven contains either an asterisk, if a queue is
present in the subsection, or a blank, if no queue is present,
Occasionally, a column of asterisks signifying a queue may actually
be two or more queues, since each subsection must be completely
queued in order to be one continuous queue. Therefore, if one column
of asterisks represents two queues, then one of the subsections will
show a queue length which is less than the subsection length,

Column twelve gives the average individual travel time through
each subsection in minutes.' Column thirteen gives the length of the

subsection in feet, followed by the queue length in feet. The last
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INSTITUTE OF TRANSPORTATION AND TRAFFIC ENGINEERING VERSION 22.¢
UNIVERSITY OF CALIFORNIA - PAGE NO. 24

BFRKELFY, CALIFORNIA

09

SUR FINAL DEMAND JRIG. VOL FWRY WEAVE V/C DENS MPH TRAV LENG QUFUE RA
___SEC  ORG DES TATAL  caP EFF V/MIL TIME ) FEET < o } .

1 5966, 0. 5566 5¢66,10000. 0. .60 39. 38. .06 200. 0 0.

2 0. 0, 5966 5966, 7200, 0. o83 32. 47. «10 400. 0 0.

3 0. 0. 5966 5824. 7200, 0. .81 33, 44, * 1,42 5400, 731 142,

4 0. 0. 5966 5824, 6890. 0. 85 63. 23, * «20 600, 600 142.

5 0. 0. 5956 5824. 6751, 0. <86 67 22. * .16 300. 300 142.

6 O 194, 5566 5824, 6752, O o86 6T7e 22. * «21 600, 600 142. - o
7 0. 0. 5772 5&30. 6500, 0. +87 64. 22. * «21 600. 600 142.

8 40, 0. 5812 5670. 6500, 0. o877 64. 22. ¥ 1.5 3000. 3000 142,

9 O 0. 5812 5670, 6400, O +89 63. 23, x «53 1050. 1050 142.

10 0. 491. 5812 5670. 6500. 0. «87 64. 22. * .82 1600. 1600 142,

11 0. 0. 5321 5179, 6961, O 74 T2. 18, * 1.47 2320. 2320 142,

12 291. 19, 5612 S470. 5470, 0. 1.00 61. 30. +«95 2500a. 0 0. . .
13 0. 0. 5592 5451, 5470, 0. 1.00 61. 30. «21 550. 0 0.

14 0. 63, 5592 5451. 5470. 0. 1.00 61. 30. 1.€4 4850, 0 0.

15 0. 0. 5528 5388. 5470. 0. .98 55, 32. «46 1300, 0 0.

16 S51l. 831l. 6039 5809. 6560. 910. +89 42, 46, «25 1000. 0 0.

17 0. 0. 5175 4679, 5470. O 91 37. 44 «36 1400, 0 C.

18 180, 379, 5355 5159, 5470. Oa 3% 44, 39, +87 3000, 0 Q.

19 O. 0. 4963 4780, 5820, 0. .82 34. 4T. .19  800. 0 0.
20 120, 4900. 5083 4900. 5320. 0. .84 35, 47. «88 3600, 0 O

QUEUE LEAGTE  DELAY
VAHICLES VEH=ERS'
ON~R ANP 5 INPUT POUINT 0. 0.
 MERGING POINT 190.50 44,85
YOTAL 190.50 44,85

FIGURE 10A~- SAMPLE PRIFRE SUBROUTINE OUTPUT FOR NORMAL FREEWAY OPERATIONS
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INSTITUTE OF TRANSPORTATION AND TRAFF GINEERING VERSION 22,0
UNIVERSITY I CALTFORNIA N AND 1C ENGIN PAGE ND. 138

RERKELEY, CALIFORNIA

QUEJE COLLISION 9 T2=  .000
QUFUE COLLISION 8 T2= ,000
QWEUE COLLISTION T T2= ,000
QUFUL COLLISION 5 Y2=  L000
QUEYF COLLISION 4 T2= ,000
gU".UE COLLISION 2 Tz= L0000
QUT DF St
se IRESEKVED PRIORITY OPERATIONS .. _.. UNRESERVED OR NORMAL OPERATIONS -
* % » 2 L] . - . “‘;." ‘:;’;;‘>;);.;‘:’;....‘..‘.“......0.........'.........‘....."'.".
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SEC DRC  DES TOTAL VIM/L TIME NORM EFF v/N/L TIME * FEEY RA
1 5393, 0. 5303 N & 2559.10000. Oe +26 29 224 10 % 200. 200 2744,
2 o 0. 5302 2 1158 3000. .39 14 %2, .11 U 2 1400. 3600. 0. 39 32, 22, 21 * 400. 400 2200.
3 0. 0. 5303 21158, 3000. .39 11. 51, 1.20 U 2 1400. 3600. 0. 439 110, 6. 9.61 # 5600, 5400 2200.
4 0. 0. 5303 2 1158, 3000, .39 1. 5l. .13 U 2 1400. 3445, 7 0. .41 101, T. .98 = 600. 600 2045.
s o 9. 5303 2 1158, 3000. .39 1ll. 5l. .07 U 2 1400. 3375, 0. 441 97 7. .47 ¢+ 300, 300 1976,
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15 (*N O 5086 2 1158. 3000, .39 11, S5l, ,29 u 2 172@6.__3647: O  +34 128Bs 5S¢ 3,04 * 1300s 1390-178?::, .
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18 198, 140, 5058 N 4 2325, 7294, Oe +32 11, 52, 66 3000. 0 De
19 o. O, 4751 N 3 2184. 5820. O +38 14. 51, 418 800. [¥] [/ 8
29 179, 2963, 5530 N 3 2963, 5820. Oe +51 20, 50 482 315600, 0 O
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FIGURE 10B - SAMPLE PRIFRE OUTPUT FOR PRIORITY LANE OPERATIONS



column in the summary table, cdlumn fifteen, gives the value of RA(rate
of flow of excess demand), in vehicles per hpur,

During priority‘simulations; the format for the summary table
also includes the number of priority lanes, their volume, capacity,
v/c ratio, density, average speed, and the subsection travel times.

The next possible output is a warning message telling the user
that the value of RA is greatethhan the demand for a particular
subsection. "***Warning***RA exceeds demand in section iﬁ. This
causes negative volume. Reduce temporary -on-ramp limits for one
or more downstream ramps éﬁd re-run.' If this condition ariéés,
the user must reduce the revised downstream on-ramp limits so that
the ramps will have more queueing and the freewaykless queueing,
and then rerun the éet of data. |

Then the number of thicles in queues are listed for all on-
ramps and merge points which have non-zero total delay for that time
slice., 1If on~ramps and merge points have zero total ramp delay,
then no column headings will be printed,

If any off-ramp flow exceeded its corresponding off-ramp limit,
a warning message to that effect is given ;t this point. There is
no effort made to evaluate any off-ramp queueing.  ***Warningixat
off-ramp no. 8 demand exceeds lgggkvehicles per hour, "

If any priority lane demand exceeds its capacity, a warning
message is printed: ''****Warning for the Ith Priority Section
starting in Section i the capacity of X was exceeded by Y Cars and
Z Equivalent Vehicle Buses. They have been demoted to non-priority

status.,"
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4, Travel Times

The next line of output depends on the value of FAC(2).
If FAC(2) is zero, there will be no page skip or tables. If FAC(2)
is one or two, a page skib followed by two OD-type tables will be

printed. The first table gives the single trip time for each O-D

movement in hundredths of a minute. Under normal operations, the
second table is the simple product of the single trip time matrix

multiplied by the O-D table, giving the total travel time in

hundreths of vehicle~hours for each O~D movement. When a priority
lane situation exists, énly single trip times will be printed -out.
One table will give individual travel times for non-priority trips,
and a second table will give individual travel times for priority
trips. The next output, which is always printed, is a summary
table of incremental and accumulated freeway travel time, input delay,
and total travel distance for both priority and non-priority ve-
hicles. See Fig. 1l.

The first two columns of this table are values for the current
time interval in terms of vehicle~hours and passenger-hours, @hile
the last two columns have cumulative values for the first time slice
through the present time slice in terms of vehicle-hours and passenger-
hours. The next-tou~last line, giving the total distance traveled,
has units of vehicle-miles for columns one and three and passenger-
miles for columns two and four.

The final output lists the "'Total Travel Time Under Priority
Operations,’ the "Total Travel Time Under Non~Priority Operations,”

and the difference between the two, or ''Travel Time Savings Over
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INSTITUTE OF TRANSPORTATION
UNIV!RSITY OF CALIFORNIA
BERKELEYs CALIFORNIA

AND TRAPPEIC ENGINEERING

— TRAVELH TIME FOR ONE NON=RRIORITY TRIA 401 MINUTES

0 1 2 3 L 5 -2 7
1 501. 886, 1243, 1651, 1793, 1894, 1993,
2 D¢ 348, 705, 1112¢ 1254, 1388, 14355,
3 O 0., 189, 8597, 739, 839. 9139,
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S O 0. 0 0, 38, 138, 238,
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3 O O 52« 165, 213, 310. 409,
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YOTALiTRAVEL Tlﬂ! UNDER:
PRIORITY OPERATIONS

CJRRENT TIME INTERVAL
2i¢ VEH=HRS 32¢ PASS=HRS
186+ VEH=HRS 2334 PASS=MRS
R . i 19+ PASSHRS
1886¢ VEN=HRS 25280 PASS=HRS
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VERSION
PAGE NO,

CUMULATIVE VALUES

VEH=HRS
VEH"HRS
VEH~HRS
VEM=MRS
VEM=HRS
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FIGUERE 11 - SAMPLE PRIFRE OUTPUT - TRAVEL TIME SUMMARY TABLE

4440
2699

_ 448
14447
4856,

113257,

22894,
25478

2580,4

PASS=HRS
PASS=HRS

PASS-HRS

PASS<HRS
PASS-HRS

PASS=M]I,

PASS~HRS
PASS~HRS

PASS»HRS

22.0
128



Non-Priority Operations;" A positive value indicates that priority
lane operations will result in a time savings and a negative value
indicates a time loss. Total vehicle~hour savings appear in the

first column, followed by total passenger-hour savings in the second

column,
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-4, MODEL VALIDATION AND VERIFICATION

Validation of the computer program was undertaken to assure that
the Priority Lane Model would derive approximately the same results
as those obtained from FREEQ, EXCBUS, and manual calculations. Much
emphasis was placed on extensive program checking so that the potential
user of PRIFRE would have confidence in the model's performance and
output, while also becoming aware of the assumptions and limitations

of the model,

A, Component Checks and Corrections

PRIFRE was first run for several hundred different situations
designed to isolate and test the different subroutines~in the program,
Special hypothetical problems were input and each of the 30 sub~
routines thoroughly tested. After making several ;nitial runs with
PRIFRE, some deficiencies began to show up. The major corrections to
the program are discussed below:

1. Bus Equivalency Factors - the original PRIFRE versions showed
bus vehicles to be equivalent to cars. EXCBUS uses bus
equivalency factors; therefore PRIFRE was corrected by giving
the user the option of inputting two bus equivalency>factors,
one for normal, mixed traffic and one for réserved, priority
traffic.

2. Gélculation of Weaving Effects - at the entrance and exit of
the priority lane. Since weaving analyses could not be found
to cover all of the many complex weaving situations that

could occur at the entrance and exit of different priority
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lane schemes, the decision was made not to attempt such an
analysis in the PRIFRE program, The user can still make
adjustments manually for tWese weaving effects and input them
in the‘program in the form of reduced roadway capacities.
Calculation of the Capacity of the Unreserved Lanes - the
original vefsion assumed the new capacity of the unreserved
lanes to be the original roadway capacity minus the capacity
of the removed priority lane(s). The corrected formula was
inserted into the program, ca11ing for the new capaéity of
the unreserved lanes to be the capacity of the original road
section times the number of original lanes minus the number
of priority lanes all divided by the original number of lanes.
Difficulty was encountered in applying the correct bus
equivalency factor to the buses as they proceeded from

normal, mixed traffic into priority traffic and back out
again into normal traffic., This problem was solved so that
the buses will acquire the correct vehicle equivalency factor
as they move in and out of different reserved lane situations.
Equivalency factors are applied the moment a bus is generated
at an on ramp.

Excess Demand for the Priority Lane(s) - for situations
érising where the assumed cépacity of the priority lanes is
exceeded by the demand, the decision was made to allow the
program to continue the evaluation, but a warning message

would be outputted alerting the user to this fact, No
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queueing is allowed in the priority lane or at its entrance in
the PRIFRE model; instead the excess number of vehicles are

demoted to non-priority status in the unreserved lanes.

‘Buses and carpools alike are diverted in direct proportion

to their numbers in the priority traffic demand.

Vehicles Caught in a Queue - vehicles caught in a queue as

a time slice ends will still be in a queue as the next time
slice begins. They will then be distributed downstream
according to the destination pattern for this new time slice.
Travel Time Output - tﬁe original format for the computer
output - vehicle hours and passenger hours - were calculated
and printed separately for priority and non-priority vehicles
and passengers. Errors introduced by the approximations used
for this approach may have been avoided by introducing
additional memory arrays to keep track of the destination
pattern of the two classes of vehicles. The decision was made
instead to output the total travel time and total travel
distance for each type of roadway operation - normal, reserved,
and unreserved - for both priority and non-priority vehicles.
The total travei time array (in ,01 vehicle hours), which wasg
printed for both priority and non~priority vehicles,was dis~-
continued because correct values could not be calculated
without using considerable additional computer memory space.
The dimndividual trip time arrays are still outputted, and the

user can multiply these times by the corresponding number nf
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10,

11,

12,

persons making each trip from the two 0-D tables,
Final Output Format - the form of the final output was éugmented
with the valuable addition of the total travel time savings
(or losses) expended with this particular priority operation.
Immediately below this value is reprinted the value of the
total travel time expended under normal freeway operations.
Average Occupancy of Subsections - the combined average
occupancies of the normal, reserved, and unreserved lanes of
the subsections are now corrected to reflect the proper
values for passenger hours and passenger miles. See formula
calculations for combined bus plus carpool plus non-carpool
car occupancies in Appendix G.

Queueing Calculations ~ component checks were repeated for
hypothetical freeway (ueueing situations using PRIFRE and
compared with the results from an equivalent FREEQ simulation.
Queue lengths, queue collisions, and the queue splits‘were
eventually made identical for both programs by correcting
PRIFRE's subroutines until they performed the same as those
of its parent, FREEQ.

Merge Queues -~ with the addition of an on-ramp in a bottlg—
neck subsection after the priority lane had begun, it was
found that merging and on-ramp queueing delays were in-
correctly calculated. PRIFRE was corrected and re-checked
successfully,

Weaving Effects in a Queueing Situation -~ the calculation of

weaving effects (reductions in roadway capacities) was also
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found to be initially in error, and the program corrected so

as to give results ~ompatible with FREEQ,

B. Comparison of PRIFRE with FREEQ

As mentioned before, PRIFRE has two main parents - FREEQ and EXCBUS.
It was considered desirable to check PRIFRE results against these two
tried and tested models, and to compare results., FREEQ comparisons
will be discusseﬁ and shown here, énd EXCBUS comparisons in the sec-
tion immediately following. |

There are numerous subroutines in the PRIFRE program which have
been borrowed from FREEQ, with some slight modifications, and so the
first checks were made to determine if these subroutines were compatible
and outputted similar results. A portion of the Eastshore Freeway
(I-80) in the SF Bay Area was selected for the comparison check, as
nearly all possible situations for computing total travel time are
encountered on this freeway section during peak hours, and FREEQ
results had been verified by field :-observations for this section.

See Fig, 1 for Eastshore Freeway example.

A comparison run with both programs revealed that some slight
differences between the two existed. Tables 3 and 4 summarize the main
subroutine calculations and ;ihal outputs. As can be seen, there
are no individual values that differ by more than 1%, and most of
these are due to roundiﬁg. The total queue lengths are virtually
identical, differing by only 2' in 27,520', Travel times(min/beh;)
are identical., Very small differences are noted in Table 4 for total

travel times and total travel distances, which are the main objective
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Toble 3 Comparison of PRIFRE ond FREEQ
Subroutines — Eastshore I-80 Data

!sug \ Pugmwne uﬁh QUEVE EXCESS
| «3] 3
2 35—
3 [896 5q |32 .31
4 52 5| 395552 | 94 55
5 274 7 «16 6
6 |27 575 |28 | 2383555, [ 288%mcs
7 , 125109 | 3990 2880 =
8 |29 593 1.26 — S| 216 oo 2499 e
9 | 1.12 1 2030 27 2499 o
10 |3528957,| +B-Tos| 125505 | 1%
N 285 | 250 22500 | 2%
12 7272 | 22205515 | 266%4¢56
13 +38 38 720 %19 166 ek
4 22100 | 20500 | B
5 108 g | 880 : 1652 %
16 1.2 1.23 15 889 1032 646
17 1.6 .67 23102309 ,165 6
I8 2k0 339 |1 02 1% %59 158 578
19 C |32 g | 2805 | 1580
20 |82 7, | X7

21 |87 & | 2y

22 |#2 4] 20 .30

23 ) .30

24 | 660 ¢ 16 .16

25 <96 .96

26 (T

27 ¥ i

28 17 .17

29 Gl

30 325

27520

TOTALS 527#18
mum

% 0.4% 0.8% O.kg 0.7%

)

Note: PRIPRE wvalues are uhoin in the upper triangles;

PREEQ values in the lower triangles.
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4  COMPARISON OF PRIFRE AND FREEQ OUTPUTS

TABLE
TIME TOTAL TRAVEL TIME TOTAL TRAVEL DISTANCE
SLICE | VEH/HR. | PASS./HR. 'VEH./ M. PASS./ MI.
| 203 407 11674 23348
203
4o7 11674 23348
> 301 601 15150 30300
300 601 15149 : 30297
3 298 596 14402 " | 28803
298 596 14402 ‘ 28804
. 449 898 | 14199 28397
448 895 14201 ~" 28403
5hé 1093 12540 25080
5 545 1091 12538 25077
626 1251 12944 25889
6 625 1250 12945 25890
533 1065 14292 28584
7
532 1064 14293 28587
8 352 704 13313 26627
352 703 13319 26639
o 187 374 9274 18549
188 ~" 375 9280 18561
o |15 300 8804 17609
150 300 8804 17609
3645 7290 126593 253186
TOTALS
3641 7283 126607 253214
Maximum
% 0.5% 0.3% 0.06% 0.06%
Dif ference
(Individual

Note: PRIFPRE values are shown in the upper triangles;
FPREEQ values are shown in the lower triangles,
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TABLE § COMPARISON OF PRIFRE AND FREEQ MESSAGES

SUBROUTINE MESSAGES _ PRIFRE FREEQ |
Queue Collision 18 | T, = 0.005 T, = 0.005
Queue Collision 14 | T, = 0.129 1T, = 0.130
Queue Collision 10 [T, = o.g2 T, = 0.194
Queue Collision 8| T, = 0.187 T, = O.l88
ON RAMP 10 ) e e




functions for both programs. Table 5 shows queue message comparisons.
Two- areas of differences showed up in testing the special con-

ditions of an auxiliary 1lane and in the two lane on-ramp. Changes

were made to PRIFRE after it was determined that FREEQ's calculations

were indeed accurate,

C. Comparison of EXCBUS and PRIFRE

In order to further verify results obtained from the PRIFRE
program, several comparison runs were initiated for PRIFRE and EXCBUS,
PRIFRE's other parent. Although there are many major differences
between the two programs, they both have similar philosophies for
evaluating total travel time on freeways involving various priority
lane strategies for buses and carpools.

The specific input parameters for a hypothetical freeway situation
used in the comparisdn runs are illustrated in Table 6. A five mile
section of an 8~lane freeway (4 lanes in each direction) was selected
and assigned a roadway capacity of 9000 vph and an average speed-flow/
capacity relationship ranging from 50 mph at 0 v/c to 37 mph at 1.0
v/¢c. The peak period selected was of % hours duration, and the ratio
of pre-peak and pqst-peak demands to the peak demand was 0.4, Peak
period lasted L hour (2 ~15 min. time slices). Peak period demands
were 500 buses (50 pass./bus) and 6800 cars (avg. occ., = 1.4)., Mini-
mum occupancy for priority status was varied between 2 and 5 passengers
per vehicle, and the number of priority lanes varied between 1 and 2.

Table 7 shows cbmplete summary results from both programs usiﬁg‘

a 1-4 priority lane strategy, i.e., one reserved lane for buses and

cars with 4 or more passengers.
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TABLE?Q COMPARISON OF EXCBUS AND PRIFRE

INPUT PARAMETER

EXCBUS PRIFRE

CAPACITY (eq. veh.) 9000 9000
LENGTH (MILES) 5.0 5.0
NO. OF LANES . .
(one direction) .
% v Speed v/c Speed
2, ' ‘
2 I"0. 50.0 0.00 50.0
g” 1800. 49.0 0.80 49.0
% fress. 48.0 0.86 48.0
2 2025, 47.0 0.90 47.0
& {?1e0. | 44.0 0.96 44,0
E E 'g 12205 42.0 0.98 42.0
o 2 Jl22s0. 37.0 1.00 37.0
:
B = &
B A A% I -- - -1.0 37.0
2l - - -0. 0.0
[V IR E "
& |
- VEH |EQ. VEH TS VEH EQ. VEH
PRIOR PEAK | 5008 | .,
©.omp) H <« {2420 3420 |
. O .
| PEAK Ton o |soo | 1 Ggggg 7800
(0.5 HR) {1, § 6800C
1< 500B
o g & 2 |ia000 7800
! < &
5008
a POST E o | 5008 3 laazoc 3420
PEAK E ‘
B g 3420 4 5008 3420
o o ' |z2420c |
(1.0 HR) = = :
. < 500B
s s | 2420C 5 |oaz00 3420
5008
6 |su200 3420
PASS. % CAR o %_CAR _
T 70. 70.
CAR OCCUP, 2 20, 20.
3 5. 5.
DISTRIBUTION | 4 4. 4
5 1. 1
BUS-OCCUPANCY {50 PASs./BUS 50 PASS./BUS
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TABLE 7 COMPARISON OF EXCBUS AND PRIFRE

THREE UNRESERVED IANES AND ONE RESERVED LANE

(BUSES AND AUTOS WITH FOUR OR MORE PASS.

IN RESERVED LANE)

OUTPUT PARAMETERS EXCBUS PRIFRE UNIT % DIFFER,

Avg. Lane Demand During Peak (NOR) 1950 1950 | E.V./HR 0.00
Avg. Lane Demand During Peak (RES) 1340 1340 | E.v./HR 0.00
Avg, Lane Demand During Peak (UNRES) | 2153 2153 E.V./ﬁR 0.00
TT Prior Peak Demand (NOR) 6.06 6.06 MIN/VEﬁ 0.00
TT During Peak Demand (NOR) 6.27 6.27 | MIN/VEH 0.00
TT Post Peak Demand (NOR) 6.06 6.06 | MIN/VEH 0.00
TT Prior Peak (UNRES) 6.06 6.05 MIN/VEH 0.16
TT During Peak (UNRES) 6.80 6.80 MIN/VEH 0.00
T ?ost Peak (UNRES) 6.06 6.05 MIN/VEH 0.16
TT Prior Peak (RES) 6.06 6.08 | MIN/VEH 0.32
TT During’Peak (RES) 6.09 6.09 MIN/VEH 0.00
TT Post Peak (RES) 6.06 6.08 | MIN/VEH 0.32
TTT (NOR) 4709;0 4707.0 | pass-hr 0.0%
TTT (RES) 3797.0 3924.0 | pass~hr -3.2%
TTT (UNRES) 824.,0 786.0 | pass-hr +4.7%
TTT (PRIORITY OPERATION) 4621.0 | 4711.0 | pass-hr ~1.9%
SAVING -~ TTT 86.0 - 4,0 | pass~hr
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The individuai ﬁrip times‘(TTérare‘very close - almost
exact for this non-queweing situavion. Differences between the two
are less than 1%. However, larger differences show up in the total
travel times (TTT) for the reserved and unreserved trips on tuc free-
way. Since the individual frip times are virtuélly identical, this
can only mean that there must be some differences in the manner in
which each program calculates average occupancy. ‘EXCBUS under—
estimates TTT in the reserved lane by 3.2% and overestimates TTT in
the unreserved lanes by 4.7%. Manual checks proved PRIFRE to be
fully correct in its final travel‘times, while EXCBUS was shown to
have small errors due to the approximated method required for in-
putting the number of passengers into the feserved and unreserved
lanes in the EXCBUS model. |

When the total travel times for the entire freeway are added
together, the plus and minus differences serve to cancel each other
out, so that there is only about a 2% difference in the final out-
put. This last output result is the figure used to compare various
priority lane schemes with normal operations, and evaluate any poten-
tial travel time savings. EXCBUS showed 86 pass.-hrs. saved by this
1-4 scheme over normal operations, while PRIFRE showed 4 pass.—hrs.
lost. This 90 pass.-hrs, differenece is small, however, when compared

to the TTT of 4700 pass.-hrs.-- less than 2% .

1. Comparison under Non-queueing Conditions

Table 8 summarizes all the results from both programs involving
priority strategies in non-queueing situations. It can be noted that

as the minimum occupancy for priority status is raised from 3 to 5, the
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TABLE 8 SUMMARY RESULTS COMPARISON OF

EXCBUS AND PRIFRE MODEL (NON-QUEUEING)

QUEUEING
CASE PARAMETER EXCBUS PRIFRE % ERROR | SITUATION
TTT (NOR) 4709 4707 0 No Queue
1 TTT (RES) 3918 4022 - 2.5 "
1-3* | TTT (UNR) 702 669 + 4.9 "
TTT (RES + UNR) 4620 4691 - 1.5 "
Saving TTT 88 i6 D = +72 -
TTT (NOR) 4709 4707 0 No Queue
TTT (RES) 3797 3924 - 3.2 "
1-4 TTT (UNR) 824 786 +4.7 "
TTT (RES + UNR) 4621 4711 -1.9 "
Saving TTT 86 - 4 D = +90
TTT (NOR) 4709 4707 0 No Queue
TTT (RES) 3667 3823 - 4.0 "
1-5 | TTT (UNR) 1023 992 + 3.1 ';'
TTT (RES + UNR) 4690 4816 - 2.6
Saving TIT +'17 - 109 D = +126
.
1-3 MEANS PRIORITY OPERATIONS WITH ONE RESERVED LANE FOR AUTOS AND

BUSES WITH THREE OR MORE PASSENGERS IN THE RESERVED LANE
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total travel time differences increase from 72 pass.hrs.to 126 pass.~hr:
i.e., 1.5% to 2.6%. Differences in the unreserved lane decreased,
while differences in the reserved lane increased. This would seem

to indicate that as volumes decrease in the priority section, the

differences between PRIFRE and EXCBUS increase.

2. Comparison under Queueing Conditions

Table 9 summarizes all the results from runs involving priority
strategies in queueing situations. Large differences occur between
the two programs when queueing occurs in the unreserved lanes. As
demand increased in the unreserved lanes, and therefore increased the
length and duration of queue, differences grew larger, ranging from
12% for 1~3 to almost 30% for 2-2, Input parameters for these runs
were exactly the same as for the non-queueing situations described
above, except that capacity of the road was decreased from 9060 to
7200,

The reason for such large differences between the two models in
queueing situations lies in the two different Queueing theories used
in subroutine calculations. Another important difference is that
PRIFRE will demote any excess demand for the reserved lanes into the
unfeserved lanes, no queueing‘being allowed in the reserved lane.
EXCBUS allows queueing in the reserved 1éne.

Differences in overall trip travel time (Reserved + Unreserved)
. for both priority and normal operations are much smaller. PRIFRE
and EXCBUS differ by only 1.9% under normal operations and by
about 5-7% under priority operations., EXCBUS has higher travel time

savings than PRIFRE in every case since it found much lower travel
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JABLE 9 SUMMARY RESULTS COMPARISON OF

PRIFRE AND EXCBUS MODEL (QUEUEING)

QUEUEING
CASE PARAMETER EXCBUS PRIFRF % DIFFER. SITUATION
TTT (NOR) QUEUE 1IN 5629 - Queue
TTT (RES) RESERVED LANE| 4253 —— "
1-2 TTT (UNR) PAST TMAX = 838 - No Queue
TTT (RES + UNR) 9.50. 5091 - -
THE REFORE
STRATEGY
SAVING TTT ABANDONED 538 -
T™rT (NOR) 5737 5629 + 1.9 Queue
TTT (RES) 4040 4146 - 2.5 No Queue
1-3 TTT (UNR) 957 1087 - 11.8 Queue
TTT (RES + UNR) 4997 - 5233 - 4.5 -
SAVING TTT 740 396 _—
TTT (NOR) 5737 5629 +1.9 Queue
TTT (RES) 3809 3938 - 3.2 No Queue
1-4 TTT (UNR) 1180 1344 - 12.1 Queue
TTT (RES + UNR) 4989 5282 - 5.5 e
SAVING TTT 748 347 ’ -
TTT (NOR) 5737 5629 +1.9 Queue
TTT (RES) 3676 3834 - 4.0 No Queue
1-5 TTT (UNR) 1422 1632 - 12.8 Queue
TTT (RES + UNR) 5098 5467 - 6.7 —_—
SAVING TTT 639 162 —
TTT (NOR) 5737 5629 +1.9 Queue
TTT (RES) 4224 4279 - 1.2 No Queue
2=2 TTT (UNR) 781 1108 - 29.4 Queue
TTT (RES + UNR) 5005 5388 - 7.0 -
SAVING TTT 732 241 -
TTT (NOR) QUEUE IN 5629 —— Queue
TTT (RES) UNR LANE 3998 - -
2-3 TTT (UNR) DURING PEAK 3188 - Queue
TTT (RES + UNR) PERIOD. 7187 - -
QUEUEING EX-
TENDED PAST
9.50, THERE-
FORE STRATE-
~1557 - -

SAVING TTT

GY ABANDONED
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times for the unreserved lanes under queueing conditions. Manual
checks, discussed extensively in the next section, seem to bear out

PRIFRE's accuracy over EXCBUS'

D. Manual Checking of PRIFRE

Finally, to further illustrate and verify the computations made
by the PRIFRE model, much effort was spent manually calculating free-
way travel fimes and travel distances for three distinct cases and
comparing them with the output obtained from PRIFRE. Three different
time slices were analyzed, each depicting different elements of PRIFRE's
subroutine calculations: 1) a non-queﬁeing situation; 2) a queue
increasing situation; and 3) a queue decreasing situation.

A flow chart of the manual calculation procedure is shown in
Fig. 12. Example problems worked out for each time slice are con-
tained in Appendix G, as are any special calculations for weaving or
merging analysis. Basically the procedure is to calculate an input
volume, modify and adjust it for bus equivalency factors, weaving
effects, and merging constraints, calculate the ad justed capacity, and
"obtain a volume/capacity ratio. With this v/c ratio an operating speed
can be found from Fig. 9.1 of the HCM, and an average speed calculated
fr@m this value by formula (3) in Chapter 2, This is done for all
three possible sections - normal, reserved, and unreserved. Then
single trip travel times can be found by dividing the length of the
subsection by the average speed. Vehicle hours are then found by
multiplying by the abpropriate actual volume of vehicles flowing for
that 15-min. time»slice. Passenger hours are simply the product of

vehicle~-hours times the average occupancy of vehicles for that section
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FIGURE 12 FLOW CHART OF CALCULATION PROCEDURE

Normal .
: v Ope rating Average . (NOR)
Section C ™ speed Speed [—wjDensity -
ol Vol / Unreserved
olume olume : s
Weaving Capacity Section vV | _|Operating Average Densit (UNR)
(Vehicles — (Equiv?alent) = ffoct (Adjusted) C Speed Speed y i
Buses & Cars Vehicles .
Reserved
(3) 4) (5) Section v Operatin Average Density ____'..(st)
C Speed Speed '
) (7 (8
12) (11) (13)
(NOR) Single Trip J—"l\_lgllume 2) H VEH - Hns—l-*—' Average "’{ PASS - HRS l‘-—. Freeway
et Travel Time : 3] Oceupanc 5] Travel Time
[Distance (1) F{ VEH - MILES]| PANCY | gl paSS ~ MILES (NOR)
. Total
- PASS ~ HRS l-—)- Freeway Travel Time
(UNa R ol Single Trip J—-[V()'lume - H YRR AR ]—- Average 1 Travel Time
Travel Time [Distance (l)l l VEH-MILE—S}—-'OccupanCy -—-—IiPASS-MIIES}-— (UNR)
(RES) |single Trip _r'.rVolume 2) H VEH - HRS !_' Average “" PASS - HRS f“;" Freeway
et ; I g Travel Time
Travel Time Occupancy
| Distance (1)|—wf VEH - MILES | ™" | PASS - MILES |— (RES) Total
Travel
9 10
(® and (10) = Distance

* ADJUSTED VOLUME FOR ON RAMP AND MAINLINE QUEUEING SITUATIONS
NOTE: NUMBERS IN PARENTHEBES REFER TO THE COLUMNS IN TABLES 11, 15, &19.




and situation. In a similar manner, vehicle-miles and passenger?
miles are found. Finally, these values are summed up for total travel
fime and total travel distance.

Summary tables of these manual calculations are immediately
followed by the actual PRIFRE computer results for the same time
slice. The first computer table summarizes subroutine calculations
while the second table summarizes travel times. Finally, a fourth
table shows the final results of PRIFRE and manual calculations side
by side. Close comparison of all the tables reveals remarkably
similar results. All values are wi£hin a few percentage points of
each other, while those‘inAthe final summary fable are almost identi-

cal,

1. Results for Time Slice 1 - Non-queueing Situation

The freeway situation shown in Table 10 and illustrated in
Figs. 13a and 13b was used for Time Slice 1. An 8-lane freeway
(4 lanes each direction) containing seven subsections in 73 miles
was assigned an original capacity of 8000 vph. A 70 mph design speed
was assigned to all sections and situations-normal, reserved, and
unreserved. A three-mile reserved section consisting éf one lane for
busés and carpools with three or more occupants was the priofity
schéme evaluated. A free~flowing situation was maintained whilg
inputting 45 buses and 2802 cars at the beginning of priority
operations in subsection 3. |

Manual results for Time Slice 1 are shown in Table 11 and can be
compared with the results from PRIFRE in Tables 12 and 13. Examples

4.1 and 4.2 in Appendix G serve to illustrate the calculations made
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TABLE 10

¥8

. INPUT PARAMETERS
Sub-Sect. No| | 2 - |RES. _ —iRes.|RES: —7 ThRes. 5 6 7
No of lane 4 4 '_,,_../“""3 l,//’“'fa 4 4 4
Length (feet)) 5280 5280 ?920 — 7920 7920 -“"""7920 .5280 2640 5280
COpOC!'f‘y 8000 8000 '500 __— —6000]°° 5500 — 3000 8000 8000 8000
»| Buses 25 45 2/-—""’ 2802]| %2 45 2674 | 53 58 38
{ 5 Cors [ 2428 3035 233__,,-»#“""‘5 235’»___,../ o| 3927 4713 4320
S[ Ve 2453 | 3080 [278 __— zsog 278 __—2g74| 3980 4771 4367
Assume: Truck Factor =1.00 :
Design Speed = 70 mph ]
- RESERVED! SECTION 4 —1
O, — NORMAL SECTION| UNRESERVED SECTION NORMAL SECTION —0;
0, D, O3 O D,

FiG. 13(a) FREEWAY CHARACTERISTICS

FIG. 13(b) FREEWAY VOLUMES (equivalent vehicles) FOR TIME SLICE 1

(See Figure 12 For Computer Output of
Equivalent Vahic’le Volumes)

%% veh = Buses + Cars = Total Vehicles in Su’osechon (NOT Equivalent Vehicles)
* Buses Aquire D|fferen+ Equwalency Factors in Normol and Reserved Secﬂons



TABLE 11 SUMMARY OF MANUALLY CALCULATED VALUES FCR TIME SLICE 1 - NO QUEUEING

(1) (2) | (3) () [5) |[(6){(7) [ (8 | (9) (10) [ (1) (12) [ (23) [ (1) (15)l
Sub- SubsectionVolume~ Volume- WeavingCap.| v/c |Uper. |Avg, Individual Avg. Travel Time | Travel Dist.
Section] Length Equiv., c Speed |Speed | Travel Time (ce.
Vehicled B/ (9 (1)/(8) /h‘:(~2)(9) 11;(12p5(1)(2X11) (W
pass
Nof Type | Feet | Miles (vph)| (vph) | (vph)|(vph (mph) | (mph) | (hrs) | (min) |veh. |(veh-firjpass-h};ven= pass-m
© } IncR 5286 11 12453 | 2478 Q180001 .31} 43 58 | 0172 11,03 11.89 110,53 119.9 | 613.3 L162-;
= 2 INGR |5280 |1 |3080 | 3125 0 |8000{ .39 61 57 | .6172 [ 1.05 [2.11 |13.50 {28.5 | 77¢.0 llézu.?
; RES 278 305 0 [1500| .20 | 51 56 | .0300 | 1.80 ]0.9C | 2.08 |22.6 | 104.3 ll136.3
3 7920 |1.5 ;
» UNR 2802 | 2802 0 |60c00| .47 | 58 55 | 0275 | 1.65 [1.24 |19.25 [23.9 [1051.8 R304.2
A |ms 278 | 304 | o [1500|.20 |51 50 | .0300 [1.80 J0.96 | 2.08 [22.6 | 104.3 }136.3
g
H |wr 2674|2674 0 6000} .45 | 58 55 | 0274 | 1.64 |1.23 |18.20 |22.5 [|1002.7 | 1233.
:;%5 Nk |5280 |1 [3980 |4033 0 |8000].50 | 58 55 | .C182 | 1.09 {2.04 |18.1G {36.9 | 945.0 p029.8
"dé NOR 2640 |3 |4771 [4829 L2 ps76l .64 | 55 52 | 0095 | .52 [1.99 [11.30 |22.5 | 596.4 §187.0
g? NCR [5280 1 |4367 |usos 0 [8000] .55 57 54 | 0185 |1.11 [1.82 |20.20 {36.7 |10%1.5 L987.0
Totals |39600 7% 115.00 |236.C [6329.C L2801,




TABLE 12 COMPUTER OUTPUT - TIME SLICE 1

TUCTITT AN T S YD T AT T et Te s nT Tt T nr sy Tan VERST NN 220

LTy ST Ty A T e T DAGE N, 15

r LA 1 “\‘,' I”;‘L‘:l' LT

SR BT DRy DL ST TN NDESERYED R NNRPMAL OPERATICONS

. DA B IADAD ADD O IDINLTAOIDITIDNR DR AN ENEENE AN YRR EE R R RN R R R N R RN E N R RN RN YRR NE NN NERE WY

R L I T ST TR Vb AP e miN Mt TR AY MCONL O WOL CAPR WEAVE Y/ DTN MDD TRAV O LENS  QUEYE

(s IR TOATO T A REARAN T wn Riike M FEF VL TIVE % FEET RA
1 7t s ThHTS N4 2473, 000, Je 31 1la 573, 1leD3 52893, 0 Os
2 Al y ren . N4 3125, PLG0, Da 39 14, 57s 1,05 5280 (¢} De
T s [ S TS S Ga  5%a 1,79 o2 23G7, 6000, Nle 047 175 55, 1leb65 T923, 0 Je
‘+ ’s s Jonroot [P T 2 i £ Bus 1,709 M3 2674, HLUUs Js o045 16e 55. ls64 7523 o G.
501 e, 2 RN M4 4035, 8100, e B0 18, 55, 1.039 5289, Q Ve
Lo T . 40 TP (3) (5) (6) (8) 00) N4 4829, TRTE, 424, 04 23 526 57 2640, 0 0.
7 Ta AT e s 1 M4 4405, RDDO, U 055 20a 5%, 1411 5283, 23 Ve

(3) (5)  (4) (e) (8) (10) (1)



TABLE 13 COMPUTER OUTPUT — SUMMARY ' TABLE - TIME SLICE 1

TNSTITUTE QF TRASSPOATATIO! AN TRACEIL ENGINFERING VERSTON 2240
UNTVERSITY AF CALTFIMNTa PAGE Nl 16
BELKEL EY, CALIFM NT?

TRAVEL TIME FOR O/ N2 =PrTes1TY T Ie ,00 ATNYTOS
0 1 ? 2

1 37, Tu4s BLS,

2 270s HN1e 712

3 Do 167» 273,

4 Da 57, 1o

TRAVE L TIME F0< OME PRIDEITY 7310 31 vI0UTis
) o1 2 3 (

1 AR7.  T33, 344,

2 234, a3 74;3

3. 9o 1a7, 273

2 4 Je 57, lhua

CHERFERT T TME TNTSE v A CUMIILATIVE VALUES

EPEIMAY TRAVEL TINCT (M Th, o H=tine 146, DASS-HES : The VEH-HRS 145, PASS-HRS
FREUCWAY TRAYIL 740 (1 37, VEHat T 45 PASS=HRS 37, ViH=HRS 46y PASS=HKS

)
. )
CFRETUAY TRAVEL Ti4r (E757) Go ViH=HTE 45, PASS~HRSG 4o WFH-HES 45, DPASS=HPS
}

CTTRBUT D La VI MI=HLS Jo PASS=HPC Uo VIH=HRS Os PASS-HRS
TRPYT 2TLAY 1k Yo VEH=HES s DASS-HES L T, VEH-RRS Je PASS-HRS

TOTAL TEAVEL DISTANC S L hIEN, MIH=T, 12422, Past=MT, 6328, ViH=-MT, 128080, PASS=MI,

CFRTAL TRAVEL TR i (14) 18)
PRIGEITY IPERATIONG : 1ife MU H=HES T3hHe PASC=HRS 115, VFH-HRS 2364 PASS~HRS

: | (12) (13)
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TABLE- 14 COMPAR!SON OF MANUAL CALCULATIONS WITH COMPUTER CALCULATIONS
TIME SLICE | - NO QUEUEING

VEH-HR. PASS-HR.
Manual |Computer | Manual (Computer
Normal 74. 74. 145, 145,
Sections -
FREEWAY '
TRAVEL Unreserved | 37, 37. 46. 46.
T'ME Section
Reserved 4. 4. 45, 45,
| Section
TOTAL TRAVEL TIME 115. 1ns. | 236. | 23e.
VEH-MI. PASS-MI.

Manual |Computer

Manual | Computer

| TOTAL TRAVEL DISTANCE

6,329. | 6,328.

12,80l. | 12,800.




for this time slice. As can be seen in Summary Table 14, final out-
put results are essentially identical with those of the PRIFRE computer

program.

2) Results from Time Slice 2 - Queue Increasing Situation

Essentially the same freeway parameters exist for Time Slice 2
as were shown for Time Slice 1, The only changes are input volumes,
and these can be seen in Figs, 1l4a thru 14f, The original
volume is modified first for bus equivalency factors, then
for merging capacity constraints at on-ramp in subsection 5, and
finally for capacity constiraints queueing the entrance to subsection
6. Example problems 4.3, 4.4 and 4.6 in Appendix G illustrate the type
of calculations made for Time Slice 2Z. Since volumes are now 95
buses and 7780 cars, queueing occurs in subsection § for a distance
of about } mile,

Manual results are summarized in Table 15 and can be directly
compared with the values obtained from PRIFRE in Tables 16 and 17.
Final outputs are compared in Table 18 for Time Slice 2 and are very

similar,

35 Results from Time Slice 3 - Queue Decreasing Situation

Again the same basic freeway situation exists as that presented
in Time Slice 1. Input volume and their modifications for mergihg
and capacity constraints are shown in Figs. 15a thru 15e.
Table G2 and Ex. 4.6‘in,Appendix‘G summarize Specific calculations made
for the queue decreasing situation occurring in subsection 5. The

queue actually dissipates before the 15-min. time slice is up, but
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(a) ORIGINAL DEMAND (vph)

3 4 5 6 7
+432 = 512

Subsection | 2

80 o o 90 95 65
icms 5000 5800  s3eh  aces 6980 7780 7450
8050 3880 . 33 49ee (070 78715

MANLINE
OUTPUT
o
o

7515 .

7 \N 7 NI
02’:303_3 m\q o{llség 04/300 \D‘z 230
830 1590 808 360

{b} ORIGINAL DEMAND (EQUIV. vph)}

| 2 3 4 5 6 7
gg!‘agﬁm = 560
5100 5960  gacn  40ca 7160 7970 7580
7860 400N 00 B0 390N

{¢}) DEMAND UNDER MERGING CAPACKTY CONSTRAINT (EQUIV. vph)

| 2 3 4 5 6 7
: 560
~100= 7970-100= 0~94+=
8100 5960 5365 4968 7'67%40 o To80.a4
2860 400N // 3&“&& a0 O
390-6-384
{d) ORIGINAL CAPACITY (vph)
| 2 3 4 5 6 7
1500
8000 8000  go00 6000 8000 8OO0 8000
800 1500\  ““les0 71500 N800
“{e) ADJUSTED CAPACITY
| 2 3 4 5 6 7
‘ — B0
8000

»
8000 000 eopp 8000 SO9CIO™

1500

8000

500N 650 21500 > 1500

(f) DEMAND UNDER CAPACITY CONSTRAINT AT SUBSECTION 6
1

2 3 a 5 6 7
BE0
T8T0~-IT7=  7486-187»
5100 5960 a5 4968 1080 7gga 731
460 400N 600 // =T N\

384-!0-374

Figurs 14 DEMAND AND VOLUME CALCULATIONS FOR TIME SLICE 2
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TABLE 18 SUMMARY OF MANUALLY CALCULATED VALUES FOR TIME SLICE 2 - QUEUE INCREASING

(1) (2) (3) “)y (%) (& n (8) )] (10) (11) (12) 3) (14) | (3)
Sub- Vol, |Weavin . Individusl . | Travel Time | Travel Dist.
section | lemgth €10 lose| speed | Travel Time Adjusted Avg. | Tra
Eq, effect ¢ Oce.,
veh 7 ay/on Volume
Op.Javg, | pass/|
Mol Type f(Feet) | ui) | (vph) | (vph) | (vph) Kmpn¥ (mph) | rs) | min.) {vph) veh I (v-hrs)(p-hrs)(v-mi)} |(p-mi)
1515
7| wor| s2s0| 1 | ms| o 8000| .92| 45 | 44 |.o228] 1.37 7319 x gggg = 7356 1.83 | 41.36 | 75.28 | 1814, | 3301.
- ‘ ' :
Ele| Yor]| 2640 4 | 7603 | 307 | 7693f1.00| 36 | 36 |.0190] .83 7693 x T213 = 7601 1.99 | 26.41|52.56 | 9s0. | 1890.
2 5* \ 7070 .
WOoRr | 5280 ) 1 6883 0 8000| .88| 40*| 40 * * 6883 x myen = 6796 2,03 | 44.10] 89.08] 1720, | 3676,
]+ L_BES 860 0 1800 .37 52 | 48 |.,0314] 1.89 512 10.66 | 4,02 ]42.85]| 192. | 2047,
;; 7920 | 13 .
% UNR 4968 0 6000} 83| 48 | 47 |.o322) 1.93 4968 1.23 | 39.90  49.081] 1863. | 2292,
)
ey
=1 RES 560 0 1500] 370 s2 | 48 |.0316] 1.89 512 10.66 | 4,02 ]42.85] 192. | 2047.
g3 7920 {1} ,
& UNR 5368 0 6000 .89| 46 | 45'|.0337| z.02 5368 1.24 | 45.10] 55.92 | 2013, | 2496.
E 2 P nor| 5280) 1 | ses0 0 8000 | .74 52 | so |.o200] 1.20 5880 2.06 | 29.40 | 60.56 | 1470, | 3028.
2|2 | wor | 5280 | 1 | s100 0 8000| 64§54 | 52 |.0190] 1.15 5050 1.88 | 23.90 ] 44.93] 1263, | 2373.
Totals §39600 ] 73 258, 518, [11477. ] 22949,

. .
See Table Gt in Appendix G for special calculations in Subsection §.
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TABLE 16 COMPUTER OUTPUT -~ TIME SLICE 2
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TABLE 17 COMPUTER OUTPUT - SUMMARY TABLE - TIME SLICE 2
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TABLE 18 COMPARISON OF MANUAL CALCULATIONS WITH COMPUTER CALCULATIONS
TIME SLICE 2 - QUEUE INCREASING

VEH-HR. PASS-HR.
Mzca%c)" Computer Mgag‘)‘“ Computer
Normal 165. | 165. | 322. | 32l.
| Sections V e |
FREEWAY Unreserved | g5 85. | 105. | 105.
TRAVEL Section o
TIME Reserved 8. 8. 86. 86.
Section -
nput Delay| 3. 3. 6. 6.
TOTAL TRAVEL TIME 261. 261. 519. 518.
VEH-MI. PASS-MI. |
Mga‘:;' Computer Mgagc):l Computer
TOTAL TRAVEL DISTANCE 11,477 Ii,493. 22,949, 22,954.




(a) ORIGIN DEMAND (VEH.)

Subsection | 2 3 4 5 6 7
: 30+483 = 513 |

1
0+5699 0+5549 1380?3‘7‘ 4047747 25+T4120

0, 1B+5712« 30+6l82¢

DP————

5727 €212 5699 5849 | 7388 7787 7437
s NN s 22 O\ _is
02/;32 g;\o, Os/liaw 0, 400 D, 338
288 150 1323 402 350

(b) ORIGIN DEMAND (EQUIV. VEH.)

| 2 3 4 5 6 7
T CEIm
|
0, 5742 6242 35699 5549 | 423 7827 7462
' ,
/500 IO\, m a0 368N
02 D, 0Oy O 0,
{c) CAPACITY
| 2 3 4 5 s 7
[ 800 666
| i
8000 8000 | 8000 6000 | 8000 8000 8000
I { :
v/ N~ 77 NS
1800 1500 1650 1500 1500

(d) DEMAND UNDER DISCHARGING MERGE QUEUE

; 2 3 a 5 6 7
1 530 I
i . "
5742 6242 : s6% 5549 gmg,sss 94+ TE2TeB4: 7462080
i i
e N /4 N
$00 150 1331 404 365+ 4=369

{e) DEMAND UNDER CAPACITY CONSTRAINT AT SUBSECTION &
{DISCHARGING QUEUE FROM SUBSECT. 5)

] 2 3 4 5 6 7
531 {
5742 6242 | ge09 5549 :?59’;;%9- eooogg-rsn- 75;:;735-
! | pas-g9
/500 80N am a0 N
369442373

Figure I5 DEMAND AND VOLUME CALCULATIONS FOR TIME SLICE 3
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PRIFRE recalculates the time of queue dissipation to coincide with
.25 hrs, the end of time slice 3. This does not change the final
values, but it does maintain PRIFRE's requirement for a constant
demand over the 15-min. study period.

Manual results for Time Slice 3 are summarized in Table 19 and
the corresponding computer values appear in Tables 20 and 21. PRIFRE
again shows very close correlation with manually calculated values.
Final outputs for Time Slice 3 are shown in Table 22 and are very

close to the calculated final values,.

E. Limitations and Summary

PRIFRE, the Priority Lane Model, was based on two other models,
EXCBUS and FREEQ. Some of the limitations of these two models carry
over into the existing PRIFRE. model.

1. Limitations

The Pribrity Freeway Model (PRIFRE) represents a method for
computing freeway travel times, and as such, only approximates the
physical conditions found on real freewayé. This method includes the
idealization of physical queues. In the PRIFRE model, the ideal queues
have properties which simplify the travel time calculations and at
the same time méy obscure the effect of some improvement plans and
gome priority lane schemes,

For example, much of the obscuring effect was found when in-
vestigating the possible improvement plan of adding an auxiliary lane.
The error seems to be due to the method of handling queue collisions.
Since there was no simple way of breaking the length of the fifteen-

minute time interval when one queue collided with a second increasing
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TABLE 19 SUMMARY OF MANUALLY CALCULATED VALUES FOR TIME SLICE 3 — QUEUE DECREASING

(D 1)} (3) () (B)I6e)(7)]|(8)] (9) (10) (101 02)]03) (14)|(|52

Sub- Length lggllw— Weaving | Cap. Speed n?f(is:iedlu%me Adjusted A(\;%c Travel Time |Travel Dist.
Section ﬁ(::::) E(ti;gt; (vgh) V/C — (1)/(7) \{3[:!?)3 bese/ l/?g)o) L(u)(la) 1/??)0) l(n)(m)
INo.Type KFeet) l(Mi.) ) mphi l(hrs.) l{min.) V‘i'hL(v-hrs) (p-hrs){(v-mi) |(p-mi)
7[NoR|5280f 1 [7627[ 0 [8000[.9542 | 41 |o2a4|1.45 | 7627 x TRE - 7601 |1.56[46.36(72.46] 1900[2970]
5|6 [NOR|2640] 172/8000] 0 [8000[L00]36| 36 [0160| 84 | 8000 xF8T - 7959 |1.65[27.86(45.94 995|i64|
5| S'|nor [s280] 1 [7596] 0 |sooo| x | x| x |o2e0| 1.56 | 7596 x-T382- 7557 |1.65 |49.55]81.05| 1889|3117
RES 1 831 0 |1500|.35}49( 48 |.0312] 1.87 513 6.10 | 4.00[24.40 1921174

}2; *lonr| 7722 55490 O 6000 .92]44| 43 [0350(2.10 5549 1.23 }48. 5559, 62| 2081 [2555
%3 RES| ol 1| .33!] © [1500).35/49] 48 |.03i2) 1.87 513 6.10 4.00]24.40 192] 1174
£ [unR ?|5699] 0 [60001.95/42| 41 [0367|2.20 5699 1.23 |52. 29)64.53 2137 [2637
5|2 [Nor|s2s0| 1 [e242] o lsooo].78|si | 49 |ozos| 1.23 6212 .64 [31. 84152.06| 1553 [2539)
E[[Nor|s280 1 |5742] 0 [g0oo|.72|53| 51 |.on08| 19 5727 1.53 [28.35143. 28] 1432 | 2186
TOTALS 39600‘7-—é— | | , 296| 468/ 12371 |19993]

*SEE TABLE G2 IN APPENDIX G FOR SPECIAL CALCULATIONS IN SUBSECTION 5



TABLE 20 COMPUTER OUTPUT - TIME SLICE 3
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TABLE 21 COMPUTER OUTPUT — SUMMARY - TIME SLICE 3

Sy T

(et

PO T
[ o d

it )
dp © %
P laet L
}i‘-‘i( b
IES R
T A
)

e 1Y

IR S
3T f.‘&“'l T

she T T

AV 3

1 P s

A0,

4y

j"i

TYAd

DACT it g
EARS~HES
PASH=HAS
DALGC-HEK
DACS TS

PASS -V,

PASS =HS

422,
222,

23175,

677

COMIN ATIVE

VEH=-H S
YT HoML
V'.:" \!_,H’“ Q
T ASPMTEY~
VEH=H G

VIH=MT,

V- H2 §

761,
2T4a
13,

e

55760

1223

VERSTON

PAGE NG,

VALHES

PLiS~HES
PASS-HF §
PARS~HRS
DASS—HPRS
PASS~HRE

PASS-MT,

PASS-HRS

™)

N3
IS 4

NG



001

TABLE 22 CQMPAR!,SQ&,,,QF MANUAL CALCULATIONS WITH _COMPUTER CALCULATIONS—

TIME SLICE 3 - QUEUE DECREASING

VEH-HR.

PASS-HR.
Mga"é‘;l Computer rgag‘;' Computer
Normal 184. 183. | 295. | 294.
Sec*hons_ /
FREEWAY Unreserved | ||, 101, 124, | 124.
TRAVEL Section
R d
TIME S e tion 8. 8. 49, 49,
Input Delay 4. 4. 6. 6.
TOTAL TRAVEL TIME 297. 296. | 474. | 473.
VEH-MI. PASS-MI.
Mga":s' Computer | Mga‘g;l Computer
TOTAL TRAVEL DISTANCE | 12,371.| 12,354.| 19,993.| 19,952.




queue, an approximation had to be mede which would have an <ffect on
the length of the second qﬁeue equal to the effect made if the time
interval could have ended at the time of queue collision, followed
by a second time interval up to the fifteen minute point.: :However, in
making fhis approximation, it was assumed that the velocity of the
upstream boundary of the gueue was a linear function of BRA. 1In fest-
ing the program change, although improved over the previous method
of neglecting the growth of the second queue until the time of queue
collision, it was found that adding an auxiliary 1ané to the up-
stream queue bottleneck increased the resultant RA of the downstream
bottleneck. This caused an earlier queue collision, a greater Qqueue
length, and an increased total fravel time, This error was probably
due to the linear relationship assumed betweeﬁ RA and shock wave
velocity.

In addition to the anomaly found during queue céllision, it
is also possible to discharge more vehicles from a queue than were
stored in it. This error, less serious than the first, is due to
both the constant length of time interval and the method of calculating
the number of vehicles in a queue, which has been previously discussed
in Chapter IIl in the section dealing with a short queue, The con-
clusion to draw from the above is that the detailed behavior of
individual subsections, especially during queue collisions, cannot
be faithfully modeled by the PRIFRE model, largely because of im-
portant events which are somewhat obscured because they occuf in the
middle of a timé interval.

An additional limit to the PRIFRE model is due to the instantaneous
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propagation of demand from upstream subsections to downstream sub-
gsections., Since a real freeway demand is propagated at the mean
velocity of all individual vehicles, a study~section length of approx~
imately 10 miles is a functional maximum. The mean spéed at which
vehicles would have to travel in order to cross a 10-mile study sec-
tion in 15 minutes is 40 miles per hour. Study.sections longer than
10 miles will introduce errors in the demand of far downstream sub-
sections.

Limitations of a not-so~fundamental nature are due to programming
restrictions. Some examples of this are; 1) the requirement that
subsection capacities remain constant over time slices; 2) the re-
Guirements that subsection demands remain constant over one time
slice; and 3) if off-ramp demand exceeds the ramp capacity, no queueing
calculations take place, and only a warning message occurs. These
limitations can be corrected by making relatively minor changes in
the program.

Finally, PRIFRE was not written to include diverge-point queues
upstream of off-ramps. The only allowance made for heavy off-ramp
traffic is that a message will be printedvif off-ramp demand’exceeds
tﬁe off-ramp limits set by the user. No effort is made to compute
the total volume in lane one upstream of off-ramps.

2. Summary (see Table 23)

This freeway model is built upon the four basic assumptions
that (1) traffic demand is described by step functions of time;

(2) traffic flow is treated as a compressible fluid; (3) subsection

capacities are evaluated using the Highway Capacity Manual methods
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‘TABLE 23 LIMITATIONS IN EXCBUS MODEL AND

COMMENTS ON EXTENDED PRIFRE MODEL

'LIMITATIONS IN EXCBUS MODEL

COMMENTS ON EXTENDEP PRIFRE MODEL

A. No on and off-ramps - demand does 15 minutes O-D demand tables include on
not change over length and off-ramps,

B. 2 demand'cﬁrves - triangular and 15 minutes O-D demand table
trapezoidal demand variation over
time. : ,

C. capacity is constant over 15 minute calc. of capacity for each
time and distance subsection

D. uniform bus demand or constant separate 15 minute O-D demand tables
proportion bus demand for buses

“E, distribution of which occupancies 15 minute bus occupancy and passenger

constant over time car occupancy permitted

F. rsamé speed-fldw-density relation~ each subsection of each special roadway
ship for normal, unreserved may have any one of 9 curves
and reserved lane

G. trucks assuﬁed to be the same as fruék factors included in calculated
passenger cars capacity

H. uniform distribution of volume special analysis made of right lanes
over all lanes of-multi-lane in merge areas
facility

I. vehicles use lanes as.assigned still true, except when reserved lane

exceeds capacity
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"(except for some bottleneck subsections); and (4) demand is instan-

taneously propagated downstream as opposed to propagation at the mean

speea of the traffic., Upon this framework, ramp analysis and weaving
analysis are superimposed to give more realistic results in weaving
sections and at merge points.

Traffic demand is specified in the form of two origin-and-
destination tables for every l15-minute time period. Formats for coding
the O-D table and the other input data were discussed. Also, examples
of possible output statements and rules for interpreting them were
given.

As insuranbe against possiblelerrors in programming, the results
of manual calculations were compared to results of the computer model.
All differences between these two sets of results were small and can
be attributed to round-off errors of the manual calculations. These
manual calculations confirmed that the operational computer program
gave the resultséexpected. |

With this.reliab}e program, schemes for obtaining model results
which were close to actual conditions were discussed. This includes
modification of bottleneck subsection capacities by using actual
vehicle counts from the peak period, and changing the speed—volpme
relationship to one which more accurately describes the particular
traffic being studied.

Altﬁough additional work and refinement could be made to expand
and improve the PRIFRE model, nevertheless there are many areas of

application in which the Model can be utilized. The Model can be
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applied to evaluating priority lane opcrations, reversible lane opera-
tions and other types of special operations. It is also felt fhe
Model can be used in connection with planning future urban freeway
systems, in evaluating existing freeway systems, ana even possibly

as part of on-line control,
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5. PROCEDURE ¥FOR APPLICATION OF THE PRIFRE MODEL

The procedure for the application of the PRIFRE model to Marin Route
101 for the afternoon peak period in the northbound direction is outlined
and explained below. The existing base year freeway characteristics and
the freeway characteristics after the first stage of lane addition from
Spencer Avenue to the Richardson Bay Bridge (to be completed in late 1972)
are summarized in Fig. 16.

The data needed to evaluate possible priority lane operations on
Marin Route 101 was obtained primarily from the California Division of
Highways and the Golden Gate Bridge, Highway and Transportation District.
Much of the available data was collected at different times aﬁd fo#dway
situations. When data was disérepant or lacking, engineering judgement
was used and the assumptions and their model sensitivities are in-
cluded in the following discussions.

This example application is intended only to show the procedures
that one must go through in an evaluation process of possible freeways
improvement schemes using the PRIFRE model. It is not intended that
the numerical results in any way suggest the course of action to be
taken by the transport agencies who must weigh multiple objectives and
consider all possible alternatives related to the improvement of traffic
operations., The following application of the PRIFRE model will not be
used to evaluate the ''wrong way' exclusive bus lane operation although
the data set used in the following examples can be readily converted
to include such an analysis in addition to or in combination with other
freeway improvement schemes such as ramp control or preferential bus

entry.

106



Subsection Number 1 2 3 4 1 5 6 7 8 9 |10 [ N 12 113 {14 |15 |6 | I7T | 18] 19| 20

201

Length (Feet) 200 | 400 {5400 | 600 | 300 | 600 | 600 | 3000 [ 1050 | 1600 | 2320 | 2500 | 550 | 4850 | 1300 | 1000 | 1400 {3000 | 800 | 3600
No. of |Besring 4 4 4 4 4 4 4 4 4 4 ) 3 3 3 3 3 3 3 3 3
Lanes g a 4 4 4 a 4 4 4 4 4 4 4 4 4 4 4 4 4 3 3

Lane Width (feet) H T u " T " T i 10 H i " I " T T 1 12 2 12

Lateral Clearonce No Shoulders - Turnouts Only 8' g g g’ g' 2.5' g 8’

Width Factor -~ |9 | 90| .87 | .87 | .87 | .87 | .87 | .85 | 87 | .87 | .87 | .95 | 95 | o5 | 5 | .95 | .92 {100 | 10O

% Grade 0 0 0 0 0 +3 +6 +6 +5 +6 +6 -6 ~6 -6 -6 -6 -3 0 0 0

% Trucks (ond Buses}| 3 3 3 3 | 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

Truck Factor - | o7 |97 Juor | o7 .97 | .72 | .72 |.t2 | .r2 | .97 |97 | 97 | .97 | .97 | .97 | .97 | .97 | .97 | .97

[Existing_]i0,000] 7200 [7200 | 6890 | 6751 | 6751 |6500 [ 6500 [6400 [6500 | 6961 | 5470 |5470 | 5470 | 5470 | 7470 [ 5470 | 5470 [ 5820 | 5820
fvphd L;"M‘g'!!!!mno,ooo 7200 | 7200 | 6890 | 6751 | 6751 {6500 | 6500 |6400 |6500 | 6961 | 7294 | 7294 | 7294 | 7294 | 7294 | 7294 | 7294 | 5820 5820

-(Sopacity of One ~— BEGINNING OF PRIORITY LANE IS00 vph/LANE " END OF PRIORITY LANE ——
R | 3 | a4 5 1 5 | 5 5 | 5 5 s | s 5 5 5 s | 5| s 5 5 | 5| s
Spesd- Flow/ - - :
Capacity UNR 3 4 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
Curve Numb -
res| 3 | a | ! | 2 | 3 3 3 | 2 2 2 | 4 4 | | ; 5 | 5| s

. . (sarme
(mmbus) **r [ l lTLMELl l ' : ]ﬁ‘%

INPUT ’-.I T [ N\ 4 7 \ 4 \ /ol ™ l TN o
F 3 \ X\ / N\~ N\ / N\ 7 \ /7
et £ 3 25 B O, 0, O 0, Og Dy O Og Of
:f‘-.‘ §g x 53 1 z
185 3 @ g 575 3 $ €
bl 4 O ™ o e= P P 2 e
§..u < & ‘g Egg g + » 3 >
BY L4 3\.5 Lad : © k] v 2 ]
3°s 5 ; i5d p g : . -3 EE ¢
5 z = © <. !‘; ® % L g o ﬁ €
3 5 $ & g g £ & 3

FIGURE 16 MARIN ROUTE 101 FREEWAY CHARACTERISTICS — NORTHBOUND DIRECTION —~ AFTERNOON PEAK PERICD



A, Description of Site

The selected site is located in the San Francisco Bay Area. The
freeway section to be studied on Route 101 extends approximately 5
miles north from the south end of the Golden Gate Bridge to the
Richardson Bay Bridge in Marin County. The per capita income in
Marin County is among the highest in the nation and there is a tendency
for families to depend on the automobiles.

Several freeway improvements have been studied to alleviate the
peak period and weekend congestion on this main facility which
connects San Francisco with Marin County. As a first measure, a wrong
way'' exclusive bus lane will be operated in late 1972 during the afternoon
peak period in the northbound fiirect ion following a widening of a section of
Route 101 to a full four 1anes} The travel time during the peak hours
over this section of the roadway for buses has often been 10% greater
than the travel time bycarsf‘ The sustained grades have limited the
average speeds of buses to less than 30 miles per hour on the upgrade.

As noted in the California Division of Highways Prqject Report
#3052v(Reference 18), the operation'of the exclusive bus lane is not
expected té result in significant travel time savings bﬁt rather it
is hoped that the effort will affect modal split and better coor-
dination of local agency activity. In fact, the bus operation taken
- over by the Golden Gate Bridge, Highway and Transportafion District has

attracted over 1000 commuters at least 9 months before the exclusive

*
" Arthur Jenkins, Prospective Participation in a Public Transit Bus
System by the Golden Gate Bridge and Highway District, 1968, p. 70.
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bus lane is to be in operation,
1

A major factor in the sudden increase in bus ridership is that
of the 154 buses operated by the agency, 132 are brand new air-
conditioned with either reclining seats for long haul runs or non-
reclining high~backed seats for local service, Bus interiors are
brightly colored and have widé aisles and ample legroom. Service has
been extended both in frequency and scope. The more convenient new

downtown San Francisco routing is accepted by both commuters and

drivers.

B. Demand Characteristics

1. Origin-Destination Tables for Buses and Non Buses,

In order to develop an adequate data base for analysis of
improvement to freeway operations on the PRIFRE model, new data collec~-
tion activities may be required if the local transport agencies cannot

- supply the necessary information. Three kinds of traffic data help
in preparing a complete set of O-D tables for the input data to the
PRIFRE model : (1) volume counts, (2) aerial photographs, and (3) 0O-D
surveys.

Volume counts for this purpose should be quite extensive and should
include counts at all on~ and off- ramps within the study section as
well as the freeway Qolume counts near the beginning and near the end
of the study sectién? during the peak demand hours. The volume counts
are to be entered as buses per hour in the 0-D table for buses and car
passengers per hour 1in the 0-D table for non-buses for each 15

minute time slice interval during the peak period.
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Storage of vehicles upstream of the beginning of the study sec-
tion and at the on-ramps can be estimated from aerial photographs.

The actual volume count plus the excess storage gives the demand which
should be inputted to the PRIFRE model. Details of the method of
computing excess demand from aerial photography are described in the
Eighth Interim Report of the Bay Area Freeway Operations Study.*

The destination pattern for each on-ramp demand can be determined
from the results of an O~D survey. The demand at each on-ramp is
distributed among all downstream off-ramps (including the maiﬁiine
exit of the study section, according to the destination pattern for
each on-ramp.)

It would be desirable to conduct an 0O-D survey so that the destina-
tion pattern of each on-ramp vehicle is known. However, if this survey
is not available and cannot be undertaken, it is possible to make up
an O~-D table with knowledge of the on- and off-ramp counts and some
mainline freeway counts. In this case, the construction of the 0O~-D
table may be simplified by assuming that no vehicle that enters the
freeway from an on-ramp will desire to exit at the next possible off-
ramp., The on-ramp demands are distributed downstream in proportion
to the off~raﬁp demaﬁds. Finally, the freeway input demand is dis-
tribﬁted among all off-ramps in such a way that each vertical sum and

horizontal sum in the O-D table becomes equal to the corresponding off-

ﬁGillfillan, Walter E., Bay Area Freeway Operations Study, Eighth In-
terim Report." Berkeley: University of California, Institute of Trans-
portation and Traffic Engineering, March 1969. (Special Report).
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ramp and on-ramp demand. This method of determining the input demand
destination pattern is expedient because in practice it may be very
difficult to obtain dependable O-D information. The following example

applies the procedure just described.

2, Bus and Auto Occupancy Data

The success of a priority lane operation will necessarily depend
on the initial vehicle occupancies. Adequate samples of auto occupancy
data must be collected thru field surveys or obtained from the local
transport agencies, Commuter bus occupancy data can be best obtained
from thertransit agencies. For each time slice during the peak period,
it will be necessary to enter the'average bus occupancy and the dig~
tribution of cars acéording to their passenger occupancies after the
time slice identification card as shown in Fig. 17.

Occupancy distributioﬁs are sensitive to many factors such as
weather, socio-economic conditions, or changes in transit or freeway
operations. It is therefore necessary to note these varying conditions

when evaluating priority lane schemes.

C. Freeway Characteristics

The freeway parameters that are necessary to evaluate freeway
operations on the PRIFRE model are shown in Fig. 16. The following
descriptions will help determine the parameters to be inputted into
the simulation model.

1. Freeway Capacity
The following description that is adapted from the FREEQ manual

is helpful in determining the capacities of the freeway subsections.,
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a, H.C.M. Method. It is desirable to undertake a capacity

analysis using the Highway Capacity Manual to make a first estimation

of freeway capacities for the PRIFRE Model. The reasons for doing so
are: (1) it is practically impossible to conduét all the necessary
traffic surveys to obtain capacitieé for all the'subéections; (2) even
if enough data is available, capacities of subsections which are in-
fluenced from near upstream or downstream bottleneck sections can never

be determined by actual traffic surveys; and (3) the Highway Capacity

Model gives fairly good results for freeway subsections with normal
design features.

The capacity analysis method is described in Chapter I1I. All the
design and traffic elements which affect the freeway capacity should
be prepared as shown in Fig., 16. 1If a subsection has a short aﬁxiliary

lane less than 4,000 feet, the Highway Capacity Manual does not pro-

vide a direct method for estimating the freeway capacity., Judgment
on the part of the user will be required in such cases. It may be
possible to approach the problem by using a modification of the Highway

Capacity Manual., Other possibilities are described in the following

two sections.

b. Actual Volume Measurement, If results of actual traffic data

analysis indicate the existence of certain bottlenecks, and the actual
capacity rates of flow are known for those bottleneck subsections, these
actual capacities should be used as input to the model instead of the

capacities calculated using the Highway Capacity Manual, Following are

additional comments for adapting actual traffic data to the capacity
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input data:

(1) Even an actual capacity varies, depending upon several fac-
tors, such as the composition of traffic, weaving volumes, merging
volumes, and the severity of congestion. Among the record of traffic
counts for capacity flow conditions,ﬂan appropriate value of capacity
should be selected, so that the model will simulate actual traffic
conditions best.

(2) 1If a bottleneck subsection is in. a weaving section, the
weaving effect should be added to the actual capacity, because capa~-
cities are modified by subtracting the weaving effect from the free-—

way capacity in the model computation process,

2, Reserved Lane Capacity

"

Traffic flow data is currently not available to determine the

capacity 6f a reserved lane on a freeway section under pridrity
operations. It was aséumed that the capacity of the reserved lane as
modeled by PRIFRE approximates the conditions of tumnel traffic flow
behavior. The large samples of speed, concentration and traffic flow
data obtaineq in the Lincoln and Holland Tunnels, New York City indi-
cate that on a level section, with 30% bus compesition, alternate bus-
car flow can be expected to achieve about‘1300 vehicles per hour at
ébout 23 mph. The value assumed for the capacity of a single reserved
1§ne was 1500 (équivalent) vehicles per hour. The PRIFRE model assumes
that the capacity of two reserved lanes is twice the one reserved lane
capacity«that is entered on the subsection capacity cards shown in

Fig. 29 using the format given in Fig. 7A. If the user feels that the
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capacity of a two lane section is not exactly equal to twice the capa-
. 1
city of a single lane, he can insert any determined value on the

capacity card and run the one and two lane priority operation schemes

separately.

3. Speed-Flow/Capacity Curves

For each subsection of the freeway to be studied speed-flow/
capacity curves are necessaryvto specify the relationships in the normal,
unreserved, and reserved lanes. If the design speed of the freeway

subsection is known, the Highway Capacity Manual speed-flow/capacity

curves which are stored in the PRIFRE-program can be utilized by
specifying curve numbers 50, 60, and 70 (corresponding to design speeds
of 50 mph, 60 mph, and 70 mph) on fhe subsection capacity card in the
field columns for normal, unreserved and reserved lanes.

The user may desire to input different sets of average speed-flow/
capacity curves to simulate the freeway traffic characteristics peculiar
to the site, location and traffic behavior. If extensive speed measure-
meﬁts have been made at the same time as the volume counts, and aerial
photographs have been taken of the study section, it is relatively easy
to calculate the average speed for each subsection at each time inter-
val, Using actual volume counts and estimated subsection capacities,
the actual measured speeds cén be plotted on the average speed; v/c
ratio graph, 1In plotting actual average speeds, the average speeds
for queueing traffic conditions should be clearly distinguished from
those of non-queueing traffic conditions. These user supplied curves
can then be numbered 1,2,3,4, or 5 and coded to be inputted into the

PRIFRE model following the format described in Chapter 3.
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D, Evaluation Strategy

The first step in the evaluation of freeway improvement schemes
using the PRIFRE model involves calibrating the output of the simula-
tion model to approximate the existing freeway conditions. The possi-
ble freeway improvement strategies can then be formulated and analyzed
to determine the effect of measures taken to meet the stated objectives.

The one~ and two-reserved lane concept will be analyzed for a
section of Marin Route 101 for the afternoon direction following the
addition of a lane from Spencer Avenue on-ramp (subsection 12) to the
Richardson Bay Bridge (subsection 18). This new freeway design is
the first of a series of scheduled lane additions and will be completed
by late 1972. The existing design consists of four lanes extending
from the Golden Gate Bridge (subsection 2) narrowing to three lanes
at the beginning of subsection 12,

Thé first computer simulation run of normal freeway operations
on Route 101 with the existing design using the data collected or
assumed indicated that the PRIFRE medel gave longer congestion time
periods for major bottlenecks and did not indicate the minor bottle-
necks that were observed on the speed and density contour maps supplied
by the Division of Highways. The speed and density contour maps which
were plotted from the computer output made it apparent that the model-

ing should not be used without modification of the input data.

1. Model Calibration

Previous experience with the FREEQ model indicated that the model-

ing tends to estimate greater travel times and longer congestion
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periods. It was assumed that during evening peak hours drivers travel
on the study section with higher speeds for a given flow level than

the speed level estimated from Fig. 9-1 of the Highway Capacity Manual,

and that the actual capacities of the study section may be a little
different from the capacities calculated strictly following the Highway

Capacity Manual method, particularlv for ghort weaving sections.

a. Speed~flow/capacity relationships

It was suggested by the freeway operations engineers of the
California Division of Highways that the assumed 55 mph speed-flow/
capacity relation developed from data collected on the Omkland Bay
Bridge was more representative of *he traffic characteristics on Route
101, No further attempt was made to change the speed-flow/capacity
relationships for the normal operations of the existing freeway design.
The assumed 55:mph speed~flow/capacity relation that is shown in
Fig. 18 remaing linear until about v/c¢c = .9, The usef can utilize
the 65 mph speed~flow/capacify relation developed for the Eastshore
Freeway by specifying the number 65 in the appropriate fields for

speed curves on the capacity card,

b. Capacity Adjustments

Capacity adjustments at the bgttleneck subsections were estimated
both from the actual freeway volume counts and the relationship between
bottleneck subsection demands and the 1ength of the congestion periods.
To compensate for the large decrease in the capacity due to the weaving
volumes, the weaving effect volume was added to the original capacity

of subsection 16.
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C. Reevaluation

The model was retested with the adjusted capacities, new speed
and density contours maps rgplotted, and agéin compared to the contour
maps supplied by the Division of Highways. It was evident that the
model was creating queues extending too far back from the bottleneck
subsections. The possibility of incorrect ramp and mainline volume
counts due to field measurements or changing traffic conditions caused
by the recent shift into the newer buses was investigated. After con-
sultation with the Division of Highways and the Golden Gate Bridge,
Highway and Transportation District, adjustments were made to decrease
the critical volumes that affect the queueing and bottleneck situations.
The final adjustments made to the original data that best simulate

existing traffic operations aré shown in the data listing in Fig. 17.

2. Simulation of Existing Freeway Under Normal Operations

The output results ffom the calibrated model of the existing
freeway under normal operations can be summarized and plotted in many
ways. Figure 21 shows the single trip travel time for each 15 minute
time interval during the peak period.< Figure 22 relates the total
travel time (passenger hours) expended during each time slice interval,
These values shown and the summary tables frqm‘the computer output
indicate that the simulation of the existing freeway characteristics
cgn be used as a basis for comparing possible freeway improvement

'Y

schemes.

3. Evaluation of New Design Under Normal Operations

The first stage of planned improvements to the operétion of Route

119



20

‘®
®
5
£ 15 -
E
w
. L OLD DESIGN \
o 10 e - —
2 v N
o :
L NEW DESIGN
a
E s
w
-
©
=
w -
)
1 2 4 5 ] 7 8 9 10 1 12 13 14
330 PM. 7:0 0 PM,
TIME SLICE INTERVAL
FIGURE 2/: COMPARISON OF SINGLE TRIP TRAVEL TIME
800
Total Travel Time
New Design| 4154 Pass. hrs.
‘ Old Design| 3192 Pass. hrs.
600 Savings 962 Pass. hrs.
£
£
: . /
o
2 / \
2 00 |7 oLo pEsieN \
w e ™
3 /
- h-.._____</
2 200 NEW DESIGN \ =
o ‘4“
-
0
1 2 4 S ] 7 8 Q? 10 1M 12 13 14
330 PM, 700 P.M,
TIME SLICE INTERVAL
FIGURE 22: COMPARISON OF TRAVEL TIME BETWEEN OLD AND NEW DESIGN

120




101 involves the addition of a lane in the northbound direction in
subsections 12 thru 18 (Richardson Bay Bridge) to be completed in

late 1972 prior to the operation of the "wrong way' exclusive bus lane,
The capacity cards that were coded to evaluate the old existing design
were revised to reflect the lane addition and the resulting new free-
way capacities (shown in Fig. 23). Demand patterns were assumed to

be the same. The new data deck was rerun to evaluate the effect of
this change in design on the opération of the freeway.

Results from the computer simulation of the freeway improvement
scheme are compared to the freeway travel time on the existing freeway
in Figs. 21 and 22. The summary of the freeway travel conditions
shown in the computer output indicated that with this lﬁne addition
the congestion experienced on the old design has been eliminated. The
weaving effect in subsection 16 remains, butVthe effect on the sub-
section capacity is not as critical. The comparison of total travel
times with the existing operations show a travel time savings of 962
passenger hours for the afternoon peak period. The single trip travel
time for the section under study drops below 9 minutes for the entire
peak period after the lane is added.

If it is desired, for example, to operate priority lanes on this
section of roadway, it is evident that the travel time for priority
vehicles must be below 9 minutes in order to justify operations. The
excess capacity in each subsection of roadway for each time inter§a1
under the new design can be found from the output summary tables and
drawn as shown in Figs. 24, 25, to aid in determining the effect of

reserving one or two lanes for use by priority vehicles. The contour
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lines shown in thesg figures separate the time and subsections which‘
will be affected by the "removal" of a freeway lane (s) for use by
priority vehicles. The half-lane excess capacity contour shown in
Fig. 26 gives some idea of the degree that demand would exceed the
reduced capacity if a lane were "removed".

Although the design speed of Marin. Route 101 was 50 mph the
California Division of Highways suggested that the 55 mph speed-flow/
capacity relation developed for the Oakland Bay Bridge be used instead.
Figure 18 shows this relationship (labeled curve number 5) that was
used for evaluating the normal, existing freeway operations.

Because traffic flow data is currently not available to determine
the speed-flow/capacity relations of reserved lanes, it was necessary
to hypothesize that the speed-flow/capacity relationship of a reserved
lane on a level roadway approximated that of tunnel traffic flow.
Consequently, data from the Holland tunnel was used to develop:
sﬁeed—flow/capacity relationships to be used for a single reserved
lane. This curve is labeled number 1 and is shown in ?ig, 19,

Additional speed-flow/capacity curves (numbered 2, 3, and 4)
were hypo%hesized and shown in Fig. 20. These relationships were used
to simulate the effect of sustained 6% grades encountered by the buses
on Marin Route 101, Even the new buses that will travel in the
reserved'lage can only negotiate the grades at approxiﬁately 30 mph.
As later to be discussed, this limiting factor will critically affect
the travel time savings when operating one reserved lane and therefore

ultimately limit the alternatives available for priority lane operations.
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4, Evaluation of Priority Lane Operations Using One and Two Reserved

The PRIFRE model has been programmed in such a way so as to

facilitate the evaluation of priority lane operations on freeways.

The following application and discussion of the reserved lane concept
to Marin Route 101 will help clarify and show the flexibility of the
model to aid in the feasibility analysis of proposed freeway improve-
ment plans. PRIFRE is not an optimal-policy-seeking simulation program,
but it can be used as an aid in the search for alternative traffic
operation schemes. The numerical results of the following example
application of the PRIFRE model are not intended to suggest courses

of action for the transport agencies but rather to show how the PRIFRE
model can be applied to aid in the analysis of possible freeway im-
provement schemes.

The hypothesized reserved lane operations would bégin at 3:00 PM
and last until 7:00 PM with the reserved lane starting immediately
at the Golden Gate toll booths at the junction of subsections 1 and 2
and ending at the junction of subsections 17 and 18, south of the
Richardson Bay Bridge as shown in Fig. 23.

The effect of weaving at the entrance to and exit from the re-
served lane(s) will not be considered. Queueing inside the reserved
lane wiil not be analyzed. Recall that the PRIFRE program will demote
priority vehicles to the unreserved lanes when the demand for the
reserved lane is exceeded. Non commute buses such as school buses,
club buses, and trucks will not be allowed to use the reserved lane.

Transit buses which must make stops at off-ramps or enter at on-ramps
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within the reserved lane section are assumed not to use the reserved

lane. At least one vehicle must use the reserved lane in
each time interval due to program limitations. Priority operations

would be in effect for all the time slice intervals to be analyzed.

Definition: Passenger Shifts into Priority Status Vehicles

The user can define a reasonable shift into buses as follows:
an x percent shift into buses occurs when x percent of persons
originally occupying autos flowing past a point on the freeway shift
into buses. As defined invheference 15, page 28, the percent shift
into buses is based upon person flow past a point on the freeway
during the same time period. Persqn flow past a representative point
on the freeway in autos is a smaller number than total person trips
in autos using any portion of the freeway under consideration because not
all trips traverse the entire length of the freeway., No effort was made
to determine the effect of shifts into buses. The computer program
shown in Appendix H was developed to help calculate the new auto
occupancy distribution when passenger shifts are defined as shown
in Table 24. (Note that a 5% passenger shift represents only a 1.9%
shift in cars changing to priority status for the given occupancy
distribution,)

Definition: Priority Operations Coding Scheme.

1 -2 -9
4 | S % shift into priority status cars

buses and cars with 2 or more passengers allowed
into the reserved lane

number of reserved lanes

Definition:

N = Normal Operations
NP, = Non-priority vehicle
P = Priority vehicle
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a. One Reserved Lane with New Design

The boundaries of the priority lane as well as the times that
priority lane operations should begin and end can be anticipated by
analyzing the excess capacity diagrams plotted from the MODEL simula-
tion of the new freeway design under normal operations. After de-
ciding on the capacity of the priority lane, bus equivalency factors,
speed-flow/capacity relationships in the normal, unreserved, and
reserved lanes, minimum occupancy for priority status, and the type
of output desired, the data deck can be recoded to begin analysis of
reserving a freeway lane for the use of priority vehicles. Note:

IOP can be set to 1,3,5, or 6 to evaluate a one reserved lane scheme.

Under the assumptions previously made, the results of operating
one reserved lane on Marin Route 101 are summarized in Table 25.

It is evident from Figs. 27b-e that the travel time for priority vehicles
is always greater than the travel time under normal operations by

about 2 minutes for all schemes considered. Clearly, priority vehicles
are not receiving travel time benefits from pfiority operations.

Allowing buses and vehicles with 2 or more passengers (scheme 1-2-0)

into one reserved lane would exceed the capacity of the reserved lane.
during the peak hour even without a passenger shift.

Figure 28 shows the degree of shifts into priority status cars
for schemes 1-2, 1-3, 1-4, and 1-5, to produce overall savings in
ffeeway,travel time with the one reserved lane concept in effect.

The disbenefits in travel time to non-priority vehicles, even after
a 20% passenger shift for all schemes considered, more than offsets

any gains in travel time by the priority vehicles. Without additional
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TABLE 25: SUMMARY OF FREEWAY TRAVEL TIME USING ONE RESERVED LANE (ALL VALUES |
EXPRESSED IN PASSENGER HOURS)

LEGEND, FOR PRIORITY OPERATIONS SCHEMES: PRIORITY OPERATIONS SCHEMES
PLAN ‘_2-2/% Occupancy Shif:l' Into Cars
1 L———B“F ses ond Cars with £ or More Scheme |[Scheme [Scheme [Scheme S°h°"‘,e_ _
Number of mel:(g‘l_gn:g 9 1-2-0 1-3-0 1-4-0 l-*'s"'gm(BusasOnly)jﬁ
TRAVEL TIME UNDER |NORMAL /
NON-PRIORITY OPERATIONS| OPERATIONS 3192 3192 3192 3 192 3192
| . - — —
NORMAL J
SECTION 644 ‘627 616 609 608
UNRESERVED ~r~al
| SECTION 1780] 3804| 4040| 4239 4304
TRAVEL TIME UNDER
0 RESERVED
§§:3§'{,ng’gggg,;egg SECTION 1656 45| 299 176 140
T DCLAY
NPUTN o 5587 e6161| 6866l 6997
NORMAL SECTION ) |
N UNRESERVED 0 66 137 222 229
SECTION
PRICRITY OPERATIONS ISING. ONE 4080| 10534 11254 12112] 12278
RESERVED LANE
TOTAL TRAVEL TIME SAVING OVER — — — — —
NON—PRIORITY OPERATIONS 891 r34 2 ) 8062 8920 9086 I
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passenger shifts into buses, none of the schemes and conditions
considered would equal or better the total freeway travel time

under normal operations.

b. Two Reserved Lanes with New Design

The speed-flow/capacity relationships used in the data set for
evaluating one reserved lane was changed so that the speed-flow/
capacity relationships in the reserved lane were the same as those
in the unreserved lanes. This measure was taken to compensate for
the effect of the restrictive Speed~flow/cépacity curves used in the
case of one reserved lane where passing was not allowed. The data
listing and sample output for this evaluation is given in Appendices Dand E.
Note: VIOP can be set to 2, 4, 5, or 6 to evaluate a two reserved
lane scheme. A partial data listing is given in Fig. 29.

The results of the freeway travel timé from the simulation of
priority operations using two reserved lanes are given in Table 26,

The single trip travel time for the priority vehicles is less than

the travel time in normal operations by about 2 minutes as shown in
Fig. 30 (for plan 2-2-0). Clearly, priority vehicles are now receiving
the travel time benefits under priority operations,

An examination of the excess capacity in the reserved lanes for
schemes 2-3-0, 2-4-0, 2-~5-0 indicated that even if cars with 2 or
more passengers were to be allowed into the reserved lanes, less
than half of the reserved lane capacity would be utilized. It is
possible that with a certain combination of shifts into buses and

priority status cars that plans 2-3, 2-4, or 2-5 would be better
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E22063519200540000s80U0s | EW AFTER 25 NEW DESIGNs TWO RESERVED LANES WITH SHIFTS

REQUEST»PRIFRE.NN2S

CLDR,I=PRIFRE«(UNLDAD),

' % V .

MODEL APpLICATInN To MARIN RAUTE 107 NEW DESIGN WITH TWn RESERVED LAMESSHIFTS
20 Ge, 2 20 2 %

1 410000 200 3 3 3 ,97 o} TOLL R00TH
2P 4 7200 1500 400 4 4 & 07 ) ACCELERATION AREASSTART RESERVED LANe=S
2P 4 7200 1500 8400 = =& &5 ,07 GNLDEN GATE BRIDGE
4P 4 6890 1500 600 8 5 5 497 .
5P 4 6751 1500 300 = 5 § ,97 WRONG WAY .RUS CROSSOVER
6P 4 6752 1500 /YU g8 5 5 L,97 D NEGLECT VISTA POINT ON-OFF RAMPSMALL V
7P 4 /500 15800 400 =& & = 477 ALEXANDER (FORMERELY SAUSALITO)
aP 4 6500 1500 3000 & 5 5 G712 0
9P 4 /400 1500 1050 5 5 5 «72 WALDO TUNNFL
10P 4 6500 1500 1600 &5 5 5 ,712 D
11P 4 foAT 1600 2220 & & R Q7 SPENCER
12P 4 7284 1500 25%00 5 5 5 .97 on
13P 4 7294 1500 55%0 & 5 5 ,97 RODEQ
14P 4 7294 1500 485C s & & ,97 oD
18P 4 7294 1500 1200 = 5 B 497 MARIN CITY
16P & 7470 1500 100y 3 E B 97 0D  CAPACITY ADJUSTED LARGE WFAVE EFFECT
17P 4 7294 1500 1400 5 5 5 ,97 R11S CROSSOVFR ' ‘
18 4 72904 2000 5 5 B 407 0D MAILINE-RICHARDSON BAY BRIDGE
19 3 5820 BOO s 5 &5 ,97 ; '
20 3 5820 72600 & 8§ &5 497 OD MAINLINE SOUTH OF TIBURON OFF
1500
3 OeQ 25 e AR Dhe K e 5 P?%e 1400 27
3 -1«00 27 =~ e N O ’ .
&4 OOO L0 s AR 2T e - «RR 2173 . 205 7?6 1.(}0 ??.
4 ""1.00 22. —000 OO : '
5 0«0 55 e « G0 LA . « O R hLize 100D 20 =100 30
5 “-95 260 —-QO 230 ‘050 100 ~0.0 Q' '
*IMPORTANT! INSERT A BLANK CARD EHE:HMBRZUEMTTE&}SEMEhEU)VCAnuﬂﬂt'CNMEB.

TIME SLICE 1 320-345
40e T304 2362 240 1.0 ol
46071162584 19072+4180140N200e44
4L068eR8127240263601e1100e48
4006637293702 e5401,2000452
4063823160024 730142000456
1

165 132 106 686 3nn3677
13 13 1n 26
12 13 1n 26

52 4n 597
290
157
TIME SLICFE 2 345~400

Figure 29 : Data listing for New Design,
Two Reserved lLanes with Shifts
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TABLE 26: SUMMARY OF FREEWAY TRAVEL TIME USING TWO RESERVED LANES (ALL VALUES
EXPRESSED IN PASSENGER HOURS )

NON-PRIORITY OPERATIONS

LEGEND FOR PRIORITY OPERATIONS SGHEWES: PRIORITY OPERATIONS SCHEMES |
{_b—Guses and Cars with 2 o Mors|Scheme  |Scheme  |Scheme |Scheme |S¢heme._
Number. ‘;‘f:_ﬁ“é';'n::ff::ﬁ“ Lane 2-2-0] 2-3-0] 2-4-0| 2-5-0](Buses Only) |
TRAVEL TIME UNDER NORMAL
NON-PRIORITY OPERATIONS OPERATIONS 3 l 92 3 ! 9 2 3 | 9 2 3 192 3 |9 2-&
R T IONS 524 373 353 340 337
RS eTon| 2316 2635 2702 2868 3094
TRAVEL TIME UNDER
RESERVED :
USING TWO RaerTeS SECTION 934| 304 204 122 95
LANES INPUT DELAY h
n | 9990| 14415/ 15143 15658| 15739
NORMAL SECTION :
INPUT DELAY
N UNRESERVED | 2694| 7748 8513 9018 9113
SECTION
Al. TRAVE D
PRIORITY OPENATIONS USING. TWO 16458| 25475| 28337| 28006| 28378
RESERVED LANES .
[rom TRAVEL TIME SAVINGS OVER -13266|-22283]-23725|-2481 4} 25!86]
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strategies to operate, however plan 2-2~0 has a greater potential to
utilize the excess capacity since it would bé easier for people to
form carpools with 2 passengers per car,

Figure 31 shows the effect of passenger shift into priority status
cars on the total travel time for plan 2-2, If we were to assume, for
example, that people will make an x percent shift into priority status
cars for every X minutes saved by using the reserved lanes instead of
the unreserved lanes, then Fig. 30 indicates that we could expect about
10% passenger shift to occur as a result of implementing strategy 2-2-0,
Figure 31 shows, however, that the travel time loss to non—briority ve-
hicles more than offsets the gain in travel time by priority vehicles
even after as much as a 20% shift. Only 2/3 of the available reserved
lane capacity is utilized by priority vehicles after a 20% shift, Un-
less additional shifting into buses occurs, or some other changes in
operation strategy, it would be difficult for priority operations under
plan 2~2 to equal or better the total travel time under rnormal operations,

With the aid of the excess capacity contour maps and the speed and
density contour maps, it is possible to retest priority operations under
plan 2-2 with different assumptions made as to the placement and length
of the reserved lane. By starting the reserved lanes after the Golden
Gate Bridge (at the beginning of subsection 5) and ending 3/4 of a mile
earlier (at the end of subsection 14), reserved lane operations under
plan 2-2 shows a marked improvement. However, the total travel time
under priority operations ié still greater than the travel time under
- normal operations even with a 20% shift into priority status cars, as

shown in Fig. 32.

* - A
See Chapter 6 for determining adequate distance required for changing
lanes to off-ramp 5.
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5. Additional Analy3es

Additional analyses can be made to determine the model sensi-~

tivity to changes in the various input parameters. The invesgtigation

can include such possibilities as:

a.

Effect of shifts into buses - A family of lines can be
plotted to represent the various levels of shifts into
buses to determine the required combination of shifts into
cars and buses to produce overall travel time savings‘over
normal operations (see Reference 15).

Effect of changes or estimation errors in demand or modal
split - The annual traffic growth rate can be specified on
the parameter card (as described in Chapter 3) to project
traffic volumes to determine the effectiveness of reserved
lane operations in future years,

Effect of initial occupancies ~ The initial bus and car
occupancies can be varied to determine the effect on travel

time under priority operations.

"Effect of assumed capacities -~ As noted earlier the capa~-

cities of the freeway subsections may need to be adjusted

to simulate actual freeway conditions. The assumed reserved
lane capacity can be varied to determine its effect on travel
time,

Effect of speed-flow/capacity relationships - The effect of
speed-flow/capacity relationships can be determined by varying

the assumed speed-flow/capacity curves,
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Effect of reserved lane length and placement - By making the
appropriate changes in the coding of the capacity card, the

effect of the length and placement of the reserved lane can

be considered (as was demonstrated earlier).

Effect of shifts on average speed in the reserved and

unreserved lanes - The effect of speed differentials can be

- examined by noting the speeds in each subsection under

priority operations.
Effect of assumed bus equivalency factors - Bus equivalency

factors may be velocity dependent. By varying the bus

‘equivalency factors on the parameter card, the effect of the

assumed values can be determined.

Effect of time - The optimum time for beginning and ending
priority lane operations can be determined by analyzing
different periods of time intervals. (Inspection of Fig.
27a would'indicate that priority lane operations should

start later and terminate earlier in time).

The possibility of other freeway operation schemes in addition

to or in combination with design improvements or priority operations

can be analyzed on the PRIFRE model,

1-

Metered ramp control can be analyzed by changing

specific on-ramp limits on the ramp limits card

(and, if nécessary, on the first occupancy card).
Preferential bus entry can be investigated by introducing

a fictitious (bus) ramp next to a metered ramp,
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"Wrong way' bus lanes can be analyzed by making appro-
priate changes’to‘the parameter and capacity cards.
Separate rums will be necessary to analyze the total
travel time expended for both directions of freeway

travel,
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6. LANE-CHANGING MODIFICATIONS

One of the critical and previously unanswered questions about the
reserved lane concept is how can vehicles move safely into and out of
the reserved iane from the unreserved lanes. What minimum distance is
required for an entering vehicle to cross all of the unreserved lanes
and enter the reserved lane? Likewise, what is the minimum distance
required for an exiting vehicle leaving the reserved lane and crossing
the unreserved lanes to exit the freeway? If too great a distance is
required, or speed differentials are too great for safe lane changing,
the advantages of traveling im the reserved lane could be greatly

reduced.

A, Problem Definition

Obviously there are many things influencing this complex lane

changing situation. 8Some of the questions we must ask are:

1) What is an acceptable gap for changing lanes?

a. Between the reserved lane and an unreserved lane;
b. Between two unreserved lanes,

2) Having entered the freeway on the right side, how far downstream
will a vehicle have to travel before reaching(the left side
reserved lane?

3) Knowing the location of right side on-ramps, where should the
heginning of the reserved lane be?

‘4) Knowing the location of downstream right side off-ramps, where

should the end of the reserved lane be?
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5)

6)

7)

If we opf for more than one reserved lane section, how far
apart should these sections be, at a minimum?
What is the travel time delay caused by lane changing? To
priority vehicles? To non-priority vehicles?

What effect do speeds and speed differentials play?

Which freeway lane should be proposed for priority vehicle use?

1

2)

If the right lane is chosen, all vehicles entering or leaving
the freewéy would be required to cross the priority lane in
front of fast moving buses. Where auto and truck traffic are
in queue (the only places offering a possible time saving.
with buses in a priority lane), vehicles entering the freeway
would block the priority lane until they forced their way
into the queue in the adjacent lane,

If the median lane is chosen for a priority lane, an entering
bus is required to accelerate, then weave across lanes used
by autos and trucks. On a free flowing 8~lane freeway, this
requires about 1-1/2 miles. If the bus enters a jammed
freeway, the distance will be shorter. A bus weaving from
the median lane to a right hand exit will require almost the
same distance.

This long weaving distance Would make priority lanes
suitable only for the type of bus operations where loaded
buses enter the freeway and proceed a long way to an exit
neartheirdeétination. This is basically what they plan on

doing in the Marin reversible bus lane project. Some of
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the local buses will not have access to the priority lane
due to short weaving distance.
Use of the freeway as a bus route with stops at various
interchanges would not be feasible,
3) 1In all cases where auto traffic is in queue, bus traffic in

an adjacent lane should be traveling at a relatively slow
speed as they pass the slower traffic for safety reasons.
There is always a possibility for an auto in queue to un-
expectedly cut out into the priority lane for passing or

exiting.

B. Formulation of the Acceptable Gap

The distance required for lane changing is a function of traffic
volume in the lane into which the vehicle is attempting to merge,
(i.e., the "adjacent' lane), the average speed in the adjacent lane,
the relative speed between the potential lane changer and the adjacent
lane traffic, and the acceptable gap size for the lane change maneuver,

Consider the traffic situation depicted schematically in Fig, 33,
The vehicle labeled "potential lane changer' in lane 1 desires to change
lanes into lane 2 within a distance d. In order to accomplish this,
the lane changer must find'a time gap in the adjacent lane which is
of sufficient size to be acceptable.

The gap in the adjacent lane traffic presented to the lane changer
when he is located at his initial position is indicated as gy - If
gl is too small to be accepted, the potential lane changer must either

slow down or speed up,in order to consider other gaps, (If traffic
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in lane 1 is dense, speeding up significantly may be impossible).
The rate at which successive gaps are’presented to the lane changer
is equivalent to the relative volume rate in lane 2k(i.e., the
volume rate measured relative to the moving lane change vehicle).
In turn, the relative volume rate is a function of the absolute
volume rate in 1an§ 2 (i.e., measured from a stationary reference)
and the relative speed between the lane changer and the‘traffic in
the adjacent lane.

The relative lane 2 traffic volume, v/ , is linearly related to

2
the absolute lane 2 traffic volume, V2 , as follows:
' —
v, = l2g V,| @
where
¢ = S; 7 5y
S S

w
]

speed of potential lane changer

S,, = average speed in adjacent lane

The factor, f_ , is termed the relative speed factor. The relation-

S
ship between the relative speed factor and the relative volume in the
adjacent lane given in Eq. (1) is illustrated in Fig. 34 .

If the lane changer slows down, the average number of adjacent

lane vehicles, N that pass him in time, t , equals

t ' )
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where
z N . .
V2 is in vehicles per second

t is in seconds.

Relating the above to distance, d, is possible by introducing the
speed of the lane changer, S1 . The average number of vehicles that

pass in distance, d, is given by:

N =~ —— (3)

where
d is in feet
S1 is in feet per second.
Equations (2) and (3) are also valid in the case where the lane
changer speeds up.
It should be noted that we have dealt with average number, °N,
but N is Poisson distributed. Hence, the actual number of vehicles
passing (or passed by) the lane changer during time, t, or distance, d,
will vary considerably from one occasion to the next, The theoretical
formulation, however, is based on the average N.
Next it can be stated that the number of gaps presented to the
lane changer, n’ , is one greater than N because of the existence of

the initial gap. In other words
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where
n’ = the average number of gaps in the adjacent lane
presented to the potential lane changer,.
The second phase of the analysis considers the question: ''How

many gaps are required to insure that at least one is acceptable?”

In order to answer this Question, an associated probability must
be selected. Then the number of gaps required can be formulated as

a function of the adjacent lane traffic volume, V and the acceptable

2 ¥
gap size, g,

The cunulative distribution of gap sizes can be presented quite
accurately using a shifted exponential distribution, as follows:
t - 1

P(g 2 t) =exp |- G = T)J (5)

where
P(g 2 t) = probability of a gap =2 t
T = minimum headway, sec.
t = average headway, sec, = 3600/V1

Or alternatively stated:

t - NI

* -7 J ®)

P(g st) =1 - exp [-
where

P(g < t) = Probability of a gap = t
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Using probability theory it can be stated that the probability

of n succdssive gaps in a row less than or equal to t is given by:

P(n successive gaps = t) = [P(g < 1" (7
and substituting from Eq. (6):

. ~ ro@-n11"
P(n successive gaps € t) = { 1 - exp L- ??-——;;J . (8)

It follows that the probability of at least one of the n gaps

being greater than ‘f is given by:

P(at least one gap > t) = 1 - P(n successive gaps = t) (9
Substituting:
| - o1\
P(at least one gap > t) = 1 = { l-exp [f ?%—-—1;] } . (10)
- T

If design values are set for acceptable gap size, t = g, > and for
probability of a least one gap greater than ga » one can solve for n
using Eq. (10),

Now, the key to the analysis is to set:
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In other words, set the average number of gaps required to give
probability P that at least one gap is acceptable equél to ~the

average number of gaps in the adjacent lane presented to the’

potential lane changer.

Example: Required distance for changing lanes from an unreserved

lane to a reserved lane.

Assume:
Sl(speed in unreserved lane) = 24 mph
SZ(Speed in reserved lane) = 30 mph
Vz(volume in reserved lane) = 1,200 vph
P(at least one gap -~ t) = ,90
Ga = 3.5 sec
T = ,b sec
Then
t %ggg = 3.0 sec

from Eq. (10)

=1 {i-ew [ G53T)

{1 - expl-1.2] }n = .10

[.6991" = .10

n = 6,43
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Then:

82 = 30 mph = 44 fps
24 ~ 30
= S = - ,20
fs 30

S1 = 24 mph = 25.2 fps

Vz = 1200 vph = .333 vps

Substituting in Eq. (4),

{~ .20(0.333)1d
35.2

6.43 = + 1

d = 2870 feet = Required distance for changing
lanes from an unreserved 'lane
to. a reserved lane.
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G,  Computer Program LCHANGE

A computer program was written for the computation of important
lane changing parameters described already. The computer model,
entitled "LCHANGE', is based on the theories described in section B,

and outputs required distances for changing lanes from: (see Fig. 35)

DR.UR - a reserved lane to an unreserved lane

DUR.R - an unreserved lane to a reserved lane

DUR.UR - an unreserved lane to an unreserved lane;

DNN - a normal lane to an adjacent normal lane (i.e. before
or after the priority section);

DON.P - an on-ramp to the entrance of the priority lane;

Dp.OFF - the exit of the priority lane to a right-hand side
off-ramp;

DP.OFF.M - the middle of a priority lane section to a right-hand
side off-ramp;

DON.P.M. -~ an on-ramp to the middle of a priority lane section.

At present the PRIFRE Model does not allow the last two movements
to take place. There is only one entrance and one exit to the priority
lane(s), and that is at the beginning and end of the priority section,
respectively. It would be a more flexible model if priority vehicles
were allowed to enter and exit the priority lanes at specified inter-
vals, so that more people could take advantage of the reserved lane.

Only one paramefer card need be inputted to program LCHANGE tfo

obtain the above outputs. The card format is shown in Fig. 36,
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VN, VR, and VUNR are the vblumes in vehicles/hour/lane in the normal,
reserVed; and unreserved lanes,‘respectiveiy. SN, SR, and SUNR are
the average speeds in miles/hour for the normal, reserved, and un-
reserved lanes. GAR and GAUNR are the acceptable gaps in the re-
served and unreserved lanes. The acceptable gap in normal lanes is
agsumed equal to GAUNR for this simulation. HM is the’minimum head-
way between vehicles for the whole freeway section under study, in
seconds. XP represents the probability of successfully changing lanes
in the computed distance output, and is expressed as a percentage.
The value .95 would mean that there is a 95% assurance that the lane
changing could take place in the distance outputted by the program.
Finally, N is the number of freeway lanes (one side of the freeway
only).

1t is possible to make several different runs with different
parameter cards at one time. All that is required is a new parameter
card for each condition desired, and a blank card following the final
parameter card to let the program know it is finished. Figure 37
show the data deck set-up acceptable to LCHANGE, and Appendix 1
contains a complete program listing an sample output.

It is felt that with more time and efforﬁ, this program could
be worked into a subroutine for PRIFRE and become a valuable option
to the user. PRIFRE would be a more flexible tool if it would permit
the evaluation of allowing priority vehicles to enter and exit
priority lanes at either random or specified intervals. Chapter 7
surveys areas of future research, and it is felt that this is one 6f
the~more’va1uab1e areas for improvement for a priority operations

simulation model.
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D, Results of Lane Changing Studies

To answer the first five questions presented at the beginning

of this chapter, and to find the required distances for changing

lanes on freeways employing various priority strategies, the lane-

changing theory described in section B was used. S8Specifically,

Program LCHANGE was used to compute lane-changing distances for the

following four basic types of lane-changing: (see Fig. 38 )

Type A: A lane change from a reserved lane to an adjacent

unreserved lane

Type B: A lane change from an unreserved lane to an adjacent

reserved lane

Type C: A lane change from an unreserved lane to an adjacent

unreserved lane

Type D: A lane change from a normal to an adjacent normal

lane

Assume :

volume in Normal lane (VN) = 1550 veh/hr,/Lane
volume in Reserved lane (VR) = 800 veh/hr./Lane
volume in Unreserved lane (VUNR) = 1800 veh/hr./Lane
speed in Normal lane (SN) = 44, mph

speed in Reserved lane (SR) = 50, mph

i 1 = 35,
speedyln Unreserved lane (SUNR) 5. mph

The values of the variables used in LCHANGE - Eq. 10 - for each

type of lane change were:
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S. (speed of lane changer) 50 mph

1
S (speed in adjacent lane) = 35 mph
v, (Volume in adjacent lane) = 1800 veh./hr./lane
G, (acceptable gap) = 2.5 seconds
Type B
S1 = 35 mph
S2 = 50 mph
Vz = 800 veh, /hr./lane
*Ga = 3.5 seconds
Type C
*x3) = 28 mph
82 = 35 mph
V2 = 1800 veh, /hr./lane
*Ga = 2.5 seconds
Type D
8, =35 mph (44%-8)
S, =44 mph
v, = 1550 veh./hr./lane
Ga = 2.5 seconds

The required distances for changing lanes were calculated using
the computer program for three different probabilities, and the summary

of the results are given in the following Table 27 (See Appendix I for

~computer output).

In this situation for changing lanes from a slow to a fast lane, we
assume that an acceptable gap is 3.5 seconds; from a fast to a slow
lane, an acceptable gap is 2.5 seconds. These values have been found
to be reasonable from observed values in the field.

**In this situation we assume that the lane changer slowed down 20% -
i.e., the speed of the lane chunger = .80 X 35 = 28 mph, If the user
wishes, he may substitute different % slow down values by changing
cards no. 28 and 30,
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TABLE 27

Distances Required for Changing Lanes

P = .95 P=.9 s :t'75
ft. ft. ¢
Type A 3008 2233 1208
Type B 2838 2003 900
Type _9‘ 3610 2680 1450
Type D 3823 2800 1447

For example, 2233 ft., is the required distance for changing
lanes from a reserved lane to an unreserved lane with 90% assurance
of success,

Suppose we have a freeway with the characteristics given in the
Fig. 35, A car entering the freeway from on-ramp O-1
destined for the reserved lane must make 3 lane changes of the type

D , so the required distance will be (see Fig. 35 ):

1

2800 x 3 8,400 ft. with 90% assurance

1

DON.P

i
i

DON.P 1447 % 3 4,341 ft, with 75% assurance

The following table is the results of calculations for all

the required distances shown in the Fig, 35 with different probabilities:

Required Distance
Situation P = ,90 P = .75
DON.P 8,400 4,341
DP.OFF 8,400 4,341
DON.P.M 7,363 3,799
DP.OFF.M 7,593 4,108
DR. UR 2,233 1,208
DUR. UR 2,003 900
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7. FUTURE DIRECTIONS FOR PRIORITY OPERATIONS ON FREEWAYS

It might be helpful if we stated our objectives - i.e., What
are we trying to accomplish with priority lanes?

- maximize the flow of people

- minimize total travel time

- improve environmental factors, such as air pollution

- minimize the number of vehicles entering downtown CBD's

- minimize total travel cost

- improve the quality of travel

- improve the safety of travel

Priority lane operations should strive to accomplish all of
these objectives, particularly in maximizing the flow of people and
in improving the environment. A sighificant aspect of priority lanes
is that it could offer a real choice in travel modes that could
compete on an equal travel time basis, sometﬁing which our present
transportation systems lack. This option, if exercised by a great
enough numbér of people, could reduce traffic congestion, postpone
or eliminate the need for additional freeways, and provide for an
inexpensive mass transit alternative to a fixed guideway rapid transit

+gystem.

To make priority lanes most successful, the following conditions
must be satisfied: 1) severe congestion must already exist in the
corridor; and 2) buses and carpools must be able to encourage more

people to forego use o% their private cars in peak~hcurs, This last
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point is the, critical one. This requires convenient services at

both ends of the trip, and a positive savings in overall trip time

from origin to destination as compared to private car travel, After
all, time saved in a freeway.priority lane may be insignificant
when comparing it with the overall trip time.

To be really effective then, we must plan and design for the
total trip, and not just for one link in it. A priority lane scheme
may work beautifully, but if it is not parf of a larger, total system
improvement scheme, it may fail miserably. We must make plans to
improve the whole system then., This means evaluating not only
priority lane operations and the resulting potential time savings
and occupancy shifts there, but evaluating the total home~to-work
trip, travel times, modal choices and a revised occupancy shift

based on the total trip time.

A, Survey of Current Priority Projects

There are several on-going projects involving priority lanes
or priority entry for buses and carpools. Most of these have been
in operation only a short while or are still in the planning stages,
so that there is not much data to date to evaluate their success
or failure. However, there are three different exclusive bus lanes
that have been operating for over a year with considerable success,
And there is one experiment involving reserved lanes for both car-
pools and buses that hopefully will provide us with much more in-
formation on the operation of such schemes and help other cities

make decisions regarding their own proposed projects.
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A brief survey of priority lane projects will be helpful in
learning what various cities are  trying to do, what kinds of schemes
they are trying, and the problem areas encountered.

San Francisco-Oakland Bay Bridge11’12’13’14’16

In April of 1970, a morning peak period exclusive bus lane in
the toll plaza area was implemented and the bus toll reduced, with
the buses no longer having to stop to pay tolls (monthly bills were
gent to bus companies). This saved the Alameda-Contra Costa Transit
District $91,000 annually, while other commuter buses saved $19,000
annually. This one-half mile exclusive bus lane operation saved 5
minutes of travel time for approximately 15,000 patrons of the 500
buses using the bridge during the peak hourslz.

Based on information concerning an exclusive bus lane model
developed by the University of California, Berkeley, in mid-1969,
the FHWA Office of Highway Planning contracted with the University
to expand the model to consider exclusive lanes for buses and carpools,
This model was calibrated for the Oakland Bay Bridge conditions and
was completed in late 197011. As the result of this work, the
University of California and the California Divisioh of Bay Toll
Crossings analyzed many different plans for bus and carpool lanes in
the toll plaza area and on the bridge properls. They developed a plan
that was implemented December 8, 1971, in an effort to break the one-
man, one—car habit on the world's third busiest toll bridgel4.

The priority scheme involves three 1-1/2 mile bypass lanes

through the toll plaza, two of which are for passenger cars with
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three or more occupants and one which is for commute buses heading
from the East Bay into San Francisco betweénlﬁ a.m.-anduQ a.m,
A series of signs alert commuters to thé lanes which begin just beyond
the conjunction of three freeways leading into the toll plaza area
and extend for 700 feet onto the bridge proper14 The priority’car—
pool lanes are immediately adjacent to the exclusive bus lane and
all three merge into the center lane of the five lane bridge.
Initially the carpools moved toll free through the plaza; since
May, 1972, they have been‘required_to purchase a fee stiéker at the
reduced rate of $12 per year.

The California Highway Patrol is on hand to police those
vehicles that pass through the reserved lanes with less than three
occupants, The license numbers of the offending vehicles are jotted
down, and warnings are mailed to fheir owners at their home addresses.

Although initially an experiment with only margina1 benefits
expected, the priority lane project has been extended through
December 1972 in order to gather more valuable data and to see if
more people will be encouraged to switch to carpools, Initially
there were 1,262 carpools during the morning 3-hour peak-period
while the figure is now over 2,00016

16,18 .
Golden Gate Bridge - San Francisco 6

Plans are underway to install a "wronguway" exclusive bus lane
in Marin County from the Golden Gate Bridge north to the Richardson
18

Bay Bridge, a distance of 4 miles” . Two of the four southbound

freeway lanes will be "borrowed'' so that northbound commuter buses
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can speed by p.m. northbound rush hour traffic. The 150 peak-hour
buses will travel on what is normally the fast southbound 1ape,
next tolthe center barrier Qf the highway, The adjacent southbound
lane will remain empty as a buffer zone, with & line of pylons down
ifs center, Southbound traffic will be confined to the remaining
two southbound lanes.

The project willvaffect only freeWay Us 101, and not the bridge
proper. The plan will probably be effective by August for a six-
month trial. Presumably if the experiment is successful, the plan
would later include S0uthbound commute buses in the morning after
some widening presently under construction is completed.

: 17,20,27
Shirley Highway - Washington, D, C, 7,20,

The operation of exclusive bus lanes on the Shirley Highway
(I~-95) in northern Virginia began in September 1969, with the open-—
ing ofva S—mile section of completed réversible lanes in the freeway
median. Since then an additional temporary 4-mile section has been
constructed to the Potomac River and several slip ramps have also
been built to enable more buses to gain entrance to the priority
1anesl7.

Besides construction of the temporary lanes, an addition of
50 new buses during the peak period has improved service in the
corfidor. Ridership has increased reﬁarkably from 1,900 to 6,700
at é survey point midway along the route, while total ridership is
over the 14,000Vmark as of spring 1972,

This demonstration project also includes improvements to the

entire bus system -~ not just one segment, such as the building of
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an exclusive lane. Work is proceeding on three main eleménts:

1) assistance in developing a plan for timely changes in bus routing
during construction; 2) development of additional bus service; and

3) monitoring the vehicle and person flows to determine public
response to the improved servicezo. Circulation of buses in downtown
Wéshington, D. C. is being improved to take advantage of the ex~
clusive lane across the 14th Street Bridge. The project also in-

cludes the provision of fringe parking lots and bus shelters.

2
New York - New Jersey TUrnpike17’19' 8

The first major reverse bus lane was established
on 1-495 in Northern New Jersey in December 1970, The lane extends
2-1/2 miles from the New Jersey Turnpike to the Lincoln Tunnel.
During the morning peak hours, the outbound median lane is made
available to inbound buses, No provision has been made for a similar
process in the evening because of differing traffic conditions.
Morning outbound traffic is alerted to the reverse flow by 80 di-
rectional signals placed directly over the outbound lanes, traffic
posts placed every 40 feet to designate the reversed‘lane, and 50
changeable traffic signs, 1In addition, bus access ramps have been
provided to the reserved ianes by the New Jersey Turnpike Authority.
This project is being funded by a $500,000 grant under the Urban
Corridor Demonstration Programlg.

Prior to opening the lanes, 30,000 printed notices were distri-
buted to motorists using this particular highwéy facility to inform

them about the reverse lane operation. Over 800 buses, carrying
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approximately 35,000 commuters, are now saving an average of 15
minutes each by cbmpleting the former 25-minute trip in 10 minutes.
Thus, it is estimatéd that an annual savings of 2 million person-
hours of commuter traveltime will be realized., Data obtained by
the New Jersey Department of Transportation show that 82 percent of
the people riding through the tunnel during the morning peak are
being carried by bus. Arrangements are now being made to make this

exclusive bus lane a permanent installation17

17,30
y

New York-New Jersey—Manhattan CBD Stud

Under agreement Qith the Tri-State‘Transportation Commission,
consultant Edwards and Kelcey is assisting with an evaluation of how
three complémentary techniques involving the use of bus mass transit
can be utilized to improve commuting in the New Jersey Route 3 and
I1~-495 corridor from New Jersey to the Manhattan CBDSO. The main
thrust is to provide greater passenger-carrying capacity for the
corridor than that afforded by the automobile alone,

The three techniques under consideration are:

A. Bus Priority and Traffic Control

B. Park-and-Ride Facilities

C. Bus Freeway Stops and Access

At present the number of buses operating on the study portion of
Route 3 does not warrant allocation of an exclusive bus lane. As
alternatiyes, two distinct systems are being considered:

A, A remp metering system that will expedite and improve

the flow of all traffic (buses included)
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B. A priority access control system that will give

preferential treatment to buses.

The study includes assessment of existing traffic and roadway
conditions, a description of possible control systems and their

tradeoffs, and recommendations of a preferred control system.

17
New York-Long Island Expressway

On the Long Island Expressway in New York City a reverse
direction exclusive bus lane for Manhattan-bound buses was set up on
October 26, 1971, in the morning rush hours. The project on the two
miles of expressway from the Brooklyn-Queens Expressway to the Queens-
Midtown Tunnel is being monitored by the New York Department of
Traffic to see if it can be made permanent. Over 160 private and
Transit Authority buses originating in Queens are being directed
through a cut in the median barrier onto the special lane. These
buses, running at 80 percent capacity and carrying about 6500 people,
are averaging three and a half minutes on the two miles to the tunnel,
Traffic traveling the same distance in the three westbound regular
lanes is averaging 18 minutes, Traffic in the remaining eastbound

1
lanes is not being delayed despite the loss of a lane 7.

1
Boston-Southeast Expressway 7

A reverse direction bus lane on the Southeast Expressway in
Boston was put into operation from May to October 1971, The 8-1/2
mile bus lane was in operation from 7-9 a.m. and 4-7 p.m. It took
two State maintenance crews 1-1/4 hours to place cones and change

signing for the operation. There were 75 buses using the lane during
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the morning peak period and 77 buses during the afternoon peak period.
Bus ser&ice was increased to handle the increase in demand. In the
first month of operation, bus passengers increased 24 percent in

the morning peak period. It is estimated that bus patrons were
saving up to 1/2 hour in traveling time during the peak hour. The
project received favorable press coverage, but was discontinued
because decreasing hours of daylight and the onset of winter caused
concern for the work crew's safety. It was subsequently resumed

during the morning rush hours in April 1972,

Seattle - Blue Streak17

The Blue Streak Demonstration Project consists primarily of an
express bus operation. Buses depart from a fringe parking lot (no
parking charge) north of downtown Seattle and enter fhe reversible
lanes of the Seattle freewayA(I~5), where they mix with'regular
traffic., An exclusive bus ramp permits the buses to exit quickly
from the reversible lanes and enter a special downtown circulation
loop. During the afternoon the scheme is reversed,

The demonstration project, funded by a $1.3 million demonstration
grant from UMTA, begun on September 9, 1970. The nine mile trip from
the fringe parking lot to the heart of éowntown takes approximately
16 minutes, The headway between buses is about 5 minutes and the
fare is 35¢, Three weeks after the beginning of the project, the
500~car parking’lot was filled to capacity. Efforts are presehtly
underway to find additional parking facilities. A preliminary survey

of Blue Streak patrons revealed that more than 70 percent formerly
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used an automobile to get to work.

1
Pittsburgh — PATways 7

The final design and engineefing of two exclusive hus highwéys
(PATways) in Pittsﬁurgh is nearing'completion. The two facilities
will be grade-separated and will total 12 miles in length. Ramps will
be provided to permit intermediate trips as well as line~haul trips
to the downtown. The facilities will be designed and constructed
to permit adaptation to a future guideway system such as the Transit
Expressway Revenue Line (TERL) which is also under development in
the Pittsburgh area. The design ahd construction of these PATways
is being funded by capital grants from UMFA. Extensions of this

initial system are planned.

Atlanta -~ Rapid Busway833

Residents of Metropolitan Atlanta recently approved a $1.32
billion mass transit improvement program which includes 14 miles of
exclusive bus roadways. They will interface with raillrapid transit
stations running into downtown Atlanta. 7Two-thirds federal funding
is expected from UMTA with construction to begin in 1973.

16,17
San Bernardino - Exclusive Busways

This proposed exclusive bus highway will be located partly within
the median of and partly adjacent to the San Bernardino Freeway (I-10).
Consfruction is underway on the 1l-mile $52 million gradé-separated
busway running between E1 Monte and downtown Los Angeles. The Califor-

nia Division of Highways hopes to have the first stage of this project
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completed by October'1972. This first stage will include a 6.6 mile
bus roadway within the median of the San Bernardino Freeway and a
fringe parking lot at El Monte. Connections will be made to city
streets and the freeway at‘either end of the busway. No other
access to or from the busway will be provided. This project is
being coordinated with the widening of the freeway from 6 to 10
lanes. The estimated passenger volume will be 4,000 persons per
hour in the peak direction. To handle the increased patronage, 100
new buses will be purchased. The average bus speed and travel time
on the facility will be approxiﬁately 40 mph and 18 minutes respec-

tively.

Chicago ~ Crosstown Expressway17

The FHWA has approved the participation of FAI funds in the’
additional right-of-way and construction costs for a highway mass
transit facility within a portion of the new Crosstown Expressway
presently being built, Several technical problems exist, however,
There is an equal demand for transit services in each direction
preventing the use of reversible bus lane operation, It has not
been determined if buses on 166&1 routes will be given the use of
access ramps to the facility or whether the facility will be used

strictly as a line-haul operation.

Milwaukee -~ Bus Rapid Trensit17
A study in Milwaukee has developed a transit plan which includes
designs for a bus highway, a CBD distribution system, and fringe

parking facilities. Buses will circulate in residential areas to
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pick up commuters and then enter an exclusive bus highway paralleling
I-94 to down{own Milwaukee, In addition, a $300,000 UMTA demonstration
grant was awarded to Milwaukee County to do system definition and

cost analyses of a dual-mode bus system. The concept envisions buses
being operated on suburban streets under their own power for collec~-
tion of passengers and then being transferred to a guideway for auto-
matic guidance and speed control of the line-haul portion of the trip.
The possibility of distributing passengers iﬁ the downtown area while
remaining on the guideway will also be investigated.

Twin Cities - Bus~Metered Freeway System17’36

A recent study recommends proceeding with the development of a
Bus-Metered Freeway System in the I-35W Corridor, Analysis of the
‘concept, the engineering detail, the operations, and the costs indicate
the feasiblity of combining a freeway surveillance and control system
(a proven concept) with a freeway express bus system (also a proven
concept).

The major benefits of the Bus-Metered Freeway System include in-
creased accessibility to the Minneapolis CBD, reduced parking require-
ments in the CBD, reduced accidents and high level of service on I-35W,
lower travel costs for transit riders as compared to auto users, im-
proved mobility for corridor residents, approximately equal travel
times for express transit and auto users, and increased knowledge
about the factors that influence modal choice,

The recommended freeway surveillance and control system is pro-

grammed to operate at lower volumes and higher speeds (40mph)} than
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systems currently in operation., Buses will be éfforded priority
entry at the ramps. A recommended transit service plan would add

12 new routes and revise existing express routes so that 50 . new buses
will be required to carry 6,000 passengers on a typicallweekday. The
complete plan includes exclusive bus ramps, new transit vehicles, bus
shelters, bus signs, park-ride facilities, and a marketing and ad-
vertising campaign.

Los Angeles Area Freeway Surveillance and Control Project16’17

The Los Angeles Area Freeway Surveillance and Control Project
is a 42-mile experimental project located on the Santa Monica, San
Diego, and Harbor Freeways to determine the feasibility of operating
freeways as an integrated system of transportation by means of a
real—time surveillance and control system. The éxperimental project
will involve techniques to provide traffic sensitive ramp control
with priority entry for buses where possible, early detection and
rapid removal of disabled vehicles and other hazards from freeways,
an effective warning and information system for motorists, and
services for the stranded motorist, Construction of the project
began in 1970, and it is expected that the testing and evaluation of
data obtained from the project will be completed by 1973.

Cleveland - Reserved Lanes for Buses and CarpoolslS’17

The final report of a feasibility study in Cleveland to evaluate
the reservation of an exclusive lane on the I-90 Memorial Shoreway
for buses and carpools was recently completed. The study was a

general overview of the feasibility of priority lanes and was jointly
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funded by the FHWA, OST, and UMTA. The EXCBUS model developed at ITTE
in Berkeley was used to evaluate various possible priority lane opera-
tions on freeways and in particulaern I-90 in Cleveland. The investi—
gation was a thorough one and included such items as modal choice
analysis, safety implications, user cost analysis, legislation affect-
ing such a traffic operations scheme, law enforcement required, and

the needed public relations and information programs.

The concept of reserving one or more freeway lanes for buses and
carpools was found feasible; however, the best scheme for any one par-
ticular freeway should be carefully evaluated, as each freeway has its
own idiosyncrasies, and theroptimum priority scheme may vary widely
from one freeway to the next. Also considerable concern has been
expressed by law enforcement agencies in Cleveland and surrounding
communities regarding enforcement of such a freeway operation. Because
of their concern, there will be no implementation of this project in

Cleveland in the foreseeable future.

17
Miami, Florida - Reserved Lanes for Buses and Carpools

A Florida DOT task force has been set up to look into the feasi-~
bility of this project in Miami on I-95, A 12-mile section of free-
way running from Golden Glades south into downtown Miami has been
selected for study. The DOT task force hopes to have a specific
recommendation for an on~the-ground demonstration of reserving a lane

for buses and carpools in a few months.
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B. Survey of Future Research Areas

As was just seen, there are no less thaﬁ 17 projects around
the country involving freeway priority operations,; either on-going
or being planned. Five of these involve reverse direction exclu~
sive bus lanes. PRIFRE can be used now to evaluate reverse direc-
tion priority lanes with a little extra work. Some preliminary
work was done in the course of this project for setting up
PRIFRE to evaluate such a reversible lane strategy for US 101 in
Marin County. A problem arises from the fact that the existing
program can handle only one side of the freeway at a time. So
a reversible lane strategy would require at least three separate
runs of PRIFRE to evaluate one reversible lane scheme - one run
for the peak-direction traffic; one run for the priority vehicles
in the reserved reversible lane; and one run for the non~peak
direction, which is now minus the lanes, now assigned to priority
traffic, This is somewhat cumbersome and requires more inputting
parémeters and O-D tables for both sides of the freeway and the
special reserved lane. It is felt that with some effort the
PRIFRE model could be expanded to handle these reversible lane
evaluations all in one run. This would be a significant improve-
ment since many cities now have or are considering these types

of priority operations.
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Three cities are considering freeway surveillance and control
projects, with priority entry at on-ramps for buses and carpools.
Los Angeles in particular has several miles on on-going freeway
surveillance/control projects, and plans are being drawn up for
similar control measures on several other heavily congested
freeways. Chicago, Dallas, and Houston all have several freeway
control strategies in operation., New York City and the Twin
Cities are looking seriously at ramp metering and control strate-
gies to improve freeway operation in heavilyrcongested corridors
during peak hours. Concurrent with the planning for all of these
has been the investigation of the possibility of affording pri-
ority entry for high-occupancy vehicles at on-ramps. Indeed,
many traffic engineers think that this strategy is the direction
most priority operations will take, as it eliminates the many
problems associated with removing a freeway lane from normal
operations and converting it to priority operations.

PRIFRE is the logicsl starting point for constructing a
model to evaluate such priority entry schemes. Together with
on-going research work at ITTE for the California Division of
Highways involving ramp control strategies and the FREEQ
model, PRIFRE could be expanded to evaluate these coming
new priority entry strategies, It could be a powerful

tool for the traffic engineer and planner who is investigating
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possible ramp metering and priority strategies, and better enable
him to make an optimum selection, since many more alternatives can be
considered using high-speed computers and a PRIFRE-type program.

Another improvement to priority operations evaluation, and
therefore to the PRIFRE model, would be to examine the objective
functions desired - i.e., what is the desired output, or end result.
Presently the primary objective function of PRIFRE is total travel
time saved, in passenger-~hours. A secondary objective is vehicle~-
hours saved, from which operating cost savings could be calculated,
But there are many other meaningful objectives and factors to be
considered when deciding upon a particular freeway operation strategy.
One valuable consideration might be the total number and type of
vehicles entering the downtown area from the freeway under study.
This reflects on downtown street circulation, congestion, parking
spaces, bus terminal facilities, and even air pollution. Another
desirable output might be the amounts of various pollutants disg—
charged by the vehicles under different operating strategies, as
the amounts are known to vary with vehicle speeds, densities,
accelerations, and numbers, A breakdown in free-flow causes a
queﬁe to form, and under stop~and-go operations, gasoline engines
are very inefficient.

Perhaps an even larger objective that traffic engineers should
be looking at is the whole home-to-work trip in its entirety, and not
Jjust some isolated segment of it, such as priority operation on a

few miles of freeway. After all, the engineer can hardly expect
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people to switch modes or form carpools if all they save is a few
insignificant minutes in passing through a priority lane while
losing many more minutes in getting to and from the bus stop or car-
pool at either end of their trip. To be truly effective in insti-
tuting a priority operations scheme, the traffic planner needs to be
able to predict occupancy shifts and changes of mode with some
expectation of reasonable accuracy, and this means locoking at the
both ends of the trip and total trip travel time. It also requires
an investigation into the effects of instituting new bus service,
carpool incentives, and marketing campaigns.

PRIFRE could be expanded to look at the whole trip length, as
well as the whole trip corridor. Parallel facilities, such as
arterials, frontage roads, exclusive bus roadways, and rapid transit
routes, could be examined in a corridor model. Only then can the
many contingent effects of a potential priority operations scheme
begin to be fully known to the traffic planner, ‘

Another area in which the PRIFRE model can be significantly
improved is in the field of lane-changing and weaving analyses for
priority lane operations. Preliminary work in these areas has been
investigated at ITTE and is discussed in Chapter 6 and Appendix I.
Presenfly the PRIFRE model.is not set up to handle weaving or lane-
changing analyses at the entrance and exit of priority lane sections,
nor is lane~changing allowed between the reserved lane and the un-
reserved lanes once the priority séction has begun. This places
a serious restriction on the use of the reserved lane by those persons

who wish to exit before the priority lane ends. Likewise, those
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persons who enter the freeway downstream of the priority lane en-
trance will also not be allowed to crossover the unreserved lanes and
enter the reserved lane. Whether or not this would be permitted in
actual freeway operations or not is not yet certain, but it woﬁld be
a flexible option to have in the PRIFRE model, Similarly, it woﬁld be
beneficial to the user if the program could calculate weaving effects
at the entrance and exit of the priority lane. With some further
work on PRIFRE, it is felt the model could incorporate these impor-
tant features.

Work is also being performed to improve the model FREEQ, one
of the two basic models upon which PRIFRE is constructed. Queueing
subroutines are being re-written in what is felt to be a more accurate
representation of what actually occurs on a real freeway, and numerous
other smaller changeé have been made to refine and polish up the
program and make it more valuable to the user. It is felt that
some of these recent additions to FREEQ might be valuable to PRIFRE,
and with a minimum of effort, could be incorporated into the present
program,

To be sure, there are several areas of future research in
which the PRIFRE model could be expanded and improved. A few of the
more important ones have been discussed. One thing seems certain -
there will be much emphasis placed on freeway priority operations
in the next few years as one way to reduce growing congestion.
Many new ahd different strategies will probably emerge. Traffic
engineers and planners must meet this new challenge, and up-to-date

accurate freeway models will play a valueble part in assisting these
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men in their decisions. With computer models many more strategies
and alternatives can be evaluated than would be possible if done
by manual calculations. This can only lead to sounder solutions,

since more options can be considered and the optimum one selected.
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TABLE 28

SUMMARY TABLE OF FUTURE RESEARCH DIRECTIONS:

1. Lane changing between reserved and un-
reserved lanes in priority section
MODIFICATIONS TO 2. Weav1§g énaly81s‘at beginning and at end
A of priority section
PRIFRE 3. Extend M.0.E. from travel time to safety,
operational costs, pollution, etc.
4, Auxiliary lane analysis - modify and improve
1. Priority operations with ramp control
B EXTENSION OF strategies
: 2. Priority lanes with reversible lanes
I MODEL :
PR FkE 3. Bus lanes with reversible lanes
1. Total trip considerations ~ whole: trlp
length, whole corridor
, 2. Occupancy shifts - how to predict, encourage
C. RESEARCH STUDIES 3. Modal splits - how to predict, encourage
4. Computer matching of earpool users
DEMONSTRATION ;. §?§1uiivelbus 1:nesb . .
D. STUDIES- EDUCATION . Prior Ly anes for uges an carpo? s
ENFORCEMENT 3. Reversible lanes ~ priority operation
’ 4, Priority entry control with ramp metering
FACTUAL EVALUATION 1. Exclusive bus lanes
E. OF EXISTING 2. Reversible bus lanes
PRIORITY OPERATIONS 3. Priority lanes for buses and carpools
APPLICATION OF 1. Possible travel time losses for non-
F, PRIFRE TO PROPOSED priority vehicles
PRIORITY OBJECTIONS 2., Safety - lane changing, etc.
3. Law enforcement of vielators
4

. Maintenance for priority lanes -

coning, signing, etc,
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GLOSSARY OF IMPORTANT PRIFRE PROGRAM VARIABLES

BV (50,2)

CAPFP (50)
CAPS (50)

CARTRP (20,20)

CPM
CPMP
CVM
CVMP
EBL
EBN
EFF (5)

FAC (20)

FRL (20)
GF
H(50)
ICT

IFL(5)

IFLAB

IFLAG

I10Cs

10p

Bus volume percentages; 1 = normal lanes,
2 = priority lanes

. Capacity per priority lane in I-th subsection

Total capacity .of I-th subsection

Total number of car trips from I-th origin
to J-th destination

Cumulative passenger-miles in nonpriority lanes
Cumulative passenger-miles in priority lanes
Cumulative vehicle~miles in nonpriority lanes
Cumulative vehicle-miles in priority lanes

Bus equivalency factor in priority lanes

Bus equivalency factor in nonpriority lanesg
Weaving effect in I-th subsection in vehicles

Mixed storage array for simulation and performance
variables

Ramp 1limit for I-th off-ramp

Growth factor

Length of mainline queue in I-th subsection in miles
Output line count variable

Growth period, time slice, and simulation option
counters

SPEED flag used to determine which speed flow
curve to use

Logical control variable used by CONTROL to determine
the variables to be initialized

Number of input occupancy values

Priority lane selector
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IP(50) Priority lane indicator for I-th subsection
IPAG, IPAGE Output page count variables

ITRIG Merging analysis logical flag; 1 = there are
influencing ramps, 2 = no merging analysis
needed, 3 = there are no influencing ramps.
Also, used as control flag to determine exit
from QUEUP~DISQ pair

ITX Equivalent to ITRIG

ITYP In merging analysis; 1 = no auxiliary lane,
2 = auxiliary lane. In weaving analysis;
1 simple ON...OFF, 2 = multiple ON,..OFF...OFF,
3 multiple ON,,,ON...OFF

1

ii

IXX (9), VXX (9) Ramp numbers and revised ramp limits

IXXX (5,5),

REVON (5, 5) Ramp limit variables

LANE (50,2) Number of lanes in I-th subsection;
1 = total, 2 = priority

LEFT(50) Special ramp indicator for I-th subsection

LX (10) Ramp numbers of ramps which influence an
on-ramp for merging analysis

NCRV (5,2),

XXS8F(20,5),

YYSF(20,5) Storage arrays for user supplied speed flow
curves

© ND(20) Subsection number of I-th destination

NDES Total number of destinations

NDS (50,3) Design speed flag for I-th subsection;
1 = normal lanes, 2 = nonpriority,
3 = priority lanes

NG1 Current growth period variable

NGP Number of growth periods

NNN(10) Mixed storage array for logical control variables

and ramp and subsection indices
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NO (20)

NORG

NOTS

NPL

NTOTAL (50)
NSEC

PCTVEH (5,5),
BUSOC (5) ,
AVE

PLC

POFF (20,2)
PRI (7)
QD (50)

RA (50)
RD (20)

RDIS (50)

RLIM(20)

RQ (20,2)

RRR(10)

RVOL (50)

RXX

SUM(20,2,2)

TBF (50)

Subsection number of I-th origin

Total number of origins

Total number of time slices

Number of ﬁriority lanes in current simulation
Original subsection demand

Total number of subsections

Occupancy variables
Minimum vehicle occupancy for priority status

Used by PRILANE to calculate volume of priority
vehicles

Number of priority lanes in priority section,
depending on IOP

Used by DISQ to determine the destination
pattern of a queue

Rate of storage of vehicles in I-th subsection
Ramp queue delay at I-th on-ramp .

Distance from beginning of study section to ramps
in feet, special ramps having negative values

Ramp limit for I-th on-ramp

Ramp queue at I-th on-ramp;
1 = buses, 2 = non-buses

Mixed storage array for volume and time variables

Ramp volume of I-th ramp, off-ramps having
negative values

A priori ramp limit

Ramp volumes; 1 = on-ramps, 2 = off-ramps;
1l = buses, 2 = non-buses

Truck factor in I-th subsection
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TD (50)

TDP (50)

TOSUM (20,20,2)

TRPVEH (20,20)

TT (50)

TTP (50)

VNPR (50)
VPR (50)

VPRIN (50)

XLENGF (50)
XLENGM (50)
XMD (20)

XMQ (20)

Total travel distance for I~th subsection in
vehicle~miles for nonpriority lanes

Total travel distance for I-th subsection in
vehicle~miles for priority lanes

Total number of trips from I-th origin to
J-th destination; 1 = buses, 2 = non-buses

Total number of vehicle trips from I-th

origin to J-th destination

Total travel time
vehicle~-hours for

Total travel time
vehicle~hours for

Volume of I~th
volume of I-th

volume of I-th
in nonpriority

Length of I-th

Length of I-th

for I-th
non~-priority lanes

subsection in

for I-th subsection in
priority lanes

subsection in nonpriority lanes

subsection

subsection
lanes

subsection

subsection

in

of

in

in

priority lanes

priority vehicles

feet

miles

Merge queue delay at I-th on-ramp

Merge queue length at I-th on-ramp
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APPENDIX A

Some Definitions

Normal Operations

Priority Lane Operations

Priority Lane

Exclusive Bus Lane

Reversible Lanes

Rapid Busway

Priority Entry

Existing mixed traffic operations in all
freeway lanes,

Operation of a freeway facility on which one
or more lanes have been reserved for the use
by vehicles carrying more than a specified
number of occupants. Under priority opera-
tions, the two classes of lanes will be
referred to as reserved and unreserved. A
priority lane operation in which only buses
are allowed in the reserved lane Chistori-
cally known as an exclusive bus lane opera-
tion) is a special case of the more general
priority lane operation definition.

A freeway lane reserved for the exclusive
use of high-~occupancy vehicles, i.e., buses
and carpools during peak traffic hours.

A freeway lane reserved for the exclusive
use of buses to bypass congestion during
peak traffic hours.

One or more freeway lane(s) reserved for
high-occupancy vehicles so that traffic
can flow in one direction in the morning
peak and then reversed for afternoon peak
flows in the opposite direction. Some-
times traffic in the reversible lane runs
counter to the traffic in the adjoining
freeway lanes.

A separate roadway constructed exclusively
for use of buses; busway can be in the
median of the freeway or completely re-
moved from it.

Under freeway surveillance and control
operations, priority entry is afforded
buses and/or carpools from the entrance
ramps. Traffic is metered onto the free-
way proper at a rate that maintains free-
flowing conditions.
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Queue

Queue Evolution

Queue Collision

Queue Split

Queue Clear

Downstream

Upstream

Mode

Occupancy Shift

A waiting line of cars operating under
stop and go conditions.

Occurs when the demand for a freeway sec-

tion exceeds its capacity flow; the excess
demand RA(I) begins to back up behind the

limiting bottleneck and a queue forms.

A phenomenon which occurs when two separate
distinct queues in adjoining sections grow
together, or "collide'. The two queues
then form one combined queue which proceeds
to grow at a new, combined rate.

A phenomenon which occurs when one queue
splits into two sgeparate and distinct
queues. This happens in a queue decreasing
situation as the queue is being discharged.
The capacity of the upstream section cannot
meet the flow rate capacity of the down-
stream section so that the downstream queue
begins to be discharged at a faster rate,
and splits off from the upstream queue.

A programming instruction which tells the
computer to clear out the remaining queue
at the end of a time slice if the remaining
queue is very small, This keeps the pro-
gram from fictitiously generating queue
flow rates in the next time slice. Remem-
ber that demand and flow rates must remain
constant over one entire time slice. '

The direction in which traffic is moving.

The direction from which traffic has just
come.

The manner or means selected for travel:
auto, bus, rail, airplane, walking.

Occurs when people are induced to switch
modes., In this program, occupancy shift

is defined as the percentage of persons

in a non-priority status (i.e,, non-carpool)
that switch or may switch to priority
status (carpool).
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Demoted

A programming instruction which occurs

when there is an excess demand for a
priority lane. The assumption is that

no queuéing will be allowed in the priority
lane; the excess number of priority wehicles
(buses and carpools) are forced to use the
unreserved freeway lanes. These vehicles
are still eligible for other priority

sections that may occur further downstream
if they can qualify.
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APPENDIX B

CDC 6400 CONTROL CARDS

The 6400 system control cards provide information concerning job
processing and file handling to the operating system, ’With control
cards a programmer decides how his program will be executed, Control
cards use files as their arguments. A file that has notkbeen previously
defined will be created as a temporary file on the disk storage system.

The following cards are needed to execute the program PRIFRE
from a magnetic tape:

JOB CARD.

JXXXX,1,100,50000,400, YOUR NAME where XXXX is your job number,

REQUEST,APPLE,HI,U.0025 - This requests a tape named APPLE

which contains the binary version of

PRIFRE.

COPY BF,APPLE,PRIFRE This copies the binary version to a
temporary file.

REWIND, PRIFRE. This rewinds that temporary file.

1GO, PRIFRE or

1GO, PRIFRE, OUT This will load and execute the program.

The second version of the card is used if more than one copy of
the output is desired. 1In that case, the following cards are needed:

REWIND,OUT

COoPY CF,O0UT For each set of output these 2 cards

are necessary,

After these cards, a card with a 7, 8, and 9 punched in

column 1 is placed, and then the data deck to PRIFRE will execute a RUN.
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APPENDIX C

COMPUTER PROGRAM LISTING
OF PRIFRE
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APPENDIX C
CDC 6400 PRIFRF LISTING

PROGRAM PRIFRE(INPUTsQUTPUTsTAPELs TAPES=INPUT)

COMMONICURVE/NCRV(sgz),XXSF(20.5),YYSF(20,5),ND$(50.3)
COMMON/DESIGN/XLENGF (50) s CAPS(50) s CAPFP(50) s XLENGM(50)
COMMON/DESIGN2/1P(50) s LEFT(50) s LANE(5092)sNO(20)sND(20) sPRI(7)

~ COMMON/INFOR/IFL(5) yNG1sFAC(20) sEBN,EBL

10

100

30
40

20
60

50

COMMON/INTEG/NNN(10)

COMMON/MAIN/NORGsNDESsNOTSsI0CSs 10P s IPAGE s NSEC s PLC o NGP s GF s NPL
COMMON/ODS/TRIPS (20520452 ) s CARTRP(50350) s TRPVEH(20520)sSUM( 505292

TOSUM(20,2)

COMMON/OUTS/CVMsCPMsNTOTAL(5C ) s CVMP sCPMP

COMMON/PAGG/ATMsFDAT S ICT» IPAG

COMMON/QUEUES/H{50) ,QD(850)sEFF(50)+ TBF (50)
COMMON/RAMP1/RQ(2052)sRD(20) s XMQ(20) s XMD(20) s X(10)
COM“ON/RAMPZ/RLIM(20)sFRL(20)sRDIS(50)’RVOLtso)onx¢9)'VXX(Q)stx

COMMON/REALS/RRR(10)

COMMON/SLIC/PCTVEH(595) sBUSOC(5) s AVESIXXX(595) sREVON(595) s ITSLT(g)
COMMON/ TIMEIRA(S0) s TT{g50)»TD(50)sTTP(50) »TDP(50)
COMMON/VOLS/VPR(50) s VNPR(50) s VPRIN(50) sPOFF(2052) s VAL(50)sBV(50s2)

CALL SECOND(ATM)
FDAT=22.0

1CT=0

IPAG=1

FAC(20)=0.0
FAC(19)=0.0

CALL READIT

CALL CONTROLI(I)
IF{I«EQe2) GO TO 10
CALL SLICE

CALL RAMPQ

CALL PRILANE

CALL RMSUM (J)

DO 20 L=24J

CALL UDRAMP (LsITR1G)
GO TO (30+20+40),1TRIG
CALL PVL (L)

CALL TIVP8 (LsITRIGY
CALL P823 (L)

CALL MERGQU(ITRIG)
IF(ITRIGeEQe1) CALL DIsQ
CONTINUE

CALL WEAVCON

ITRIG=2

CALL QUEUP (ITRIG)
IF(ITRIGeNEe3) GO TO 50
CALL DIsQ

60 TO 60

CALL TRAVEL

CALL OUTIT

CALL TIMEOQU3

G0 TO 100

END

SUBROUTINE READIT
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c — ———
C cm-

CC -

C =

[

-10

COMMON/CURVE /NCRV (532} s XXSF(2055) sYYSF(2045) yNDS(5053)
COMMON/DESTGN/ XLENGF (501} s CAPS{50) s CAPFP {50 ) o XLENGM( 50)
COMMON/DESIGN2/1P(50) st EFT(50) s LANE(5092) sNO{20) sND(20)sPRI(7)
COMMON/INFOR/IFL(5) 4NG1sFAC({20) 4EBN,EBL
COMMON/MAIN/NORGNDESINOTS10CSs10P s IPAGE s NSECs PLC s NGP s GF s NPL

COMMON/0ODS/TRIPS(2092092)9CARTRP (50350} s TRPVEH{20520) sSUM( 209252}

TOSUM{ 20, 2) ‘
COMMON/QUEUES/H(50) »QD(50) sEFF(50) s TBF (50)
COMMON/RAMP 1 /RQ{ 20921 sRD(20) sXMQ(20) 4 XMD( 20191 X(10)
COMMON/RAMP2/RLIM{20) sFRL(20)sRDIS{50) sRVOL{50)+ IXX{9)} VXX (g) sRXX

COMMON/SLIC/PCTVEH(595)sBUSOC(5) s AVE»IXXX{5+65)sREVON(556), ITSLT(8)

DIMENSION MTITLE(g) sSSTIT(4)»TEMP(10)sNOSS(50)

READ MAIN TITLE (0B TITLE)

READ 1000sMTITLE

IF(EOFs5) 293

CALL DIspLAY

CALL PAGE(D)

IPAGE=1

NORG=0

NDES=0

JC=0

CALL PAGE(1)

PRINT 1001sMTITLE

READ PARAME3ER CARD

READ 1002,NSEC,FAC(1)»FAC(2)»PLCoIOP’NGPoGF,IOCS,EBNaEBL,FAC£18)

IF(EBN«EQep) EBN=2.0

IF(EBL+EQe0) EBL=1e6

CALL PAGE(1)

PRINT 1003sNSECIFAC(1)sFAC(2)sp L ColopsNGPsGFs10CSsEBNSEBYL

IF (TOCSeLECO) 10CS=1

IF (10CS+GTe5) GO TO 290

IF (IOPeLTe*eORIOPGTeg) GO TO 295

READ THE CAPACITY CARD

DO 60 1=14NSEC

READ 1004eNOSS(I)sIp(I)s LANE(I)sCAPS(I)sCAPFP(I) 9XLENGF (1),

PRINT 1008sNOSS(I)sIP(I)s LANE(I)sCAPS(I)sCAPFPITI) 9XLENGF (1),
NDS(I91)sNDS{I+2)sNDS(I93)9sTBF(1)sLODILOESLEFT(I)sSSTIT
NDS(Is1)sNDS(TI92)sNDS(193)sTBF(I)s L OD2LOESLEFT(I)$SSTIT

CALL PAGE(1)

IF(IP(1)eEQe1HPANDLEFT(I)eEQe1) GO TO 315

Js=3

IF (IP(I114EQelH } Js=1

IF (Ip(1)eNEs1HPsANDsIP(I}eNEeiH )} GO TO 300

WHAT IS THE DESIGN SPEED

DO 15 J=1l4JS

IF (NDS(Is))eEQe50s0ReNDS(Is ) eEQegs0sO0ReNDS(I53)eEQe70) GO TO 15

IF(NDS(I4J)+EQeg5) GO TO 15

IF (NDS(IsJ)cLTolaoRoNDS(IoJ).GT.s) GO TO 230s

IF (JCeNEe0O) GO TO 5

JC=1

NCRVE121)=NDS(Ts )

GO TO 15

DO 10 K=1,J4C

IF (NDSUI4J)eEQeNCRV(Ks1)) GO TO 15

CONTINUE

JC=JC+1
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15
C wmm

C

30

35
40

45
60

C -

80

85
C wem

95

100

121

NCRV{JCs])=NDS(T4J)

CONTINUE
WHAT IS THE SECTION LENGTH IN MILES
XLENGM( 1) =XLENGF(1)/5280e

IF THIS IS A PRIORITY SECTION WHAT IS THE FIRST LANE CApPACITY

IF (IP{1)4EQelH ) GO TO 30

IF (CA?FP(I).LE-OQO) CAPFP(I)=1500.

DOES THIS SECTION HAVE AN ON-RAMP AND/OR OFF~-RAMP
IF {(LODNES1HO) GO TO 135

NORG=NORG+1

NO(NORGI=1

GO0 TO 40

IF (LODeNEe«1IH } GO TO 317

IF (LOE«NEL1HD} GO TO 45

NDES=NDES+1

ND(NDES)=1

GO TO 60

IF {LOEWNELIH ) GO TO 310

CONTINUE

NO(NORG+13=9999

ND(NDES+11=29999

THIS IS THE END OF THE CAp CARDS RAMp CARDS ARE NEXT
READ 1006 sRXXs {IXX(TI)sVXX(I}sI=159)

CALL PAGE(1)

- PRINT 1007+RXX

DO 80 I=4,9

IF({IXX({I)4EQe0) GO TO 80

CALL PAGE(1)

PRINT 1008 IXX(I) 4vXX(1)
CONTINUE

DO 85 I=14+3

IFLIXX(I)4EQeQ) GO TO 85

CALL PAGE(1)

PRINT 1009s IXX{I)VXX(1)
CONTINUE

READ ANY SPEED~FLOW CURVES

IF (JCeEQe0) GO TO 150

CALL PAGE (1)

PRINT 1010, (NCRV{I41)sl=1,5JC)

DO 120 J=1is6

READ 1011 sNCRTs(TEMP(1)sI=1,10)
IF{NCRT+EQ40) GO TO 150

JT=0

DO 110 K=1,JC

IF (NCRTeNEeNCRV(K,1)) GO TO 110
DO 100 I=1,10s2

IF(TEMP(I) eEQeOe0sANDTEMP(I+1)+EQe040) GO TO 121
JT=JT+1 A
XXSF(JT+sK)=TEMP (1)

YYSFUJT oK)I=TEMP(1+1)

CONT INUE

READ 1011 sNCRTT{TEMP(I)sI=1510)
IF {NCRTTSEQ«NCRT) GO TO 95
NCRT=NCRTT

NCRV(K»2)=JT

JT=20

IF{NCRT+EQs0)} GO TO 150 '
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110
120

150
C ame

160

170

200
210

220

P aad
PUnpITp—g

— - -

290

aNaXa]

295
300
305
310
315

350

C - -

GO TO 120

CONTINUE

CONTINUE

THIS SECT HAS To END WITH AN UNEVEN SET OR A BLANK CARD

NOW IT IS TIME SLICE TIME

NOTS=0

READ TIME SLICE' TITLE CARD

READ 1000,ITSLT

IF (ITSLT(1}eEQe10HEND 0D )} GO TO 250

READ up To 5 0oCCUPANCY CARD/SLICE InCS=1ss

DO 170 1=1,10CS

READ 1013+BUSOCII ) o (PCTVEH{JsT )9 =195 s {IXXX{JsI)sREVON(JsT) sz
5)

CONTINUE

DO 210 K=1¢2

DO 200 1=1,NORG .

READ 1014+ (TRIPS(14JsK}sJ=1+NDES)

CONTINUE

CONTINUE

NOW WRITE THE GUY ON TAPE

WRITE(1) IT2LTsI0CSs{((TRIPS({IsJsK)s J=1sNDES)sI= 1’NORG)9K~1g7)

DO 220 K=1+10Cs

WRITE (1) BUSOCIK) s (PCTVEH{ JoK ) s IXXX(J 9K s REVON(Js K} s J= ]95)

"NOTS=NOTS+1

GO TO 160
ERROR SECTION

PRINT 1015+10CS
CALL DISPLAY

PRINT 1015,10P

CALL DISPLAY

PRINT 1017s1IP(1)
CALL DISPLAY

PRINT 1018+NDS(1,s )
CALL DISPLAY

PRINT 1019+LODsLOF
CALL DISPLAY

PRINT 1020,1

CALL DISPLAY
EVERYTHING IS OK IF IT GETS TO THIS POINT
END FILE 1

PRI(1)=0

PRI(2)=1

PRI(3)=2

PRI(4)=0

PRI(5)=0

PRI(6Y=]

PRI(7Y=0

NGl=0

IFL(1)=0
IFL(2)=10P/3+1
NPL=IFIX(PRI{(IOP+1))
IFL{3y=1

REWIND 1

RETURN
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140
15N
181
152
1851
154
188
184
157
158
189
160
161

162
167
164
165
166
167
140
160
170
171

172



¢ =--— FORMAT SECTION

C -
1000 FORMAT (8A10)
1001 FORMAT (1HX$8A10)

1002 FORMAT (1493F5e09159159F5e251399F509,Fge0s11)

1003 FORMAT {(/11H INPUT DATA /1Xs12s12H SUBSECTIONS»3XsTHFAC(1)=9F3.042
1X27HFAC(2) 2 9F3e053X 91 7HPRIORITY CUT—nFF-F3e0s3Xs7HOPTION=1232Xs12
223H GROWTH PERIODS AT RATE sF5e233XsI2917H oCCUPANCY SHIFTS
X1X2s#PASSENGER CAR EQUIVALENCY oF BUSES(NORMAL) = %sF5+295Xs#PASSEN

XGER CAR EQUIVALENCY OF BUSES(PRIORITY)

3 90H SSEC NOe CAP. CAP 1 LENG NOR UNR RES TRKe ORGe LFT

4B SECTION LOCATION
5 60H NO. P LN P. LN,
6 77)

SPD sPD

*9F502//.

/

SPD FAC. DES,

1004 FORMAT (I39A191293F54093139F54392X92A151194A10)

1005 FORMAT (1451X9A19129sF74¢092F64053149F56393X92A191437X94A10)

1006 FORMAT (Fge039(134F540))
1007 FORMAT (//97H  RAMP LIMITS -

1008 FORMAT (20X s7HON~RAMP sI4s7H LIMIT=

sF500)

QFSQO’

1009 FORMAT (20XsgHOFF=RAMPsI2s7H LIMIT= ,F5.0)

1010 FORMAT(16X»63HTHE FOLLOWING NUMBERED SPEED-FLOW CURVES HAVE BEEN A

1SKED FOR = sI125401Hss12))
1011 FORMAT (I14910F7.0)
1013 FORMAT (F5e035F5s13g(12sF5e0))
1014 FORMAT (20F4.0)
1015 FORMAT (1aH I0CS ERROR -
1016 FORMAT (12H I0P ERROR -~
1017 FORMAT (11H IP ERROR -
1018 FORMAT (15H NDS ERROR -
1019 FORMAT (20H LOD OR LOE ERROR -
1020 FORMAT(x (EFT oFF pAMp WITH IpN
1€D )
END
SUBROUTINE PAGE (N}
COMMON/PAGG/ATMFDAT s ICT s IPAG
IF(N«EQe0) GO TO 10
ICT=ICT+N
IF(ICTeLEeg2) RETURN
10 ICT=44N
PRINT 1000,FDAT,IpPAG
IPAG=IPAG+]
RETURN

217/Xs*BERKELEY, CALIFORNIA*/)
END

SUBROUTINE DISPLAY
COMMON/PAGG/ATMsFDAT S ICT» IPAG
CALL PAGE(0)

CALL REMARK(1H }

CALL REMARK(23H FREEWAY PRIORITY MODEL )

CALL REMARK({1H
CALL SECOND (ATMM)
ELAS=ATMM=<ATM
COST=740/600%ELAS
PRINT 1001

PRINT 1000+ELASSCOST

912 +13H
sI3 413H
sA1 s93H
y13 9’3”
$2A1s13H
PRI LANE

198

EXIT-CALLED
EXIT-CALLED
EXIT-CALLED
EXIT-CALLED
EXIT~CALLED

SUB SECy » Igs42aHEXIT CAprg

"

)

REA
RFA
REA
REA
REA
REA
REA
REA
REA
REA
REA
REA
REA
REA
REA
REA
REA
REA
REA
REA
REA
REA
REA
REA
REA
REA
REA
REA

REA

REA
REA
REA
REA
PAG
PAG
PAG
PAG
PAG
PAG
PAG
PAG

- PAG
1000 FORMAT(1Hgs* INSTITUTE OF TRANSPORTATION AND TRAFFIC ENGINEERING*s

140X s #VERSION #9Fge1 /Xs%UNIVERSITY OF CALIFORNIA¥sg7Xs#PAGE NOe %,

PAG
PAG
PAG

PAG

DIS
DIS
DIS
1S
DIS
DIS
DIS
DIS
DIS
D1S
DIS

173
174
178
174
177
178
170
180
1”1
182
184
184
185
184
187
188
1RO
100
101
192
104
194
{as
108

107

100
190
200
5014
202
202
204
208

-
QOV~NEIdMND 02—

P
2 Ny -

bl
S A DO W NP D PN Y



CALL EXIT

1000 FORMAT(//21Xs*ELAPSED CPU TIME = #F7.39% SECONDS» COST (AT $420400

1 PER CPU HOUR) = § %Fg8,3)

1001 FORMAT(//77//777777741%+40HPPPPPP RRRRR

10
15
20

35

30

40

50

55

END
SUBROUT INE CONTROL(IFLAG)

5*¥THE FREEWAY PRIORITY MODEL*//)

1 72041 Xs40HP P R R I F
2pp RRRRR I  FFFFF RRRRR

aF ) R R E /41X s 40HP
4 /51X 940Hp R R I

EEEE
F

R

1

FFFFFF RRRRR

R E
/41X 9 40HP
R R 1

R R

EEEEE

/Vsu1Xsa0HPPP

F
EEEEE

COMMON/DESIGN/XLENGF (50) sCAPS(g0)sCAPFP (50 ) s XLENGM(50)
COMMON/DESIGN2/Ip(g0) s EFT(50) st ANE(5022) sNO(20)sND(50)sPRI(7)
COMMON/ INFOR/IFL(5) sNG] sFAC(20) sEBNEBL
COMMON/MAIN/NORGINDESSNOTSs TOCSs 10P s IPAGEsNSEC+PLCsNGP s GF s NPL
COMMON/OUTSICVM2CPMaNTOTAL (50) s CVMP sCPMP

COMMON/QUEUES/H(50) +QDIs0) sEFF{50)s TBF (50)

COMMON/RAMP 1 /RQ (20922 sRD(20) sXMQ(20) s XMD(50),X(10)
COMMON/RAMP 2 /RLIM( 20} s FRL{20) sRDIS(50) sRVOL(60) s IXX(0) sVXX (0} sRXX

IFLAG=1

IF(IFL{1)eNECO) Go TO 100

DO 10 I=4,5
IFL{I)=1

DO 20 I=4417
FAC(I)=0.0

DO 35 I=1,4NSEC
H{1)=0e0

IF(IP(I)eNE«1HPsORGNPL4EQWO) GO TO 35

CAPS(I)=FLOAT(LANE(Is1)-NPL)/FLOAT(LANE{T51))1%CAPS(I])

CONTINUE
HINSEC+1)=0.0
CVM=0,0
CPM=0.,0
CVMP=0,0
CPMP=040

DO 30 I=1,20
RLIM{ 1) =RxX
XMQ(I1=0e0
RQ(Is11=040
RQ{I+2)=0,0
CONTINUE
RLIM(1)=CAPS(]1)
DO 40 I=14NDES
FRL(TY=RXX

DO 50 I=4,5
IF(IXX{I)eEQeQ) GO TO s0
NX=TXX{I)
RLUIM{NX)=yxXt1)
CONTINUE

DO 55 1=1,43
IF(IXX(1)eEQeQ) GO YO 85
NX=1XX(1)
FRLINX)=VXX{I)}
CONTINUE

I10=1

DO 60 I=14NSEC

IF(LEFT{IY.NE«2) 60 TO 60

199

R

] 1
R R .
177746Xe

D1s
Dis
DIS
DIs
DIs
D1S
DIS
DIS
Dis
D1s
CON
CoN
Con
CON
CON
CON
ConN
CON
CON

CON-

ConN
CON
CON
CON
CON
CON
CON
CON
CON
CON

CON

CON
CON
CON
CON
CON
CON
CON
CON
CON
CON
CON
CON
CON
CON
CON
CON
CON
CON
CON
CON
CON
CON
CON
CON
CON
CON



70

65
60
100

120

125
130

210

1000

5

IFI(NO(TIO)eGEsl) GO TO &5
10=10+1

GO TO 70
RLIM(I01=RLIM(10})%2,0
CONTINUE

IFL{1)Y=IFL(1)+1

DO 120 I=1+20

XMD(1)=0.0

RD(1)=040
IF(IFL{1)4LE4NOTS) RETURN
PRINT 1000

IF(NPL.EQ40) GO TO 130

DO 125 I=14NSEC
IF(IP(I)aNEC1IHPY 60 TO 12%

CAPS{I)=FLOAT(LANE(T 1) ) /FLOAT(LANE (191 )~NPL)I®CAPSI(T)

CONTINUE
IFL(1)=0

REWIND 1

IF(IFL(2)+EQel) GO TO 210
IFL(2)=IFL(2)~1

NPL=NPL+1

IF(10P.EQ.4) NPL=2

GO T0 5

IFL(3)=IFL(3)+]1
IFL(2)=10P/3+1
NPL=TFIX(PRI(IOP+1})
IF(IFL(3)4LE.10CS) GO TO 15
IFL(3)=1

NG1=NG1+1

IF(NG1.LE,NGP) GO TO 5
IFLAG=2

RETURN

FORMAT(///+01Xs%END OF SIMULATION FOR ABOVE CRITERION®)

END
SUBROUTINE SLICE

COMMON/DESIGN2/IP(50) s EFT(50) s LANE( 5022} 4NO(20) sND(20) sPRI(7)
COMMON/ INFOR/IFL(5) sNG1sFAC(20) »EBNEBL
COMMON/MAIN/NORGs NDESsNOTS»10CSs 10P » IPAGE s NSEC sPLC s RGP sGF 5 NPL
COMMON/ODSITR:PS(909?097)9CARTRP(70990)!TRPVEH(?O’?O)QSUM(?OQ?Qﬁ)9

TOSUM( 20, 2)

COMMON/QUTS/CVMs CPMsNTOTAL (50) 9 CVMP, cPMP
CoMMON/RAmpleLIM(?O)QFRLKQO)sRDIS(aO)’RVOL(ﬁO)leX(o)sVXX(ol,RXX

CON

CON
CON
CON
CON
CON
CON
CON
CON
CON
CON
CON
CON
CON
Con
CON
CON
CON
CON
CON
CON
CON
CON
CON
CON
CON
CON
CON
CON
CON
CON
CON
CON
CON
St1
SLI
SLI
SL1
SLI
SLt
SLt
Stl

COMMON/SLIC/PCTVEH(595}’BUSOC(S)9AVEQIXXX(59§)9REV0N(5g5),ITSLT(R) SL1

ook o R o ook ok

(H&HH( (((((éi*t*i(S(éE(;}M;Aizé(’;a(&:(één{g}i“a‘fﬂbn'nh&nnononmnoooo

NOMB(K#%KZO

Cwe~ READ THIS TIME SLICE

100 READ (1) BUSQC(I) o (PCTVEH(Js 1) s IXXX( Js1)sREVON(JsI)sJ=195)

Cew= FIND THE CORRECT OCCUPANCY SHIFT
IF(ICeNE«IFL(3)eANDeI«EQe1) GO TO 100

30

READ (1) IToLTsIOCSs(((TRIPS(IssK)sJ=19NDES)»1=1sNORG)sK=192)

I=1
IC=0

IC=1C+1

IF(IC.EQeIOCS) GO TO 20
I[=2

GO TO 100

CALL PAGE(O)

200

SLt
stl
SLI
sLt
SL1
St1
st}
SLI
stl
stl
5Lt
SL1
5L71

4Rr
49
5N
51
52
52
54
58
84
L 4
58
g0
&n
61
£
67
64
(3
(X
657
68
69"
70
71
T
72
TH
75
76
77
78
79
ah
R

0 NI AP NN



PRINT 2000s ITSLToNPLsNG1sIFL(3)
CALL PAGE(13)

C~-= REVISE THE ON RAMPS

10

DO 10-I=1+5 _
IF(IXXX(I+1)eEQe0) GO TO 10
J=IXXX(1s1)
RLIM(J)=REVON(Is1)

CALL PAGE(2)

PRINT 20015JsREVON(Ts1)
CONT INUE

IF(NG1+EQ.,0) GO TO 40
XMUL =GF ##NG 1

DO 50 K=1,2

50

DO 50 J=14NDES
DO S0 I=14NORG
TRIPS(1+JeK)=TRIPS(1sJ,K}XMUL

Ce-= CALL ODADD TO FIGURE THE INPUT-QUTPUT VOLUMES

40

160

150

CALL ODADD(O)

- 10=1D=1

NTOT=0

DO 150 I=1sNSEC

IFINO(IO).NE.I} GO TO 160
NTOT=NTOT+SUMII0» 192} 4+SUMITI0s191 1 %EBN
10=10+1

IF(ND(ID)«NEeI-1) GO TO 150
NTOT=NTOT=SUM(1IDs252)~SUM(IDs241)*EBN
ID=1D+1 :

NTOTAL(I1)=NTOT

C~== PRINT OUT THE INFORMATION

200

400

IF(FAC(2)sNEe2) GO TO 400

CALL PAGE(10)

PRINT 1000

PRINT 1001,BUSOC(1)

PRINT 10083 {NUMB(J)sJ=19sNDES)

CALL PAGE (NORG)

DO 200. 1=1,NORG

PRINT 1007a1.trnxp5(1;4,1),4 1sNDES)
CALL PAGE(6)

PRINT 1003 (SUMl Js291)3J=19NDES)
PRINT 1002+(SUM(T141+1)s1=1eNORG)
CALL PAGE(11)

PRINT 1004+ {(PCTVEH(TI91) sl 195)9AVE
PRINT 1008 (NUMB( J)sJ=1sNDES)

DO 300 1=1,NORG

CALL PAGE(1)

PRINT 10075 I3 (CARTRP(I9J)sJ=1sNDES)
CALL PAGE(6) ’

PRINT 10049 (SUMUJs2s2)9J=1sNDES)
PRINT 10025 (SUM(T41+2)s1=1sNORG)
CALL PAGE(6)

- PRINT 10045 (TOSUM({Js2)sJ=19NDES)

400
1000

PRINT 100855 (TOSUM(1s1)s1= 1’NORG)
CALL PAGE{0Q)

CALL ODADDI( 1)

RETURN

FORMAT( 1Xs#ALL VALUES IN VEMICLES PER HOUR%)

sL1
sL1
sL1
sLY
sL1
SLY
sL1
st1
sL.1
sL1
SLT
sty
sL1
sLT
skt
sLt
SLI
sLY
sLt
5L
st1
sL1
SL1
sLY
sL!
SLI
sL1
SLI
SL1
sL1
sL1?
sL1
stt
sty
sL1
st
SL1
Skt
SL1
sL1
sL1
SL1
SL1
sLt
SLT
sLI
sL1
sL1
sLY
sLY
SLY
SL!
SLT
sL1
sLT
StI

1001 FORMAT(49Xs#BUS DCCUPANCY #Fge1//45Xs*BUS ORIGIN ~ DESTINATION TAB SLI

201

25
24"
27

2R

20
20
Ch |
22
%2
24
g
4
37
38
20
an
51
4
473
44
48
LYY
4"
48
49
]0
51
8o
51
R4
5g
Y
57
sn
50
&N
51
67
&7
64
6%
6HE
av
68
60
<0
71
19
T
T4
75
3
77
78
79
a0
n1



1004 FORMAT (44Xs #NON~BUS OCCUPANCY DISTRIBUTION#//gXs#0CCe ONE = %F4e00»

100 FORMAT(31X»#TOTAL VOLUMES IN VEHICLES*//Xs%COLUMN SUMS(TOTAL OUTPU

1LE®//% ORIGINS*15XsxDESTINATIONS ACRNSS*#/x DOWN%/)
1002 FORMAT X s#ROW SUMS (INPUT VOLUMES)*/gX915(Fg4092X)/Xs10(Fge092X)/)
1003 FORMAT (Xs%#COLUMN SUMS(QUTPUT VOLUMES)*/6X»15(F6,092X)1/Xs10(F6,09

1
1

2
3

1

1

2X17)

# pCT 0CCe TWO = #F4e0x% PCT CCe THREE = %F440% pCT 0CCs FOUR =
#F440% PCT  0CCe FIVE = %F4e0% PCTR/51X%AVE 0CCe = %Fgeos
* PERSONS/VEHICLE®/ /45X s%xNON~-BUS ORIGIN - DESTINATION TABLEx//
4% ORIGINS#15Xs%DESTINATIONS ACROSS %/% DOWN*/)
1005 FORMAT {Xs#ROW SUMS (TOTAL INPUT VOLUMES)*/gXs15(Fg 4032X1/Xs10{Fg0

32X)7/)

T VOLUMES)#/6X915(F6¢092X)/X510(F64092X) /)

1007 FORMAT(X»12sXs20Fg40)
1008 FORMAT(2X+%0%91Xs2016)

2000 FORMAT (%

1

LES PER HOUR%/)

2002 FORMAT(1Hg///)

50

40
30

10

20

1

END ,
SUBROUTINE ODADD(I11) )
COMMON/ INFOR/IFL{5) sNGY sFAC(50) sEBN»EBL

COMMON/MAIN/NORGINDESINOTS»10CS»10P» IPAGE s NSEC + PLC sNGP sGF s NPL
COMMON/0ODS/TRIPS(5052092) s CARTRP(20550) s TRPVEH(20520)s5UM{203252 )

TOSUM{ 2042}

COMMON/SLIC/PCTVEH(555) »BUSOCI5) »AVE » IXXX(595) sREVON(555) 9 1TSLT(8)

EBNF=140

IF(ITT1«NEs0) EBNF=EBN

DO 30 1=1,20

DO 30 J=1s2

DO 40 K=1,2

SUM{TI+JsK) =040

TOSUM(1sJ)=040

AVE=0,0

DO 10 I=15
AVE=FLOAT(1 ) #*PCTVEH (1,1 }+AVE
AVE=AVE/100.0

DO 20 I=14NORG

DO 20 J=14NDES
CARTRP(I,JleFLoAT(IFIX(TRIPS{Istp)/AVE+0.5))
TRPVEH( L+ J)=CARTRP(19sJ)+TRIPS( 1551 ) xEBNF
SUM({T3191)=SUM(Je141)+TRIPS{IsJs1)*EBNF
SUM(I9192)25UM(1s192)+CARTRP(1,44)
SUM(Je231)=22UM{Js 241 )4TRIPS(IsJs1 ) *EBNF
SUM(J9292)=5UM( 92542 )4CARTRP(I,+J)
TOSUM(131)=TOSUM(T4+1)+TRPVEH(14)
TOSUM(J92)=TOSUMI Je2 J+TRPVEH( 14+ .J)
RETURN

END

SUBROUTINE RAMPQ

COMMON/DESIGN/XLENGF (50) sCAPS(50) s CAPFP (50 s XLENGM( 50)

COMMON/ INFOR/IFL{5) 3sNG1sFAC({20)+sEBNYEBL

COMMON/MAIN/NORG*NDESINOTS+10CSs10P » IPAGE s NSECoPLCINGP sGF s NPL
COMMON/ODS/TRIPS(5052092)sCARTRP(20550) o TRPVEH(20520) sSUM(20s292)

TOSUM( 204 2)
COMMON/QUEUES/H(50) »QD (501 sEFF(50) » TBF (50)

202

=

*#/XypA10/24Xs%#N0,s OF PRIORITY LANFS = *Iv,
110X+ %#GROWTH PERIQD #I15910Xs%0CCUPANCY SHIFT®,14q)

2001 FORMAT{(11Xs*REVISED ON RAMP LIMIT - RAMP NO, *Ig* TO #Fgets* VEHIC

Sut
SLT
St
sL1
SL1
st
Si1
St1
Sit
SL1
sty
SL1
SL1
SLY
st1
SL1
SL!I
SL1
SLT
sL1
sLt
ODA

.0DA

ODA
ODA
ODA
Opa

ODA

ODA
oDA
ODA
oDA
ODA
0DPA
ODA
oDA
ODA
ODA
ODA
0DA
ODA
ODA
ODA
ODA
ODA
ODA
ODA
ODA
onA
opA
RAM
RAM
RAM
RAM
RAM
RAM
RAM

no
a2
84
]
’E
a7
aRr
no
90
a1
92
o
94
a5
=13
a4
on
00
100
101
10>

b
DVDARIAP 3D

11
12
11
14
1%
14
17
18
10
20
21
29
22
o4
o8
24
29
2R

B S B RS B



160

135

140

150

130

20

25

40
50

105

110
100

COMMON/RAMP1/RQ (2092 )9RD(20) s XMQ(20) 3 XMD(20) 9. X(10)

COMMON/RAMP2/RLIM(20)9FRL(20)sRDIS(50) sRVOL(50) 5 IXX{g)sVXX(g) sRXX

DO 100 I1=1,NORG

IF(TOSUM(1+1)eEQe0e0) GO TO 100
TA=TOSUM(1,1)-RLIM(I)

P=RLIM(I)/TOSUM(T,41)

IF(TA«GTeOe*) GO TO 20

IF{TAEQ+040) GO TO 100

IFIRQ(I*1)eLEsD40) GO TO 108

IF(IeEQe1eANDe IXLENGM (1)1=H(1)1eLEe040001) GO TO 110
PE=(TOSUM{I=1)+RQ(1+1)%FAC{1))/TOSUM{Is1)
IF(PELGTer) GO TO 130

BUSN=RQ(I,1)%RQ(1,2)
VECH=(RQ{1,1)-BUSNI*FAC{1)

BUSN=BUSN*#FAC(1)
RD(IV)=RD(II+RQ{I,41)/(2.0#FAC(1))

RQ(I+11=0,0

PEV=(SUMI{1s192 ) 4+VECH)/SUM({I+142)
IF(SUM(Is1s1)eNEsO) GO TO 1358

PEB=14.0

GO 10 140

PEB—(SUM(I,1o1l+BUSN}/sumtIo}sl)

DO 150 J=1sNDES
TRIPSI19sJ91)=TRIPS{I+sJs1)#PEB
TRIPS(1sJs2)=TRIPS(IsJs2)%PEYV

GO 10O 100

BUSN==TA®RQ(1+2)

VECH=~T A~BUSN

RQ(I,1)=RQI191)+TA/FAC(1)
RO(IIzRD(TI+(RQ(I41)=TA/(20%FAC(1))}/FAC(])
GO TO 160

BPEN=SUM({1+121)/TOSUM(Ts1)
IF(RQ(I51)4GTe0e0) GO TO 50
RQ(1s1)=TA/FAC(1)

RQ(1s2)=BPEN

RD(IV)=RQ(I+1)/(2.,0%FAC(1})

DO 40 J=1,NDES

DO 40 K=1,42

TRIPS(I:JsK)zTRIPS(IsJoK)*P

GO 7O 100
ROUII={RQ(Is1)+TA/(2.08FAC(1)))/FAC(1)+RD(I)
RQ{Is11=RQ(Is1)+TA/FAC(Y)
RQ{1+2)=(RO(Is2}4+BPEN)/240

GO TO 25

RD{11=0e0

RQ(1s11=040

RQ{I+2)=0,0

60 TO 100

RD(11=RQ(1,1)/FAC{1)1+RD( 1)

CONTINUE

RETURN

END

SUBROUTINE PRILANE
COMMON/DESIGN/ XLENGF (50 ) sCAPS(50)sCAPFP(50) o XLENGM{50)
COMMON/DESIGN2/1Ip(50 ) s LEFT({50) s LANE(5092) sNO(20)sND(20)sPRI(7])
COMMON/ INFOR/ZIFL(5)9NG1sFAC{ 20} +EBNSEBL
COMMON/MAIN/NORGINDESSNOTSsI0OCS+sI0P » IPAGE s NSEC s PLC sNGP +GF s NPL

203

RAM
RAM
RAM
RAM
RAM
RAM

" RAM

RAM
RAM
RAM
RAM
RAM
RAM
RAM
RAM
RAM
RAM
RAM
RAM
RAM
RAM
RAM

RAM
RAM

RAM
RAM
RAM

- RAM

RAM
RAM
RAM
RAM
RAM
RAM
RAM
RAM

- RAM

RAM
RAM
RAM
RAM

RAM

RAM
RAM
RAM

‘RAM

RAM
RAM
RAM
RAM
RAM
RAM
PR1
PRI

PRI

PRI

_PR1

10
1
12
11
14
1%
16
17
18
19
20
21
P2
22
24
2%
rd %
27
2R
29
20
%9
29
31
34
35

37
38
10
40
41
42
43
a4
45

46

47
48
4o
50
51
59
54
S4
5%
56
57
5R

- ]
TN D



COMMON/ODS/TRIPS(90520+2) s CARTRP(20550) s TRPVEH{ 203520} sSUM{ 209252}
1 TOSUM(2042)
COMMON/SLIC/PCTVEH(595) sBUSOC{B) s AVE s IXXX{535) sREVON(5 95} s ITSLT(8)
: COMMON/VOLS/VPR{50) s VNPR (50} s VPRIN(&O) sPOFF(2092) s VAL(50) sBV(50s5)
Comw CALL ODADD To FIGURE THE INPUT.QUTPUT VOLUMES WITH THE REVISED TABL
CALL ODADD( 1)
DSTCN=FAC{18}
EBFAC=EBL /EBN
NPLC=IFIX(PLC)
PRIPEN=0.0
IF{NPLLEQ40) GO TO 12
IF(PLCeEQess0) GO TO 12
Cuwww FIND THE pERCENTAGE OF MON-BUSES ALLOWED IN A PRI {ANE
: DO 10 U=NPLC»S
10 PRIPEN=PRIPEN+PCTVEH{J41)/7100.0
12 PNPEN=1,0~PRIPEN
VP=VNP=VN=0
IF(NPL.EQ.0) GO TO 30
1D=1
C-= FIND THE LAST OFF RAMP OF A PRI LANE SFCTION
DO 13 I=14NSEC
VAL(1)==1,0
IFIND{ID)«FQsl) ID=1D+
IF(IP(1)eEQelHP) yAL({I)=1D~1
13 CONTINUE
VAL (NSEC+11=0.0
L=1
DO 20 I=14NSEC
IFIVAL(I)eEQe~1+0) GO TO 20
POFF(Ls1)=VAL(I)
IF{VAL(I+1)eEQe-1,0) L=z=L+1
20 CONTINUE
30 K=1
ID=10=1
BPNRI=0.0
BPN=0,0
Cewe CALCULATE THE VOLUMES OF A SECTION
DO 105 1=14NSEC
IFINC(IO}«NELI} GO TO 150
BPN=BPN+SUM{104+1,41)
15=10
VN=VN4+SUM{ 101 2 ) %PNPEN
IFINPLWJNELO) GO TO 130
Cme IF NO PRI {ANESs THEN THE BUSES ARE INCLUDED
VN=VN+SUM({ 10191}
10 = 10+1
IF(1+EQel) GO TO 100
GO 10 160
130 IF{IP(I)eEQe1HP) GO TO 110
IF(Ip(I+1)eEQeiHPANDsXLENGF (1) o EeDSTCN) GO To 110
C o o om VOLUMES OF THE PRI VECHILES
VP=VP+SUM(I0s192) ¥PRIPEN+SUM( 10191
BPNRI=BPNRI+SUMI{IOs191)
10=10+1
IF(I«EQsl) GO TO 100
GO TO 160 ; \
Came IN A PRI SITUATIONs NEW PRI VECHILES CANNOT ENTER THE LANE(S) AND M
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(=== BE STORED
110 VNP=VNP+SUM( 109192} %PRIPEN+SUM(10s7191)
10=10+1
GO TO 160
150 IF(ND(ID}ILEQeI-1) GO TO 165
1%5 IF(NPL*EQ.O-ORGIP(I)QNErlH oORoIP(I-})oNE.]HP) GO TO 100
Cwma IF THERE WERE NO rRAMPS BUT A prl | ANE ENDEDs THE STORED VECHILES
C-w~ ARE ADDED TO THE pRrR1 VECHILES FROM THE LANE
VP=VP4+VNP
VNP=0,0
GO 10 100
190 IFINPLEQeOeORsIP(I)eNEeqHPeORe Ip(I-7)enEe1H ) GO To 100
Cawm IF A prl ANE STARTED THEN CHECK FOR VECHILES To BE DEMOTED.
14=1D
GO 10 175
160 IF(ND(ID}eNEelwy) GO TO 155
C--= SAME AS ABOVEs ONLY SUBTRACTING TRAFFIC
165 VN=VN-SUM({IDs2s2) #PNPEN
BPN=BPN=-SUM(IDs2,1)
14=1D
IF(NPL.NELO) GO TO 180
VN=VN=SUM(1Ds2s1)
I1D=1D+1
GO 10 100
180 IF(IP(I}4EQe1lHP) 6O TO 170
VP=VP=SUM{ID292) *PRIPEN-SUM{IDs?s1)
BPNRI=BPNRI-SUM(INs2,1)
ID=1D+1
IF(IP(I-1)«NEe«1HP)Y GOTO 100
C-== A LANE ENDFD LAST SFCTION
VP=yP4+VNP
VNP=000
GO TO 100
Cwmm— CHECK TO SEE IF THIS IS THE FIRST PRI LANE SECTION,
170 IF(IP{1-1)+EQetHP) GO TO 00

Cmem IF Sp sTHEN ALL PRI VECHILES WHICH WANT To EXIT DURING THE SECTION

C===- REDUCED TO NON-PRIORITY STATUS

175 J3=IFIX{POFF(Ke1))
IFINOUIS)eEQel oy e ANDe XL ENGF(1=1) e E«DSTCN) Ig=I5.1
IFI(NO(1I5)4FEQel) 15=215~1
PROFB=0.0
PROF=0,0
IF11446Tey3) GO TO 215
DO 210 J=1,15
DO 210 JJ=14+J3
PROFB=PROFB+TRIPS(JsJJs1 ) *EBN

210 PROFzPROF+CARTRP(J'JJ)*PRIPEN+TRIP5(J9JJ91’*EBN
VP=VP=-PROF
VN=VN+PROF
BPNRI=BPNRI~PROFB

215 K=K+1
12=10
IF(ND{ID)eNEeI=1) GO TO 100

200 VN=VN=SUM(ID»2+2) #PRIPEN=SUM{IDs2s1)

- 1D0=1D+1

100 VPR([})=VP

VNPR{1)=VN
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VPRIN(T)=VNP
LANE(142)=0
IF(IP({1)eEQe1HP) GO TO 115
BV(Is1)<BPN/(VN+VP+VNP) -
BV(I1+2)=040
GO 16 105 :
115 BV{1,1)=(BPN=BPNRTI)/(VN+VNP)
BV(I1+2)=0.0
IF(VP4NEWLO) BV{1,2)=BPNRI/VP
105 CONTINUE
DO 300 I=1,20
POFF(151)=0.0
300 POFF(1+2)=0e0
IF(NPL.EQ,0} RETURN
L==-}
C~=~ FIND ONE VOLe FOR SECTION 1
VNPR(1)=VNPR{1)+VPR(])
VPR(1)=0,0
C=~= DIVIDE THE NUMBER OF LANES INTO PRIORITY AND NON-PRIORTIY AND IN
Cow== NON~PRIORITY SITUATIONS FIND ONE VOLUME.
Cwwn - ALSO FOR THE t TH PRIORITY SITUATIONs SET POFF(Ls1) TO THE
Ce—w- NEGATIVE OF THE VECHILES ENTERING THE PRI LANE AND POFF(Ls2) Tn
Cewe THE SECTION NUMBERe THEN SET POFF(L+1,1) TO THE NUMBER OF VECHILES
Cume ENTERING THE FREEWAY FROM THE SECTION POFF{L+1s2)s WHEN THE PRI
Cwm== LANE ENDED
DO 500 I=24NSEC
IF(IP({I)«EQe1HP) GO TO 510
VNPRI{I)=VNPR(I}4+VPR(I)}+VPRIN(T)
VPR(1)=0.,0
VPRIN(1)=0,0
GO TO 500
510 BUSN=VPR(1)%¥BV(1,2} ,
VPR(I)=VPR{I)-BUSN#{1+0-EBFAC)
BV(1+2)=BUSN*EBFAC/VPR(I)
IF(IP(I~1)sEQe1HP) GO TO 520
C~== A PRI LANE 12 STARTING THIS SECTION
L=l42
POFF (L»1)==VPRI(T)
POFF (L9 2)=FLOAT(1)=140
IF(IP(I+1)eNEe1HP) GO TO 540
530 VNPR(I)=VNPR(I)+VPRINI(I}
LANE(Is2)=NPL
VPRIN(1)=0,0
GO TO 500
820 IF(IP(I+1)4EQe1HP) GO TO 530
Cuw== A PRI LANE IS ENDING NEXT SECTION
540 POFF(L+1s1)=VPR(]})
POFF{L+1+2)=FLOAT({I)+1.0
GO TO 530
500 CONTINUE
Ce=e IN THIS SECTION CHECK FOR EXCESS DEMAND FOR PRIORITY LANESs AND
Cewe DEMOTE THE EXCESS VECHILES TO NON-PRIORITY FOR THIS SITUATION
DO 600 L=1,2092
IF(POFF(Ls2)+EQe0) RETURN
ISsIFIX(POFF(Ls2))+1
CAP=NPL*CAPFP(1S)
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IF NO EXCESS 9 NOTHING TO DO
IF(~POFF(LLs1)eLE«CAP) GO TO g00
IT=IFIX(POFF(L+1s2)3~1
POFF(Ls1)=~CAP

POFF(L+1s1) = CAP

J=L /7241

CALL PAGE(2)

DO 620 K=1SeI1T

OVER=VPR (K} —CAP
BOVER=OVER*BV(K+2)
OVER=0VER-ROVER
VPR(K)}=VPR(K)~OVER=BOVER
BOVER=BOVER/EBFAC '
VNPR(K)=zVNPR(K)}+OVER+BOVER
PRINT 1000sJs1SsCAPOVERSBOVER

600 CONTINUE
C-=-= ALL DONE HERE

1000 FORMAT(10H %##%xxx

# BY %+F740s% CARS AND *»F7.0s% EQUIVALENT VEHICLE BUSES (EBN)e TH
EY HAVE BEEN DEMOTED TO NON-PRIORITY STATUS.*)
RETURN

- END

-

-

-

2
3

1

SUBROUT INE RMSUM ()
COMMON/DESIGN/XLENGF (50) sCAPS(50) s CAPFP(50) s XLENGM(50)
COMMON/DESIGN2/1P (50 ) s L EFT(50) s LANE(5092) sNO(20) sND(20)sPRI(7)
COMMON/ INTEG/ ISECsI0s IDsNRAMPS s ITYP s IRAMPoNNN( 4}
COMMON/MAIN/NORG*NDESINOTSs10OCSsIOP s IPAGE s NSECsPLC sNGP sGF s NPL

COMMON/0ODS/TRIPS{ 2092042 )sCARTRP(205290) 9 TRPVEH{20530)+sS5UM( 2052352}

TOSUM( 20, 2)
COMMON/RAMP1/RQ(2092)3RD(50) s XMQ{20) s XMD (50191 X{10)

COMMON/RAMP2/RLIM( 201} s FRL{20)+sRDIS(50) sRVOL(50) s IXX(9)sVXX (o) sRXX

COMMON/REALS/VOL1 4 VOLSUMsTSsSSeRRR ()
RDIS IS AN ARRAY OF DISTANCES OF RAMP NOSES FROM THE
BEGINNING OF THE STUDY SECTION IN FEETe LEFT HAND RAMPS
HAVE NEGATIVE VALUES OF RDIS.
RVOL IS AN ARRAY OF RAMP VOLUMES, OFF-RAMPS HAVE NEGATIVE

VALUES

10 AND ID ARE ORIGIN AND DESTINATION COUNTERS

10=1

1D=1

J IS THE RAMP NUMBER COUNTING ON-RAMPS AND OFF-RAMPS

J=]1

SL IS THE CUMULATIVE DISTANCE FROM THE BEGINNING

SL=0.

DO 25 I=14N2EC

IF THERE IS AN ORIGIN IN SECTION Is SToRE THE DISTANCE From
BEGINNING OF THE STUDY SECTION IN RDIS

IFINO(IO)NEsI) GO TO 15

RpistJy=sL

IF IT IS A LEFT HAND RAMPs MAKE RDIS NEGATIVEsoR IF A TWD LANE

ONRAMP ALSO NEEDS NO ANALYSIS

IF(LEFT(1)eGEe1) RDIS{JI==RDIS(J)

STORE THE RAMP VOLUME AND INCREMENT THE ORIGIN COUNTER AND THE
RAMP CcOUNTER

RVOL (J)=TOSUM{I0, 1)

10=10+1

207

»#WARNINGs FOR PRIORITY SECTION%sIas% STARTIN
16 IN SECTION#2I3s% THE CAPACITY OF %FgeOs% VEHICLES WAS EXCEEDED%/
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J=Jsl
~== INCREMENT SL
15 SL=SL+XLENGF(I)
—=- IF THERE IS A DESTINATION IN SECTION Is STORE THE DISTANCE 1IN
- RDIS
IF(ND(ID)«NEWI) GO TO 25
RDIStJ)I=SL
w== IF IT IS A LEFT HAND RAMPs MAKE RDIS NEGATIVE
IF(LEFT(I)eEQe1) RDIS(J)==RDIS(J)
—== STORE THE RAMP VOLUME AS NEGATIVE AND INCREMENT THE
- DESTINATION COUNTER AND THE RAMP COUNTER
RVOL(J)=~TO2UM(1ID,2)
IF(RVOL(J)EQsD) RVOL(J)z=140
-~e IF RVOL = 0 IT IS ASSUMED TO BE ON-RAMP,
ID=1D+1
J=J+l
25 CONTINUE
-=— VOLSUM =RVOL{1) WIipL INITIALZE DEMAND FOR RAMP ANLYSIS
VOLSUM=RVOL{1)
J=Jg=2 WItL LIMIT DO LOOP IN FOLLOWING PROGRAM S0 THAT THE AST
RAMP WILL NOT BE CoNSIDEREDs SINCE THE | AST pAMp 1S AN OFF<pAMPe.
JzJ=2
NRAMPS=J
RETURN
END
SUBROUTINE UDRAMP (LsI1TX)
COMMON/DESIGN2/IP (50} s LEFT(50) s LANE(50s2)sNO(20)sND(20)sPRI(7)
COMMON/ INTEG/ISEC,10s IDsNRAMPS,, ITYPs IRAMPSNNN {4 )
COMMON/RAMP1/7RQ {2052} sRD(50) s XMQ(20) s XMD(20) s X(10)

COMMON/RAMP 2/RLIM( 20} sFRL(20) sRDIS(50) sRVOL (50} s IXX(9) sVXX(0) sRXX

COMMON/REALS/VOL1,vOLSUMsTSsSSsRRR(6)

ITYP=1

TS=vOLSUM
~VOLSUM IS THE SUM OfF ON-RAMPS MINUS THF SUM OF OFF~RAMPS Up TO
—— RAMP U

VOL SUM=VOL SUM+RVOL (L)

IF{RVOL{(L)¢GT«0) 60 TO 10

15 ITX=2
RETURN
~=~IF RDIS(L) IS NEGATIVEs ON-RAMP 1S SPECIAL AND DOES NOT
—~—— NEED RAMP ANALYSISe ITXzp CAUSES IT TO BE SKIPPED IN THE

- MAIN CALLING ROUTINE
10 IF(RDIS(L)(LT«0) 60 TO 15

STATEMENTS Up To 20 WILL FIND THE ORIGIN NUMBER 10 CORRESPONDING TO

ON RAMP RvOL (L)
10=1
=1
20 I=l+1
IF(RVOL(1),LT«0} 0 TO 20
10=10+1
IF(1.LTeL) GO TO 20
-== SET ITX = 19 MEANING OTHER RAMPS AFFECT RAMP L AND BEGIN

e LOOKING FOR THE OTHER RAMPS
ITX=1

-=— INITIALIZE Is THE NUMBER OF RAMPS WHICH INFLUENCE RAMP L
I=1

wme= K = § = 1s BEGIN {OOKING UPSTREAM
208
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K=L—1 -
——— WHEN K = FIRST ON-RAMP, BFEGIN LOOKING DOWNSTREAM
30 IF(K4EQel) GO TO 50
—~we IF RAMP K IS5 NOT AN ON-=RAMP, SKIP IT
IFIRVOL(K}LE«Q) 60O TO 25
w== I1F RAMP K 12 LEFT HAND, SKIP 1T
IFIRDIS(K}4LE#D) GO TO 25
ww [F RAMP K IS NOT WITHIN 4000 FTes SKIP IT AND BEGIN LOOKING
——— UPSTREAM
IF(RDIS(L)}~RDIS{K)eGTe40000) GO TO 80
~me IF ALL TEST)> ARE SATISFIEDs STORE RAMP NUMBER Kk IN THE ARRAY
—— LX AND INCREMENT I RY ONF
LXt1}=K
I=14+1
25 K=K-1
GO 10 30
—w= K = L 4+ 19 BEGIN LOOKING UPSTRFAM FOR OFF-RAMPS
50 K=L41
- [F RAMP K IS5 THE ¢ AST OFF~RAMPs SKIP IT AND TERMINATE
45 IF{K4GT«NRAMPS) GO TO 100
- IF RAMP K 1S AN ON-RAMP, SKIP 1T
IF(RVOL(K)4GE«0Q) 6O TO 55
== IF RAMP K 1S LEFT HAND, SKIP IT
IF(RDIS(KI.LE«O) GO TO 55
~== IF RAMP K IS NOT WITHIN 4000 FTes SKIP IT AND TERMINATE
IF(RDIS(KI-RDIS(L)«GTe400040) GO TO 100
LXt1)=K
e STATEMENTS 70 THRAUGH g5 CHECk For AN INCREASE InN THE NUMBER
e OF LANES UP TO NEXT OFF-RAMPs FOLLOWED BY A DECRFASE IN
—— THE NUMBER OF {ANES
IF({KeNEeL4+1) GO TO 60
ISEC=NO(IO)
IF{(LANE{ISECs 1)~ ANE(ISEC~1,1))+LEeQ) GO TO &0
D=1
70 ID=1D+1
85 IF({ISEC=ND{ID)) 80s+75s70
80 IF{(LANE(ISEC1 ) ANEUISEC+1+1))eNEWsO) GO TO &0
ISEC=ISEC+1
GO 70 85
75 ISS=ND(1ID)
IFCCLANE(ISS»1)-LANE(ISS+1511)aNEel) GO TO 40
I1SEC=L+1
—ww [TYP=2 MEAN2 AUX. LANE CONDITION
1TYP=2
-=~RVOL{K) MUST BE REMOVED FROM THROUGH TRAFFIC AT THIS TIME
e BECAUSE IT IS NOT ENTERED INTO THE ARRAY LX
TS=TS4+RVOL (K}
GO TO 55
60 I=l+1
55 K=K+1
GO TO 45
w== REDUCE I BY ONE TO OBTAIN PROPFR LENGTH OF LX
100 IRAMP=I-1
TS IS TEMPORARY SUM OF RAMP VOLUMESe THIS VARIABLE REPRESENTS THE
THROUGH TRAFFIC,
- TS=vOLSUM~-RVOL (L)
- INITIALIZE SS FOR FOLLOWING SUBPROGRAM
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5S5=0.

IF T = Os NO RAMPS INFLUENCE RAMP L.

IF({IRAMP 4GT«0) RETURN
ITX=3

RETURN

END

SUBROUTINE PvL (L)

COMMON/INTEG/ISEC’109ID¢NRAMPS;ITYP;IRAMP:NNN(a’
ConmoanAmp}/RQ(;pri9RD(pU),XMQ(9O),XMD(70)sLX(1O)
COMMON/RAMP2/RLIM{ 20} sFRL{20)sRDIS{60)sRVOLIB0) s IXX(9)sVXX(9)sRXX
COMMON/REALS/VOL1sVOLSUMsTSsSSsRRR g )

DO FOR THE NUMBER OF RAMPS INFLUENCING RAMP ¢

DO 100 I=1sIRAMP
K=LX(1)

‘TS Is THE THROUGH TRAFFIC.

201
202
203
206
207
208
209

204
205

-t -

50

101
102
103
106
107
108

109

FIND THE DISTANCE BETWEEN RAMP NOSES

DISTANCE MUST BE POSITIVE
DIS=ABS{RDIS(L)-RDIS(K]})
IF(RVOL{K) GT«0) 50 TO 50
DIS = DIS - 500.

IF(DIS—58641 20452065201

IFtDIS~1280e) 20842079202
IF(DIS=3140e) 207,208+2013
IF(DIS=4000e) 2084208209
PV2=(~e25316E-6*#DIS+e22078E~2)%#DIS+e020 28
GO TO 205
PV2=1.297-3.36E~4*DIS
GO TO 205
PV2=(e13178E~6%#D15-141082E~31%DIS+2e4249
GO TO 205 .
pV2=.01
GO TO 205
Py2=1,
CONTINUE
SS 1S5 INCREMENTED BY PERCENT OF RAMP TRAFFIC
S$S=55-~PV2#RVOL(K)
TS 1S REDUCED BY ADDING NEGATIVE RAMP VOLUME
TS=TS+RVOL (K)
GO TO 100
CONTINUE

DIS = DIS + 500,

IF(DIS~500.) 10441063101
IF(DIS=710s) 10651075102

IF(DIS~1170¢) 107410851013
IFIDIS=4000e) 10851085109

ITX

PV1z(~2e063E~g*#DIS+1+971E~3)#DIS+e5302

GO 710 105

PV1=1¢57-9e58E~42DIS

GO TO 105
PVi=es145%DIS/(DIS~g00,8)=s390¢
GO TO 105

Pvi=,01

210

3

$S IS THE TOTAL RAMP TRAFFIC WITHIN 4000 FEET IN LANE ONE.

STATEMENTS 201-205 FIND THE PERCENT OF TRAFFIC IN LANE ONE AT A
DISTANCE (DIS) FROM AN OFF-RAMP,

STATEMENTS 201~905 FIND THE pERCENT OF TRAFFIC IN LAnE ONE AT A
DISTANCE (DIS) FROM AN ON=-RaMP,
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104
105

100

10

20

30

39

- —

GO TO 105
Pvi=1,
CONTINUE
55=854+PVI#RVOL(K)
TS=TS~RVOL (K)
CONT INUE
RETURN .
END ;
SUBROUTINE IVP8 (L,ITX)
COMMON/DESIGN2/IP(g0) o LEFT(50) s LANE(5092)sNO(20)sND120) sPRI(7)
COMMON/ INTEG/ISECs IO IDyNRAMPSs ITYP s IRAMPsNNN (4 )
COMMON/RAMP2/RLIM{ 20} s FRL{20}SRDISIS0)sRVOL(50) 2 IXX19)sVXX(9) sRXX
COMMON/REALS/VOL1,VOLSUMsTSsSS+RRR(6)
COMMON/VOLS/VPRtso)'VNPRiso"VPRIN(qO)sPOFF(yoog)’VAL(aol,BV(IOO)
1TX=2
STATEMENTS 57 THROUGH 39 FIND THE pERCENT OF THROUGH TRAFFIC
IN LANE ONE ACCORDING TO THE METHOD OF FIGURE 8s3 OF THE
HIGHWAg CAPACITY MANUAL

“K=NO(10)

TAKING AWAY ASSIGNED PRI LANES AND THEIR VOLUMES
N=LANE(Ks1)=LANE(K,2)
VTHRU=TS~VPR (K)

"IF(ITYPeEQe2) NzN=1

IF(NeGTe4) N=4
GO TO (10+10+20+30),N
9880 ol
IF{VTHRULE+3500) P830005+1005-4§VTHRU
IF{VTHRUSLE+1500) PS:O.?
GO 10 39
830.18 )
IFIVITHRU«LE «5000) PR2Re OE=S#VTHRU=0492
IF{ VTHRUQLEQ3590) P8=0.0¢
GO TO 39
P8=0,1
IF{VTHRULE «+6500) P8=0,035+1+.0E=5%YTHRU

IF(VTHRUSLE«4500) P8=0,08

VOL1=P8*VTHRU+SS+RVYOL (L)
RETURN
END *

‘SUBROUTINE P823 (L)

COMMON/INTEG/ISECsIOsIDsNRAMPSs ITYP» IRAMPSNNN(4)
COMMON/RAnpzlnnln(20).FRL(20),R915(501,RvoLtsoz,lxqu),vxx(q).Rxx
COMMON/REAL S/VOL1 ,VOLSUMsTS»SSsRRR ()

ITYp=y» MEANS EXECUTE RAMP ANALYSIS FoR AUXILLARY LANE CASE,
IF(ITYPeNE.2) RETURN

L IS RAMP COUNTER FOR ON-RAMPS ONLY

«-=ISEC = OFF=RAMP COUNTER

-

———

YL IS DISTANCE BETWEEN RAMP L AND ISEC
YL=RDIS(ISEC)=~RDIS(L)
Ps. GIVES THE PERCENT OF ON-~RAMP TRAFFIC IN LANE ONE s00 FEET
DOWNSTREAM OF ON=RAMP NOSE(FROM FIGe 8e¢25 OF HCM)

Ap5=008

IF{YL.LE«100040) GO TO &0

'P5=0,8-0.0003%(YL~1000,0)

IF(YLeLE«20%2040) GO TO 40
P52045-0400025%#(Y1L~2000,0)
IF{YLJLE«3000.0) 650 TO 60
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PvL
PvL
PvL
PyL

PvL

PvL
PvL
PvL
1vP
Ivp
ive
IVP
1vP
Ivp
1vP
Ivp
ive
Ive
1vP
Ivp
1vP
1vP
1vP
1vP
1vP

1vP

Iyp
1vyp
tvP
tvp
1vp
1vp
1vP
1vP
1vP
1vpP
TvP
1vP
1vP
P82
Pao
Pro
Pa2
Par
Pa2

P82 -

P82
Pa?
Pa>
Pa2
pa
P82
Ps?
Pg2
Pas
PR
Pa?



60
10
30
40

c - o -

C mmm

C —m-

11

13

16
19

21

P5=0e25-0,0001%(YL=3000,0)

VOL1=VOL1=(1,0=P5)%RVOL(L)

IF(YL~1000,) 1510410

IF(YL=1500s) 11920420

IF(YL=2000e) 21530430

IF(YL=2500e) 31340440

IF(YL~30004) 41950450 \

STATEMENTS 1 THROUGH 50 FIND p3 s THE PERCENT OF OFF-RAMP
TRAFFIC STILL IN LANFE ONE 500 FEFT DOWNSTRFAM FROM ON~-RAMP
NOSE

AYL:(YL‘50001*1000.fYL

IF(AYL~=500e) 333,54

P3 =,00048%AYL

GO TO lo00

P3 =,00142%AYL~.47

GO TO 100

AYL=(YL~5004)%1000,/YL

P1=,00142%AYL=¢47

BYL=(YL-500e)%1500,/YL

IF(BYL-1000e) 13513116

P2=,00048%B8L~416

GO TO 19

P2=,00135%BYL~,97

P13 :Pl*(lo”(YL‘IOOOQ)/500.)+p?*(YL-1000.’/QOO'

GO TO 100

AYL=(YL~5004)%15004/YL

P1=,00135%AYL~,97

- BYL=(YL~5004)%2000,/YL

23

26
29

31

33

36
39

4]

43

46
49

50

C wme—
C -
100

IF{BYL-1500e¢) 23,233,726
P2=40004%BYlL=~e21
GO 10 29
P2=400048%BYL~e33
P3  =P1%¥(1e=(YL~1500+1/500e)+Po%(YL~15004)/500,
GO TO 100 k
AYL=(YL~500¢)%20004/YL
p1=.00048*AYL“033
BYL={YL-500.1%2500,/YL
IF(BYL=20004133933,36
P2=,00014%pYL~,02
GO TO 39 .
P2=,00036#R8L~,46
P3 =P1%(14={(YL~2000e)/500e)+Po%({YL=~5000,)/800.
GO TO 100
AYL={YL=~500.1%2500,/YL
Pl=,00036%AYL-,46
BYL=(YL-500.)%3000,/YL
IF(BYL=2500143943446
P2=,22
GO TO 49
P2=,25
P23 =p1*(1.‘(Yh“2Q000)/500.)+P?*(YL‘7500.)/QOOQ
GO TO 100
P320,23
SOMETHING IS NEEDED To CORRECT VoL BECAUSE OF AUXe LANE
RVOL IS5 A NEGATIVE NUMBER
VOL1=VOL1~{P3*¥RVOL(ISEC))
RETURN
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Pa>
Pas>
Pr2
Pa>
Pr>
Pa2?
Pr2
Pr?
Pa2

2 P

Pa>
Pr»
PB2
P82
Pg2
Pa2>
Pa»r
P82
Pr2
Pa>
P82
Pa2
P82
Pro
Pa2
Pr2
pg2
Pa2

PR2

PRrR?
pa2
P82
P>
P82
pa>
PR2
pR2
Pa2
P82
P82
P2
Pas
Pa2
Pg2
pa2
pa2
Pa»
Py
Pg2>
P82
Pa>
PR2
P82z
Pa2
Pg2
P82
P82

10
20
21
22
22
24
%
2k
27
28
20
an
37
32
33
24
e
36
37
29
39
4n
41
4
41
44
45
46
47
4R
49
50
1
52
52
54
55
56
57
58
59
£0

61

6?
63
64

L)

66
67
6R
AQ
m
71

1

72
74
75
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END

SUBROUTINF MERGQ (1TX)
COMMON/DESIGN?’ID(QO’9LEFT(%O)QLANE(QO’?’;NO(?O)!ND(?O’OPRI‘?)
COMMON/ INFOR/IFL(5) sNG1sFAC(20) »EBNLEBL

COMMON/ INTEG/ISECs IO IDNRAMPS JTYP s IRAMPINNN(4)
COMMON/RAMPl/RQ!gO;z{’RD(QO)aXMQ(gO}oXMD(;O).LX(IO)
COMMON/REALS/VOL1sVOLSUMsTSsSSeRRR(4)

~==VOL1IS VOLUME IN LANE ONE AT FIRSTs BUT IS REDUCED BY 2000, THE

THE MERGE POINT CAPACITY
VOL1=vOL1~2000

-«IF VoLt IS pLUSs MERGE QUEUE Xmol10) MUST INCREASE ACCORDING ToO

QUEUE THEORY
IF{VOL1+EQe.0) RETURN
IF(VOL1+GTe*) GO TO 20

C «=IF VoL IS5 MINUSs AND IF A QUEUE EXISTS AT 10s QUEUE Wiyt BE

C

C
C

C

N o

[alaNa¥a!

-

10
15

25

- —
- -

DISCHARGED

IFIXMQIIO)eGTe04,0) GO TO 10

XMQ(10)=0,0

XMD(10)=0,0

RETURN :

IF{XMQ(IO)+VOL1/FAC(1)) 15920s20

VOL1=~XMQ(TO)*FAC(1)

XMD(IO)=(XMQ(IQ)+VoL1/(2%FAC(1)))/FAC()

XMQUI0)=XMQ{IO)+VOL1/FAC(1)

I1D=1

I1SEC=NO(10)

ID=1D+1

IF QUEUE WAS PRESENT» STATEMENTS 25 THROUGH 28 HILL FIND 10
AND ID VALUES To BE USED BY DISqQ To DISTRIBUTE QUEUE
ACCORDING TO ITS DESTINATION PATTERN

IF(ND(ID)eLTISEC) GO TO 25

[0=10~1

ITX=1

RETURN

END

‘SUBROUTINE DISQ

COMMON/DESIGN2/1p(50) s LEFT(50) s LANE(5092)sNO(20)sND(20)sPRI(7),
COMMON/ INTEG/ISEC, IO+ IDsNNN(T)
COMMON/MAIN/NORGsNDESsNOTSsTOCSs IOP s IPAGE s NSECsPLCyNGP sGF s NPL,

COMMON/ODS/TRIPS(QOsZOvZ)QCARTRP(ZOyQO)’TRPVEH(ZOsZO)QSUM(2092;2)9

TOSUM{ 20,2}
COMMON/QUEUES/HI(80) ,QD(50) sEFF(50) s TBF (50}
COMMON/REAL2/VOL14RRR{9)

COMMON/VOLS/VPR(50) s VNPR(50) s VPRIN(50) sPOFF (20521 sVAL(50) +BV(50s5)

VALUES OF 10 AND ID ARE FOUND IN QUEUP OR MERGQ

DO LOOP 35 INITIALIZES ARRAY QD TO ZERO

DO 35 MM=IDJ.NDES

QAD(MM)I =040

DO LOOP 50 WILL SUM OVER ROWS OF OD TABLE TO FIND FOR EACH
DESTINATION ID HoWw MANY VEHICLES qD(ID) WItpL HAVE To Go
THROUGH THE qUEUE. THIS ESTABLISHES THE DESTINATION
PATTERN OF THE QUEUE.

DO 50 NN=1,1I0

DO 50 MM=IDJNDES

QD{MM) =QD{MM)+TRPVEH NN s MM}

BS-’*G.O ’

SUM QD SO PERCENTAGES MAY BE COMPUTED
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P82
MFR
MER
MER
MER
MER
MER
MER
MER
MFR
MER
MER
MER
MER
MER
MER
MER
MFR
MFR
MER
MER
MER
MER
MER
MFR
MER
MFR
MER
MER
MER
MER
MER
MER
MFR
MER
DIS
DIS

b1s

DIS
D1s

DIS

DIs
D1s
p1s
DIs

- DIS

DIs
DIs
DIS
D1s
DIs
DIs
D1s
DIs
DIs
DIS
DIS

DN DI,

ok e ot bk b ok
PR SN I AN ]

VNN NN AN NN N e e
BB ACAPAIUDDOOD
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e



DO 60 MM=ID.NDES

60 BS=BS+QD(MM) ,
C mmmm VOL1 REPRESENTED BY THE PERCENTAGE BN»s THE TOTAL OVER @D
BN=vVOL1/BS
C m== DO LOOP 55 CHANGES @D SO0 THAT IT WILL NOW TOTAL Yo BN BUT Sp
C mme— THAT THE RELATIVE DISTRIBUTION REMAINS THE SAME
DO 65 MM=IDJNDES
65 QDIMM)=Qp (MM) *gN
BS=040
IDK=1D
C =~ DO LOOP 75 DISTRIBUTES THE (+0R-) VOL] VEHICLES FROM THE QUEUE
C memm DOWNSTREAM ACCORDING To THE DESTINATION PATTERN qb
DO 75 JUT=I1SECsNSEC
C w== THE FIRST TIME THROUGH THE LOOPs BS=0e0 s SO VNPR IS
C ~=- CHANGFED BY THE FULL AMOUNT VOL1.
VNPRIJT)I=VNPRI{JT) +R85-VOL
C -=- IS THERE A DESTINATION IN SECTION JUT
C ———— NO.QC GO T0 75
IF(ND(IDK)«NE=JT) GO TO 785 :
C wm— YESeee CHANGE B8S ACCORDING To RELATIVE VOLUME FOR OFF-RAMP
C —am 1DK
BsS=RS+QD(IDK)
TOSUM(IDKs2) =TOSUM{ IDK,21-QD({ IDK}
IDK=1DK+1
75 CONTINUE
RETURN
END
SUBROUT INE WEAVCON
COMMON/DESIGN/XLENGF {50) sCAPS(50) s CAPFP {50 ) s XLENGMI(50)
COMMON/DESION2/IP(50) s LEFT(50) s LANE(50+2) sNO( 20) sND(20) sPRI(7)
COMMON/INTEG/ T oJsIL s ITXsITYsISsISTsISSINNN(2)
COMMON/MAIN/NORG’NDES’NOTS’IOCSoIOP’IPAGE:NSEC&PLCoNGP’GFDNPL
COMMON/QUEUES/H(50) +QD(50) sEFF(80) s TBF (50)
COMMON/REALS/FL19sFL29VX19VXDs VW1 VW2 HRRR (4!
CommoN/VOLS/VPR(5O);VNPR(sU)’VPRIN(gol9P0FF‘2092)9VAL(50)9BV(50,7)
C~w= CLEARING EFF
DO 10 I=1450
10 EFF{1})=0.0
I=2
J=Il=1
5 CALL TYPEwWV
IF{ITXeNEs1) RETURN
GO TO (30+30+40)51ITY
30 CALL wvOL
GO TO 50
40 CALL wvL3
50 CALL WVEFF
GO .TO 8
END
SUBROUTINE TYPEWV
COMMON/DESIGN/ XLLENGF (50) s CAPS(50) s CAPFP (50 ) s XLENGM{s50)
COMMON/DESIGN2/IP(g0) s LEFT(50) s LANE( 50 92) osNO( 20} 4sND(20) sPRI (7
COMMON/INTEG/E s Js I s ITXsITY»IS»ISToISSsNANN(D)
COMMON/MAIN/NORGINDESsNOTS»10CS»IOP s IPAGEsNSECsPLC sNGP s GF o NPL
COMMON/QUEUES/H(50) +QD(s50) sEFF (501 s TBF(50)
COMMON/REALS/FLY1sFL29VX13VX23sVW]19VW2RRR(4)
C ~== INITIALIZE
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DIsS
DIs
DIs
D1S
DIS
DIs
DIs
DS
DIs
DIS
DIS
DIs
DIs
DIs
DIs

DIS

DIs
DIS
DIS
D1s
DIS
DIs
DISs
DIS
DISs
DIS
DIs
WEA
WEA
WEA
WEA
WEA
WEA
WEA
WEA
WEA
WEA
WEA
WFA
WFA
WFA
WEA
WFA
WFA
WFA
WFA
WEA
WFA
WFA
TyP
TYe
TYP
Typ
Tyep
Typ
TYp
Typ



C--
Cam
2
C -
C — — —
3
C -
C -
C ———
12
C wem—
201
Conem
C w——
4
s
C e
C
402
Comm
C -
401
C
C v
5
C mw—
501
C -
C mm—
8
Com
15
C
c -
20
C e
C —————
22
25
C wmw
28

1TX=1
IEND=1

IEND=1 MEANS THAT ON~RAMP I+1 1S NOT THE LAST ON-RAMP .
JEND=1

JEND=1 MEANS THAT OFF~RAMP J+1 1S NOT THE LAST OFF-RAMP
FL1=0,

FL?..:O.

IS THE ON-RAMP I UPSTREAM OF OFF-RAMP J
IFINO(I)eLESND(J}) GO TO 4

NOeee J = J + 1

J=Jdsl

HOW MANY MORE OFF~RAMPS ARE THERE

IF(J+1-NDES) 29201412

TWO OR MOREeee TRANSFER TO 2

NONEees ITX = 2 END OF WEAVING ANALYSIS

1TX=2

RETURN
ONEsee JEND = 2 EXACTLY ONE MORE OFF-RAMP
JEND=2

JEND=2 MEANS THAT oFF-RAMP J+1 IS MAINLINE END OF STUDY SECTION

GO TO 2

HOW MANY MORE ON-RAMPS ARE THERF

IFUI+1+GT4NORG) GO TO 42

TWO OR MORFeee TRANSFER TO 401

NONEees SIMPLE WEAVING POSSIBLE, TRANSFER TO 42

ONEees IEND = 2

IEND=2

IEND=2 MEANS THAT aN-—-RAMP I+1 IS THE LAST ON-RAMP

1S NEXT ON~RAMP UPSTREAM OF OFfF-RAMP

IFINO(I®1}=ND(JU)) 815442

NOeoeo SIMPLE WEAVING POSSIBLEs TRANSFER T0O 42

YESeee ITYp = 3 IF THERE IS NOT A THIRD ON~RAMP

GO TO {501+15)sI1END

IS THIRD ON-RAMP UPSTREAM OF OFF-~RAMP

IFINO(I+2)GTeND( J)) GO TO 15

NOQ.Q ITyp = 3

YESsee TRANSFER TO gs LOOK FOR NEW WEAVING SECTION

I=I+1

1L=1

GO TO 2

158 THRU 33 HANDLES ONeeeONeeoOFF I1TYP=1

I5=NO( 1)

18S=NO{1+1)

IST=ND(J)

FIND FL1s LENGTH OF THE SIMPLE PART OF MULTIPLE WFAVING
SECTION

DO 20 K=155+1ST

FL1=FL1+XLENGF(K)

IF FLy IS GREATER THAN 8000 FTes GO TO NEXT POSSIBLE WEAVING
SECTION . '

IF(FL1sLE+8000+40) GO TO 25

I=1+42

GO 10 2

IT=158~1

FIND FL2s SECOND PART oF MUETIpLE WEAVING SECTION

DO 28 K=1I8,IT

FL2=FL2+XLENGF (K}
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TYP
TYP
TYP
TYP
TYp
TYP
TYP
TYP
TYP
TYP
TYP
TYP
TYP
TYP
TYP
TYP
Typ
TYP
TYP
TYp
Typ
TYP
TYP
TYP
TYP
TYP
TYP
TYp
TYP
TYP
TYP
TYp
TYP
TYp
TYP
TYP
TYP
TYp
TYP
TYP
Typ
TYP

TYP.

Tvye
TYP
TYP
TYP
TYP
TYP
TYP
TYP
TYP
¥ypP
TYP

TYp

TYP
TYP

10
11
12
12
14
18
16
17
18
19
20
21
2?2
A
24
25
26
27
a0
29
20
21
32
X
14
1%
86
37
an
20
&0
41
4?
472
&4
FA
hé&
47
4R
49
50
5%
52
51
54
55
56
57
LY.
59
&0
61
62
A2
&4
1)



C ===
33
C-‘

C o
42

C -

C e

MAKE SURE TOTAL LENGTH IS LESS THAN /000 FT.
IF(FL1+FL2.GT+8000.0) GO TO 8
ITY=3
RETURN .
42 THRU 485 HANDLES ONeeeOFF 1T¥P=1 AND THE FIRST PART oF
ONos e o OF F oo  OFF  ITYP=2
15=NO( 1)
155=ND(J)
FIND FL1s LENGTH oF SIMPLE PART OF EITHER SIMPLE WEAVING
SECTION OR OF MULTIPLE WEAVING SECTION
DO 45 K=15,15S
FLI=FL1+XLENGF(K)
IF(FL1+GT.8%00.0) GO TO 8
IF JEND = 2y SIMPLE WEAVING ONLY IS POSSIBLE
GO TO (554+50)sJEND
ITY=1
GO TO (654+8)s1IL ‘
IL IS A LOGIC CONTROL TO PREVENT WEAVING ANALYSIS OF eeeONeseOFF
IF IT IS PART OF MULTIPLE WEAVING SECTION ONes«ONessOFF
IF ON~RAMP I IS THE LAST ONEs THEN ITYP = 2
GO TO (502+57)sIEND
IF THERE 1S ANOTHER ON=RAMP» IT IS UpSTREAM OF THE SECOND
OFF-RAMP
IF(NO(I+1)eLEeND{ J+1)) GO TO 50
YESess SIMPLE WEAVINGs TRANSFER TO 50
NOese ITYP = 2  MULTIPLE WEAVING POSSIBLE

" 857 THRU 63 HANDLES SECOND PART OF ONeoseOFFeesOFF 1ITYP=2

IST=ND(J+1)

IT=155+1

FIND FL2 AND CHECk THAT ToTAL [ ENGTH oF WEAVING SECTIgN IS
LESS THAN 8000 FT.

DO 60 K=ITsIST

FL2=FL2+XLENGF (K)

IF(FL1+FL2-8000e) 6356350

1TY=2

RETURN

_END

1

C wam

C —m-

C - ——

C wam

c ——

SUBROUT INg wvOL
COMMON/DESIGN2/1P(80) s LEFT(50)sLANE(5052) sNO(20) sND(20) sPRI(7)
COMMON/ENTEG/ Lo s Iy ITXsITY» 1S, IST» ISSsNNN(5)

COMMON/0DS/TRIPS( 20320527 s CARTRP(203550) s TRPVEH(20520)sSUM(20s292 )

TOSUM(20+2) :
COMMON/REALS/FLIsFL29sVX19VX25VW]sVWO3RRR( 4!

COMMON/VOLS/VPR(So)QVNPR(Sal9VPRIN(501’POFF(?Ooz)vVAL(RO);BV(%O;;)

IS 1S FIRST SECTION NUMBER OF WEAVING SECTION

15=NO(1)

IF MA IS +1s THEN ON~RAMP AND FIRST OFF-RAMP ARE BOTH RIGHT
HAND RAMPS OR BOTH LEFT HAND RAMPS

MA=] .

IF MB IS +1s THEN ON~-RAMP AND SECOND OFF-RAMP ARE ON THE SAME
SIDE OF THE FREEWAY

MB=1 )

IST=ND(J+1)

- 188=ND{( J)

IF(LEFT(IS) eNEe1) GO TO 15
Ma==MA
MB==MB
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TYP
TyP
TYP
TYP
TYP

TYP |

TYP
TYP
Typ
TYp
TYP
TYP
TYP
TYP
TYP
TYP
Typ
TYp
TYp
TYp
TYP
Typ
TYP
Typ
TYp
Typ
Typ

- TYP

TYP
TYp

Typ

TYP
Typ
TyP
TyP
TypP
TypP
wvO
WvO
LAY
WVvO
wWvO
wvo
Wvo
WVO
Wvo
wvo
wvo

wvo

wvo
wvOo
wvOo
wvo
WvO
wvo
wvo
wvo

Y
&7
60
69
70
71
7
72
74

76
77
78
76
an
81
82
fra
a4
ns
Ae
a7
8n
1)
o0
oY
92
L
94
as
96
97
9R
%9
10n
101
102

o A

10
LA
12
12
14
18
16
17
1R
1o
2n



15
C - —
C s o 2
19
20
50
C
C amm
55
45
C
48
C wmew
C o —
C wmm
35
40
70
C e
C
75
80

IF(LEFT(ISS)eNEe1) GO TO 19

MA=~MA

IF ITYp = 13 SkIp To SIMPLE WEAVING MOVEMENT SECTIONe IF
ITYP '= 25 DO MULTIPLE WEAVING FIRST

.60 TO (454+20)51TY

IF(LEFT(IST).NE.l) GO TO 50 N

MB=~MB

IF(MB.EQes=1) GO TO 55

VX1 AND VX2 ARE THE WEAVING MOVEMENTS WHICH MUST CROSS FACH OT
OTHER BETWEEN THE FIRST AND THE LAST RAMPS

VxlgToSUM(1'1)~TRpVEH(IoJ) TRPVEH{ 1y g+1)

VX2=TOSUM({ J+1s2)~TRPVEH(1,4J+1)

GO TO 45

VX1=VNPRUIST)=TOSUM{ 191 )=TOSUM(J+192)+TRPVEH(T9J+1 )+TRPVEH(I+J)

VX1=VX1-VPR(IST)
VX2=TRPVEH( I sJ+1)

IF(MALEQel) GO TO 48

VW1 AND VW» MUST CROSS EACH OTHER IN THE SIMPLE WEAVING PART
VW12VNPR{IS)I-TOSUM( 1911 =TOSUM( Js2) +TRPVEH( I+ J)=VPR(IS)
VW2=TRPVEH(TsJ)

RETURN

VW1=TOSUM(T 91 )=TRPVEH(I s J)

VW2=TOSUM({Js2)~TRPYEH(T s J)

RETURN

END

SUBROUT INE WvL3
COMMON/DESIGN2/1IP(50) s LEFT(50) s ANE(5092) sNO(20) sND(20) sPRI(7)
COMMON/INTEG/ 1o s I s ITXs ITY SIS, ISTsISSaNNN{2)

COMMON/ODS/TRIPS(2092042) s CARTRP (205201 s TRPVEH(20+20)sSUM(2092+2) s

30SUM(2042) )
COMMON/REALS/FL1sFL22VX1sVX2sVWsVWosRRR(4)

COMMON/VOLS/VPR(50) s VNPR(50) s VPRIN(50) sPOFF{2092) s VAL(50) sBV(50s2)

I1s=NO(1)

MA IS +1 IF FIRST AND LAST RAMPS ARE ON THE SAME SIDE, -9
OTHERWISE

Ma=1

MB HAS THE SAME ROLE FOR FIRST AND SECOND RAMPS

Mp=1

1SS=NO(I+1)

I1ST=ND(J)

IF(LEFT(IS)eNEe1) GO TO 35

MA==MA

IF(LEFTCISS) eNEe1) GO TO 40

MB=-MB

IF(LEFT(IST)eNEse1) GO TO 70

MA=~MA

MB=~M8B

IF(MALEQe1) GO .TO 75

VX1 AND VX» ARE WEAVING MOVEMENTS WHICH MUST CROSS EACH OTHER
IN SIMPLE (SECOND PART) WEAVING SECTION

VX12VNPRIIS)=TOSUM(191)~TOSUM( Js2)+TRPVEH( I+ J)+TRPVEH( I+ )}

VX1=VX1-VPR(IS)

VX2=TRPVEH( I5J)

GO 10 80

VX1=TOSUM(Is1)=TRPVEH(IsJ)

VX22TOSUM(Js2)=TRPVEH( T J}=TRPVEH{ I+1sJ)

IF(MB.EQs1) GO TO 85

217

WwvOo

WvO

wvVo
wvo
WvO
WwvO
Wwvo
wvo
WVO
Wvo
Wvo
wvO
Wwvo
LAY
wyOo
wvO
wvO
Wvo
L A1)
Wvo
wvo
Wvo
wvO
LAYe)
wvo
wvl
WVL
LAY
WVL
wvL
LA
LAY R
wvL
WVL
wvL
wvL
WVL
AN
LAY
wvL
LAY
wvt
LA%N
Wyl
LAY
wvL
wvL
LA%N
WvL
WV,
WviL
WvL
wvL
wvl
LA
LAZN
wvl



[aXaXs]

85

- —

-

- .

— - -
-

10

-~ -

12

VW1=VNPR{ISST-TOSUM(I+11)1=TOSUM(Js2)+TRPVEHI 1+1»J)

VW1l=VW1~VPR{IS5S)

VW2aTRPYEHEI+1,..0)

RETURN

VW1aTOSUM{T+1+1)~TRPVEH{TI+1,J)

VW22TOSUMI 32 ) ~TRPVEH(T4+1,J)

RETURN

END

SUBROUT INE WVEFF

COMMON/DESIGN/ XLENGF (g0 sCAPS(50) s CAPFP(50) o XLENGM(50)

COMMON/INTEG/Z s s 1L o ITXs ITY SIS ISTo ISSsNNN(D)

COMMON/QUEUES/HI50) yQD(S0) sEFF(50)s TBF (50)

COMMON/REALS/FLIsFL2'VX19VX2sVW VWO sRRRI 4)

DIMENSION EF{3),v(3)D(3)

ET 1S THE YRUCK FACTOR

ET=TBF{151}

KS=1

Viy) IS MODIFLED TOTAL WEAVING VOLUME IN PCPH (PASSENGER CARS
PER HOUR) OF THE SIMPLE PART OF WEAVING SECTION

VI1is{VNL4VYW2)/ET

D(1) IS THE LENGTH OoF SIMPLE PART OF WEAVING SECTION

D(1)=FL}

GO TO (1045958s1ITY

IF WEAVING 2ECTION IS ITY = 2 OR 3s V{(2)s D(2)s VI(3) AND D{(3)
MUST BE DEFINED ACCORPING Tp THE HIGHWAY CApACITY MANUAL

VI2)a{VXI1#VX2I#FL Y 7ET/(FL1+FL2)

D(2)=FL1

VI31=VI2VRFL2/7FL}

Di3)=FL2

KS§=3

Do LOOP 30 FINDS WEAVING INFLUENCE FACTOR EF FoR EACH
COMBINATION oF D (DISTANCE) AND V (TOTAL WEAVING VOLUME)
ACCoRDING T FIGURE 9e4 oF HIGHWAY CApACITY MANUAL

DO 30 L=14KS

TWwv=V{(L)

EFtL)=1e

WIF=z]e

P 74 IS THE LENGTH OF THE WEAVING SECTION

P764mbeTII+WIF# (24836 WIFR{1e248-WIFRe2045))

IF{TWVGEL1500) GO TO 20

SLOPE,gcggg+wlF*t-p.4yq+w1F*(1.1q4~wIF*.906g))

P74nTWWH{SLOPE+TWVR (P74-SLOPE®145)/29580,)

GO TO 26

SLOPE=7e0g7+WiFulafer7a+WIFR(10415-WIF%e2145))

PT4aP16%1000,+SLOPEX{TWV~1500,]

IF(D(L)eGELPT4Y GO TO 30

EF(L)=EF (L) +el

WIF Is INCREMENTED BY o1 UNTIL P74 EXCEEDS D

WleHIF*o}

WIF CANNOT BE GREATER THAN 3es BUT EF IS COMPARED TO 2¢99
BECAUSE OF TRUNCATION By A BINARY MACHINE (CDC 400}

IF(EF(L)elTe2+99) GO TO 12

CONTINUE

MAKE VW2 THE SMALLER OF VW1 AND VW2

IF(VW2.GTevW1} VW2=2VW1

IF 1TYP = 1 SIMPLE WEAVINGs JUMP TO 43

IF(ITYLEQsl) GO TO 43
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MAKE VX2 THE SMALLER OF VX1 AND VX2

IF{VX2eGTeVvX1) VX2=VX1

CHANGE THE WEAVING INFLUENCE FACTORS INTO VEHICLE
EFFECTIVENESSES ACCORDING TO He Co Mo

EF(2)=(EF (D )~=1e)¥#yX2

EF(3)=(EF(3)~1s)8VX2

EF(1)=(EF(1)=1e)%yy2

GO TO (55450e80),17Y

EF(1) = EF(1) + EF(2) # FL1 7 (FL1+FL2)

In THE CASE oF SImptrE WEAVINGs THE EFFECTIVENESS IS THE SAME
AS EF(1) FOR ALL SECTIONS INVOLVED IN THE WEAVING SECTION
{FROM IS¢ TO 15%)

DO 60 K=I5+185

EFF(K)Y=EF (1)Y+EFFK)

IF{(ITY«NE41) GO TO 70

IL=1

I=1+1

RETURN

155=155+1

DO 75 K=Is5S4 15T

FOR MULTIPpLE WEAVINGs THE EF MUST BE COMBINED ACCORDING To
H. C. M‘

EFF(K) = EF(3) » FL2 7 (FL1+FLD)

GO TO 65

EF(1) = EF(1) + EF(2) = FL1 7 (FL1+FL2)

IL=2

DD 85 K=1I5,155

EFF(KY = EF{3) % FL2 7 (FL1+FL2)

DO 90 K=155,IST

EFF(KI=EF(1)

GO TO 67

END

SUBROUT INF QUEUP (17X}

COMMON/DESIGN/ XLENGF (50) sCAPS(50) +CAPFP(50) s XLENGM{50) i

COMMON/DESIGN2/71IP(50) s L EFT(50) st ANE(5092)sNO( 20} 9ND(20) sPRECY)

COMMON/ INFOR/ZIFLUG) o NG »FACI20) sEBNSEBL

COMMON/ INTEG/Ks 104 1DsL oNNNI(6)

COMMON/MAININORGINDESINOTS+10CSs10P s IPAGE sNSEC+PLC sNGP sGF s NPL

COMMON/QUEUES/H{50) sQDIs0) sEFF{50)s TBF (50}

COMMON/RAMP1/7RQ{203212RD(20) s XMl 203 s XMDU50) 61 X(10)

COMMON/REAL S/CNsRRR(9)

COMMON/TIME/RA(50)sTT(50)sTD(50)»TTP(50)sTDP(50Q)

COMMON/VOLS/VPR(50) s VNPR(50) s VPRINI 50 ) sPOFF{2092) s VAL (50) sBV(50s5)

THE FIRST TIME THROUGHs ITX = 2 MOST OF THE TIME IN QUEUP
AND DISQs ITX WILL BE 3o WHEN THE RA ARRAY IS FIXED,
ITX = 1 WILL CAUSE AN EXIT FROM THE (QUEUDP.DISQ) PAIR.

IF(ITXeEQe3) GO TO 3

10=1

10=1

ITX=3

L=0 INITIALIZES INDICATORS IN THE X ARRAY IN CASE oOF QUEUE
BEING ToOTALLY DISPERSED Iy THIS TIME INTERVAL :

L=0

K=0

K=Ks1

IF(KeLESNSEC) GO TO &

ITX=1
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K=NSEC

RE TURN

IN CASE THERE IS A QUEUE IN SECTION Kk - 1 TOo BE INCREASED OR
DECREASEDy STATEMENTS & THRU 15 WIpt FIND THE VALUES oF
Io AND 1D FroM WHICH THE DESTINATIQoN PATTERN OF THE QUEUE
MAY BE FOUNDe. NO(IO) MUST BE EQUAL TO OR LESS THAN 1.
ND(ID)} MUST BE GREATER THAN I

IFI(NO({IO+1)eGTeK~1) GO TO 10

I10=10+1

GO 10O 6

IFI(NDIID).GT«K=~1) GO TO 20

ID=1D+1

GO TO 10

RA{K}=0

CN IS THE NUMBER BY WHICH DEMAND EXCEEDS CAPACITY

CN=VNPR{K)~CAPS(K)4+EFF(K)

IF CN IS PO2ITIVEs A QUEUE MUST FORM IN SECTION K - 1

IF CN IS NEGATIVE, CHECK FOR EXISTANCE OF A QUEUE IN SECTION
K -1

IFICNY 4743418

IF THERE IS A QUEUE IN K - 13 CHECk IF x IS FULLY JAMMEDs AMD
GO ON To NEXT SECTIoN IF IT ISs SINCE THE QUEUE MAY NOT
BE DISCHARGED

IF(KeEQel) GO TO 13

IF(H(K=1)4LE«O0001) GO TO 3

FL=XLENGM(K)

IF(FL~H(K) o LE«OW400O01) GO TO 12

NOsee CHECK IF ADDED VoLUME oF CN IN K - 1 WILL CAUSE V/C To
EXCEFD 1

IFAVYNPRIK=1V+EFF({K=1)1=-CNeLToCAPSIK~1)} GO TO 52

IF IT WILLs REDEFINE CN SO THAT V/C IN K =~ 1 WILL EQUAL UNITY

CN=VNPR(K=1)~CAPS{K=-1)+EFF({K~1)

INITIALIZE FOR FINDING APPROXIMATE NUMBER OF VEH!CLES IN QUEUE

55=0e

MJ=K~1

FL1I=H(MM

V=VyNPR(MJ)

C=CAPS{MJ)~-EFF (MU

FIND DENSITY OF SECTION MJ FROM SPEED CURVE FOR FREE FLOW

J=0

IF(IP(MJU}eEQelHP 4 ANDeNPL«NESO}Y JU=1

D1=V/SPEED(MJIIV/Cys )

CHANGE VOLUME BY AMOUNT LN AND FIND DENSITY UNDER JAMMED
CONDITIONS

V=VYNPR(MJ)j~CN

IF{VeLE«C4+0+05) GO TO &3

K=MJ+1

CALL PAGE(1)

PRINT 1000.MJ

IF QUEUE spLITs SEPARATE THE Two QUEUES BY SMALL ({«0002) DI1Se

H{K)=H(K)=~e 0002

10=1

I1D=1

GOTO &

IF(IPIMJI)eEQe1HP«ANDeNPLeNELO) J=1

Do=V/SPEED(MJs=V/CsJ)

NUMBER OF CARS IN QUEUE IS APPROXIMATELY (D» - D1) * LENGTH OF
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QUEUE
$S5=55+(D2-D1)*FL1

FL2=XLENGM{MJ)

IF SECTION MJ IS FULLY JAMMEDs REPEAT PROCEDURE FOR SECTION
MJ, -1

IF(FL1+0e0001«LT«FL2) GO TO 69

MJ=MJ=1

IF THE QUEUE GOES ALL THE WAY THROUGH SECTIONs ADD THE NUMBER
OF CARS IN THE QUEUE OF FIRST ON-RAMP

IF{MJ.GT.0) GO TO 61

$5=5S+RQ(1+1)

MULTIPLY NUMBER OF CARS IN QUEUE BY FOUR TO FIND THE RATE ¢SS
WHICH WILL DISCHARGE THE ENTIRE QUEUE IN ONE FOURTH OF AN
HOUR AND MAKE IT NEGATIVE BECAUSE THE CARS ARE

. DISCHARGING

CSS==SS*¥FAC(1)%*1,15 .

THE FACTOR 4+6 1S THE PRODUCT OF 4 (QUARTERS OF AN HOUR) TIME
TIMES 1e15s A FACTOR FOUND TO EMPIRICALLY NECESSARY IN
ORDER TO MORE CLOSELY APPROXIMATE THE RATE.oF DISCHARGE
NEEDED TO DISPERSE QUEUE IN 1/4 .- HOUR,

COMPARE CSS WITH CN AND MAKE CN THE SMALLEST OF RATES OF
DISCHARGE

. IF{CSSeLELCN) GO TO 18

. - —

71

- -

-

18
1000

50
10

30
20

IF C8s IS A SMALLER RATE THAN CNs THE QUEUE WIpLL DISCHARGE AT
RATE €SS EVEN THOUGH V/C oF THE BOTTLENECK 1S LESS THAN
ONE BECAUSE ERRORS WILL RESULT IN TAILQ AND QTIME IF THE
WHOLE QUEUE DISCHARGES IN LESS THAN ONE FOURTH ofF AN HOUR

CN=CSS

INCREASE | AND RECORD SECTION NUMBER WHERE QUEUE SHOULD NOT

. BE DURING NEXT TIME INTERVAL.

L=L+1 1

LX{L)=K~1

RA{K~1)=CN

RETURN .

FORMAT(11Xs 13H® QUEUE SPLIT ,113)

END

SUBROUTINE TRAVEL

Connon/DESIGN/xLENGFtso),CAPStgo)»CAPFP(so),xLENGMt50}

'COMMON/DESIGN2/IP(50) s LEFT(50) s LANE(50s2) sNO(20) sND(20) s PRI (7)

COMMON/INFOR/IFL (5) sNG1sFACI20) sEBNEBL

COMMON/ INTEG/KsNNN(9) .
COMMON/MAIN/NORGsNDESsNOTS*»10CSs10P» IPAGE s NSEC s PLC sNGP 1 GF s NPL
Conmonzaueuﬁszntso),aot501.Ech50),TBFx50)
COMMON/REALS/SSsRRR(9)
COMMON/TIME/RAI50) 2 TT(50)sTD(50)sTTRP(50)sTDP(50) .

COMMON/VOLS/VPR(sO),VNPR(SOlQVPRIN(50)9P0FF(20:2)¢VAL(503QBV(EO,Q)

§S5=21+0/FAC(1)

IF(RA(K)) 10420430

CALL TAILQ

CALL QT IMg

GO TO 40

CALL QCOLL

GO TO 40

VC=VNPRI(K) 7 (CAPS(X) ~ EFF(K))

J=0

IF(IP(K)oEQ~1HP¢ANDoNPLoNE¢0) J=1

"S=SPEEDIK sV s J)
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D=VNPR(X)/S

TT(K)=XLENGM{K) %D /FAC(1)

TD{K)=XLENGM{K)®YNPR(K) /FAC(1)

K=K~1

IF(KaGTe0) GO TO 80

RETURN

END !

SUBROUTINE TAILQ
COMMON/DESTON/XLENGF (50) o CAPS(50) s CAPFP (50 ) s XLENGM(50)
COMMON/DESIGN2/Ip(g0) s LEFT(50) s LANE(RO92)sNO(20)sND(20)sPRI(7)
COMMONZINFOR/ZIFL(5) sNGY1sFAC(20)EBNSEBL

COMMON/ INTEG/TsNNN(8),1Y
COMMON/MAIN/NORG*NDESsNOTS» 10CS»10P s IPAGEsNSECPLCsNGP sGF s NPL
COMMONZQUEUES/H(50),QD(50)sEFF(80)+TBF (50)
COMMON/ZTIME/RA(S0) »TTI50) s TD(50)aTTP(50) s TDP(5R0)

COMMON/VOLS1VPR(50) s VNPR (50} 3 VPRIN(50) sPOFF(20492) s VAL(50) sBV(50s2)

TAILO Witk FIND SECTION NUMBER OF TAIL OF QUEUE
1y=1
FL=XLENGM{T}
IS SECTION FULLY JAMMED
NOees TAIL OF QUEUE FOUNDs RETURN
IF(FL-H{I1eGT+0.0001) RETURN
YESese CALCULATE v/C AND TRAVEL TIME

- J=0

10

C mw—

C mm-

15

IFUIP(I )Y EQe1HP+ANDONPLeNEO) J=1

V=VNPR{1} ‘

C=CAPStI)=EFF{I)

VP=RA(I)

VC2=(V~-VP}/C

FIND SPEEDs DENSITY AND TRAVEL TIME

S2=SPEED(1+-VC2,J)

D2=(V~-VP1/S2

TT(1)=FL*D21FAC(1)

TD(1}=FL#(V=-VP)/FAC(]) V

IF I = 1+RETURN AND QTIME WILL HANDLE POSSIBILITY OF QUEUE OUT
OF SECTION 1

IF(IeEQel) RETURN _

TRANSMIT RA TO NEXT SECTION AND REPEAT ABOVE PROCESS

RA(I-1)=RA(])

I=1~-1

GO TO 2

END

SUBROUTINE QTIME

COMMON/DESIGN/XLENGF (501 sCAPS(g0) s CAPFP (50 ) s XLENGM( 50}

COMMON/DESIGN2/7Ip(g0 ) s LEFT{50) s LANE (502} sNO(50) oND(20) sPRI( )

COMMONZINFOR/IFL{5) s NG19sFACI20) sEBNEBL

COMMONZINTEG/ZTsNN(2) 3L 4sNNN{5)

COMMON/MAIN/NORGY NDESINOTSs10CSs10P 2 IPAGE s NSEC+PLCINGP +GF s NPL

COMMON/QUEUES/H{50) sQD{50 )} sEFF{80) s TBF (50)

COMMON/RAMP1/RQ (20321 sRD(50) 93XMQ(20) o XMD{ 2039 X(10)

COMMON/REALS/SSsRRR(9)

COMMON/TIME/RA(50)sTT(50)sTD(50}sTTP(50)sTOP(50)

COMMON/VOLS/VPR(50) s VNPR{50) s VPRIN(KO) sPOFF(2022) s VAL{50)} +8V(50s2)

INITIALIZE
FC=1+0/FAC(1)
SAVE=0.
IX=1
222
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TEST FOR TAIL OF QUEUE IN SECTION 1
IF{IsNEel) GOTO 16

FL=XLENGM(1)

IS SECTION FULLY JAMMED

TF{FL=H(1)e6GTe0s0001}) GO TO 16

NOsse GO TO 16
IT IS FULLY JAMMEDese CAN THE pATE oF DISCHARGE RA DEpLETE THE
RAMP QUEUE TN ONE FOURTH OF AN’ HOUR
NOesse GO TO 12
YESeee CONTINUE
SS WILL USUALLY BE «25 HOURS.IF QCOLL CALL TAILQ AND QTIME
BECAUSE OF QUEUE COLLISIONs SS WILL BE TIME OF COLLISION
IF(RA{1)+RQ(191)/5S eGE«040} GO TO 12
SAVE=~RQ(1+1)/RA( 1)
RD(1)=RD(1)+RQ(1+1) *SAVE /20
RQ{1+11=0,0
GO TO 16
RQ{1s1)=RQ( 191 }+RA(1)%SS
RD{11=RD(1)+SS%{RQ(11)=RA(1)I%#55/240)
RAMP DELAY UNITS ARE VEH~HRS
RETURN
SAVE IS THE TIME AT WHICH QUEUE TAIL t EAVES SECTION I = § AND
ENTERS SECTION 1
T1=SAVE
J=0
IFLIPY¢ I)IEQQIHPQANDONPL'NE.O) J=1
V=VNPRI(1)
C=CAPS(I)=EFF{1)
COMPUTE VC1» THE v/C RATION IN THE FREEFLOW SECTION
VCl=v/C
VP=RA(T}
COMPUTE VCos THE v/C RATI0 1IN THE JAMMED SECTION
VC2={v-VvP}/C ’
S1=SPEED(1,VClsJ)
IF(IP{I)eEQe1HPsAND«NPLsNESQ) =1
S2=SPEED(1+s-VC24)
Dy IS THE DENSITY IN FREEFLOW
Di=v/s1
D> IS THE DENSITY OF QUEUE

D2=(v-VP1/S2

IF(ABS(D2«D1)eGTe 040001} GO TO 100

G=100000.0

GO TO 105

G IS THE VELOCITY OF TAIL OF QUEUE

G==-VP/{D2-D1)

To IS TIME IN HOURS FROM BEGINNING OF TIME INTERVAL THAT TAIL
OF QUFUE LEAVES SECTION 1

T2=H{(1)}/G+T1

IF(T2+GE«5S8) GO TO 25

IF T2 IS LE2S THAN 174 HOUR » TAlL oOF QUEUE WIttL LEAVE SECTION
1

FL=XLENGM{T+1)

IF(FL-H(I+1)eGTe0,0001) GO TO 27

SAVE=T2

ITX = » MEANS TAIL OF QUEUE CONTINVES INTO SECTION I + 1
DURING THIS TIME INTERVALe CONTINUE PROCESSING

ITX=2
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48

58

95
97
29

32

1000
1001

GO TO 30

T2=8S

IF Tp IS GREATER THAN 174 HOUR» SET IT TO 1/4 HOUR AND COMPARE
TRAVEL TIME '

ITX = 1 MEANS THAT THE QUEUE HAS COMPLETELY DISPERSED OR
T2 = 174 HOURe EXIT FROM DEQ1e»

ITx=1

FL=XLENGM(T)

THIS EXPRESSION FOR TRAVEL TIME IS FOUND BY CONSIDERING THE
JAMMED SECTION TO BE OF TWO PARTS~-—1e JAMMED AND 2 FREE-
FLOWs THE LENGTHS OF THESE TWO SECTIONS CHANGE WITH TIME
BUT THEIR DENSITIES REMAIN THE SAME

TT(I) = Fi # D2 % Ty + (Do~Dy) % (T2-T1) % ({T1=-T2) /7 2¢ * G +

H{IY) + ( FC~T1) * FIL * D1

TO(I ) =FL*(V=VP)I%T1aVP*(To=T1 )% ((T1-T>1/2,%G+H(I))+( FC-T1)%FL*V

H{I)=H(I)1-G*(T2-T1)

IF(H(I)eL.TeDe0058) H{I})=040

GOTO(31+32) 17X

IF(T24GE«SS) GO TO 48

iF T2 IS LE2S THAN 174 - HOURs IT MUST BE THE FINAL DISPERSED
PART OF THE QUEUE. PRINT THE TIME.

PRINT 1000+1,72

CALL PAGE(1)

IF(LeLE«0O) GO TO 99

IF LX(L) POINTED To THIS SECTIONs REDUCE . BY ONE.

IFILX(L)I=T) 99497497

IF(LeLEeD) GO TO 90

IF(+C+TCLXULDD8+0O TO 99

IF To=s25 AND L X{) POINTS To THIS SECTIONs REMOVE QUEUE
AND PUNCH LENGTH oF QUEUE THUS REMOVED.

LL=LX(L)

IF(SSeNEe FC) GO TO 97

DC 95 UK=I,LL

IFT=H(JKI*5280.

CALL PAGE(1)}

PRINT 10012JKsIFT

H{JK) =04

L=L-1

I=1IX

$8=FC

RETURN

RA{I)=0

I=1+1

GO TO 16

FORMAT (16Xs4HSEC 51298Xs4HT2= +F5e3)

FORMAT (16X 4HSEC »2I298XsgHCLEAR 914)

END

SUBROUTINE QcOLL

COMMON/DESIGN/XLENGF (50) s CAPS{50) +CAPFP (50} 9 XLENGM(50)

COMMON/DESIGN2/Ip (50 ) s LEFT{50) s LANE(&Os2) sNO(20)sND(20)sPRI(7)

COMMON/ INFOR/IFL(5)4NG1sFAC(20) 4EBN,EBL

COMMON /7 INTEG/IsNNN({B8)s1Y

COMMON/MAININORGINDESSNOTS»I0CS»I0OP s IPAGEsNSECsPLCoNGP s GF ¢ NPL

COMMON/QUEUES/H{50) yqQD(50) sEFF (501 TBF(50)

COMMON/RAMP1/RQ{ 20921 9RD(2V) s XMQ(20) 4 XMD(50) 51 X(10)

COMMON/REALS/SSsRRR(9) '

COMMON/TIME1RA(50),TT(50)sTD(50)sTTP(50),TDP(50)
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QTry
aT1?
QTI
QTY
QTl
QrTl
ary
Qrl
QTl
Qr!
QTl
QT1
QTl
QTI
Q71
QTY
QTl
QTY
QTI
QTl
QT1
QTY
QT!?
QTY
QT1
Qre
QT1

QTI
QTI
QT?
QTt
Qrr
Qrl
QT1
QTI!
ary
QT
QTl!
Qr?
QT?
Q71
ar?
QTry
QTl
QTI
QT!
Qco
QCo
Qco
QcCo
Qco
QcCo
Qco
Qco
Qco
QCo

73
74
7s,
76
77
TR
79
8n
C3)
R
LT
R4
an
r&
R7
88
RO
on
o1
0>
0
94

6
a7
an
Qq

101
102
102
104
108
104
107
108
100
110
111
112
113
1124
118
116
117
11a
119
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C

C

aNaEa NG N e e

. ——

-

100

105

- o

COMMON/VOLS/VPR(sO)9VNPR(50}9VPRIN(QO);POFF(?O&?)pVAL(%O),BV(§095} Qco

SAVE HAS THE SAME FUNCTION HERE AS IN QTIME
FC=140/FACLY)
TX=04
TX IS THE TIME OF THE LAST QUEUE COLLISION.
vPQ=0,
QC=0. o
SAVE=0, h
T1=SAVE
J=0
IF(IP(TI)eEQe1HPANDANPLeNESO}Y J=1
V=VNPR( 1)
C=CAPS({I1)}-EFF(I)
VCl=v/C
VP=RA(])
VC2=(Vv=-yP)/C
S1=SPEED{I,VC1sJ)
IFCIP(I)eEQe1HPoANDSNPLNESO) JU=1
S2=SPEED(1+-VC2+ )
COMPUTE V(C1s VC2s D1 AND D2
D1=V/S1
D2=(V-VP}/S2

QC=1. DURING QUEUE COLLISION
IF(QCsLE«0} GO TO 13
FL=XLENGM(I1)

IF(FL~H({I}4GTe0s0001) GO TO 3

VC3=(V-VPQ)/C
IF(IP(I)eEQe1HPeAND«NPL «NESD) J=1
S1=SPEED{1+~VC3,.y

DURING QUEUE COLLISIONs D1 REPRFSENTS CONGESTED FLOW

Dl=(V=VvPQ)/21

IF(ABS(D2=-D1)+LEW0.00001) GO TO 10

G={VP=VPQ)/{D2~D1}

GO TO 4

QC200

IFLABS(D2~D1JeLEe0+00001) GO TO 10

G=VP/{(D2-~D1)

GO TO 4

G=140/04000001

FL=XLENGM{(1)

FIND To>s THE TIME TAIL oF QUEUF LEAVES SECTION 1

T2=(FL-H(1))/G+T1

IF T» EXCEEDS 174 HOURs QUEUE DOES NoT LEAVE SECTION 1.
SET ITX = 10

IF(T2eGE«FC) GO 1O 12

IF T2 IS LE2S THAN 174 HOUR AND I = 1s THEN QUEUE [ EAVES
SECTION 1 AND Ra{1} AND RD(71) MUST BE FOUND BY A
PROCEDURE SIMILAR To THAT USED IN QTIMFE

IF(I+GTel1l) GO TO 5

PRINT 1000

CALL PAGE(1)

RG(191)=2RQ{1+1)+VPR(FC~TH)

RD(1)=RQ(1s1)% FC ~£VP*( FC =-Toi% FC /2.0)

GO 1O 25

PQ=RA(I-1)

IF{H{I-1)eLEe00001) GO TO 9

IF NEW QUEUE COLLISION IS5 A VERY SHORT TIME FROM OLD QUEUE
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QCo
QCo
Qco
Qco
Qco
Qco
Qco
Qco
Qco
Qco
Qco
Qco
Qco
Qco
QCo
QCo
QCo
QCo
Qco
Qco
QCco
aco
QCco
Qco

Qco
Qco

acCo
Qco
Qco
Qco
Qco
QCco
Qco
QCo
QCo
QCOo
Qco
QCo
Qco
eCo
QCco
acCo
QCo
Qco
QcCo
ocCo
QCo
Qco
QCo
Qco
QCo
QcCo
QCo
QCo
Qco
Qco

11
12
12
14
=
16
17

1R

10
2n
21
22

22

24
28
76
27
o8
29
20
21
32
23
24
35
24
27
2q
39
40
41
49
43
44
45
a6
47
48
4o
&0
LR ]
59
54
54
58
o
57
58
50
a0
61
62
P
fb
6%

67



C

COLLISIONs DO NOT PRINT MESSAGF,
IF(T2=TXeLE+0e0001) GO TO 9 . \

€ a=- IF QUEUE EAVES SECTION I AND SECTION I - 1 ALREADY HAS A

7
6
29
C www-
¢ -
62
c -
64
9
C -
c - —
67
68
c .‘“*
130
140
12
25
C
C ~u=-
13
16
1000
1001

QUEYUEs THEN QUEUE COLLISION
PRINT 1001172
CALL PAGE(1}
QC=1.
TX=2T2
vpa IS THE VALUE NEEDED To MAKE Dy CONGESTED DENSITY
VPQ=VvPQ+PQ
1v=0
IF(PQ) 6249964
IF. COLLISION WITH DECREASING QUEUE OCCURESs SET SS T0
TIME T2 AND CALL DEQ DEQl.
SS=T2
555=T2
K=1
I=zl=1
CALL TAILG
CALL QTIME
1=K _ ‘
SET S5 FOR REMAINDER OF TIME INTERVAL
S58=FC=T2
T2=88S
SAVE=T2
GO TO 68
SAVE=T2#{(1=PQ/(VP+PQ))
TX=SAVE
GO TO 68
SAVE=T2 ;
IF RA 1S MINUS AT. THIS POINTs IT MUST HAVE BEEN SET
~IN QTIME AND SHOULD BF ZFROED OUT.
IF(PQ) 67+68+6
RA(I“I’*0.0
1TX=2
ITX. = 2 MEANS QUEUE LEAVES SECTION I
IF{I=1 oNEs, IY) GO TO 130
IF(H(I=1) «GTe .0001) GO TO 130
RA(I~-1)1=RALI)
GO T0 140
RA(I-1)aRA(I}4RA(TI=1)
IFIRA{LI~1)) . 25913913
T2=FC A
1TX=]1
CompUTE TrpAsEL TlmE AND FIND LEnGTH 0OF QUEUE AT THE END oOF
‘ TIME PERIOD

TT(1)aFL*D1*rz¢(D;-b1)*t72~T1)*((Tz-Tl)/2.*G+H(I))+( FCT2 ) #FL*D>
TOUL) tFLVRT2=VPR (To=T1 ) #({To=T1)/2e#G+H{1) I+ ( FCT)%FLE(V-VP)

HID) aHT)+GR(T2-T))

IF(1TX<EQs1) RETURN

I=1=1

$S=FC

GO TO 2

FORMAT(11Xs15HQ OUT OF SEC 1 ) '

FORMAT (11X»16HQUEUE COLLISION sI3s5H T2= sF5e3)
END

FUNCTION SPEED(NNSEC,VCsIFLAB)
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Qco
QCo
eco
Qco
Qco
Qco
QCo
Q¢o
oCo
Qco
QCo
Qco
Qco
QCo
Qco
Qco
Qco
QCo
aco
Qco
QCco
QCO
QCco
QCco
QCo
QCo
Qco
QCO
Qco
Qco
ecCo
Qco
QCco
QCco
Qco
aco
Qco
Qco
QCo
Qco
QcCo
QCo
Qco
Qco
acCo
Qco
QCo
QCo
QCo
Qco
Qco
Qco
Qco
QcCo
aco
Qco
sPD

68
&0
70
71
72
73
74
75
TR
77
78
79
20
81
ao
A
84
85
86
87
AR
89
90
91
Q2
99
94
9%
94
4
oR
99
1nn
101
102
101
104
1Ng
104
107
yNa
100
11N
111
112
111
114
11%
114
117
118
119
120
121
129
123



Crxx
Cxxn

22

C e

C —== -

12

35

4N2
Cnxn

52

5S4

58
65
70
72
T4
76
78
80
82

84

COMMON/CURVEZNCRV (592} s XXSF {2005 o YYSF( 2095 sNDS{5043)
COMMON/DESIGN2/IP(g0) s LEFT(50)s LANE(50922)sNO(20)sND(20)sPRI(7)
THE FOLLOWING CARD IS AN ARITHMETIC FUNCTION STATEMENT FOR A
CUBIC POWER FUNCTION.

POLY(AsBosCyDI=A+VCH(B+VCH({C+yCxD))

IFLAG=1FLAB

DS=NDS(NNSEC,IFLAG+1)

IF(IF AGeGEs]) IF AG=IF| AG~]

QPSD=0+

IF(DSLE«5) GO TO 100

IF{VCeGE+0) GO TO 3

SPEED=VC*(20e%VC~8a4)

RETURN

DESIGN SPEED OF gg MPH WAS DEVELOPED FOR STUDY SECTION SIX
OF THE EAST-SHORE FREEWAY,

IF{DS«NE+65) GO TO 12

IF(VCeGE«De95) GO TO 8

SPEED=63¢=84421%V(

RETURN

SPEED=z=7823 6%V HR2+148564 2%V ~699T 4

RE TURN

SPEED:OPSD*DS/IO.*(1.-VC)

RETURN

DZ=0¢1*#{DS~404)

NN=LANE (NNSEC+IFLAG+1)

IF(IFLAGeEQeO) NN=NN~=LANE (NNSEC,?)

IF(NN,GT+4) NN=4

IF(VC.LE«140) GO TO 45

PRINT 1001

GO TO 6 . t#**# A 0 HG

1

DO D P 999999999999999699999999999099009G990000Q9G t 1+ 11T 1L e eIty

PRIOR PART OF PROGRAM CHECKS FnrR N* DSs OrR VC oUT oF RANGE e
GO TO (52364358)sK

OPSD=POLY (5063224 30e304)

GO TO 6

L=1

IF(VCaGTe0e81) L=

GO TO 65

L=1

IF‘VC.GT’O.?S’ L:z

KzL+ (NN=2)1%#24+(K-2)2¢

GO TO (70+729764976978980982984986+88+90592),4K
OPSD=POLY{6049=25, 30e904 )

GO TO 6
OPSD=POLY(108e¢85=47T79+845e35=44647)

60 TO 6

09303POLY(6*0’“22.03!”3021@!0 )

GO TO 6 ‘
OPSD=POLY {135 19~848e53906663~4636)

GO TO &

OPSD=P0LY(6*.;“18.490”6.964:0.)

GO TO 6
OPSD=POLY(136+8+~538443B878¢%4-44748)

GO 10 6

OPSD=POLY(7009=224943~-10462504)

GO 10 6
OPSD'POLY(1112.8»-3924»194821.89-1980.5)

227

50

SPD rd
sSpPD 2
SpD 4
SPD L)
SPD 6
SPD 7
sPD -]
spD 9
sSPD 10
SPD 1
SPD 12
SPD 11
SPH 14
SPD 4¢
SPD 18
sPD 17
SPD 18
SPD 19
sPh 2n
SPD o1
sPn 22
SPD 24
sSPn  2a
sPn 2%
5PD  7a
SPD  »>v
SPH  2a
SPD 29
s$Pp 30
SPN 21
S5pD a4
SPD  ag
sPp 37
sPDH 138
sSPH 139
SPD  an
- SPD 41
SPD 42
SPD 47
SPD a4
SPD 45
SPD 46
SPD 47
SPD 48
SPD 49
5PD
sPN 81
sSPD &2
SPP 83
SPD S4
sPn 58
SPD  s4
sSPn &7
SPD  s8na
sPn &9
SpD 40



k86
B8
30
92
100

105
200

110

145
140
170

130
133

135
150
152

155

160

1000 FORMAT(//591Xs#SPEED CURVE *I2>% NOT FOUND OR NO VALUE FOR VC =+ OR
1 = 140 #/31Xs# DESIGN SPEED SET TO 70 MPHe#)

1001

GO TO 6
OPSD=POLY {70 e9=224T769~4T73304]}
GO TO &
0PSD=P0LY(607-489~2052o3’2539-49-105934)
GO TO 6
OPSD=POLY{7%#e9=20e3759~5e625:04)
GO TO 6

OPSD=POLY (6666959 =22344132728e79-1126+9)
GO TO 6

NC=IFIX(DS)

DO 105 1=1+5

IF{NCEQeNCRVIIs1)) GO TO 110
CONTINUE

PRINT 1000sNC

CALL PAGE(3)

DS=70,0

GO YO 22

JT=NCRV(1s+2)

IF(VC4LTe0) GO TO 150
IF(VCeGESD4995) GO TO 130

DO 145 K=1,JT
IF(XXSF{KsI)eGTaVC) GO TO 140
CONT IRUE

K=JT

A=(VC-XXSF(K-1’I))/(XXSF(K:I)-XXSF(K~19I))

B2 (XXSF(KsI)=VCI/{XXSF(KsI}=XXSF(K~14+1))
SPEED=ARYYSF({Ks 1) +BRYYSF(K-191)

RETURN

IXZ”IQO

DO 138 K=1+J7T

IFIXXSF{KeI)eNELIXZ) GO TO 135
SPEED=YYSF{KsI)

RETURN

CONTINUE

GO TO 200

IF(VCeGTe=0+995) GO TO 152

IXZ==140

GO TO 133

DO 155 K=1,JT

IF(XXSF{KsI)eGEaOes01Y GO TO 155
IF(XXSF({Ksl)eGTaVC) GO TQ 160

CONT INUE

K=JT
Bx{XXSF(KsI)=VC)I/IXXSFIKsI)=-XXSF{K=1s1})

As{VCeXXSFIK=191)) /{XXSF{KsI}~XXSF(K~121))

GO TO 170

FORMAT (16H VC NOT IN (0s1))
END ,
SUBROUTINE OUTIT

COMMON/DESIGN/XLENGF {50) s CAPS (50) s CAPFP (50) s XLENGM(50)
COMMON/DESIGNZ/IP(So)sLEFT(gQ)vLANE(ROaz)’N0(70}’ND‘?O)’PRI(7’

COMMON/ INFOR/IFL(5) sNG1sFAC(20) +EBN,EBL

COMMON/MAIN/NORGsNDESoNOTS+10CS»IOP s IPAGEINSECsPLCsNGP s GF s NPL
COMMON/QDS/TRIPS( 50550455 ) s CARTRP (20350} s TRPVEH(203520)sSUM( 205295}

TOSUM(2052)
228

SPD
SPD
SPD
5pD
SPD
SPD
5PN
SPD
SPH
SPD
SPD
SPD
5D
sPp
SPD
SPhH
SPD
sPD
SPD
SPD
SPD
SPD
SPh
sSPh
SPD
SPD
sSPD
SPD
SPD
SPD
SPD

- SPD

5PD
SPD

SPh

sPD
sPn
SPD
SPD
SPD
SPD
SPD
SPD
sPp
SPD
SPD
s$pD
SPD
SpD
sSPD
ouT
ouTt

ouT -

our
ouT
ouT
our

61
87
63
64
65
66
67
&8
60
7N
71
79
72
74
75
76
T7
TR
79
an
81
R
813
84
RS
1.3
87
an
’9
90
91
Q>
91
94
98
96
97
98
99
100
101

102

101
104
108
106
107
108
100
110

R I I - Y RN g



100

-

o~ —

- —

41

45

-

-

120

COMMON/QUTS/CVMsCPMsNTOTAL(50) s CVMP 4 CPMP
COMMON/QUEUES/H(50) sQD(50) sEFF(50) s TBF({50)
COMMON/RAMP1/RQ( 20521 3sRD(20) s XMQ(20) $XMD(20) 5. X(10)
COMMON/TIME/RA(50)sTT(50)sTD(50)sTTP(50)»TDP(50)

COMMON/VOLS/VPR(50) s VNPR(50) s VPRIN(50) s POFF {20351 s VAL (50) sBV{5095)

CALL PAGE(13)

IF(NPL.EG,0) PRINT 100%

IF(NPLNELO) PRINT 1002

10=1

1D=1

DTT=0

I SNR=0

DO 15 I=14N2EC

OFR AND ONR ARE OFF-RAMP AND ON-RAMP DEMANDS OF SECTION I

OFR=0

ONR=0

IF THERE IS AN ON-RAMP IN SECTION Is SET oFr AND INCREMENT I0

IFINO{IO)(NELI) GO TO 41

IF{TOSUM(IOs1}eblTe1) TOSUMIIO,1)=0e0

ONR=TOSUM(10,1)

10=10+1

IF THERE IS AN OFF-RAMP IN SECTION 1y SET IFR

IFIND(ID)eNE«I) GO TO 45

OFR=TOSUM(1Ds2}

ID=1D+1

LI=zH(I)%*5280.0

IF(H{I) eGE«XLENGM{1)=0e020) LI=XLENGF(I)

ISR=2H

IF{H{1)aLEL0«0001) GO TO 8 . .

I1sp 1S A SET Tp AsTERISk (%) IF THERE IS A QUEUE In SECTION I

ISR=2H *

VNPR(I)} IS ALTERED BY RA(I) EVEN THOUGH RAI(I) MAY NOT HAVE HAD
FULL EFFECT DURING THE ENTIRE TIME INTERVAL

VNPR(I)I=VNPR{(I}-RA(I]]}

V=VNPR( )

IF v IS NEGATIVE, pA HAS EXCEEDED V FOR SOME SECTION.

IF(VeLEeDe) ISNB=1

CAPI=CAPS({I}~EFF( 1)

VC=V/CAPI o

DT IS THE TIME IN MINUTES FOR ONE CAR TO TRAVERSE SECTION 1!

DT=FACI1I*#T3{11%80,0/V

DTT=DTT+DT

FL=XLENGM(T)

XS IS5 THE AVERAGE SPEED (MPH)

XS=TD(IV/TT(I)

XDEN=VNPR(I } /7 {XS* (LANE(TIs1)~LANE(Is2)))

XDEN IS THE DENSITY oF CARS (VDM/LANE)Y IN SECTION |

TOP({I1=040

TTP(11=040

CALL PAGFE(1l)}

IF{NPL4NE.0O) GO TO 120

PRINT 100951 sONRsOFRsNTOTAL(TI)sVNPR(T1)sCAPISEFF{I)sVCsXDEN»XSsISR»
10T+ XLENGF(I) sLIsRALI)

GO T0 105
IF(IP({I)eEQe1IHP) GO TO 130
N=1HN

out
ouT
ouT
out
ouT
our
ouT
ouT
OouTt

our .

our
ouT
oyr
ouT
our
our
QuT
ouT
our
ouT
ouT
ouT
ouT
OuTt
ouT
ocur
ouTt
ouT
cur
ouT
ouT
out
ouT
ouTt
our
ouT
ouT
our
Our
ouT

.ouT

ouT
our
ouTt
ouT
ouTt

‘oUT

our
our
ouT
our
ouT
ouT
ouT
our
our

PRINT 10025 I sONRsOFRSNTOTAL(T)sNsLANE(T137)sVNPR(I)sCAPISEFF(I)sVCs OUT
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10
1
15
12
14
15
16
17
18
19.
o0
21
2?
23
74
o8
78
27
28
20
a0
Y
32
22
14
35
26
kv d
38
39
40
&1
4?
4%
44
FX
46
47
4n
49
%!
51
€2
52
54
5e
56
57
L]
50
60
61
&>
63
&4



1XDEN 2 XSeDTs ISRsXLENGF{TI ) sLISRA(L)
GO TO 105
130 CAPP=CAPFP(11%NPL
N=1HU
LAN=LANE(1+11—-NPL
VCP=VPR(1}/CAPP
ITWO=2
D=VPR(I)/SPEED(I,vCP,I1TWO)
TTP({1)=XLENGM{1)%D/FAC(1)
TDOP{I)=XLENGM{I)*yPR(I) /FAC{1)
PDT=FAC({11#3TP({1)%g040/VPR(I)
Ps=TDP(I)/TTP(1])
PDEN=VPRI{ 1)/ (PS*NPL)
PRINT 10U4s IsONRsOFRONTOTALITI)sNPL2VPR(T)>CAPPsVCP+PDENsPSsPDTsN>»
ILANSVNPRII) s CAPISEFF LI ) sVCoXDENIXSsDTo ISRsXLENGF (1) o I sRALT)
107 VPR{II=TOP( I *FAC(1)/FL
105 VNPR{I)=TD{I)*FAC{1)/FL
15 CONTINUE )
IF(ISNBeNE«x} PRINT 1008+ ISNB
I1=1
DO 90 10=1sNORG
DK=RD{10)+XMD(10}
IF{DKJEQe0) GO TO 90
IJ=NOC{10)
BRD=RD({IO}I*RQ(10,2}
BMD=XMD{IOQ}I*BV{IJ,1)
BVD=RQ{I0,1)*RQ(1042)
BVMD=XMQ{I10)*¥BV(IJs1)
EBN1O0=10/EBN~1.0
RDIO=RD{IO) +BRD*EBN1O
XMDIO=XMD ({10 )+BMD*EBN10O
RQIO=RQ{I0s 1 )1+BVD*EBN10O
XMQIO0=XMQ({IOY+RVMDREBN1IO
IF(I1.NEe1) GO TO »5
CALL PAGF(2)
PRINT 1006
11=2
25 CALL PAGE(4)
ODX=RDIO+XMPI10
DK=XMQIO+RQIO0
PRINT 10075 I0+RQIOsRDIOsXMQAIO s XMDID DK sDX
90 CONTINUE ; ' ‘
RETURN
1001 FORMAT(I492F6e091593F6e03F54292F54091X3A2sFgea29F5e0s1gsFge0)

ouT
ouT
our
our
ouT
Our
ouT
our
ouT
ouT
ouT
our
our
ouUT
ouT
ouT
ouT
our
our
ouT
ouT
ouT
ouT
our
our
ouT
our
ouT
ouT
our
our
ouT
our
our
our
our
our
Our
our
ouT
ouT
our
ouT
ouT

1002 FORMAT(25Xs xRESERVED PRIORITY OPERATIONS%3s30Xs*UNRESERVED OR NORMA OUT
1L OPERATIONS®/24Xs31(%ex)94Xsaa(%e*)/% SUB FINAL DEMD. ORIGe PS V OUT
20L CAP V/C DEN MPH TRAV UN NL VoL CAP WEAVE V/C DEN  OUT
3MPpH TRAV @ LENG QUEUE  x/% SEC ORG DES TOTAL*20X*V/M/L ouTt
4TIME NORM *15XxEFF v/iM/L TIME *#1H%9Xs *FEET RA %) ouT

1003 FORMAT(X91292F640s16940X9A191393F6405F54292F5.09F5.25A23F6.0s16s  OQUT
1F640) ourt

1004 FORMAT(X91292F6.0,1691Xv1292F5.01F4.292F5.09F5.2t6X9A19!393F6o0s T ouUT
1F50252F5e0sF5¢25A2,F6e05169F6e0) ouT

1005 FORMAT(x SUB FINAL DEMAND ORIGe VOL FWRY WEAVE V/C DENS MPH ouT
1 TRAV LENG QUEUE RA #/% SEC ORG DES ToTAL%gX*CAP  EFF ouT
27 V/M/L%gX*TIME*gX*FEET*) ouTt

1006 FORMAT (/30X s20HQUEUE LENGTH  DELAY/30Xs22HVEHICLES VEH-HRS) OUT
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&%
66
67
6R
69
™m
71
72
72
T4
7R
TA
77
78
79
an
R |
g2
L]
R4
8%
86
87
]
29
on
o1
02
T
94
o8
.73
o7
-1 ]
99

1Aan

inl

102

103

104

108

106.

107

108

100

110

119

112

112

114

118

116

117

118

110

120

12%



1007 FonnAT(/3X7H0NLRAMpo14:4X,11HanUT POINTs2Xs2F8e2/16 X+ *MERGING POI

INT#93Xs2F8e2/24Xs#TOTAL# 93X s2F49)

1008 FORMAT(/1¢H #%% WARNING *#% s% N-PRIME EXCEEDS DEMAND IN SECTION #

1

12y #%e THIS CAUSES NEGATIVE VOLUME.* /1gXs*

REDUCE TEMPORARY ON

2-RAMP LIMIT2 FOR ONE OR MORE DOWNSTREAM RAMPS AND RE~- RUN.*/)

1

END
SUBROUT INE TIMEOUT

Conhon/DESIﬁnzllp(50),LEFT(50),LAnthO,z),N0(20¥.NDt20),PRI(vl

COMMON/ INFOR/IFL(5) 4NG1sFAC(20),EBN,EBL

COMMON/MAIN/NORGINDESsNOTS»T10CSs10P s IPAGE sNSECPLCINGP sGF s NPL
- COMMON/0ODS/TRIPS(5022092) s CARTRP(20450) s TRPVEH(20550) ySUM( 209252 )

TOSUM{ 20,2)

COMMONIOUTSIcVMvCPM’NTOTAL(501oCVMPoCPMP

COMMON/RAMP1/RQ (2092 ) sRD120) s XMQ(20) sXMD(50) st X(10)

COMMON/RAMP 2 /RLIM( 20 )3 FRL(20) sRDIS(50) sRVOLI50) s IXX(9) sVXX {9} sRXX
COMMON/SLIC/PCTVEH(595) 9BUSOC(5) s AVE s IXXX (545} sREVON{555) 4 ITSLT(8)
COMMON/VOLS/VPRI50) s VNPRI50) s VPRIN(50) sPOFF(2092) s VAL(50) sBV(5042)
COMMON/TIME/RA(50) s TT(50)sTD(50)sTTP(50) s TDP(50)

DIMENSION TRIP(20,20)

- EBFAC=EBL/EBN

22

L

“g-

KON=0
I1S=NDES=~1
DO 22 1D=1,.18

IF(TOSUM{ID=2)¢LE.FRL{ID)) GO TO 22

CALL PAGE(2)

PRINT 1002+ 1DsFRL(1D)
CONTINUE

INITIALIZE

XUM*0.0

TTSUN = 0‘

TTT = Qs

FACI2) 1S OQUTPUT CONTROL NHICH, WHEN ZEROs» SUPPRESSES QUTPUT

TABLES

IF(FAC(2)+EQe0) GO TO 99

10=]

ID=1

CALL PAGE(0)
NSM=0

TMP.G ‘o

TM’O.O

DO 70 ISIQNSEC
V=VNPRIT)

DT IS THE TIME (, 01 MINUTES) REQUIRED FOR ONE VEHICLE To

TRAVERSE SECTION 1
DT=FAC(1)#6%#00,0%TT(1) 7V
TM=TM4DT
DTP‘G.O
IF(NPL.EQ,0) GO TO 100 .
IF(IP(1)+EQelHP)Y GO TO 10%
TMP=TMP+pT
DTP=DT
60 TO 100
DTP=FAC(1)#5000, O!TTP(I)IVPR{I)

" TMPaTMP4+pTP
TM IS THE TIME REQUIRED TOo TRAVEL FROM SECTION 1 TO SECTION I

IFIND{ID)eNEe]l) GO TO 40

ouT
ouT
ouUT
ouT
ouT
our
TIM
TIiM
TIM
Tim
TIM
TIM
TIM
TIM
TIM
TIM
TIM
TIM
TIM
TIM
TIM
TIM
TIM
TIM
TIM
TIM
TIM
TIM
TIM
TIM
TIM

TIM

TIM
TIM
TIM
TIM
TIM
TIM
TIM
TIM
TIM
TIM
TIM
TIM
TIM
TIM
TIM
TIM
TIM
TIM
TIM
TIM

CTIM

To REDUCE STORAGE REQUIREMENTSs RAMP DISTANCES IN RDIS ARE

TIM
TIM
TIM
TIM

125
124
124
178
194



AN O

DESTROYED AND REpL ACED BY TIME SEpApATION FrROM SECTION 1
TO SECTION WITH OFF-RAMP

-=-=RDIS IS RESTORED IN SUBROUTINE RSM

60

RDIS(ID)=TM
SUM{IDs241)=TMP

ID=1D+1
IF(NO(IO).NE‘I)«GO TO 70

~==SIMILARLY RAMP VOLUMES IN RVOL ARE REPLACED BY TIME SEPARATION

-

70

P

72

FOR ON~RAMPS

RVOL{1O0)=TM-DT
SUM(1051+1)=TMP-DTP

10=104+1
CONTINUE
PRINT HEADING
CALL PAGE (NORG+2)
PRINT 1004
KON IS5 ALWAYS ZFERO
PRINT 100g9sKONs{(141=1sNDES)
DO 75 10=1,NORG
IF{TOSUM(IOs1)eNELO) GO TO 65
DT=0.0
GO TO 66
DT=FAC(1)%g00%RD( IO} /TOSUM({I0s1!%10040
DO 80 ID=1.NDES

TM IS TIME FROM ON~RAMP 10 TO OFF-RAMP 1D
TMP=SUM{IDs291)=SUM({I0s1s1)
TM=RDIS(ID)~RVOL(10)

IF TM IS NEGATIVE, ID PRECEEDs I0
IF(TMeGE-Q} GO TO 73
T=0,
TRIP{IOSIDI=040

we-TOSUM IS NO LONGER USED» SO‘AGAIN REUSE ofF THIS ARRAY REDUCES

- —

73

- -

~ . -

14
80

- -

75

- -

85
87

STORAGE REQUIREMENTS

TOSUM(ID»2)=0e0

GO TO T4

TOSUM(IDs2) =TM

T=TM+DT

TRIP(10,1D)=TMP

MULTIPLY TIME SEPARATION BY NUMBER OF VEHICLES MAKING A TRIP
AND STORE THE RESULTANT TRAVEL TIME IN CARTRP s TRIPS

TVAL=TRPVEH(10sID)=TRIPS(10,1Ds1)* (EBN~140)

T=T®#TVAL/(FAC(11}%6040)

CARTRP(I0,1D)=T

CONTINUE

OUTPUT THE TIME SEPARATIONS BETWEEN ON-RAMP 10 AND ALL OFF-
RAMPS ‘

PRINT 10095105 (TOSUM(IDs2)s1D=1,NDES)

CONT INUE ;

IF(NPL.NE.O) GO TO 87

CALL PAGE (NORG+4)

PRINT 1010

PRINT 10069sKONs(Is1=1sNDES)

DO LOOP 85 OUTPUTS TRAVEL TIMES

DO 85 10=1,NORG

PRINT 10093109 (CARTRP(105ID) s ID=1sNDES)

CONT INUE

IF(NPL.EQ.,0} GO TO 99

232

Tim
TIM
TIM
TIM
TIM
TIM
TIM
TIM
TIM
TIM
TIM
TIM
TIM
TIM
TIM
TIM
TIM
TIM
TIM
TIM
TIM
TIM
TIM
TIM
TIM
TIM
TIM
TIM
TIM
TIM
TIM
Tim
TIM
TIM
TIM
TIM
TIM
TIM
TIM
Tim
TIM
TIM
TIM
TIM
TIM
TIM
TIM
TIM
TIM
TIM
TIM
TIM
TIM
TIM
TIM
TIM
TIM

5
53
R4
&5
54
57
L -
LY )
[Xa)
61
&2
63
YA
65
66
67
&R
80
70
71
72
72
T4
75
76
77
78
70
a8n
81
"o
"
84
asg
86
87
88
9
an
oY
97
9a
9
95
96
97
an
o9

1nn

101

107

102

104

115

10¢

107

100



185

200

CALL PAGE(NORG+4)

PRINT 1001

PRINT 1006 sKONs(1s1=1sNDES)

DO 185 10=1,NORG

PRINT 1009sI0s(TRIP(I09ID)sID=1+NDES)

CONTINUE

IF(NPL.NE,O) GO TO 200

XUMB=040

XUMBA=040

DO 9 10=1,4NORG

I=NO(10)

RRD=RD(I0)+XMD(10)

XUMB=XUMB4+RD (IO} #RQ(10,2)

XUMBA=XUMBA+XMD (10} *#BV(1,1)

FIND INPUT DELAY, XUM

XUM= XUM+RRD

VMB=0.0 .

XUMB=XUMB4+XUMBA

BUSS=0 00

VM=0,

DO 5 I=14NSEC

VM=YM4+TD (1)

XUM TRAVEL TIMES For EACH SECTION To GET TOTAL TRAVEL TIME
TTSUM

TTSUM=TTSUM+TT( 1)

VMB=TD(1)1%BV(151)+VMB

BUSS=BUSS+TT(II*BV(1s1)

ADD SUM To TTSUM To GET TTT AND OUTPUT ALL THREE

PTS=(TTSUM-BUSS ) # AVE+BUSS*#BUSOC( 1} /EBN

PSMe { XUM=XUMB) %AVE+ ( XUMB/EBN) #BUSOC( 1)

TTSUM=TTSUM-BUSS+8USS/EBN

XUM=XUM=XUMB+XUMB /EBN

TTT=TTSUM+XUM

FAC(4)=FAC(4)+TTSUM

FAC(5)=FAC(5)+XUM

T45=FAC(4)+FAC(5)

PTT=PTS+PSM

FAC(6)=FAC(6)}*+PTS

FAC(T)=FAC({7)+PSM

T67=FAC(6}+FAC(7)

CALL PAGE(6)

PRINT 1011sTTYSUMsPTSFACIA) sFAC(E) s XUMSPSMsFACIS)IsFACITYsTTTSPT

1T45.T67

PM= {VM=-VMB )} *AVE+VYMB*BUSOC(1) /EBN
VM=yM-yMB4+yMB/ERN
CVM=CVM+VM

CPM=CPM4+PM .

PRINT 1012,VM4PM,cyM,CPM
IFUIFL{1)+NENOTS) RETURN
FACIL19)=T458

FAC(20)=Ts7

RETURN ‘

CONTINUE

PRIOCC=040

PRIPEN=0.0

OOROCC=0.0

OORPEN=04,0

233

TIM
TIM
TIM
TIM
TIM
TIM
TIM
TIM
TIM
TIM
TIM
TIM
TIM
TIM
TiM
TIM

TIM

TIM
TIM
TIM
TIM
TIM
TIm
TIM
TIM
TIM
TIM
TIM

TIM

TIM
TIM
TIM
TIM
TIM
TIM
TIM
TIM
TIM
TIM
TIM
TIM
TIM
TIM

"TIM

TIM
TIM
TIM
TIM
TIM
TIM

TIM

TIM
TIM
TIM
TIM
TIM
TIM

1n9
110
(BB
112
112
114
1158
116
117
118

119

120
121
129
123
124
128
126
127

128

129

130

121

132

132
134
118
13¢
127
128
139
140
141}
14>
141 .
144
145
144
147
148
149
150

151
182
1%3
154
158
15

187
188
189
160
161
1847
162
164
16%



245

240

265

260

250

215

210

230

220

IF(PLCeNEL6e0) GO TO 240
PVE’OOO

PAE=AVE

GO TO 250

NPLC=IFIX(PLC)

DO 260 I=1s5

IF({1.GE«NPLC) GO TO 265
O0ROCC=00ROCCHPCTVEH (151 ) FLOAT(I)
OORPEN=OORPEN+PCTVEH(Ts1)
6O TO 260 :
PRIOCC=PRIOCCHPCTVEH{ 1,1 ) %1
PRIPEN=PRIPEN+PCTVEH{1,1])
CONTINUE

IF{PRIPENLEQGD+0) GO TO 245
PVE=PRIOCC/PRIPEN
PAE=00ROCC/O0ORPEN

CONTINUE

XUMBA=XUBURA=0,.0

XUMN=0.0
XUMUR=XUMB=XUBUR=O.O

DO 210 10=1sNORG

I=NO(10) )
IF{IP(11EQe1HP) GO TO 215
RRD=RD{ IO} +XMD(10)
XUMN=XUMN+RRD

XUMB=XUMB+RD (I10)*RQ(10,2)
XUMBA=zXUMBA+XMD (IO *BV{I,1)
GO TO 210
RURV=RD{ IO} +XMD(10)
XUMUR = XUMUR+RURYV
XUBUR=XUBUR+RD{TO)*RQ{10,3)
XUBURA=XUBURA+XMD (101 %8By (151}
CONTINUE

VM=yMP=VMUR=0,0
TTN=TTUR=TTR=0,0
BNOR=BUR=BPRI=0.0
VMB=VMURB=yMPB=0,0

DO 220 I=1sNSEC
IF(IP(I)+FQelHPY 6O TO 230
VM=yM4+TDI(T)
VMB=TD(I)%BV(I41)+yMB
TTN=TTN+TT(1)
BNOR=BNOR+T3{I)%Bv(1s1)

GO 70 220

VMUR=VMUR+TD (I}
VMURB=VMURB+TD(1)%BV{I,1)
TTUR=TTURSTT(I)
BUR=BUR+TT({I)*BV(1,1)
VMP=VMP+TDP (1)
VMPB=VMPB4+TDP(T1)1%*BV(1,3)
TTR=TTR+TTP( 1) :
BPRI=BPRI+TTP{II®BV(I,2)
CONTINUE

PTSN=( TTN-BNOR) *AVE+BNOR*BUSOC( 1) /EBN
PTSUR=z { TTUR-BUR}#PAE+BUR*BUSOC( 1) 7EBN
PTSR=({TTR~BPRI1)#PVE+BPRI*BUSOC( 1) /EBL
XUMB=XUMB+XUMBA

234

TIM 164
TIM 187
TIM 168
TIM 189
TIM 17n
TIM 171
TIM 172
TIM 172
TIM 174
TIM 175

T TIM 17

TIM 177
TIM 178
TIM 170
TIM 180
TIM 181
TIM 187
TIM 182
TIM. 1R4
TIM 188
TIM 18

TIM 187
TIM 1828
TIM 1nro
TIM 19n
TIM 101
TIM r09
TIM 1907
TIM 104
TIM~19%
TIM 194
TIM 107
TIM 19nr
TIM 199
TIM 200
TIM 201
TIM 20?2
TIM 202
TIM 204
TIM 208
TIM 204
TIM 2n7
TIM 20n
TIM 200
TIM 21n
TIM 271
TIM 21>
TIM 212
TIM 214
TIM 218
TIM 21

TIM 217
TIM 211
TIM 210
TIM 220
TIM 224
TIM 222



XUBUR =XUBUR+XUBUR A TIM 222

PSMUR = ( XUMUR=-XUBUR } * AVE+XUBUR*BUSOC( 1) /EBN TIM 22,
PSMN = { XUMN~XUMB )} x AVE+XUMB#BUSOC( 1) /EBN , TIM 29x
PTN=PTSN+PSMN TIM 2256
PTUR=PSMURAPTSUR TIM 227
EBN10=1«0/EBN-1+0 © TIM ?9n
TTN=TTN+BNOR*EBN10 TIM 229
TTUR=TTUR+BUR*EBN10 ' TIM 23n
XUMN=XUMN+XUMB*EBN 10 TIM 223
XUMUR=XUMUR+XUBUR*ERN10 TIM 23>
TTR=TTR~-BPRI+BPRI /EBL TIM 224
TNT=TTN+XUMN TIM 234
TUR=TTUR+XUMUR TIM 238
FACI4)=FAC(4)+TTN TIM 224
FAC(5)=FAC(51+TTUR TIM 227
FAC{6)=FAC(&)*+TTR TIM 22n
FAC(T)=FAC({7)+XUMN TIM 220
FAC(8)=FAC(8)+XUMUR TIM 240
T10=FAC(5)+FAC(8)+ FAC(4)4+FAC(T)I+FAC(6) : TIM 241
FAC{10)=FAC{10)+PTSN TIM 24
FAC{11)=FAC(11)+PTSUR TIM 241
FAC{12)=FACU12)+PTSR TIM 244
FAC(13)}=FAC(13)+PSMN TIM 24s
FAC(143=FAC{14)+PSMUR TIM 244
T30=FAC(11)+FAC(14)+ FAC{10)+FAC(13)1+FAC{12) TIM 247
CALL PAGE(8) TIM 241

PRINT 1005,TTN9PT$N,FAC(4):FAC(IO"TTUR’PTSURvFAC(S);FAC(l})a?TRt TIM 240
IPTSRsFACLE ) s FAC({12) s XUMNsPSMNsFAC( 7} sFAC(13) s XUMURsPSMURsFAC(8)s * TIM 250

2FAC(14) TIM 2514
A10=TUR+TNT+TTR TIM 285
A15=PTN+PTUR+PTSR TIM 2513
V15= (VM=VMB } #AVE + { VMP~-VMPB ) #PVE+ (VMUR~VMURB ) ¥PAF TIM 254
V15=V15+( (VMB+VMURB) 7EBN+VMPB/EBL ) #BUSOC (1) TIM »se
VM=yM+VYMBREBN1O TIM o8e
VMUR=VMUR+VMURRB*ERN10 TIM 257
VMP=VMP~VYMPB+VMPB /EBL TIM 288
V10=VMUR+VM+VMP TIM 259
CVM=CVM+V10 TIM 2¢n
CPM=CPM+v15 TIM 261
CALL PAGE (4! TIM 262
PRINT 10083510+sV15,CVM,CPM TIM 263
PRINT 1007+A103A15,T10,T730 TIM 284
IF{IFL{1)4NE.NOTS) RETURN TIM 265
IF(FAC(20)+NEe0e0) GO TO 500 TIM 266
FAC(19)=T10 ' TIM 267
FAC(20)=Ta0 TIM 2an

: RETURN TIM 269
500 T1000=FAC(2%)-T30 TIM 270
T1001=FAC(19)~-T10 , TIM 271
calL PAGE(4) TIM 272
PRINT 10149sFAC{19)4FAC(20) TIM 272
PRINT 1013+T1001,7T1000 TIM 274
RETURN ) TIM 275
1001 FORMAT(/% TRAVEL TIME FOR ONE PRIORITY TRIP ,01 MINUTESH*) TIM 27
1002 FORMAT(/1gH AT OFF=RAMP NOe+s1393X9s14HDEMAND EXCEEDSs FgeOo TIM 271+
118H VEHICLES PER HOUR) TIM 278
1004 FORMAT(/% TRAVEL TIME FOR ONE NON-PRIORITY TRIP .01 MINUTES*/) TIM 270

235



1005fFQRaAT(/36x,*CURRENT TIME INTERVAL%*970Xs%CUMULATIVE VALUES #/% FR
1EEWAY TRAVEL TIME (NOR} %o5(FgeO#% VEH-HRS #Fge.0% PASS-HRS#5X)/ % FR
2EEWAY TRAVEL TIME (UNR) #5(FgeO% VEH-HRS #FpeOx PASS~HRS#5X)/ * FR
3EEWAY TRAVEL TIME (RES) #p(FgeO% VEH-HRS #FgeQ* PASS-HRS*5X}/9Xs
4#INPUT DELAY (NOR) %2(Fge0% VEH-HRS %#Fg8.0% PASS~HRS #4X)/9Xs
s#INPUT DELAB (UNR) *2(Fge0% VEH~HRS %FBe0% PASS~HRS %4X17/}

1006 FORMAT(1XsI2s1Xs10lg//) .

1007 FORMAT(» TOTAL TRAVEL TIME UNDERx/x PRIORITY OPERATIONS#svXso(FaaD
19% VEH-HRS #F8+40% PASS~HRS*5X) /) ,

100g FORMAT(» TOTAL TRAVEL DISTANCE*;sxsz(F8.0* VEH~MIe #Fge0%* PASS-MI,.
1%#5X) /)

1009 FORMAT(1Xs1221Xs10F60)

1010 FORMAT(///33H TOTAL TRAVEL TIME IN +0] VEH=HRS/)

1011 FORMAT (/31X 9 21HCURRENT TIME INTERVAL20Xs17HCUMULATIVE VALUES /
121H FREEWAY TRAVE( TIME=32(FqeOsoH VEH-HRS sFge0saH PASS—HRSssX)/
28Xs13H INPUT DELAY-s2(FgeOsqgH VEH-HRS sFoe0soH PASS-HRSsgX)/
321H  TOTAL TRAVEL TIME=s2(Fge0sqH VEH-HRS 3sF9e0sgH PASS—HRSs5X))

1012 FORMAT(21H TOTAL TRAV DISTANCE=s2(F9e0s9H VEH-MIe sF9e0soH PASS-MI
1e95X1)

1013 FORMAT (/% TRAVEL TIME SAVINGS OVER NON~PRIORITY OPERATION = %*s185Xo»

~ 1FBe1s% VEH-HRS *,Fge1s* PASS~HRS%*/)

1014 FORMAT(» ToTAL TRAVEL TIME UNDER NON=PRIORITY OPERATIONS %*s317X»
1Fge0* VEH-HRS #*Fg,0% PASS=HRS*/)

END
33t ERRATA:
Card Number Statemenﬁ
SLICE 10 DIMNENSICN NUMB(20)
SLICE 11 DG 5 K=1,20
SLICE 12 5 NUMB(K)=X
SPEED 32 45 K=DZ
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TIM
TIM
TIm
TImM

TIm

TIM
TIM
TIM
TIM
TIim
TIM
TIM
TIM
TIM
TIM
TIM
TIm
TIM
TIM
TIM
TIM
TIM
TIM
TIM

200
2R
20
a1
2904
28y
284
207
s8R
289
290
291
292
pA A
204
r08
S04
297
e ]
200
200
301
105
N3



E2296312200s40000s50u0e
RERQUEST sPRIFREWNN25

CLDRs I=PRIFRE {UMLOAD)
f

MODEL APPLICATINM To MARIN RAUTE 101

20 Le 2 2e 2
1 410000 200 2 3 3
2P 4 720U 1500 490 4 4 &
2P 4 7200 1500 5400 5 " 8
4P 4 6890 1500 600 = 5 5
5P 4 781 1500 200 =& 5§ &
6P 4 6752 1500 400 & & &
TP 4 £500 1800 40U g & =
8P 4 6500 1500 3000 5 5 &
9P 4 6400 1500 1050 g 5 5
10P 4 6500 1500 1600 & 5 85
11P 4 6961 1500 2220 & 5 5
12P 4 7294 1500 2500 & 5 5
13P 4 7294 1500 550 8 5 5
14P 4 7294 1500 4850 5 5 5
18P 4 7294 1500 1300 5 5 5
18P & 7479 1800 100U Y P
17P 4 7294 1500 1400 = 5 5
TR L 7294 2000 & 5 5
19 3 5820 800 5 5 5
20 2 5820 2600 5 & &
1500
3 Q0 256 s AR 24
3 ~1.,00 22 ~0 N 0a
4 Q0 LT A5 27 e
4 ~1400 224 ~04 0 O
5 0«0 55 00 LG e
5 —e95 26 - e 27,
H
TIME SLICE 1 330-345
40e T3eli 2342 2.0 140 o4

4007114251907 18U140200ez04
H40+68e¢87127e¢240762A07T4171006402
AO.6603?2Q0370705401.7000.“?
4066308231002 7201 4290004854

1

165 132 106 686 30n3677

132 13 1n 26

1213 1n 24

52 40 597

220

157

TIME SLICF 2 345-400 v
40¢ T3e4 2342 240 140 o4

4067116256190721201.0200404

APPENDIX D

Example Lisiiﬁg of Inputkblta for New Dosigh,
Two Reserved Lanes, Shifts (CDC 6400 Contrel Cards)

5
97
e Q7
«O7
.07
« Q7
«97

« 37

LEW AFTER 25 NEW DESIGN,

NMEW

0

WO RESERVED LANES WITH SHIFTS

DESIGN WITH TWn RESERVED LANMESSHIFTS

TOLL ROOTH

ACCELERATION AREASSTART nCSERPVED LANS

oD
oD
oD
8]p)
25
.9%‘

s 0B
“050

237

GOLDEN GATE B3RIDGE

WRONG WAY RUS CROSSOVER

NFGLECT VISTA PNOINT ON=QFF BAMD  SVA| L
ALEXANDER (FORMERELY SAUSALLITH)

v/

WALDO TUNNFEL
SPENCER

RNANFQ

MARIN rITV
CAPACITY ADJUSTED

RIS CROSQOVER
MATLINE~R ITCHARDSON

LARGE WFAVE EFFECT
BAY BRIDGE

MAINLIME SOUTH OF TIRHROM NFF

Pl .05 ?39 Tah” 2%
27 e 08 EL2) 141N 27,
Gh e 1e01N 20 e ~1 e« N,
106 -1 e Ne



4006808127¢24074360141100e48

4006643729437024540142000452
40063¢8231¢6007¢7301420n0e56
R ! i 1.

152 158 46 106 804 3004012
7 13 13 46 3a 79
26 40 20 79

2 5 7
52 25 480
317

157

T IME SLICE 3 400=415
i 336 Tho84 2147 245 1,3 ol
© 33e72e1123¢6902+469012800.08
33¢6908225469024910145000408
33467e3727e¢7702¢1501e4200.09
33e64¢8029¢95034400147500410
[ ' : ’ 1

164 105 111 904 3006738

.7 I3 10 100
13 13 5 20

32 47 663
‘ 288 -

, 158

*TIME SLICE 4 41%-430

334 Thed 21e7 245 1,3 . |
33072611236902¢690102800408
33’6908225069020910103000008
330670372707?036150156200009
33464e802969503¢400147500610

1 1 4

1

183 157 46 1111047 3005219
7 13 39 5n 74

7 13 10 23

2 5 3
38 sn 749
262
104

238



TIME SLICE 5 4?0*44% PEAK HOUR REGINS AT TOLL AREA

42e 7101 2441 243 2e3 o7
L3e¢68e8725e9902e45076050N674
4206606027 689N2e63026A43N0e25
L2e64427229e8702e820242200627
426610 74319402e020%,01002209

2 7
1
11
1 1
219 192 751082 4006311

27 55 2n 62
7 14 1n 24

67 49 %32

411

217.

TIME 5ctCF 6  445-500 A

430 Tlel 24061 Z¢3 747 . ?
4206808725q99020450204500‘74
42066060270890?0630205?00.75
4264222048707 e¢8B820724820100627
4261674219402 0202.0100470

1 2 ‘ 15

219 192 48 621192 4005742
7 7 14 1 17
14 27 3n 66

37 49 664

411

, 108

TIME SLICE 7 500-515

436 HHheR 3100 2Q5> el ol
43e624153268602¢690247300e07
43059095344 7702e¢85024 2500408
43¢57e¢6636¢7503e0202, 46900408
4355203848102 1807244200600

3 4 2 13
1 2 1
1 1

257 315 50 861058 30n6505
7T 14 29 18 21
14 29 2n. 52

239



71 47 690

286

. 286

TIME SLICF 8 .515-530

43. 6403 3100 205 ?ol 01
43462¢1532486020690242300e07
43¢59e953447702+8502,3500.N8
43¢574663647503+020244200408
434550293848102¢180244200400

2 5 2 21
2 1 ?

271 686 21 501073 4005927
7.7 14 10 19
29 57 100 215

7 50 594

257

171

TIME SLICF 9 530-545

43¢ Thef 2040 345 1,40 9
43072e3621e¢7603780141400496
43470e082345604¢0901,220104
43e67¢6925444040420143301612
43¢6501827e41046¢760144401420

22 ‘ 11

2

2

315 750 78 511147 4004736
3 3 5 5 11
27 134 10n 248

33 285 298
188
' 160

TIME SLICFE 10 545-600
T 436 T4e6 2000 3e5 Te0 9
4372362127603 780161400696
43¢7040823e5604¢09074723n104
43.6?069250440404201-?201.12
43e65¢182744104e760104401620
1 11

274 616 47 471166 4004263
240



7 7 13 10 17
54 107 50 164

33 25 284

241

: 214

TIME SLICFE 11 60n-615

33e 6660 2643 G4 2,2 1.1
334636922749 10446702,2301617
23e6107529459N4e9502e48801e23
33.59049310340502Q0205201031
33e57e143341505455024770139

1 1 5

235 647 22 961279 5003072
7 7 15 10 19
14 29 50 259

37 5n 346

225

116

TIMF ‘SLICF 12 615-630

33 6660 2643 4 o4 2e2 1.1
33.6309223c910406702¢ngl(]?
33461e752945904495026 4801723
33059.4@316340502402.52010?1
0 3345741433.15054550247701429

1 1 2 6

184 206 51 741233 6002866
7 7 14 1n 19
7 14 20 4A

1 A
3T 28 364
235
114

TIVE SLICFE 13 4/30~645
256 7009 22,2 363 25 1.1
252680 TR2248207245407,4801e18
35.6605625-520?.790?«97010?6
35064025274 72804 4050207016325
25.61.8?20.1?0a.?20?.?POT.&&

1 1

241



127 169 127 733 30n2517
7 14 1n 25
7 14 1a 25

21 28 187
310
, 112
TIME SLICE 14 645-700
254 7060 222 3223 245 1lal
25 4686 7R23e820%e54024A4R0T418
T35 466006725 e52N1eTIN24RTN] 2k
25 06442527 280440503,n701635
150616873294 1204 33024280144t
1 1

127 169 127 733 3nn2517
7 14 1n 2?5
7 14 1n 25

21 25 187
310
112
FNP OD

242



e

Example FRIFRE Output Marin Route 101, New Design,

APPENDIX E -

Two Reserved lanes, Scheme 2-2

INSTUTUTS OF TRANSPORTATION AND TRAFFIC ENGINETRING
UNTVIREYTY OF CALTENIMIA
ATRUILEY, CALIFNRMTA

R OSFRYED PRIDPITY DPSRATIONS
LR N B R B O B B B N 20 N BN BN BN 2R 2R AL BN BN IR BN BN 2R B BN BN 2 N 2N 4

FIMAL DIMD, NETG, PS VIL CAP V/C DUM MPH TRAY

SUP
S CRG DTS TOTAL « V/v/L TIMT
1 354%, 0. 3AR4S
2 . Je  284T 2 ROG, 3000, .27 9. 44, .10
2 G 0. 3945 2 A4, 3000. W27 8, 52, 1.17
“ 0, M. 3843 20 804, 3000, ,27 8. 8§24 W12
3 . d. IBLE 2 804, 3000. W27 B, F2. .07
4 N, 125, 3845 2 8934, 3000, .27 8. 52, 413
7 o, De ZT20 2 806, FON0. W27 8, 2. 13
% 4k, Ue 2788 2 804, 3000, .27 P, 82, .6%
g Be Y, 37482 Ra4. 3000, L 27 Be %24 423
1¢ 0, 100, 37643 2 304, 3NUD. «27 8. 52. &35
11 e - e 2568 2 R34, 3000. .27 8, 52. .58
12 LR, e, BTI6 2 B4, 3000, K27 2, 52, .54
12 G O 2T16 2 804, 2000. .2 B, £2. J12
1 G. 10O, 2718 2 4. 3000, W27 8, 52, 1.0%
1% Ui O, 341620 B804, 3000, L27 8, 82. .28
12 822. 49%, 4133 2 A4, 3000, .27 B.a 52. 422
17 U G, 3559 2 234, 3000, .27 g, %2, .30
18 220. 225, 779
14 0, G, 3E07

20 11%. 3132, 3é24

UN
NAPM
N
u
u
4]
Y
U
u
&
U
u
T
Y

NL  VOL AP

3845.10000,
3040, 3600.
2040, 3600,
3060, 3645,
3040. 3375,
30640, 3376,
2915, 3250,
2963, 3280,
2963, 3200,
2963, 3250,
2853, 34820,
2347, 3647,
2347, 2647,
2347, 3647,
22474 3847,
2759. 27¢9.
2274, 3EAT,
2299. 7294,
INAR3, 5924,
3182, 5820,

Wi DN NNNNNNNN N NN N NS A

Time Slice 1

WEAVE

LFF

0.
D
0.
0.
Qs
O
‘0-
N,
0.
0.
0.
[R]%
0.
[N
(A
9566 .

0.

0.

0.

O

VERSTON

PAGE NJ.

22.0

45

UMRESTRVER QR NORMAL OPERATIONS

LR N N NN N N R N R N N NE RN NI TN EN NN XY

v/

+38
86
RE
.88
£ 20N
0
«90
31
«33
«31
»82
54
oStk
b4
- a62
1.09
52
%5
53
»88

DEN
V/M/L
39,
46.
33.
32,
33.
33.
32.
33,
33,
33,
31.
26
32.
50.
758,
46,
23.
16,
21.
21.

MPH

24 .
33,
47.
45,
bh,
46,
4h.
46,
45,
4t ,
47,
46,
370
26,
1%,
3(}’
aq.
EO‘
50,
50,

TaAY
TIMF
« 09
14
1.32
.]-R
«07
o 15
‘15
«75
e 27
« 50
«BE
» 77
.20
2. A0
1.01
.39
» 33
+68
QIQ
.83

0
*

B OR OB

LTNG

200,
400,
5400,
600,
300.
600,
600,
3N00.
1050,
1600,
2320,
2500,
SSDO
4RRQ,
1300.
1000.
1400,
3000.
a0N,
2600,

QJEUF
FEET

DOQOOOOIODOOD



ChT

INSTITUT» NE TRANSPORTATION AND TRAFFIC CNGINFRTEING
HMTY  PETITY MF (ALTELMTA
RELKALs Y, CALIFODNTA

TEAYI L TIMT OROP
3] 1 Z
1 ez, 348,
2 3 lal.
3 U D
o Ve iJa
2 e Ju
h 3% U
7 Y, da

TN TINS FOw
9 1 2
1 149, TQ4%.
pd Q, 123,
3 S e
L (18 [EI%
5 D J.
& e Ja
T D e

Fa v ilAY TRA

Vi

G, MOYI-PRTORITY TRIP

3 4
“hT, 7in.

280}, ST
£2. 312,

h. 233,
D O
O Ue
. D

ST pE Y 2O ITY

alu. 527,

de

227, 345,
S, 172
Ve 15,
Ja T
e U
Y AN

I (HOE)

FROTSRAY TPAV L TIMT (UNR)

FZrewAY TRA

Vit

TREUT
ITRPYT D

A

TOTaL TRLVS

LTI

ST (R5)
SLAY (nuE)
TLaY (URE)

AL TRAVAL DTSTANC

MUToyYNDT e

SRINRTYY Op LTINS

£
asz,
45,
"*';8:
369,
38,
O'
O,

TkiP

&

M

377
39%,
222,
15,
22,
D
G

2é,
101.
20,
O

().
5892,

145,

5 7
S52, 1054.
746, 847,

a9, £&9,
L59, 570,
138, 239.
58, 168,
n, 83,

«01 MIMUTES
H 7
€75, 175,
403, £93,
219. 420.
52. 354,
1203, 221.
£9, 168,
T £3,

CURRTHT T IMT

Y TH=HR <
VITH=HP S
(ZIECLE
Vi H=HP <
V TH-HFS

V’H“MI:

Ve H=HES

« Q1 MINYTRS

INTERVAL
32. PASS-HRS
101. PASS—HOS
4%, PASS—HRS
s PASS-HPS
0, PASS~-HRS
TETS. PASS-MI,
178, PASS=—HES

24,
101,
20,

().

5894,

Time Slice 1

CUMULATT VR
VEH=HRS
VT H=HE S
VEH-HP S

VI H=HRS
VEH=HR S

VEH=MI,

VI H-HRS

VERSTINN

PAGE NO.
VALUTS

32, PASS-H2S

171, PASS=HPS

45, DASS-HRS

N. PASS—HRS

0, PASS-HDS

7575, PASS-MI,

178, PASS-HS

22.0
46



Stz

INSTITUT® NF TRANCOOPTATION AND TRAFFIC FNGINEEPTHG

HNT VI ECTTY

8

s

S

W R e

oW~

CF CALIFORNTA

FRELTY, CALIFI IR
QUEYS COLLISIoN 9 T2=  .146
QUi-Ue COLLISIOM 8 T2= 4155
Q T oF 70 1
ReSLRVED PRIORITY OPTRATIONS
B OFTMAL DTMD, CRIG. RS VIOL CAP V/C DTN MPH TRAV
C De5 DIS- TATAL V/M/L TI M
4236, 3, 4238
Q. De 4236 2 872, 3000, 429 10. &4, ,L10
Ca O G236 2 8BT72. 3000. 429 8., 52. 1,18
N. Ny 4236 2 872, 3300, .29 8, 52, 13
0, De &23K 2 872. 3000, .29 B 52. .07
0. 115, &235 2 872. 3000, ,29 B, S2. W13
O Qe &121 2 872. 3000. ,29 8. 52. .13
143, Ue 4264 2 872, 3000. .29 Be B2e 465
D D. %264 2 272, 3000. .29 8. 52. .23
0. 121. 4264 2 872. 3000. .29 8. B52. 35
0. Ne 6137 2 BT2, 3000, .29 3, 52. 51
127.. 43, 4264 2 872. 3000, .29 8. 52. 5%
Ue Je 46219 2 B72. 3000. .29 8. 52. .12
1l1e 110. %230 2 872. 3000. .29 8. S2. 1.06
O 0. %11& 2 B872. 3000. .29 8. 52, .28
424, 602, 4540 2 RT72. 3000. .29 a, 52. 222
0, 0, 3822 2 872. 3000. .29 8. 52, .31
241.  260. 4042
Q. 0. 3778
119, 2284, 23597
QUTUF LIZNGTH DELAY
VEHICLTS VEH-HR S
UN=-RAMP 1 INPUT POINT la47 .18
MTE GING POINT O. Q.
TITAL l.47 .18

VERSTION
pasT

N,

2240

4R

UMRZEEIVED TR NIRMAL CPRRATIONS

L O R R A N N RN R RN N RN RN RN L NN N R RN E RN N R

UN
MORM
t
t
U
i
t
Y
3]

Z2r2zoCc oo oo C

NL

Wb PNMNRNNRNN NN NNONNDN D

VoL

Cap

3522.10000,

2650,
2550,
25650,
2650,
2650,
2535,
2678,
2678,
2678,
2556,
2683,
2640,
2651,

'?.611'10

2965,
2362,
3675,
3235.
3354,

Time Slice 2

3400,
3600,
3se8,
3375,
3376,
3253,
3250.
3200,
3250.
3480,
3647,
3647,
3647,
3647,
296%,
3647.
1294,
5820.
5820,

WFAVE

FFF
O
0‘
.
Ve

De

v/C

+ 35
74
.74
.77
19
78
78
82
34
B2
73
W14
« 72
«73
70
1.09
w65
48
56
«58

DTN

V/M/L

36.
4‘9.
38'
50
54,
58,
3.
52,
52
1.
S6.
72.
76,
76.
17,
49,
24,
17,
22,
23.

MPH

24,
27,
35.
27,
24,
24,
24

25,

26,
26,
23,
IQ"
17.
17.
15.
30,
49,
0.
49,
49.

TD&V
?IMC.‘
.11
.21
2.12
.29
.16
.32
.32
1.50
.52
.76
1.23
1.55
.36
3,17
.90
.38
.33
.68
.18
.83

Q
&%

o
*
*
*
*
*
*
*
*
*
*
*
*
*
e

LENG

200.
4040,
5400,
£00.
300.
£00.

T 600l

303D,
100,
1600.
2320,
2500,

550.
4850,
1300.
1000,
1400,
3000,

800.
3600,

QT UF
FeTT
2Q0
400

56400
£00)
300
500
600

3000
1050
1600

2320
2500
580

4850
1300

CoLOo0

RA
71&'
714,
Tl4,
T4,
714,
714,
7}.4-
572.
522,
€22,
522,
S22
522,
%22,
522,

0'

0'

0.

0.

0'



oz

INSTITUTE 1IF TRANSPORTATION SND TRAFFTC SNGINZTPING
OF CALIFDRNTA

UNTVERSTITY

BEPKELLY, CALIFOFMIA

TRAVTL TIMF FOF 00D

0 1 2 3 4
1 269, ThéE Bl4. 1157
2 0. 249, S1&. 870,
3 0. 0. 153. 506,
4 0. U 0. :17.
& (. Oe 0, U
& 0. Je "}o OQ
7 0. o, 9, d.

TRAVSL TIMT FOR M5 PETORTTY
4] 1 2 3 o
1 170, 307. «12. £30.
2 0. 123. 2 . 3hA,
3 0. \)0 5‘;‘. 17&;
“ o, . 5. 106,
5 0. 0. a. D
5 0. . 3. O
7 0. 0., 3. D
ERETWAY TRAVIL Tins (*°f)
ERETRAY TRAVIL TIML )
FRZ“WAY TRAVOL TINT {1 S)

TAPUT DELAY (D)
INDUT DILAY (UMT)

TOTAL TeAv [ NISvr e

TOTAL TRAVTL TIM- UMD P

O ORTTY OPTRATIONS

£

129%,
344,
534,
Lbus,

380
U
G

MOH-PRIODRITY TRIP

<01 MINUTES

[ 4
1296, 14697,
1038 . 1200,

738, 836,
546, 67,
132, 240,
£8. 169,
0 83,
SO1 MIMUTES
6 7
£78, 780,
42¢ ., 594,
321. 422,
254, 256,
120. 222,
58, 1é9.

0. 83,
CUFRRENT TIMF O INTE
VTH-HES 3&.,
Vi H=HRE 157.
V- HE S 45,
V' He-HPE N,
V HeHES 0.
Vi H~MI. 7948,
VER=HET 240,

FVAL

PALSS-HR S
PASS~HE S
PASS-HD S
PASS=HRS
PASS-HE S

PLes=MT,

PASS-H T

Tir+ Slice 2

50.
256,
62
A
3

119R¢,

348,

CUMULATI VY

VEH~HP S
VEH=HE S
YFH=HD g
VEH=HP S
VIH-HRS

VEH=MT |

Vi H-HE S

VERSION

CPEGT N,
VALIES

hf. PASS-HRE
258, DASS-HRS
34, PASS~HRS

0. PASS-HRS

N. PASS-HES
15523, PASS-MT,
41t SASS-HRS

22.0
49



e

INSTITUT: OF TOANTPORTATION aND TRAFFIC ENGIMTERTING
UNIVERSTITY 7F CALT P
CHLIFonr 1A

R KrLT Y

ETMAL
<t el
1 ~828,
2 e
3 {ie
L:' r\l
s [N
& (Xl
7 iy
R 9o,
G [
10 [N
i1 0,
12 3¢,
1‘3 (’.
14 [
1= 529
le G362,
L7 e
18 220,
i9 tie
20 121,

R B A M

el AMD

OUC U CILLISION 9 722,000
QUIUT CLLLISION 8 T2=  .900
QY COLLTSION 7 T2= L000
DUTUT IOLLISICN 8 T2= ,000
O Ut COLLICION 4 T2= ,000
GUSLL TDLLISION 2 T2 000
0 ouT OF STCL

RESyiy- 0 PRIJRITY OPTEATIONS

o e
mMD . T

- B2
~TEOTOTAL
1, «B8273
Ve L2328
i, G823
D, 6228
{l, &32%8
112, «g28

G, &3
d, 6302
{1 4802

T AEOQ2
Ga 4AT722
il L7€1
. ATE6L

R, ~7¢ 1
S NS !

Lo, 522
[RIN 665G
192, 4799
N bie 55

EICTES DR

1 EEE1 AV
R GTHG
Z Tary”
MY NG

i T G TG T T T RS P PO NPy NN

R R N N N I A I Y

B5 VoL Cap v/(0 OFN MPH TRAV
VML TIMY
986, 3000. .33 11, 43, .11
FRE. 3000. .32 19, T2. 1.19
G8&, 00U, L33 10, 52.  «13
936, 3000, W33 13, 52. .07
986, 2000. W32 10, 52, .12
A&, 3300, L33 1. S2. .13
926, 3300. 33 10 52. o 55
986, 3009, .33 10, 2. .22
Fdte 3300, 433 10, 82, L35
G846, 2000, .23 10, 52. .51
986, 2000, .33 10, S2. L8585
986, A000. L33 10, FZ2. .12
536, 3D00. 2323 10, 52. 1.07
A6, 3009, .33 19, "2. ,2¢
S8&6. 2000. «323  10. 52. .22
9n6. 3000, .23 10, S2. W31
QUEUT LENGTH [RISHIR D 4
VIHICL S VA H=HRS
D NY 327,43 41 .11
POINT (e ) (.
TaTeL 327443 4111
PLINT (v, O
PoIaY Tt.R1 T W80
TLTeL 76.81 9,60

UN  ONL V0L
NTEM

N4

U 2 2%38,
y 2 2538,
U 2 2538,
U2 2538,
U 2 2538,
11 2 2425,
U 2 2824,
U 2 2524,
u 2 2524,
U 2 2454,
U 2 2493,
U .2 2493,
U 2 2693,
U 2 2404,
U 2 2659,
U 2 21A5.
M 4 2372,
N3 31R0.
M3 3301,

Time Slice 3

cap

3524.,10000.

3600,
1600,
3445,
337s%,
2276,
3250.
3250,
3200.

WEAVE
TFF
De
{‘).
{).
O.
O.
O,
O.
0.
Q.

VERSION
PAGF NO,

22.0

51

UNRT SFRVEND QR NORMAL OPFRATIONS

(NN NN R R N N e NN Y R N A R NN NN

V/C D3N
V/M/L
<35 40,
<70 5B,
«T0 76,
.74 72.
'75 70.
<75 T0.
«75 67,
«T8 55,
« 79 45,
278 b6,
71 T4,
«68 78,
.68 18,
«58 78,
H6 79,
1.00 44,
59 22,
«46 17.
SR 21
57 22

MP M

22.
22.
17'
18,
18'
18.
18.
19.
19.
19.
1?'
16.
s,
16,
15,
30.
49,
50'
50.
49,

TRAV
TINF
« 10
21
2.68
«39
«19
.38
+38
1.80
«62
. 96
1.58
1.78
.39
3.45
« 97
«38
.32
»568
.18
- 83

E R BE R B BRI 2B 2N BE R 2 SR A B )

LENG

200.
400,
5400,
600.
300.
600,
500,
3000.
1950,
1600.
2320.
2500,
550.
4850,
1300,
1000,
1400.
2000.
300,
35600,

QUEUE
FFET RS
200 1304,
400 1062,
5400 1062,
600 307,
300 838,
500 838.
500 825,
3000 726.
1050 476,
1600 6764,
2320 676,
2500 676,
550 676.
4850 676,
1300 674,
0 O.
0 0.
0 0.
0 0.
0 0.



ghz

INSTITUT® OF TRANSPORTATION AND TRAFFIC FNGINTTRING

JMIVYERETTY OF CALTENRMNTA
BrRKELTY, CALIFIRITA

TRAVIL TIME FOR QANMT MOH=PRIORTITY TRIP 01 MYMUTES

Q 1 2 3 4 ]
1 494, 869, 1205, 1589, 1725,
2 e 3327. £73. 1087. 1193.
3 D, . 178, SH2. €97,
4 O, A D. 345, 480,
& (LN Ve 0. 0. . 38,
& A D e (119 D -
7 0. Ue Je U - T

TREV-L TIMS FUR DN PEIDORITY TRIP
i 1 - 2 3 = 5

1 173, 21, 416, 534, 585,
2 O 124, 230. 249, 399,
R 0, iJa 55, 174, 224.
4 a, 0. 0. 107. 157,
;‘ Qo ‘v)u 0- U ?20
4 O, 0. Je I, Ya
7 Q.- (A 0. (UM O,
CLLTWAY TEAYIL TIML (MORY 2% .
ELTEWAY TREVL TIMD (UNFR) 182,
FRSYWAY TEAVIL T (P58} 25,
TNPUT RRLAY (NOR) 41,
TNPUT DDLU AY (UMPY) 10.
TOTAL YRAV.L DISTRMNCC 2718,

TAYEL TEAVEL TIMT O UMDER
POYTOETTY OGP PATIONG 222,

6 7
1825, 1926,
1293. 1394,

7?8, 809,

580. 482,
138, 239,
A8.7 169.
G, 83,
N1 MINYTES
1) b4
£33, 785.
493, S99,
323, 424,

25%6. 3%7.
12¢. 222,
658, 159,
0. 82,

CURRENT TTME

V" H=HPS
VI H=HES
Y H-HR S
VFH=HRS
Yo H~HMS

V7H=-MT,

ViH=HE S

VEISION
PAGF ND.

/

INTTREVAL TUMULATIVE vALJTS ‘

33, PASS=HRS  T4. VRH-HES 99, PASS~-HRS
182, PASS=HRS 638, VEH-HRS ° 440, PASC~HRS

S4. PASS=HR S 67« VT H=HRS 150, PASS=HRS

54, PASS—HRE 41. VTH-HR S R4, DASS-HRS

12, PASS=HE§ 10, VEH=HRS 2, PASS~HPS
7589, PASS-MT, 17703, VEH-MT, 23212, PASS-MT,
337, PASS=HR S 630, VEH=HRS 757, PASS-HRS

Time Slice 3

22.0
52



énz

INSTITUT: NE TEANSPORTATION AND TRAFFIC FMGINETRING

UHIVERSTTY NF CALTI £ NIA

BIRKFLEY,

SLHR
[
3 it

ETtoay

es
1 Lendg,
2 M
3 0.
L i3I8
£ (e
£ (318
7 0,
2 124,
Q 0.
19 O,
11 1,
12 41.
13 (LN
1"3 i,
16 €39,

[UN
272,

0.
7S,

APl AMD

Ot=i pnp

Kl

»

CALIFOBNTA
MU CDLLISTON 3 2= 00
QU LUl STON B T2= 30N
DLUY CTOLLIS TN L 7 T2= « 300
QuUSUE COLLTYSINY 5 12= 000
OUCUT COLLTR TN 4 T2= .00
T LIS TN 2 T2= SO0
3T e 5001
ROSEFRYID PRAIOAPITY DPERFTIONS
BAHn, NEIG. PSS oyl Ced /0 DIDN O MOM TRAY
NS TOT AL VML TIMY
B B4
G, S6G4 2 1URS, 33713, .36 13, 42. .11
iV, S&NG 2 1ES. 3000. 36 11, Sl. 1.1
(.  SL0L 2 L08R 2O00. L35 1l Sle 13
i, Bk 2 14085, 3AD00, L,36 11, 51, 07
117, P44 2 1985, 3000G. .34 11, 0 Bl. .13
Qo 262 2 198%, 3070, .36 1l. S1l. W13
N, 401 2 1985, 3000, .34 11, Al. W66
De 5401 2 10385, 2000. .35 11. 5l. 23
O, 2601 Z L85, 3000. .36 11. %1, 35
Qe 279 2 1085, 3000, .34 1l. Sl. W51
A3, TEAN 2 10R8%, 3030. L34 11, S51. .5%
U, 5294 2 LORS, 3900. 386 11. 51. «12
fhy 288 2 1085, 200uU. .26 11, 51, 1.07
b, 5184 2 lufb, 3000, .36 11, 51. « 29
213, 5825 2 108%, 3000, .36 1ll., 51l. v 22
W, L9%5 2 pu8%, 3000. .32 1l. S51. .31
204, 5187
e BBLD
3146, 4221
JIrIT O LENMGTH DrLAy
VeHIZLES VEH-HES
1 ITHPUT POINY 723,69 131,39
MIREGINN POTNT 0. e
THTAL 723,69 131.39
5 INDUT PLINT O 0.
MOEGING POINT 25E 4T 41,53
TOTAL 285,45 41 .83

Un
KNIEM
N
tJ
]
v}
]
4
U
U
U
U
u
u
U
u
U
3]
8]
N
N
M

N

W RN MNNNNNNNNNNN NN RN R R >

Time Slice 4

vaL

cap

3819.19000.

2732,
2732,
2732,
2732,
2732.
2615,
2754,
2754,
2754,
2658,
2699,
2656,
2674,
2591,
2515,
2n02.
3291.
2087.
3166,

3600,
3400,
3445,
3378,
2376,
3280,
3250,
3200,
32580,
2480,
3647,
3647,
36467,
3647,
2515,
34647,
7294,
5820,
5920,

WiTAYT

TFF
n.
0.
N
O.
0.
O‘
0.
O,
0.
0.
0.
()D
0‘
0.
0.

1220.
0'
0.
Da
Da

V7RIS INN
BAGE NA,

22.0

64

PTG TRV ED NR NORMAL COPEPATTAMS

L N N N N N N N R R NS RN TR TN N PN Y]

v/C

+38
.7‘:
l?".‘
.7()
«81
+31
80
85
85
«BE
‘76
.7‘9
73
.73
<71
1.00
.5:
45
+53
Bl

DEN MPH TRAY
V/m/L TTME
43. 22, L10
62’ 22» .21
T4, 18. 3.33
70. 20, .3%
48, 20. 17
£8. 20, L34
55, 20, .34
55. 21, 1.60
53 224 W55
A8, 21, 88
72. 19, 1.42
Tée 17, 1,60
7T6. 1B, 36
Té&e 18, 3.13
77, 17, .8%8
2. 30, L328
20, S50, ,32
16, 50, .68
21, 50, L1R
21, 59, .83

o % % o R OB oK R o B OB ¥R o8 FDO

LFENG

200,
400,
S400,
400,
ing,
600,
&00,
31000,
1050,
1400,
2320.
2500.
550,
4380,
1300,
1000.
1400,
3000,
800.
3600,

QUE UE
FEET

200
400
5400
500
3nn
600
500
3000
1350
1600
2320
2500
880
4880
1300

DO

RA
1585.
368,
86 8.
713,
563,
643,
635,
495,
446,
46b,
4uk,
bhbta
446, .
bap,
446,

n'

0.

Q.

0.

n.
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VIRETITY ME CALTFITMNTA
REUPK-Ly Y, CALTEONIHTA

TRAVIL TIM= FOP N NON-PRIGRTTY TRYIP

0 1 2 3 4 3z
1 450,  78%, 1935, 1435, 1341,
? 0. 200, 02, 951, 1077.
3 0. 0. 149, SUS,. £34,
& [ i, Je 313. 4393,
= o, Ja 0. O 38,
& Q. Ja 0. (e D
7 0 O O O 68
TRAVSL TINY FOC QMY PRINEITY TRIP
Q 1 Z 3 4 £
1 176, 312, 418, 538, £89,
2 G 125, 232 351, 402,
3 0, 0. 5%, 175, 226.
4 Ow 0. de  107. 158,
5 n, Ow De U 22
A {1, Oa 0. U O
7 0, O N O, O,
FRESWAY TPAVEL TIMT (NOR) 24,
EREZTWAY TRAVEL TIMU (UMP) 177.
FRETWAY TREVIL TIWT (R=g} 27,
TNPUT DTLAY (NOIR) 131,
INDPYUT DFELEY (UME) LV
TOGTAL TRFAVEL DISTANCH 6028,
TOYAL TRAVIL TI1MY UMDLP
PRINRITY OP-RATIOMS 401,

& 7
1661. L1762,
1176, 1277.

734, 835,
£39. 5649,
138. 238,
£8, 168,

0, 83,

»01 MINUTTS

&
627, 7
500. #

7
88.
Ol.

324, 425,

257 3

57,

121. 221,

58. 1
0.

68'
83.

STITUTT OF TRANSPOTATION alND YRAFEIC THGIMFFRING
f

01 MINUTES

CURRENT TIMI INTTRVAL

VEZH-HRS
VEH=HRS
VEH=HPS
VI H-HRT
Y= H=HPRS

VCH—-M! -

VEH=-HRS

32.
178,
64 .
172.
54,

8314,

501.

PASS~HR S
PASS~HRS
PASS~HP S
PASS~HR S
PASS~HRS

PASS=MI .

PASS~HR S

Time Slice 4

99,
615,
‘;4.
173.
51

23722.

1032.

CUMULATIV
VEH~HRS
VEH-HR S
VEH-HRS
VEH-HR S
VEH-HRS

VT H=MT ,

VEH=HRS

418,
212,
226,

67’

31526,

1256,

VERSTINN
PRGE MO,

VALJES

PASS~HRS
PAS S~HRS
PASS~HRS
PASS~-HRS
PASS-HRS

pASS“’MI »

PASS~HRS

22.0

s
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CIMSTITUTS
UNTVHEP ST TY

R™EKTELTY,

SUB FINIL

500 GRG
1 &08&.,
2 O,
3 (48
du 1,
5 Gw
A (i,
7 (1a
B} 122.
9 Ve

10 i

11 i,

12 ad o,

13 0.

14 iJe

1= {ta

i6 &7¢,

17 (4

13 3ni,

1o O,

24 15,

-7 M0

Ti=G rap

AE TRAHIPPETATION AND TR2AFFIC TNGIMFTE ING

I CALTFORNY
CHLTFGMTA

S TR -TIh G
® QU.U T SPLYTY
S0
QUIUT COLLTST
AUTYL CTLLTS T
QULUT LULLIST
QU CLLILT
oY OF 3TO
oM, 7T,
nEg Tl
0. £UOB8
N, enop 2
0. (9B 2
e &aBP 2
U, &Ry 2
127. /083 2
0. ©o27 2
de  BNLY 2
De  EDEG 2
110 £960 2
e FOn4 2
0. ®Gas D
d.  ©oag 2
89, S043 2
0. F08g D
A1le %3485 02
e FLGQ D
248, I7ED
n, Tzog
3919, #6359
1 ThpyT
MUEGIND
= oyt

MOAGING

.
10
4
2= «241
O 8§ T2= 000
0 5 T2= 000
O 4 Y22 200D
O 2 2= 000
1

EeSiuy D PREITEITY

npreaTIOMS

L AL A I A L R A A A B N R Y

PS VIL Cé2 W/C DM MPH TRAY
: V/M/L TIiM~
1422, 3900, .48 18, &0, .11
1433, 3000. .48 14, 59. 1,22
L&22. 3000, 43 14s 50, .14
1432, 3000. .47 14, 80, .07
1433, 3000, .43 14, KO, 1%
1433, 3000. 4% 14, S0, .1¢
1433, 3000, .48 14, S0, (6F
1423, 3000, .43 14. S0, 024
1433, 3004, .3 14, S0 .34
1433, 2009, .43 140 30, W52
1432, 3033. .48 14. ®0. 57
1433, 3000, .47 14, S0, L12
1432, I000. 43 14, 500 1.14
1432, 39303, .43 14, 50, .29
1432, 3000, .45 14, 50, 23
1433, 3033, 431 14, T0. W32
SUTT L ONSTH DAy
V-HIOL: R YUH-HR S
PN lug8s .41 226,14
oATHT O, A
TATAL 1eds,41 226,14
EIINT o, 0.
POINT 452442 BR,LA
YL wh2,872 BB 4E

UNPBLSSLEy D AR

NOPYAL OPERATYIONS

R R R N N N N N R E R E RN RN E NN

UMoORL VoL (AP
NORM
N4 464]1,10000,
U2 32358, 3400,
e 2 3205, 3400,
U2 3205. R&4%,
2 320%. 337R,
U 2 3208, 3375,
U 2 3078. 3250,
U2 32n0. 3250,
U2 Z200. 2200,
o2 3200, 3259,
U 2 2214. 3480,
U2 3258, 3647,
U 2 32%3%, 3fa7,
U2 2258, 245467,
U 2 3183. 3647,
U 2 2879, 2879,
U 2 2268. 3647,
H4 4005, 7294,
Moo2 2760, 5820,
N3 3919, RR290,

Time Slice §

WAV

“FF
e
.
A
0,
D,
[ 19
(LI
My
0'
e
.
Ve
‘“) *
e
ﬂ.

85& .
Ve
f).
0,
')l

v/7C

’aﬁ
Lan
.qg
.32
oj;
L9T
X
LOR
1,00
L3R
92
.29
W20
.89
.aT
1.70
.52
13
W5E

For

DEN

VIM/L

532
T3,
71.
£S5,
Hh2a
52
AD.
‘:6?&
332,
5ls
52
Ti.
71.
7i.
T2«

"

2H

22,
22,
23,
2%,
26,
26,
26,
2Q'
300
32.
31.
23
23,
23,
22,
a0,
49,
50.
49,
4R,

TRAY
TIME
‘10
« 21
2. 7D
W27
« 13
e 26
26
1.18
o 60
.58
« 84
1.2“
.27
242
.é\v
« 38
33
.[)Q
.19
. 85

Q
*

o

¥ % % ¥ % & b *

¥ o4& & R »

LTNG

200,
400,
5400,
400,
300.
500,
AO0,
3000,
1050,
1600,
2320,
25800,
550,
4980,
1310,
ronn,
1400,
Inng.
800,
2690,

QUr Yy~
FEET

200
400
5400
500
300
600
ADO
AnN00
1250
0
182
2500
550
4A50)
1210
5]

0

]

0

n

RA
1447,
305,
298,
240,
170,
170.
1"“‘
ﬁ'ﬂ.
9.
-21.
-106,
~104,
-1 04,
-104,
""1()40
o,

0.

0.

0.

0‘
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INSTITUTT OF TRANSPAPTATICON ANL TRAFFIC DNGINZTPING

ONTY 2 L8TTY OF CALIFTOENTA

BrukKeLt Y,

CrLIFDRNIE

PR MOMaDRIOGRTYTY TRYP

TRAV L TIMT PO .01
) 1 2 3 4 5 5 7
1 36®,  &ld. 227, 1289, 1194, 12°%, 1399,
2 “. 21b. 4235. 695, TY99. 901. 1004,
3 n, N, 125. 394, 438, 600, 703,
4 n, . D 242, 346, 468, SF1,
5 o, ¢, 9. 0. 38, 130, 243,
- 0. O Ve 0. 0. &9, 172,
7 . n. S U, 0. 0. 3%,
tVOL TYINT EQR fHD PEIRITY TATP 01 MINUTES
o 1 2 3 4 5 6 ’
1 178, 3129, “28, S50, 602, 703, 806,
2 e 128, 237. 289, 411, 512. 615,
2 O Y. 5T, 179.  231. 331. 43%,
4 0. 0. 9. 1lu. 142, 262. 356,
3 0. 0. SR 0. 23, 123. 227,
,z' n‘ Ul {)' [)0 ‘4)' AC}). 172'
7 0. e 9. a. 0. n. 85,
CUBELNT T

2 TEAVLL T (nany 30, VIH=HES

€z TEAYSL TINMD (unm) 161, V' H=HCS

=5 TrAVTL TV (RS 37, V' H=HFS

TERUT OLLYY (han) 2244 VTH-HES

PRRIT DTN Y (D) 88, VUH-HES

VHLL TR AV L DT 7379, VTH-MI,

UL TRAV-L YT unntr ;
PLIFELTY 30 RATTONG S4i, v H=HMPE

MINUT TS

43,
165,
91,
308,
124,

10732,

731

47T INTHPVAL

PASS—HES
PASS=H? S
PASS=HP §
PACS—HP §
PASS=HE §

PAES—-MT,

PLSS-HRS

Time Slice 5

129.
TT4.
131,
3909,
140.

31110,

1875,

VEISTON
PAGS Nf.

TUMULATIVE VALUSS

VPH~HRS
VEH~HR S
V& H=HE S
VFH=-HR S
VT H-HAS

VEH~-MT,

Vi H=HPS

174,
783,
30%.,
535,
191.

42309,

1987.,

PASS-HRE
PESS~-HRS
PATS-HRS
PASS—HRS
PASS~-HIS

PASK-MT,

PAS S-HRS

22.0
58



€52

INETITUTS
UMIVIRSTITY
BORKELY Yy

“Ud FIvaL

< C r"eG
1 3797,
2 (3
2 U
4 n,
5 e
& O .
7 ite
8 %G,
G O
14 0.
11 G
12 104,
1z e
14 0D,
15 IS
14 552
17 {1s
18 301,
1(: n.
20 75. 2

ON=f £MD

SndaMp

OF TRANCIPORTATION akND TRAFFIC

TF CALTROPKMT A
CALIFORNTA

ENGINFCPING

R AV
Tyr

- 11
.21
«13
« 07
13
13
« 67
24
‘36
.52
o 85
.12
09
«29
22
.31

QUDY COLLISINN 10 12= 1587
GUIUT CTLLISION g9 12= «157
DU COLLISTON 8 T2= 4131
QU COLLISION 5 T2= 118
QUIUF CTLLTISTIMN & T2=  L.O98
QUTULLCOLLISION 2 72 071
DODUT OF 501
RICyYED PIIGRITY DPSRATIONS
DML, TRIG. PS VL CaP V/C DEN O MPH T
0US TOTAL \ I VAN T
0. s708
Y 79 2 132%. 300U, .44 1é. 41,
. 798 2 1328, 3000. .44 13. Sl. 1
418 5795 2 1325. 3000, .44 1%, 51l.
0. Z79% 2 12285, 3000. 44 13. 51,
122, TG 2 132%. 3000, .44 13, 51.
D, 5632 2 132%, 2900, .44 13, 51,
(ve  S2TL 2 1325, 3000 444 13, 51.
. S£71 2 1325, 3000, .64 13, K1l
11éa 8671 2 1228, 2000. .44 13, 51,
0,  RE26 2 1325, 3000. .44 13, 51,
33, e300 2 1328, 3000, L4413, 51,
0. 2800 2 132%. 3000. 44 13, 51.
£3. EEC 2 1325, 3000, .44 13, S1. 1
Ue E20 2 132%. 3000. .44 13, 5l.
507, AUEG 2 132%. 3000, .44 13, 51,
., S147 2 132%, 3000, .44 13, 51
242, BILG
57, 51869
JUAUT LTHGTH DILLY
VAHICL *S VEH~HR S
i THOoUY O PLUINT 1401.40 210,85
SUEGITIG PLINT 0. D
TATAL 1401.40 210.85
5 . THPUT POINT [UA 0.
MEP GING POINT 621,90 135.56
TOTAL 531,90 135.%6

VIRSION
PAGE ND.

22\' o

60

UNRESHRY D OR NDRMAL OPERATIONS

(IR RE RN RN N R N N N N N N NN YN TN R

Ut NL vl CaP
NIRM
N4 4373,10000.
U 2 3041, 36D0.
U 2 3041. 3500,
U2 3041. 3445,
Uy 2 3041. 2375,
Y 2 3041. 3376,
U 2 2909, 2250,
U 2 23948, 3250,
U 2 2948, 3200.
U 2 2968, 3250.
Yy 2 2R832. 3480,
U 2 2936, 3547,
U 2 2903, 3647,
U2 2903, 3647,
U 2 2851. 2647,
1) 2 2685, 2685,
U 2 2088, 3647,
N & 3720. 7294,
N3 3478, £820.
N 3 3887, £820.

Time Slice §

WAV

FFF
0’
0.
0.
N
O'
0.
0.
0.
De
0.
O‘

' 0.
O’
0.
0.
1050.
0'
0.
D
0.

v/C

o b
.84
‘8‘“
88
»90
20
«30
91
.92
91
«81
31
«30
<80
»78
1,00
-57
«51
60
51

DEN  MPH  TRAV
V/M/L TIME
48, 23. .10
5T« 23. 21
7. 23. 2.86
62. 24. 29
59. 26 W14
59. 26. .28
57. 25. .28
56, 26. 1.37
53, 2B. W45
S2. 29. W67
51 23, 1l.16
Té&a 20 1,463
Tes 20. .32
Ths 20. 2.81
T4s 19. .77
45, 30, 38
21. 49. ‘32
19. 50. .88
24, 49, .19
246, 49. L8B4

B OoE R % R RN R R KRR ERD

LENG

200,
400.
5400,
600,
3n0.
800,
600,
3000.
1050.
1600.
2320.
2500.
550
4850,
1300,
1000,
1400.
3000.
800.
3600,

QUEY*E
FRET

200
400
5400
600
300
600
600
3000
1050
1600
2320
2500
550
48510
1300

OO0 0C0

RA
1422,
559,
559,
404,
334,
334,
334,
302.
252,
252.
252.
25 2.
252.
252,
25 2.
0.
0.
0.
0.
0.



T

TNSTITUTY

SERKFLEY,

OF TEARCOGETATION AND TR
UNTVFRSTTY OF CALTFORNTA
CALIFORMTA

TRAVOL TTIMS FOF ONS N —-PRIGRIYY T
0 1 2 3 * g
1 370. £33, B59, 1202. 1317.
2 0. 236. 433, 805. 920,
3 0. Oe 142, 455, 570,
& 0. O O 281, 396,
= Os 0. Y 0. 38.
% 0. 0. D [V O
7 D. G 0. O 0.

TREVAL TIME FOR OMT PRIDRITY TFIP
Q 1 2 3 L £
1 176. 217. 425, G4 6, ss8,
2 0. 127, 235. 357, 4u8,
3 O Q. RSN 177. 229,
4 O e 0. 1u%. 161,
5 N, D 3. e 22,
“ 0. 0. 0. 0. 0.
7 0. D, 9. 0 0.

FREFWAY TRAVEL TIMY (NOR) 27.

FORTWAY TRAVIL TIMY (UMDY 167,

FRECWAY TRAVIL TIRD {F™S) 34,

IMPUT DELAY (NOR) 3ll.
TRNPUY DTL2Y (UNR) 13¢.

TOTAL TRaVEL DISTANCT 4886 .

TOTAL TRAVEL TIM. UNDTF

PRYCKITY OPYEATIDTMS £75,

AFFIC

RIP

]
1418,
1021,

&£T1.
496 .
138.
-8,

n.

EMGINFTRING

7
1£20.
1123.

772,
599,
241,
171.

Q4.

LO1 MIMITES

6
fhag.
08,
329.
250.
122.

68‘
0.

7
300.
410,
431.
3630
224.
171.

94,

« 01 MINUTZS

CURRENT TIME INTFPVAL

V_oH=HRS
Vo H=-HES
VIiH~HES
ViH-HRS
V¥ H-HPS

V-H=-MI,

VrH=-HRS

41,
170.
2.
424,
137.

10529,

gl1%.

PASS—HF S
PASS~-HRS
PESE~-HRS
PASS-HRS
PASS-HR S

PAGS=HFS

Time Slice 6°

156,
943,
16%.,
T10.
275,

37937.

2250,

VERSINCN
PAGF M7,

CUMULATIVE vALUTE

VEH=HZS
VEH-HE S
VOH-HR S
VEH=-HO ¢
VEH=HF ¢

V:H"‘\"Io

VFEH-HRS

21%.,
953.
397.
959,
378,

v2R38,

2901.

PASS~HR S
PASS-HMRS
DAG Cmbib €
PASC—HRS
PAS S~HRS

PASS-MY.,

PASS—-HRS

22.0
61
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3

o

RS

TRALTY

SR S
9 FEG
ENRND,

[4I%
0,
0,
(e
(48
;).
Al
3,
[N
0,
B&.
‘;il
(}0
(g
EAT,
(41N
200,
. 0,
200,

TN MDD

DD A 4D

CALTEIY TA

FRSTITUT - ©F TEANSFORTATION AND

UNTVYTREYTY TR CALTFORN A

TRAFFIC

MGY A

'y

YEING

YU TOLLT 3D HoT2= L0090
SRy LULLTe TN # T2= L00D
Gz COLLISION 5 72= 00
QUL COLLTS TN & T2= L0004
QUCU COLLTR INN 2 T2= 009
JooyT o ne §TC 1
KOSTRVYD PRICFITY GPIRATIONG
s rsasssewEas AP sE RN RIEEEDAENY N
A RS VUL CAP VL DEN MDY TRAY
Bl V/iMsL TIMT
LR 2 1722. 3000, .57 22. %8, .12
O L38O0 2 1723, 3300, JB7 17. 49, 1,2%
Je  AOYQ 2 1723. 2000, .57 17. 69, .14
Q. &0 2 1723. 30UN. 57 17. 49, .07
157, S8 2 1723, 39030, .57 17, 49, .14
Ve S84 2 172Z. 3000, 37 17. 49, 1%
Vo 2228 2 1722. 3300. .57 17, 49, .69
G TGRS 2 1723, 3000, 57 17. 48. .24
1u. ©825 2 1723« 3000, .87 17, e, ,37
Ne 5696 2 1723, 3000, .57 17, &9, ,5¢&
The  BIG& 2 112Z2. 2000. .37 17, 49. .58
De  TTEGL 2 1723, 32330, W57 17. &9, 13
T2.  ST«4 2 1723, 3090, %7 17. &9, 1,12
e 5262 2 17232, 3000, 57 17. 4%, .30
090, =229 2 1723, 3300, .87 17, 49, .23
t, D288 2 1723, Z000. W57 17. 49, L,32
193, ©£288
Ne 324
4a65, R4
DUEIT L INGTH CHELAY
Ve HICE S VIH=HRS
1 CHPUT ponY L740.72 332,75
BUDGIHG POINT A8 0.
TR g 174G.72 292.74
£ THPUT DPOINT s O
MEGING POIMT 761,59 174.10
TNTAL 761,29 174,10

VFRSION

PAGT NDO,

HBNRTS®RVID OR

22.0

€3

NORMAL NDPERATIONS

L R N N N O AR R R A N N N R NN N Y N RN NN R

U
NTIR M
N
U
U
U
U
U
U
'}
u
1
i
u
Y
U
U
U
U
N
P\!
5

ML

W NI N RN NI g N RS R RE PG P R D

VoL

cep

44693,10000,

2964,
2964,
2964,
2964,
2807,
2869,
2868.
2RAR,
2678,
2765,
2732,
2732,
2650,
210%,
2110,
4331,
384%,
LNGS,

Time Slice 7

3600.
3600,
3445 .
3375,
3376,
22850,
3280,
3209.
3250,
3480,
3647,
3447,
3567,
3647,
2705,
28467,
7294,
£820.
5820,

WEAVE

“EF
0.
O
0.
0.
Qe
(8 I8
0.
()I
0.
0.
0.
O
r).
0‘
O.

1030,
0.
0.
0.
GI

v/~

57
32
.82
«BE
2

»88
.86
«38
Dgn
«38
o177
75
’78
15
.73
» 30
.%8
55
oh
W70

neN

VIM/L

53,
£7.
72‘
“8.
A6
f’?l
£4.
A,
‘.’3.
‘5A'
71,
75
TR,
7%,
T6.
45,
21.
20.
Yy
’3,

MPY

22.
22,
21.
22,
22’
224
22.
22.
23.
22
19,
18.
18,
18.
17,
30,
49,
49,
48.
48,

TRAV
TIMF
'1.0
.21
2.99
.31
.15
«31
31
1.52
.82
» 81
1.41
1.54
.36
3.0%
.85
»38
»32
. 69

.19
RE

# % H ot X R & RO X X RO ON HD

LENG

200.
400,
5400,
£00.
300,
&00.
600.
3000,
1050.
1600,
2320,
2500.
550,
4850,
1300,
1090,
1400,
30040.
800.
3600,

QUEUE
FeEST

200
400
5400
600
300
&00
600
3000
1250
16070
2309
2550
580
4850
1300

(> RN e vl

RA
1357,
636,
634,
481,
411.
41l
41t.
382.
32 2.
332.
332.
332,
332,
332.
332.
0.
0.
0,
0.
0.



INSTITUYT OF TRANSPOFTATION AND TRAFEIC TNGINFTRING VERSTON 22.9
GMIVTRSITY NF CALIFDRRMNTRA PAGE N3. &4

R-RKeLeY, CELIFIRNIA

Jeev-t TINY FER OB MOM-PRIGHITY TRIP .01 MITMUTIS

O 1 2 3 4 £ ) 7
1 407, 724, 1919, 13358, la8d, 1%82. 1636,
2 0. 28%. £80. 919. 1042, 1143, 1247,
3 Qe iy 154, 493, €&l6. 717, 821.
& LI e Q. 305. %27, E28., ¢&32.
& D, O 3 Ue 38. 139, 243,
o 00 {)o 0. O‘ 01 {)“}n 1.?3.
7 Ce. (U 0. Js Us 0. R%.,

TRLY L TIME FIR Dhp CRPINRETY TRIP L0l MINYTES

o 1 2 2 4 5 & 7
1 121, 32&. 437, T6Ll.  bHl4. TlH. 820,
2 0 120, 2482, 2065, 419. 520. 824,
3 Os 0, 2, 182. 235, 337. 440.
& O {1a O« 112. 165%. 2%6, 370.
3 0. O 0. Da 23. 124. 228,
& N Ja jUe N O 60, 172,
7 O D 0. U 0. 0. 5.
CURRENT TIMD IniufivaL CUMUL ATIVD VALYES
FROGWAY TFRAVEL TIMT (15 31s ViH=HPS 48, PASS~HPS 187, VTH-HRS 263. PASS-HRS
ERFLERAY TRAVEL TIMT (i 175, VOH=-HPS 186, PASKS~-HRS 1118. VFH-HRS 1139, PASS-HRS
FEFREWAY TRAVIL T{M: (RG] 45, VUH-HPS 114, PASS—-HES 211, VIH=-HES f11. PASS—HRS
THPUT DELAY (NDF) 333, VIH~HRE 560, PASS~HRS 1102. VTH-HPS 1519, PASS-HRS
TNPUT DRLAY (U2} 174, VTH-HFS 26is PASS-HRS ’ 449, VYEH-HRS 628, PASS—HRS
TOTAL TRAVSL -DISTAMLT 7269, VITH-MI, 11673, PASS-MT, 4529%, VIH=MI, 64511, P&SS-MI,
FOTAL YRAVTL TIMT oIy p
PEICRITY CPTRATIONS 818, VIH-HPE 11584 PASS-HRS 3068, VIH-HRS 4079, PASS~HRS

Time Slice 7
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INSTITUTE 0OF TRAMIPIPTATION AND TRAFFIC FNGINEERING
UNTVERSTTY OF CALTIFOPMIA
CALIFLR' T

BEEKELTY,

SUE FThSL
57C DRG
1 594¢,
2 e
3 U.
& 0.
& e
€ [LIN
7 (1,
] G4,
G 0,
1¢ {1,
11 (A
12 291,
13 Ua
14 i)
e 0.
15 f1l.
17 0.
18 180,
14 O,
200 120,
[T e 14
D 2 AMD

QUi
AU

143,

.

40?-
0,
17.
Qs
£3,
J
’5331.

297,
{)O
2817,

1

g

COLLISTON 9
COLLISTION 8

CoLoplIernn 8

CTLLISTION «

™

S7°C

T NP
M, EGING

TR

ATEGTIG

e g fd oSN N g N

FOCULLISTION 2

1

T2=  .000
T2=  .000
T2= L0090
2= L,000
T2= 00D

RESPRY D PRIDRITY OPYUPATIONS

P E RSO ND EE RIS ER PRI I IPN R ARSI E .

PS vDL

1616,
lelb,
16lé.
1616,
1616,
1616,
1616,
1616,
1616,
1¢14,
1616,
14615,
16‘ }.(3‘0
lel6.
lelé,
1616,

+
POINT
POINT
TOTAL

PAINT
POTNT
ToTAL

CapP v/C DEM  MPH T
V/M/L T
3000, .34 21. 39,
3000- ogé 160 500 1
2000. +54 16. B0
2000, 454 1&. 5O
300D, L 54 l6és 50,
3000 #54 16. S50
3000, +54 1é6., S0,
2000. « 54 16, £0,
2007, .54 16. S0,
3000, 54 16, S0
3300. 54 1l6. 50
3000, .54 lb6. B0,
3000. «54 16, 50. 1
3002, 54 16, 50,
3000, 54 16. 50,
3000, 54 Lo S0
QUEJT LTNGTH 071 AY
VEHICLES ViH-HR S
2055 .00 474 .86
O - 0.
2055 .00 474 .46
O . 0.
B74 .87 204.49
BTIL AT 204,49

RAYV
THE

12
o 2%
.14
507
.14
.14
59
. 24
«37
+53
57
13
.11
30
« 23

» 32

VERSTION
PAGE ND,

22.0

66

UNRESERVED NR NORMAL OPFRATIONS

LR N N R R N NN N S R RN E R NYE RN NE N NNE]

DEN MPH TRAV

UN
NORM

N

L

ZprCCcCCcCcCCcCcococCcCcCcc
WWEANNNRNNMNNNNINRN NN N D

Time Slice 8

NL VoL

CAP

4709.10000.

3084,
3084,
2084.
3084,
3084.
2922.
2962,
2962,
2962,
2855,
2846,
2828.
2828.
2770.
2825,
2192.
3996,
3697,
3817.

3600.
3600,
3445,
3375,
3276.
3280,
3250.
3200.
3250.
3480.
3647,
3647,
2647.
3647,
2825,
3647,
1294,
5820,
5820.

WEAVE

FFF
0.
0.
O,
0.
O
e
0.
0.
0.
0.

v/C

N
«8&
86
.90
21
.91
« 20
91
+33
.91
.72
.78
18
78
.76
00
50
.qs
B
286

V/MIL TIME
54. 22, 410
70. 22, .21
Tle 22. 2.8&
57. 23. .30
65. 24, .14
55. 24 429
S4. 23, .30
53, 24, l.h4
60, 25. .49
53, 24, 77
73. 1B. 1.50
T4, 19. 1.49
75. 19, .33
75. 19. 2.91
75. 18. B0
4?' 30‘ ’38
22. 49, .32
20. 50. .69
25. 49, .19
26. 48, .B4

Q

*

#*
*
*
£
*
*
*
s
*
%
*
*
*
#
*

LENG

200.
400.
5400,
&00.
300.
600,
600,
3000,
1050,
1400,
2320,
2500.
550,
4850.
1300.
1000.
1400.
3000.
A00.
3600.

QUEUF
FEET

200
400
5400
600
300
600
600

3000

1050
1600
2320
2500

550
4850
1300

LDOOOO

RA
1257.
516.
516,
361.
291.
291.
291,
288,
238,
238,
228.
238,
238,
238,
238,
0.
0.
0.
0.
0.
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8

INSTITUTY OF TPANSPGRTATION AND TRAFFIC THMGINFEDING

UNIVIRS
BERKELE

TRAVAL

28

ad TP g BN e D

TRAVTL
4]
18

1
2
3
4
s
[
7

FRIZWAY
FEF LWAY
FEIEWAY

ToTAL Y

TOTAL Y
PRINKTT

YTY IF CALIFOPMIA

Yy CALIFDRNTIA

TIMS FOR UMD MOH~PRICRITY TRIP L 01 MINUTTS
1 2 3 4 & 6 7

8, £87. 9Bf, 1309, 1627. 1829, 1622,

0., 269, &8, B892, 1J10. 1111, 1214,

e 0. 149, 472, 590. 492, 79&,

0. 0. 0. 291. &409. &10. 613,

0. 0. D U 38, 139, 242,

D D 0. Je O 4G, 172.

0. 0. 0. Je. n. Q. 84,

TIME FOP OMD PRIDEITY TRIP .01 MINUTES
1 2 3 I3 s 6 4

D. 323, &%, S57. 610, Tll. B8lé4.

0. 129, 240. 363, 416, 517. 620.

0. 0. £7. 181. 234. 338, 438,

O 0. 0. 111, lé&. 255. 368.

0. 0. 0. e 23, 124. 227.

0. 0. 0. U, 0. 49, 172,

0. Q. D D, Do 0. a4,

CURRENT T1IM-

TRAVHL TINT {MOR) 30, VOH=-HRS 48,
TEAV: L TIMT (UMR) 173 V IH-HRS 184,
TRAVIL TIMT (FSH 42, VTH=HRS 115,
TRPUT DRLAY ENDPY) 474, YRH-HRE 577,
TROUT DTLaY (UNRY 204, VTH-HFS 311,

BAVTL DISTAMCT 7207, VIH=MI, 11962,
RAVTL TIM UNDTE

Y P RATIONG 924, VUH-HEFS 1338,

INTERVAL

DASS—HO S
PASS-H2 €
PASS=HF S
PASS=HP S
PASS~HR S

PASS~MT,

DASS~HF S

TUMULATI VY

217,
1292.
253,
1577.
£54,

VT H-HRS
VEH-HAS
VT H-HF S
VEH-HRS
VEH-HE S

‘:‘25030 V;: """‘MY .

3992, VIH-HRS

Time Slice 8

311.
127F,
[ TS
2196,
949,

76473,

RLDT.

VERSTON
PAGT NO,

VALUFS

DS S~42 S
PASS—HRS
PAS S=HRS
PASS—HRR
PASS~HPS

BLSS~MT,

PAS S~H!L ©
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TASYITUT -
UMINTESTTY
RERSE SRR
U FIMAL
RS TR
1 15“’)2(“0
2 O,
3 o,
& h,
E i)
[ O
7 [HIN
ol 200,
< iy
Ly e
T 0.
12 3es,
13 (1e
14 (e
1°c (e
1f 271,
17 e
18 141,
19 O
200 120, 2
Tk AMO

M-S EMP

g
s
caLTY

= i

LS

E)

i

2

\,i B
55
e

oy
Q

Lo

L

czae

CALTE BT A
FITN TR

SATOsPLTT O
AyooreeTy
ST
COLLTE TN
corLrerns
CTULLTETOM

oF S0

s

o

re

™ q

T

TR NI T SR N S
e (B en me R

L IER IR NI R B
P ie NN N C N e NEEC IS SV SP 4

v O

.
g
L
o

T L
Ja RS
ned
[ S
P
51 6¢
5lén
3106
€277
4331
a8 22
L1258

L2 05

'

P FI PO O P I Po IN i T o P b P D T PO

PO
00

BEA|

ThPUT

MR GING

Py
Pl
T

TEAMIPOETATIC N A

8]
El

Po 40 W

AR

ERL
2G4,
aGe,
A4,
G4,
9L,
9G4,
R LW
G934,
99L&,
S34,
996,
394,
994,
GG4 .,
qQ4,

INT
INT
TAL

INT
Ny
THL

Yo TREFFIC

2= W61
2= L.000
T2= o (1YY
T2=  L.a00

SedyYin oEIaRITY

)
THEIMIFPING

DPTRLTINNG

R R N R A N N IR S )

CEF UZC RSN MDY TRAV
VM7 TY M
3000, .33 12. 43, .11
2000, .33 10, S2. 1.19
3300. .23 0. 2, L13
3000, .33 10. 52. .07
3000, .33 10. S2. .13
3000, .33 10, 52. L13
3000, .23 10. B2. .66
3300, .33 10. S2. 423
3000, +33 10, £2, ,3%
2000. .33 10. 52. .51
3000. .33 19, B2, LSS
3000. .33 10. 52, .12
3000. .23 10, 52. 1.07
3000. .33 10, S2. .29
31923, .33 10. S2. .22
3000, 33 10, £2. .21
QUTUS LENGTH  DTLAY
VeHIZLES YiH=HR S
2370.26 553,156
0. 0.
2170.26 583,16
'(‘; 0.
474,41 231.31 °
974,41  231.31

VTREION

Pacs M3,

22.0

69

UNEZSZYTD DT NDSMAL DPERATIONS

L R N A I N N N R R N R NN N N NN RN RN EY

U
NDE M
h
y
§]
i)
u
U
U
U
J
U
1)
U
u
U
J
U
3]
M
M
N

NL

WW AN NNNNNANNNNNND NN NS S

VoL Cap
435%,10000.
3367, 3400,
2367, 3600,
3367. 34645,
3367, 331%,
3367, 3376,
3180. 3250,
3200. 3250,
3200. 3209,
3200. 32%0,
2783, 3480,
3158, 3667,
2120. 3647,
342%, 3547,
3374, 3647,
32%1. 3251.
2461. 3647,
3600 7296,
3275. 5820.
3395, 5820.

Time Slice 9

WEAYT

BEF
Ve
0.
0.
O
0.
(A )8
4%
0.
0,
Oa
Q.
0.
0.
3.
0.

404,
O
0.
O.
0.

v/C

il
« 94
.qa
IR
1.00
1.00
»98
298
1.70
OQ8
80
87
«B5H
» T
«33
1.90
67
49
» 56
« 58

NN

ViM/L

0.
77,
57
50,
Rb‘
56
Gé.
%he
53,
S 1.
37,
B2
qq.
57,
59,
54,
25.
18,
22
23.

MPH

22.
22,
2% .
27,
3n.
30,
28,
29,
30.
32.
37,
31.
27.
25,
25.
EJUN
48,
50.
49,
49.

TRAV
TTME
«10
.21
2444
24
«11
«23
264
1.18
«40
+58
72
» 99
» 26
2.17
.60
«38
«33
«58
»18
«83

% O

® & K ¥ R % % ¥ R

LENG

200.
400,
S400.
600,
300.
600,
600,
3000.
1050.
1600.
2320.
2500,
550.
4R50,
1300.
1000,
1400.
3000.
800.
3600,

QUEUE
FEET RA
200 1251,
400 233,
5400 233,
500 78,
300 9.
600 Qe
600 9,
3000 9.
1350 0.
4] -2 1.
o 0.
0 0.
0 0.
46485 -3051
1300 -305,
0 0.
0 0.
0 0.
0 0.
0 0.



INSTITUTS: OF TRAMIPOFTATION SND TRAFFIC FMGINSTRINMG VYIRS TON 22.0
UNTVERSTTY NE CALT FORMTIA PAGT NO, 70
BrRKFLYY, CALIFORMNIS

TRAYTL TITME&E FOR ONT DON-PRIDSITY TRIP .0l MINUTTS

a 3 2 3 4 5 5 7
1 324, T2, TE7. G978, 10745. 11T77. 1279,
2 Ja 216, 279, $23. T718. 819, 921.
3 O 0. 93. 334, 432, 533. £34.
& 0. 0. Q0 217+ 31%. 416. 3518,
5 0. 0. e U 38, 139. 241,
6' 00 O. 00 ()‘ 0. égl 170’
7 0, Q. Q. 0. D O 83,

Y TRAVE L TIME FOF Qb7 PETIRITY THIP 01 MYMUYTS
G N -

o 1 2 3 . 5 6 7
17 173. 310, 415. 535, SB85. 684, T86.
2 0. 124, 230. 343, 399, 498, 400,
3 0. 0. 35, 174, 224, 323, 425.
4 0. 0. 0. 107. 157. 2%6. 358,
2 0. 0. 2 de 224 121, 222.
& 0. 0. 0. 0. 0. 68, 170.
7 0. 0. 0. 0. 0. 9. 83,
CURRTNT TTME [NTFRVAL CUMULATIVT VALUES

FREEWAY TREVTL TiM® (N0P) 264 VIH-HES 38. PASS-HES 263, VEH=FAT 349, PASS-HIS

ERRCWAY TRAVIL TIMT (UNR) 150. V7H=-HFS~ 154, PASS=HRS 1442, VIH=-HES 1479, PASS=HRS

FRECWAY TRAVEL TINM, (R©S) 25, VTH=HFS 63, PASS=HES 278, VIH-HES 605, PASS~HRS

TRPUT DELLY (NOF) 853, VTH-HPS 739, PASS~HRS 2130. ViH-HRS 2935, PASS-HRS

INPUT DFLAY (UMR) 231. VIH-HRS 318, PASS-HRS ARS, VTH=HRS 125A, PASS=HPS

TOTAL TRAVEL DISTENCH £756. VOH=MI, 9684, PASS~MI. 59259, VFH-MI.  86160. PASS-MI,

TOTAL TRAVT®L TIM. yUNDIR .
PRIOCRITY QPURATIONSG GB6, VEiH=HRES 1318. PASS-HPE 4978. VEH~HRS 6725, PASS-HRS

Time Slice 9



192

INSTITUTT OF TRANSPORTATION AND TRAFEIC ENGINEIRING VERSION 22,0
UNTVZRSITY OF CALTFORNIA PAGE ND. 73
BTRKEL%Y, CALTFOONTA t

TRAVIL TIML FDR ONT HIN-PRIORTTY TRIP .01 MINUTLS

Iy 1 2 3 4 5 & 7
1 3¢1, 877, 59T, 05, 1011l. 1112. 1213,
2 0. 211, 229. 5B40. 645, 146, B4T,.
3 QO O &ls 272, 377. 678, %80,
& O, O 0. 198, 303. 404, 505,
5 [L)8 4] Do e 38. 139, 240,
& G U Ve O O, 68. 169,
7 G 0. Q. O Oe O 83,

TRAV L TTME FCE M7 PRIAGRITY TRIP .01 MINUTES
0 1 2 3 4 5 6 7

1 172. 308, 414, 532, 582. 680, 782,
2 0. 124, 229, 2347. 397. 496, 597,
3 . 0, 55. 173. 223. 321. 423,
“ 9. 0. N, 106, 156, 255, 1356,
< 0. o, 0. D.  22. 120. 222.
5 0. 0. 9. 0. 0. 68, 169,
7 a. 0. 0. 0, 0. 0. 83
CUPRTNT TIMC INTEPVAL CUMULATIVF VALUES

TFAV L TTHS (10R) 26. VEH-HRS 37. PASS=HPS 269, VFH-HRS 3187, PASS=HRS

TEAVIL TINT (UMP) 137. VEH=HRS 139, PASS—HPS 1579, VFH-HRS 1617, DASS-HRS

TRAVEL TIVT (R °S) 23, VTH=HRS bhe PASS—HFS 300, VEH=HRS 759, PASS—HRS

TRPUT PULAY (NDR) £20. VEH=HRS B29. PASS—HP S 2750, VFH-HPS 3764, PASS—HRS

TNBUT DELAY (LNF) 248, VIH=HRS 340, PASS—HRS 1134, VEH-HRS 160#, PASS-HRS

TOTAL TEAVTL CISTANCY £488, V' H=-MI. 9214, PASS—MI, 65747, VEH-MI, 95374, PASS-MI.

TOVTAL TRAVTL TIM. JAD-E \ N . .
CPRTNATTY P RATTANS 1054, ViH=HRS 1608. PASS=HRS 6032. VEH-HRS 8132, PASS—-HRS
Time Slice 10
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INSTITUTE NF TRANSPOFTATION AND TRAFFIC FNGINFERING
UNTVERSTTY DF CALIFEIRMIA

Bz

Sy
g
1

Ll sl o L
BN D D RN B W

RKFLTY,

B FINAL
C CRG
5123,
Ce
Q.
0‘
0.
00
0.
40.
O,
C.

O .

280,
O.
Do
0.

261,
(re

180,
O.

1£0.

(N~-F NP

{(N-& pMP

CALIFDRMIA

QUELT COLLISION 5 T2= .000
SUT COLLISION & T2=  ,000
QUIUT COLLTSTON 2 T2=  .000
Q OUT F SiC 1
FiSZRVED PRIIORITY DPFRATINNS
DYMC, CRIG.  PS VOL  CAP V/C DIM  MPH TRAY
DrS TOYAL VML TIME
0. 5123
0. 5122 2 ©904. 3000. .30 10. 43, .10
0. 5123 2 904, 3000. .30 9, 52, 1.18
0. 122 2 904. 3000. .30 9. 52, .12
0. 5123 2 904, 3000. .30 9. S2. .G7
171. 5123 2 904, 3000, .30 9, £2. .13
0. 4918 2 904, 300J. .30 ©. 52, .13
0. 4958 2 904, 3000. .30 9. 52, €6
0. 4938 2 904. 3000. .20 9. 52. .23
381, 4958 2 $04. 3000. .30 9, 52. 35
D. 4497 2 904, 3000. .30 9, 52, il
34, 4777 2 904. 3000. .30 9, 52, LAS
0. 4737 2 S04, 3000. .30 9. 52, 12
74, 4737 2 904. 3000. .30 9. 52. 1,06
0. 4657 2 904, 3000. .30 9, 52, .28
ReT. 6918 2 904, 3000. .30 9. 52, .22
0. 3924 2 90%. 3000. .30 9. 52. .31
312. 4104
0. 3742
3361, 3902
QUIJe LINGTH  9FLAY
VEHTZLD S VTH=HES
1 INPUT POINT 2591.03 620,16
MERGING POTNT 0. o.
TUTAL 2591.03  620.16
5 INPUT POINT 0. 0.
TEGING POTNT 1013.07 248,45
ToraL 1013.07 248,45

TVERCTON
PAGE NN,

22.0

UNRESFERVED OF NORMAL OPFRATIANS

IR RN NN R N NN N N A RN T EE RN EE RN R RN

UN ML vOoL Cap
NORM
N4 4240,10000.
U 2 3331, 3600.
U 2 3331. 3400,
U 2 3331. 3445,
U 2 3331, 337S,
12 3331. 3276,
U 2 3160. 32380,
Y2 3200. 3250.
U 2 3200. 3200.
U 2 3200. 3250.
U 2 2819. 3480,
U 2 3099, 3647.
2 3NeR, 3647,
U2 3238, 3547.
U 2 3164, 3647,
U2 3271. 3271.
U 2 2424, 35627,
N4 3513, 7294,
N3 3201, BR20,
N 1361, 5820,

Time Slics 10

WE AVE

ZFF
0.
0.
(138
0.
0.
0.

v/C

42
+93
.93
«97
« 29
«29
27
+98
1.00
098
.81
85
l84
«29
27
1.00
56
48
55
« 58

DEN  MPH  TRAV
v/M/L TINME
48, 22. .10
T6. 22, W21
5B, 25, 2.50
51. 27. 25
£8. 29, .12
58, 29. 2%
57 28- -25
56,  29. 1.18
53, 30, » 40
7. 34, 53
30. &7, W56
33, A47. W61
33, 47. .13
58. 28, 1.94
T2. 22. &7
55. 30. .38
25. 48, .33
17. 50. .48
22. 50. .18
23, 49. .83

Q
*

*
&
*
&
*
*
*
*
*

LENG

200.
400.
5400,

QUEUE
FEeT
200
400

5400
600
300
600
600

3000

1050

RA
883.
269.
269.
114,
44,
b4,
4,
44,



£92

INSTITUT  OF 2EASIBORTLATINON N0 TRIAFFIC FMNGINTIRING

UnTymes Iy 7 CAUTEIDNTA
C2LTEIERTA

HORKTLT Y,

RUSSRVAD PRTIRITY OPTRATINNS
SUR Fivel BS VoL CA2 V/C DTN MPH TRAV
S rLG VML TIME
1 401e,
2 0, 2 839. 3000. .23 10, &6, .10
3 fia 2 839, 300J. .29 8. %2, 1.18
“ 0, 2 839, 3000. .23 8. 52. .13
= 0. 2 839, 3000. .29 8. 352. .07
& 0. 2 839, 3000. .28 B, 52, .13
7 0, 1654 2 839, 2000. .28 8, 52. .13
2 "““Oc - 2 883G, 3009. .28 B 5?- |6’5
g n. 39% 2 339, 3000, ,28 Be 82. .23
10 0. 96 2 334, 3000. .28 f. F2. 438
11 v, 0, 24%1 2 839, 3000. .28 R, B2, &
12 2¢3, 21, ZE04 2 B3IQ, HD00. .28 B. 52. .54
13 o, 0. 3674 2 839, 33)J. 4273 S, 52, J12
14 ft, 86, 3674 2 839, 3000, .28 e 82, 1.06
1% (e 0. 72791 2 839. 3003, .23 8. B2, .28
16 298, 987, 3239 2§39, 3000, .29 Re B2, .22
17 9. G. 2950 2 439, 3000. .28 f. F2. .30
18 141. 432, 3120
19 (i J. 2703
20 79, 2872, 2782
JUEUT LINGTH DELAY
VIHICLES VEH=HR S
ONeT P ME 1 TMBYT POINT 2E%L, 71 1200,98
MUOGING PLINT O 0.
TITAL ZE54,71 1290.98
TINm G £ 4D 5 THPYT POINT (s O.
MUEGING PRINT 926,26 242,47
TOTAL. Q26,25 262.47

VERSTNN
pAaGE

\’D'

22.0

75

UMETSERVED NP NORMAL OPFRATIONS

L R N NN N N R T E E R R NN AR RN E RN RN NN

N
RORM

N

U

(X8

W BRRNNNNNNNNNRONNRS NN D

VoL

cep

4164.,10000,

3323,
3323,
3323,
3323,
3323,
3150,
3200,
3210,
3200.
2738,
2648,
2628,
2628,
2542,
3189.
2222
3224,
2793,
2872.

Time Slice 11

3600.
3400
3445,
2375,
3376,
250,
3250,
3200,
32%0.
3480,
36&'70
3647,
36417,
3547,
3189,
RHLT,
1294,
5820,
5820.

WEAVY
£FF

0.

Do

0.

.

O

0.

vrC

J42
32
.92
.96
.98
.98
.97
.98
.00
.38
.79
.72
.72
.72
.10
.00
.61
o
.48
W69

DEN

V/M/L

47,
76.
8.
61,
58.
58,
STe
S6.
53.
47,
29,
20,
40.
b4,
77,
53.
23.
16,
19.
19.

MDH

22.
22,
24,
27.
29‘
29.
28,
29.
30.
34,
4T
4h,
33.
20,
1%,
30.
49,
51.
50.
50,

TRAY
T
.10
.21
2.52
«25
.12
-24
.25
1.18
.40
+«53
« 56
«72
.21
2.77
.90
.38
«33
.67
- 18
'82

Q

#

E 3R 2 B IR 2 2R R 2

* x4

TLING

200.
4D0.,
5400,
A00.
300.
600,
600.
3000.
1050,
1600,
2320.
2500.
550.
4850,
1300.
1000.
1400,
3000,
800,
3600.

QUrys
FEETY RA
200 -145.
"00 "1“‘5-
56400 =145,
600 ~145.
300 ~145.
60D ~145,
500 ~145.
3000 ~145,.
1050 ~145,
o 0.
0 O
1031 3313,
550 333,
4850 333,
1300 333,
0 0.
0 0.
0 0.
0 0.
0 0.
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INSTITUYT OF TRAMEPIARTALT]
JNTVIRSTITY OF CALI FDONTA
BiRE-LYYy CALIFORNIA

TEAV L VIMD FEOR QMY MO4=-PRICOTTY

s 1 2 3 [
1 343, =79, 7N1Y, Q8 R,
2 O 21la Z232. 620
2 Na O £5. 353,
& ‘i‘c Qe LI 2{\9.
5 0. n, U 0
& 0. e Ve e
7 0. 0. Us e
TrRay:SL TIME FEOR DM DETOSITY
0 i 2 3 i
1 171' "5)". L12, Sl G
2 De 123, 223. 245,
3 J. N 54, 172,
& . O 0. 1056,
2 [ . Ua Je
[ i8I e 1, iia
7 0. Q. 0. O

FREEWAY TEAVEL TIMT (400)
FR7T"weY YRAVLL TINL (UNRY
FEESWAY TRAVEL TIM™ (E7D)
TRPUT DFLIY (MR}
TNPUT DELAY (U'IR)

TOTAL TRAVYL DISTLNCY

TATAL TRAVIL TIM" UMDY 2
PRYCEITY OPTRATIONT

q:,@\

AND TREFFIC SNGINETPING

|3
1116,
Twd,
!*;%1 >
297,
33,
I:)a

Ue

TRIP
Fl
£79.
2586,
222
15¢&,
22
Oa
0O,

23,
142,
21.
1291.
242,

AGT4.

171%.

5 7
1216. 1316,
848. 948,
581. 481,
1‘9?: gq?o

138, 238,
5T7. 147,
0. 82.
L0 MIMNUTES
I3 7
677 177,

493, B9z,
320. 420,
254, 383,
120. 219,
57« 167,
0, B2,

TURRENT TIMT

ViH=HRS
VT H=HRS
VEiH=HES
VTH=-HRS
VIH=HPS

vV H"MIO

V7 H-HES

TRIP W01 MINUTTS

35.
1‘4‘0
52,
1886,
387.

8270,

2476,

TMTERVAL

PASS-HF §
PASS~HR S
PASS-HR S
PASS~HES
PASS~HR S

PASS~MI,

PLSS-HR S

Time Slice 11

292.
1721.
321.
4061,
1376,

71821,

7751.

CUMULATIVE vaLJsnS
VIH-HRS 421, PASS-HRS.
VEH=HRS 1761. PASS-HRS
VFH=-HRS 812. PASS-HRS
VEH~HR S 5650, PASS-HRS
VEH=-HRES 1962, PASS—HRS
VEH-MI, 102744, PASS-MI,
VFH-HR S 10607, PASS-HRS

VEI8 1Ty
PAGT MO,

22.0
T&



ng

UNTVYERSTYY

B

o
¢

it DY e

[
"

(R IR IS N

10

12
13
14
1¢
17
18

2n

RKELTY,

BOFINAL

C OraG

3590,
U

(A"

(e

{‘T,'

‘)'

(e
41Y .
0,

1,

i} e
(\2-
Ve

().
295 .
(L
161,

.
7,

(=R NP

TR I £ P

CALIFORNTIA

QUE LR
Q CUT OF

DOMD,

0os

‘-3.
()Q
[

D.

[N
128.
()‘

O

.
1A%,
0.
LE,
Ue
710
':).
1001,
OO
500 .
(s
2757,

1

CoLLis
$7C

EIG.
TOTARL
3590
3IBGN -
3590
2890
3590
2594
368
37n2
IEQ2
3592
2289
3421
3281
37486
3323
Is18
2722
2883
262
2513

IHPYT
MUEGING

ITrpuT
Mo GTHG

OaF CALTFNRNTA

ION 10 T2=  L,130
1

PR PRI fo e PO RO N fI PO FI g A N g N

RrX TRV S0 PRIDRITY OPFRATIONS

ER I BRAE N AP BRI AP PULE PP E PR R

PS5 V3L

815,
816,
816,
Blé.
816
Blé.
3l6.
16,
2lo,
SlE.
R1E.
8lé.
Blé.
516,
Glé,
R1&.

PaINT
POINT
TOTAL

POINT
POINT
ToTAL

CaP  V/C DTN
V7MY
3903. .27 9.
3000, .27 B,
3000. .27 8.
30900. .27 8,
3000. .27 8.
3033. .27 8.
3000, .27 8.
3000. .27 %,
3000. 27 8.
3000. 27 8.
30060. .27 8.
2000. .27 8,
3000. .27 8.
3000, .27 8,
3000. .27 8.
3000, .27 R,
QB LYHGTH
VIHITLES
2691 ,69 (22
0. D
2LG1 .69 622
0. 0
ape,14 216
BO6.14 216

MPH TRAV

L TIMF
4‘:" .10
S52¢ 117
52. 13
52+ 07
2. .13
B2e W13
52 o6%
F2. 23
52. .35
52, 50
B2. W56
52. .12
£2. 1,08
52. 28
R2. 22
Fz‘ '30

OTLAY

VTEH=-HR S

."'1

41

567

67

"~ VERSION
PAGE ND.

22.0

78

UNRFSERVED DR NDRMAL OPERATIONS

RN RN R RN EEENAEEEEESEENEEE RN NEZEENEEENERIEEEEREEREENEEEN NS NN NEENENS]

N

NURM
N
8]
18]
U
U

-
e

ZzErmCcoCcCCcCc oo Cs

NL

VoL

cap

3556.,10000.

2737.
27371,
2737.
2737,
2137,
2609,
2669,
2649,
2649,
2485,
2547,
2501,
2506.
2435,
32199.
2198,
3178.
2678,
2757,

Time Slice 12

3600,
3600,
3445,
33715,
3376,
3250,
3250,
3200.
3250.
3480.
3647,
3647,
3647,
3647,
2199,
3647,
7294,
5820.
5820.

WFAVE

EFF
0.
0.
0.
0.
0.
0.
0.
0.
G.
0.
0.
0.
0.
0.
0.

536,
0.
0.
0.
0.

v/C

36
« 76
' 76
.79
281
«81
+ 30
«82
+83
82
W71
« 70
«69
267
1.90
« 60
b
246
BT

DEN

V/M/L

43,
68,
T1l.
LI
63.
53,
61,
0.
58.
51.
57
T4,
78,
78.
79,

s

P

22,
16.
18.
18.

MPH

20.
20.
19.
21.
22
22.
21.
22.
23,
26.
22.
17.
16.
16.
154
30.
49,
51
50.
50,

TRAV
TIME
s11
«23
3,21
+33
16
«32
«32
1.55
«53
« 77
1.29
1.68
« 39
3.43
« 96
«38
«32
« 67
«18
»81

Q

R I B BE- B BE BE N NE- B B A 2R GF 3 J

LENG

200.
400,
5400,
600.
300.

QUEUE
FEET

200
400
5400
600
300
600
600
3000
1050
1600
2320
2500
550
4850
1300

OO0

RA
34,
34.
34,
34,
34,
34.
34.
34,
34,
551..
551.
561.
551.



992

INSTITU
UNTVERS
KERKELY

TRAEVEL TIMIT PR

0
1 43
2
3
4
5
6
7

TRAVCL
0
117
2
3
4
5
6
2

FREFWAY
FEEVWAY
FOEFWAY

TOTAL T

TOTAL T

PRIORITY OP¥RATION

TT NF TRANSPORTATIUN AND TRAFEIC HNGINFERING
CALTFIRMIA
Yo CALIFCFNIA

1Ty OF

1
2. T4
0. 27
0.
0.
0.
0.
0'

TIME F
1

1. 30

0. 12

0.

0,

0.

0.

0.

TRAVE

TNPUT

RAVEL

RAV &

ONE MOM=PPIORITY TRID 01 MIMUTES

2 3 4 5 5 =

1., 1027, 14909, 1343, 1¢42. 1742,

7. £64, 95, 1079, 1179, 1278,

U 1866, 547, &8l. 781, 884,

[N e 343, 476, 576, &75.

U Da Ue 38, 138, 237,

0. J Ja Q. 65T. 167,

Ue e 0, 3. Je 31.

OF ONT PREIORICY TRIP L1 MINUTES

2 3 4 s 6 7

Te 412 529, 579, £77. 7177,

3. 228. 345%. 3985, £93, £02,

[0 B, 172, 222 219. 419.

Ow e 10%., 1%%, 253, 3%3.

O Je 0. 22. 119, 219,

U, V% e Qe 57 167,

QO 0. ‘)D .\’)' 0. 810

CURBENT YIMT [MTTRVAL
L Tl (NORY 22« VTOH=HRS 36, PASS-HPS
TRAVIL TYMT (Qhn) 172+ V7 H-HRS 178, PASS-HES
TREAV.L TIMS (K78} 23e VIH=HRS 52. PASS~HF S
PELAY (MOR) 5224 VTH-HBES 909, PASS~HPS
TRPUT Dolay (uMny) 217. VI H=HRS 228, PASS-HES
SISTANCT SR80, VTH-MI, Te28, PASS-MI,
TIM: UMNDIF

< 1053, VTH=-HRS 1800, PASS~HF S

Time Slice 12

313.
1893,
342,
4hA4L,
1593,

77371,

"8804.

CUMULATT V-

VEH=-HR §
VEH-HO S
VEH-HR S
V7 H=H? €
VT H-H®S

VT H-MI,

VEH~HR S

458,
1939,
Rb4,
6559,
2289,

111649,

12107,

VFRSION
PAGH ND.

VALLES ,

PASS~HRS
PASS—HRS
PASS=HPS
PASS=HRS
PASS~HPS

PASS-MT,

PASS-HRS

22.0
79
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i

CTTTLT

TF OTLANEROCTATION 8

GNTVEREITY OF

B NKTLTY,
RiBOFINAY DoMDy
S0 CEG s
1 2827. Y,
2 e Je
3 N, Ja
S (€18 D
¢« Qs 0.
) N 10N
7 Ve Qe
# 414} 0,
G [£18 D
1o 2" 129,
11 t, e
12 4, e
13 Oy 3.
14 U, 100,
1= Ve Ue
15 168, 92%,
17 (A e
18 220, 396,
14 e 0.
20 4, 3152.
Tk AMD 1
TRl 5 MDY 5

CALTFTNTA

CALTEDRNTA

ATSTEVED PRIODPITY

ND

TEAFFIC

SHGINT TR ING

DPERATIDNS

L A Y A 2 I A I A A A I I I R R A A Y

MIG. PSS VI

TOTAL
2327
2az2T 2 594,
2827 2 584,
2827 2 S84,
2327 2 SR,
2321 2 SRa4,
27272 Spi,
2777 2 S84,
2177 2 Bae,
277720 B84,
2887 2 S84,
2597 2 &3¢,
2497 2 584,
2097 2 38é,
25T 2§58,
27T 2 BRa4,
2eE 20 BRa,
2427
2180
2260
THPUY OOINT
MR GINHG POANT
T AL
INPUT PATINT
MTEGIHNG POINT
TOTEAL

Cre

3300,
AU,
2000,
3000,
2000,
2930,
3300,
2000,
3004,
2000,
3007,
3000,
2’)‘“’"0
39300,
2000,
3900,

SUTYT

v/0 DI
VM7
.19 G
.19 L
.19 £
.19 “e
v19 A%
.12 b
.19 .
19 €.
« 19 £,
«19 G
+ 19 fe
£ 19 Gy
.lg 6.
.19 6
«19 6.
.19 &
LTMGT H

VEHTOLES

MPH TRAV
L TIMY
45, .10
53. 1.16
£3. .13
53, W06
53, .12
53. .13
53. » &b
£3. .22
£3. . 34
52,  «50
53, + 54
83, W12
53. la0&
53, .28
52, .21
3. #30
NELAY
VEH=HD S

2420.18 1236.91
(\'. 0‘
2620.18 1236.°1

0. 0.
563.37 171.49
562,72 171.49

VERSINN

PAGE NG,

22.0

81

UMNRZEFRVED 02 NDRMAL NPERATIONS

LB AN E N RN RN N RN R N N R R RN NN NEREERENEE RN N Y]

U
NIRM
N
4
U
U
t
¥
U
U
U
U
u
U

mT22ZoCcCc oo

NL

W P RONRNRNNNNRNR NN NN D

VoL

cap

2113.10000.

2828,
2528.
25218,
2528,
2528,
2438,
2478,
2478,
2478,
2358,
2398,
2398,
2398,
2298,
3448,
2623,
3428,
3072,
3152,

Time Slice 13

3600.
360“).
36485,
337%,
33746,
3250,
3250,
3200.
3250,
2480,
3A47.
3647,
3647,
34647,
3468,
3647,
1234,
5820,
5820,

WEAVT

TFF
0.
0'
0.
O
D
OC
0'
0.
0.
0.

v/C

«31
70
70
<73
o715
s
« 75
T4
+77
76
58
266
»hé
bh
53
«30
.72
W47
53
254

DEN MPH
V/M/L
28, 22.
7. 22.
The 17
72. 18,
70. 18.
70. 18.
£7. 18.
5T« 19,
55. lq‘
57, 19.
75. 16,
79. 15,
79. 15.
79, 1%
8ls 14,
57. 30.
27, 48,
17. 80,
21, 50,
21l. 50.

TRAY
TIME
10
.21
3.70
.39
'19
38
«38
1.84
53
+ 938
1.67
l1.R8
.41
3,64
1. 04
«38
«33
+68
.18
+83

Q
&

*
*
*
L3
*
%*
#*
*
*
*
*
*
*
*
*

L¥NG

200.
400,
5400.
&£00.
300,
600,
630,
3000,
1050,
1600.
2320.
2500,
550.
4850,
1300.
1000.
1400,
3000.
300.
3600.

Wryr
FEET

200
400
5400
600
300
600
600
3000
1050
1600
2320
2500
550
4850
1300

OCO00OQ

RA
-286.
-286,
-284,
-286.
"2860
-2R6,
-2R6.
-286,
-286,
-286.
~-286.
~286,
~286.
-2R86,.
"’2860

0.

0.

0.

0.

0.



89z

INSTITUTS OF TRAMSPOETATION AND TRAFFIC TNGINTFRING
OF CALTFDRMTA
CALIFOENTA

UNITV-RSITY
BERKELTY,

TRAVYL Y1IwM

1
49E,
0.
(\?0

{) -
0.
0.

Q »

AP S R e (D

i ‘:fjf«’

2
879,
145,

9.
0.
0.
0.
0.

THAVL TIMY FOR

0 1
168,
0.

0.
A 0.
0'
O'

AT W R

0.

2
Z02.
121.

0.
O
Qs
Ue
Q.

UMEOMNCH-PRIGRTTY (RID

2
P

1234, 184y, 1782,

TO0. 1

183,
D,
Ja
U,

Q.

UMy PRIDRITY

3
“;‘DS.
224,

S4.
0.
0‘
'3.
0.

FRESWAY TRLEVIL TIML (MO

FR¥PFWAY TE
FRTTway TR

AvViL
AViL

TINT (UM
TIMr» (BT

TMPUT DELAY (NDOR)

iM

PUT D¥LoY (UM

TOTAL TRAVEL DISTANMCT

TOTAL TRAVEL TIMT ynDIR
PRIGRTTY CPIRATIONG

4 T
106, 1247,
564, 7385,
34, S06,

Qe 368
Oa 0
Je J

=1p

4 £
521, 570.
340, 389,
169, 218.
104. 153.

418 21
e O
o, Ja
Dy 24,
) 185,
51 14.
1237,
R} 171.
515%.
1632,

<]
1823,
1349,
£36,
€07,
139,
£8.
0.

201 M
6
6568,
487,
316,
251,
110,
A8,
(‘).

CUPRENT TIME

«01 MINUTES

-
1‘?49.
937.
708,
240,
169,
R3.

TMUTeS
7

169,
588,
417,
352.
220.
169.
83,

VEH-HRS
VEH=-HES

Vi H-

HES

VTH=HPS
VA H=HPS

V-

MI.

VEH=HRS

34,
188.
3s.
1740,
247,

£E8B1é6.

2245,

INTERVAL

PASS—HR S
PASS~HF S
PASS-HP S
PASS-HPS
PASS~HF §

PASS-MT,

PASS~HPS

Time Slice 13

334,
2078,
356,
5901 .
1764,

82539,

10435,

CUMULATIVE

VEH-HR S
VEH=HF S
VEH=-HR §
VT H-HR S
VEH=HES

Vf H‘MI .

VEH-HRS

4839,
2128,
890,
8300.
2536.

11848%,

14352,

VERSTION
PAG™ N{.

VALURS

PASS~HRS
PAS S=HPC
PASS~HPS
PASS=HRS
DASS~HRS

PASS~MT,

PASS-HRS

22,0
82
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INSTITUTE OF TRAWSPOPTATION AND TRAFFIC ENGINEERING

GMIVIRSYTY

g8

Sus FIMAL

C RG

.

1

20

CRELEY,

2827,
O
e
D
e
Ve
n .

iy,
(0,
Co
Yy,
&0y,
i,
O
0.
16#,
()Q
220,
(v,
af,

OB A Mp

CR-K LMD

CALIFOPMTA

naMD,

D
0.
O,
[
(1a
RiVN
Ja
0.
N
120.

O,
Ol

2260

iheyT

MEEGT MG

1HPUT
AIEGING

[ASERF BNV S I NI LV SRS T ST AT R TN SN

TECCALTFOPHTA

EiSgRVED PRITOITY OPFRATIONS

IE RN E NN R AN AR NN R RENE R RN NN

pg VoL

584,
584,
584,
584,
5364,
584,
8R4,
584,
584,
584,
584,
S84,
584,
564 -
584,
584.

eOINT
POINT
TOTAL

POINT
PITYHT

ThYal

Cap  V/C DFN MPH T
' \T4 T4 T
2000. 419 be 48,
3000. W19 5. £32. 1
300d. W19 be 53,
3000 19 o 53.
3000. 4,19 6. 53,
2000. L19 s "3,
3000, .19 &e £3.
A000. L 19 s, B3,
3000, W19 £. &3,
3000. .19 fe 53
2000. .19 6. 53,
2000. .19 6. 53
3000. .19 5, S53. 1
3000, .19 s 53
3000, .19 6. 53,
3000. 19 e 53,
QUFLS LTNGTH DULAY
VeHICLES VEH~HRS
234R 67 1201418
(L 0.
2348,67 1201.1%
0. 0.
318,19 110.1%9
318,19 110.1¢

RV
ITME

« 10
« 16
.13
’06
.13
+13
.64
22
'34‘
«50
‘5‘.&
12
« 0%
’28
.21
.30

N R R R R N N I S T N E RN L AR R RN N

HWEAYT

UN NL VL  CAP
NORM
N4 3113.10000.
U 2 2%28. 3600.
M2 2528. 3600,
U 2 2528. 3445,
Uy 2 2528, 3375,
U 2 2528. 3374,
2 2438, 3250.
U 2 2478. 3250.
U 2 2478. 3200.
U 2 2478. 3250,
U 2 23%88. 3480,
2 2398, 3647.
U 2 2398. 3647,
U 2 2398. 34667,
U 2 2298. 3647,
U 2 3448. 3448,
U 2 2623. 3547,
N 4 3428, 7294,
N 3 32072. 5820.
M3 31F2. £920.

Time Slice 14

EFF
0.
0'
0.
0.
0.
0.
0.
O'
0.
0’
0.
0.
n'
O.
0.

287,
0.
0.
0.
0.

VERSINN
PAGT

NU.

UNREZSFRVED NR NORMAL

Ve

'31
70
»T0
73
« 15
275
.75
o TE
I77
« 76
68
-1
-1
Y1
.63
1.00
72
o7
«53
54

NIN

v/M7L

35,
R7.
76
72.
70.
70.
57
57,
55.
67.
75,
79,
7.
79.
81.
57.
27.
17.
21.
21)

MOH

22,
22
17,
18.
18.
18.
18.
19,
19.
19,
16.
15.
15.
15‘
14'
30.
48,
50.
50.
50,

Teav
TIMF
'10
221
3.70
.39
«19
38
«38
1.84
« 63
«98
1.67
1.88
w4l
2.64
1.04
«38
«33
«5H8
.18
«83

22,0
84
OPERATIONS
Q  LSNG  QUEYF
* . FEETY RA
* 2000 200 "'2860
* 400, 400 ~2R6,
* $5400., 5400 ~-286,
* 600, 600 ~286,
*  300. 300 ~286.
* 600, 600 ~-284,
*  400. 600 -285,
* 3000, 3300 ~234,
* 1050, 1050 -286,
* 1600, 1500 -286.,
* 2320, 2320 -286.
* 25000 2500 "2860
* 3500 550 '2860
* 4850. 4850 ~-286.
* 1300, 1300 -286.
1000, 0 0.
1400. 0 0.
3000, 0 Ne
800. 0 0.
3600. 0 0.
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INSTITUTE N6 "EANIPOFTATION AND TRAFEIC TMGINEFPING VFRSTINN 22.0
UNTVIESTTY OF CALTFJENTA PEGT N7, 8%
BeRKELY Yy CAMIFDRNTA
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B0 WAY TEAVEL TIMD (HNOR) 244 VTH=HPS 34, PASS~HE S 362. VEH-HRES 524, PASS-HRS

WEY TRAVIL TIMI (L 1835. VT H=HPS 188. PASS—-HES 22634 VEH-HRS 2316, PASS-HES

WaY TRAVIL TIiv: (£ T 14, ViH=HPS 3%, PASS-HPS 370. VEH=HPRS 934, PASS=-HRS
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TOTAL TRAVIL PISTINCE 5168. Vi'H=MI, 6816. PASS-MT, 87707, VI H=-MI, 125301, PASS-MI,.
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TEAV L TIME S22y THGS (VI KON-PRIJRITY TIPTRFATION = 97815 VEH-HRS -13283,) PASS-HRS
* 3175 pass-hrs for nermal operations on New Design reflects a
NDCF SIMULATION FIROABOVE CRITERION change made in Time Slice 4 O = 104, Normal operatiens travel

time used in Chapter 5 = 3192 so that the travel time savings
equals 164583192 = 13266 pass-hrs.
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APPENDIX F

BASIC DATA REQUIRED FOR EVALUATION OF
FREEWAY OPERATIONS ON PRIFRE MODEL
(SEE CHAPTER 5 FOR MORE DETAIL)

1. DEMAND CHARACTERISTICS

a,

Auto Origin-Destination Pattern for each 15 minute time
interval during the peak period. (To be entered in O-D

tables as hourly passenger flow rates.)

Bus Origin ~ Destination Pattern for each 15 minute time

interval during the peak period. (To be entered in O-D

tables as hourly flow rates ~ buses/hr.)

Vehicle Occupancy

1. Average bus occupancy for each 15 minute time interval
during the peak period.

2. Auto occupancy distribution for each 15 minute time
interval (expressed as % cars with 1, 2, 3, 4 or 5

passengers).

2.  FREEWAY CHARACTERISTICS

a. .

Division of freeway section under study into subsections,
each one homogeneous with respect to capacity, number

of lanes, 0 or 1 on-ramps, 0 or 1 off-ramps, etc.

1. Distance between Ramp Noses (feet)

2. Subsection lengths

3, Presence of left hand or two lane on- and off-ramps

Capacity of each subsection under normal operations
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(observed capacity or calculated by Highway Capacity

Manual methods).

c. Capacity of Reserved Lanes (see Chapter 5).

d. Speed-flow/capacity relationships for the normal, un-
reserved, and reserved lanes in each subsection (ob~-

served relationships, Highway Capacity Manual relation-

ships shown in Fig. 9.1, or see Chapter 5).

STRATEGIES TO BE EVALUATED

a. Speed or density contour maps from local tranSport‘agencies.
Current data.

b. Significant changes in freeway operations or demand
characteristics due to occupancy shifts, modal split changes,

socio~economic “factors.

c. Annual traffic growth rate.
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APPENDIX G
PRIFRE MANUAL CHECKS AND SAMPIE CALCUIATIONS
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APPENDIX G
EXAMPLE 4.1 SAMPLE CALCULATION FOR TIME SLICE 1

A, Volume Calculations

Original demands are assumed to instantaneously propagafe down-
stream of the freeway. (Bus demands at on and'off rémps are multiplied
by the bus equivalency EBN and added to the car volumes. Under reserved
lane operations, buses in the reserved 1énes are multiplied by the bus
equivalency EBL,) Figure 12b illustrates the equivalent vehicle volumes
that are used to determine the volume capacity ratio for each subsection,
The equivalgyt vehicle volumelcan be read from the computer output

summary in Table 12 (in main body).

B. Weaving Effect Calculation

The effect of weaving on the capécity of a subsection is estimated
by finding the weaving influence factor k from Fig. 7.4 of the Highway

Capacity Manuwal , The weaving factor k is a function of the total

weaving volume and the length of the weaving section. The weaving
volume for each weafing ﬁovement is calculated from traffic demand
under the merging capacity constraint; the length of each weaving
section is already given. In time slice 1 of the hypothetical free-
way a weaving effect of 424 vehicles is outputed for subsection number
6. The weaving volumes and the weaving length at subsection 6

(shown in next page) are used to find the k factor

from Fig. 7.4 of the Highway Capacity Manual.
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LENGTH: 2,640

Buses Cars
VOLUME: 20(2) + 384 = 424

8(2) + 1020 = 1,036

EQUIVALENT VEHICLES 1,460

' FACTOR k _ = 2.0
= (k - 1.0) X smaller weaving volume

EFFECT

i

(2.0 - 1.0) x (424 - 0) = 424 vph

The result of the manual calculation is the same as those made
by the computer.
After weaving analysis is performed, PRIFRﬁ decreases the capacity

of a subsection by an amount equal to the weaving effect.

C, Average Occupancy

The average occupancy of a subsection is found by using the
formulas assumed in Fig, Gl. Example 4.1 illustrates the calculation

of the average occupancy of priority andvnonpriority vehicles,
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9Le

(Gla)

AVERAGE OCCUPANCY
IN A SUBSECTION
OF A NORMAL SECTION

Bus Passengers

Car Passenge

rs

[:<No. of
Buses

¥

cSEEancy)] Lr.( g;rs > (0

Car
ccupancy1

Number of Vehicles

r - -
Lso. of Buses + No. of Cars]

FIGURE G1

AVERAGE OCCUPANCY FORMULAS
(FOR EACH SUBSECTION)



LLE

Bus Passengers Priority Car Passengersl

. -

—
e, Average*
(G1b) AVERAGE OCCUPANCY [(NO’ Of\) : ( Bus ﬂ + [@02 of . (gccupancy of )7
IN THE PRIORITY = Buses Occupancy riority Cars / riority Cars /J
LANE OF A RESERVED .
SECTION - Number of Vehicles
o v — _}
[ﬁo. of Buses + No. of Priority CarsJ
Car Passengers
Car Passengers from from On-ramps in
The Normal Sections the Unreserved Section
Bus Passengers g o p— e — -—
, e m— Average* Average Occu~
(Glc) AVERAGE OCCUPANCY fr(No.of‘\' ( Bus )]4_[(§ . of Non- )‘ Occupancy of )_*(girs fromj_ pancy for the)]
IN A SUBSECTION = L Buses / QOccupancy. riority Cars on-priority Cars / ~Ramps Time Slice i
OF AN UNRESERVED . ' ~
SECTION Number of vehicles

B R R R
No. of Buses + No. of Non~priority Cars + No. of Cars from

On-Ramps in the
Unreserved Section

FIGURE G1 (continued)

AVERAGE OCCUPANCY FORMULAS
(FOR EACH SUBSECTION)

« .
See sample calculation in Example 4.1, page 279.



TIME SLICE 1 NO QUEUEING

ALL VALUES IN VEHICLES PER HOUR

BUS ORIGIN - DESTINATION TABLE

BUS OCCUPANCY 50.0

DESTINATIONS
0 1 2 3

[£2]

Z 1 -0, 10. 15,

o 2 -0. 10. 10,

% 3 -0. -0. 8.
4 -0, -0. 5.

NON-BUS ORIGIN - DESTINATION TABLE
AVE, OCC, = 1.40 PERSONS/VEHICLE

DESTINATIONS
0 1 2 3
2] 1 71, 214, 2143.
o 2 57. 150. 400.
> 3 0. 20. 1000,
© 4 0. 0. 786.

PERCENT OCCUPANCY NON-BUSES

OCC, ONE = 71. PCT
oCC., TWO = 21, PCT
OCC. THREE = 6. PCT
OCC. FOUR = 1. PCT
OCC. FIVE = 1. PCT

278




EXAMPLE 4.1 (cont.)

SAMPLE CALCULATION FOR TIME SLICE 1
Sample calculation of average occupancy of priority and nonpriority
cars for time slice 1, subsection 3

Given: a) Priority status cutoff = 3 passengers/car

b) Distribution of cars by occupancies:

1 =
Nonpriority passenger = 71%
status 5 passenger = 214
3 6%
Priority
status 4 1%
5+ 19

Average occupancy _ 71(1) +212) +6@) +1@) + 15 1.40 pass/car

(all cars) 71 + 21 +6 +1 + 1
Average occupancy _ 71(1) + 21(2) _
(Nonpriority cars) 71 + 21 = 1.23 pass/car
Average occupancy _ 6(3) +1@) + 1(5) _
(priority cars) 6 +1 +1 3.37 pass/car

Average occupancy in Subsection 3,

Given: a) No. of buses = 45
Average bus occupancy = 50

b) No. of cars = 2,907 + 128 from 02

No. of priority cars =6 + 1 + 1 = 8%
(2907) x (.08) = 233;

No., of Nonpriority cars = (2907 - 233) + 128 = 2802
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1.

EXAMPLE 4.1 (cont.)

Average occupancy-reserved lanes = (Formula from Fig. Glb)

_ (45)- (50) + (233)- (3.37)
B 45 + 233

= 10.9 pass/vehicle

Average occupancy-unreserved lanes = (Formula from Fig. Glc)

- ) -(50) +(2,674)+(1.23) +128 (1,40)

:1. .
0 + 2,674 + 128 24 pass/vehicle
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EXAMPLE 4.2

SAMPLE CALCULATION FOR TIME SLICE 1
SUBSECTION 2

‘able

‘'olumn

{umber (See Table 11)

1) Length = 1 mile

) Volume = 45 buses + 3,035 cars = 3,080 veh/hr

3 Equivalent volume = 45() + 3,035 3,125 veh/hr

il

4 Weaving effect: None

11

(5) Capacity = 8,000 - weaving effect 8,000 vph

_ _ 3125 _
(6) v/e = (3)/(5) = 3000 .39
¢B) Operating speed: From Fig. 8.1 of

Highway Capacity Manual

For v/c = ,39, 8-lane freeway, DS = 70 mph

|l

Operating speed 61 mph

Degign Speed

®) Average speed = operating speed - 0 1-v/c)
=61—-§-—g—-(1-.39}=57mph
9) Single Trip Travel Time = Suzizizgznsizzgth
='§?EE§H = .0172 hrs

i

(10) Single Trip Travel Time L0172 x 60 = 1,05 min.

_45(50) + 3035(1.4) _
(11) Average occupancy = 45 T 3035 = 2,11

(Using Equation of average occupancy in a
normal section)

il

a2 Travel Time Number of vehicles in 15~-minute time period ¥
{(veh~hrs) gingle trip travel time
1 veh

1 hr (3080 T ) (.0172 hrs) = 13.50 veh~hrs.
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EXAMPLE 4.2 (cont.)

(13) Travel Time = veh~hrs X average occupancy
(pass.~hrs)

i

13.50 x 2.11 = 28 pass. hrs’

(14) Travel Distance = Number of vehicles in 15~minute time period
(veh-mi) X subsection length

1/4 hr (3080 -‘-%1) (1 mile) = 770 veh-miles

]

i

(15) Travel Distance
(pass-miles)

veh-miles X average occupancy

770 x 2.11 = 1624.7 pass-miles
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TIME SLICE 2 QUEUE INCREASING

ALL VALUES IN VEHICLES PER HOUR

BUS ORIGIN - DESTINATION TABLE

BUS OCCUPANCY 50.0

DESTINATIONS

0 1 2 3
w 1 200. 200. 4600,
o2 200, 100. 500.
Eé 3 0. 30. 1500,
o 4 0. 0. 800.

NON-BUS ORIGIN - DESTINATION TABLE
AVE., OCC. = 1.40 PERSONS/VEHICLE

DESTINATIONS
0 1 2 3
2 1 -0, 15. 35.
= 2 -0, 15. 15,
o 3 -0, -0. 10.
O 4 -0. -0, 5.

NON-BUS OCCUPANCY DISTRIBUTION

0CC. ONE = 71, PCT
0CC. TWO = 21. PCT
OCC. THREE = 6. PCT
oCC. FOUR = 1. PCT
0CC. FIVE = 1. PCT
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EXAMPLE 4.3

SAMPLE CALCULATION FOR TIME SLICE 2
Subsection 4
Table
Column (see Table 15)
No.
(1) Length = % mile
(2) origin volume_ = 958 + 7780 cars = 7875 vph

origin equivalent vol, = 95 x 2 + 7780 cars = 7970 EQ veh/hr,

adjusted volume under merging capacity constraint

i

origin equivalent vol. -~ Merging Queue =

1

7970 - 100* = 7870 EQ vph
adjusted volume under capacity constraint at subsection 6

= 7870 - BRA

i

78706 - 177

7693
(3) weaving = 307 EQvph (Similar to calculation in Example 4.1

in Time Slice 1)

(4) capacity = original capacity - weaving effect
= 8000 ~ 307 = 9693

(5) V/C :_(.glz.’?_a?.:}.:]_‘oo

(6) From Fig. 9.1 H.C.M.
For v/c = 1,00, 8 lane freeway DS = 70

Operating speed = 36 mph

|

*
100—~see Fig. 14d in Chapter 4 main body, and merging calculation
in Table G2,
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<))

(8)

(9

(10)

(11

(12)

(13)

(14)

1s)

Average speed = operating speed -~ %g (1 - v/c)

individual travel time

adjusted volume (actual veh. per hr.)

Avg. occ.,

il

“individual travel time

70

36 - 10 a1-1)

= 36 mph

subsectis » length

Avg. speed

% mi
e = (313
36 mph 39 hr

.0139 ¥ 60 = .83 min.

ofiginal actual vol. (vph)

original volume (eq. vph)

adjusted vol. (EQ. VPH) (2)

7875

I et 76 = '
o0 % 7693 = 7548 vph

95 (50) + 7780 (1.4)

95 + 7780

Travel Time (veh~hrs)

= 1,99 pass/veh

Number of veh. in 15 minutes time period x single

Trip Travel Time

Travel Time

]

(12)

i

(pass~hr,)

Travel

Travel

1 nr (7875

vehy (0139 hrs)
hr

26,41 veh-hrs

x (11)

Distance (veh-miles)

il

no. of veh.

subsection length =

% hr (7875

veh

-

in 15 min.

26.41 x 1.99 = 52,56 pass~hr

>

time period X

TS Y (.5 mile) = 950 veh-mile

Distance (pass-miles)
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il

]

(veh-miles) x (avg. ocec.)
(14) x (11) = 950 % 1.99

1890 pass-mileg

X



EXAMPLE 4.4

SAMPLE CALCULATION FOR TIME SLICE 2
Subsection 5 -~ Queueing
Table

Column (See Table G-1)
No.

(1) Length = 1 mile
2) Capacity = 8000
3) Volume (Equiv. vehicles):
a) Original Volume = 90B + 6980 cars = 7070 vph
b) Original Volume (Eq. vph) = 90(2) + 6980 = 7160 wvph

c) Adj. Volume for Merging = 7160 - 100 = 7060 vph
Capacity Constraint

) Excess Demand (RAS) = 0 because D5 < 05 and there is no )
gueue left from any previous time slice,
(5) v/c = 7060/8000 = 0.88
(6) a) Operating speed (non-queueing) Fig. 9.1 of H.C.M.
v/c = 0.88, Operating Speed = 46 mph

b) Average speed = op. speed - %g (1 - v/e)

70
=46 - 75 (1 - .88) =45 mph

Volume )
Average speed (6b)

7) Non-queueing density

= 7060 vph

25 mph = 156.9 vpm

(8) Adjusted Volume = Volume - RA (3)-—(4)6 = 7060 - 177

6

6883 equiv. vph
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(9 v/c for queueing (8)/(2) = —— = 0,86

v/c ¢ (20 - v/c + 8)

(10) Queueing Speed S

2
82 = ,86 « (20 - .86 + 8)
Sz = 21,7 mph
. . - _ 6883 vph
(11) Queueing Density = (8)/(10) 21.7 mph
= 317.1 vpm
(12) Shock Wave Speed, r:
S
d’-d
r = 177 = 1,1 mph

317.1~156.9

(13) t’/ = time shock wave

travels in subsection 5 = 0,25 hrs.

1l

(14) Queue Length = r ¥ t’ 1.1 mph x 0.25 hrs

0.275 mi = 1452 feet

(15) Travel time for non-queueing period =
Length X non-queueing density x min.[t’ or 0.25]
L xd x min.[t’ or 0.25]

lmi x 156.9 vpm X 0.25 hrs=39.2 equiv, veh-hrs

(18) Travel time for ftransition period =
(Queueing density - non-gueueing density)
' 2
X (time shock wave travels through subsection 5} X shock
wave speed X % =
2
@ -d x D" xrx3 =
2 2
(317.1-156.9) vpm X (0.25)  hrs“ x 1,1mph x 3 =

= 5,5 equiv. veh. - hrs,
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an

(18)

(19)

Travel Time for Queueing Reriod —
¥

L xd' x (0.25 - t)=

1 mi x 317.1 vpm x (0.25 - 0.25) hrs = ¢ equiv. veh-hrs.

]

Total Travel Time as) + A6) + (A7
39.2 + 5.5 + 0 = 44,7 equiv. veh-hrs,.

original actual volume
original equiv. volume

il

Total Travel Time (18) * ratio

_ 7070 _
=44,7 X =160 _ 44 .1 veh-hrs,
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682

TABLE G1 QUEUE INCREASING CALCULATIONS FOR TIME SLICE 2

A - QUEUE LENGTH CALCULATION

1) (2) (3) 4) (5) 6) (7 (8) (9) (10) (11) (12) 1 (13) (14)
Speed Non~- Shock ,
No. of Volume Excess Non-Queueing {Queueing|Ad justed|v/c for | Queueing ) Queueing|Wave t
Sub~ length | Capacity| (equiv~ |Demand | v/c |[Oper. | Avg. Density|Volume Queueing Speed Density|Speed 9 Queue
Section | (feet) {uph) veh) RA (a) (b) VPM [ (3)-(4) | (B)/(2) (mph) * (vpm) | (vpm)| “(12) |Length
. . i *
6 2640 | 7693 7693 | +177 [1.00| 36 | 36 | 213.7 | Queue forms at the junction of -- lazxan
subsections 6 and 5 -
* -
5 5280 8000 7060 0 .88 | 46 45 | 156.9 6883 .86 21.7% 317.1 | 1.1 | .25 |:275 mile
‘ 1452 feet
B - TOTAL TRAVEL TIME CALCULATION
(15) (16) (17) (18) (19)
No. of Travel Time for Travel Time for Transition Period Travel Time for Travel Time
Sub- Non~Queueing Period Queueing Period (15) +(18) +(17)
Section %
L xd x min, (t‘, .25) @' - d x tD% xr x } L xd’ x(.250~-1t") equiv. veh~hr veh~hr
5 1 x 156.9 x .25 = 39.2 (317.1 - 156.9) (.25)2 (1.1)4=5.5 1 x 317.1(.25- .25) =0 44.7 7070
44.7 x ;iga 44.1

These calculations are based on theory described in Chapter 2




TIME SLICE 3 QUEUE DECREASING

ALL VALUES IN VEHICLES PER HOUR

BUS ORIGIN - DESTINATION TABLE

BUS OCCUPANCY 50.0

DESTINATIONS

0 1 2 3
@ 1 -0. 5. 10.
52 -0. 10. 5.
=3 ~0. -0. 8.
© 4 2,

-0. -0,

NON-BUS ORIGIN ~ DESTINATION TABLE
AVE OCC. = 1.40 PERSONS/VEHICLES

DESTINATIONS

0 1 2 3
2 1 100, 200, 5412,
52 50, 120. 300.
=3 0. 15, 1300.
S 4 0. 0. 400.

NON-BUS OCCUPANCY DISTRIBUTION
OoCC. ONE = 71, PCT
oCcC. WO = 21, .PCT

OCC. THREE

1l

[>]
&
=3

OocC., FOUR = 1, PCT

fl

et
8
=3

OCC. FIVE
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TABLE G2 QUEUE DECREASING CALCULATIONS FOR TIME SLICE 3

A - QUEUE LENGTH CALCULATION
%)) @) 3) ) (5) ) Q) ®) ® 10 an 12) (13)
Previous Excess v/c for Non~ Queueing Shock-
No., of Queue Demand Non~ Queueing|{ Non- Volume v/c Queueing wave t
Sub- Length Capacity]|volume RA Queueing | Speed Queueing| (3)-(4) Queueing | Speed Queueing { speed ¢(hrs) T1
Section (feet) {uph) (uph) (uph) | Flow (mph) Density (vph) " | flow (mph) Density (mpb)
7423
5 1396 8000 + 84 -89 . 938 44 .5 168.67 7595 . 949 25.6 296.7 .95 L1745 | -
7507 )
QUEUE LENGTH = 1396 X .695 x .25 X 5280 = 477 feet
B. TOTAL TRAVEL TIME CALCULATION
[&8) @) &) ") +(2) +(3) = Equiv- voh
No. of Travel Time for Travel Time for Transition Period Travel Time for Total Travel Time
Sub- Non—Queueing Period Queueing Period ‘
Section t
Lxd x (.zso--n) @=-d)xtxH-5 x1) Lxd xT1 (vph)
5 1 x 168.87 x .25 (296.7 - 168.67) X .174 X lg-g-g—-l-;ix (—.695)) 1 x 296.7 x .0=0 49.55




- EXAMPLE 4.5

CALCULATION OF AVERAGE SPEED
QUEUEING SITUATION - SS 5

(See Table 15 - Column 7 - S85)
1) Length of Section = .,280 feet
2) Length of Queue = 1,396 feet
3) Speed in non-queueing part of subsection 5 = 44 mph

4) Speed in queueing part of subsection 5 = 21.7 mph

_ 1396 5280 - 1396
5) Avg. speed = 21.7 mph ¥ %380 + 44 mph X 2580
= 38.8 mph
EXAMPLE 4.6

Distribution of Queues for Time Slice 2 and 3

Table G3 shows the distribution of increasing merge and freeway
tgueues when the merging capacity or freeway capacities have been
exceeded for time Slice 2. The merge capacity analysis in subsection
5 is shown in Table G3A5 The effect of the merge queue (100 vph) is
distributed downstream according to the destination pattern as shqwn
in Table G3B. The effect of the freeway queué is distributed down-
~stream as shown in Table G3C. See Chapter 4, Figs. l4c and 14f, for
- a pictorial representation of these distributed queues,

Similarly, Table G4 shows the distribution of decreasing merge
and freeway queues for time slice 3. See Chapter 4, Figs. 15d apd

15e¢, for a pictorial representation of these distributed queues.
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TABLE G3 DISTRIBUTION OF QUEUES FOR TIME SLICE 2
)

A - MERGING CAPACITY ANALYSIS
Composition % Traffic Pemand in
of Demand in ~ Lane 1
Traffic Flow | (vph) Lane 1 (vph)
Through *
0 +
Traffic 556 9 500
On-Ramp 03 1600 100 1600%*
Off-Ramp D, | NON-INFLUENCING
T
T tal 2100

"aree Quets

_100 - 2000 = 100 vph

Fro 1able 8.3 From H.C.M.
B - DESTINATION PATTERN CALCULATION
FOR MERGE QUEUE
Of £-Ramp END
o D, D, TOTAL
g On-Ramp (vph) (vph)
2 C, 230 4670
A r 130 530
O .
& 5 TOTAL 360 5200 5560
A5 RATIO L0648 . 9352 1.00
W o+ P MERGING
: 100
§ & | oume 6 o °
C - DESTINATION PATTERN CALCULATION
FOR FREEWAY QUEUE
% T~—__Off-Ramp D, D, TOTAL
5 On- Ramp (vph) (vph)
a 0, 230 4670
a 0, 130 7530
o
o, 30 1570
S o £ TOTAL 390 6770 7160
w33 RATIO .055 . 945 1.00
w P FREEWAY
2 8 QUEUE 10 167 177
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TABLE G4 DESTINATION PATTERN CALCULATION FOR

MERGE & FREEWAY QUEUE - TS3 - 8S5

Of £~ Ramp

ke
2 ‘
5 On-Remp D, D, TOTAL
3 7
1) 365 7462 7827
a 3
o
S8 5
o
. Demand Ratio .046 . 954 1.00
Y
o O
ol Merge Queue 4 80 84
+©
n B
2 Freeway Queue 4 85 89
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EXAMPLE 4.7

Merging Delay Calculation

Figure G2 shows how PRIFRE computes the merging delays that

start in time slice 2 and end in time slice 4. The merge queue

length (vehicles) shown on the vertical axis decreases at the start
of time slice 3 and dissipates completely by the end of time slice 4

The merging delays (veh~hr) for each time slice is simply the area

under each triangle. (see Tables 16, 17, 20 and 21, Chapter 4

for computer output of merging delays).

—T32 TS3 TS4

NO. OF VEHICLES IN QUEUE

Figure G2 Merge Queue
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MERGE DEIAY:

TS2:
DELAY = Aresa A2
= 2 hr, Merge Queue (vph) X Time Delayed (T,Slice period) /2
= (} hr. (100 vph) X % hr.)/2 = 3.13 veh-hrs
Avg. occ. = 2,02 pass/veh; (3.13)(2.02) = 6.22 pass-hrs
TS3:
DELAY = Area A3
25 + 4.
= (—é—g—é“ZQ) .25 = 3.79 veh. hr.
= 3.79 x 1.65% = 6,25 pass-hr,
T84:
DEILAY = Area A

4
=4.75 x .25 x 3 = .59 veh-hrs

= .59 x 2 = 128 pass-hrs

*
Avg. occ. of subsect. S

296



APPENDIX H
Car Occupancy Shift Calculation Program
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(Initial Occupancy Distribution)
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298 .

$2296+ KHOSROW OVAICI LISTING FOR PROGRAM “LCHANGE"
RUNe
LGO,
]
PROGRAM LCHANGE( INPUTsOUTPUT) I1TYE
* *DETERMINATIN OF ACCEPTABLE GAP ITTE
* *#SYMBOLS ARE ITTE.
* H#VYR =VOLUME IN RESERVED LANE(VEH/HR.) ITTE
* *VN =VOLUME IN NORMAL LANE (VEH./HRe} ITTE
» #SUNR =SPEED IN UNRESERVED LANE(MILE/HRS) ITTE
* #VUNR =VOLUME IN UNRESERVED LANE { MILE/HR.) ITTE
* ®SN =SPEED IN NORMAL LANE (VEHe/HRs) ITTE
» *SR = SPEED 1IN RESERVED LANE( MILE/HRe) ITTE
* #N =NUMBER OF {ANE ITTE
»* #*FXXX =RELATIVE SpEED FACTOR ITTE
* *HM =MINIMUM HEAD WwAY ITTE
* *Xp =PROBABILITY OF CHANGING LANE ITTE
* *AH =AVERAGE HEADWAY ITTE
* *GA =ACCEPTABLE GAP ITTE
* #DURLUR=REQUIRE DISTANCE FOR CHANGING LANE FROM UNRESERVED LANE ToO ITTE
* » UNRE 2ERVEDLANE (WITH XP PROBABILITY) ITTE
* *#DURWR :!REQUIRE DISTANCE FOR CHANGING LANE FrROM UNRESERVED LANE ToITTE
* * RESERVED | ANE (WITH Xp PROBABILITY) ITTE
» #DRe UR=REQUIRE DISTANCE FOR CHANGING LANE FrROM RESERVED L ANE To ITTE
» * UNREZERVED LLANE (WITH Xp PROBABILITY) ITTE
* * BEGINNING OFTHE PRIORITY LANE, ITTE
»* *#0peOFF2REQOIRE DISTANCE FroM THE END oF THE pRIOrRITY (ANE T THE FITTE
* * OFF-RAMP AFTER PRIORITY LANE, ITTE
5 READ 10sVNsVRIVUNRsSSN*SRsSUNRYGAR»GAUNRsHMsXP s N ITTE
10 FORMAT(3Fgexs ¢gF5az sF5as4s11) ITTE
60 IF(NeEQe0Q} STOP ITTE
SUNR1=,80%#SUNR 1TTE
CALL DIST(SQNRl s SUNR s VUNR s HM s GAUNR # XP s DURUR ) ITTE
SNl= 0«80%SN ITTF
CALL DIST( SN1osN,vN,HM,GAUNR,XP;Dmmi ITTE
DONP={N~-1)*DNN ITTFE
DPOFF =DONP ITTE
CALL DIST(SUNRQSRQVRtHM!GARQXPQDURR) ITTE
CALL DIST(SRsSUNRsVUNRsHM»GAUNR s XPs DRURY ITTE
DONPM=( N~2 )} *DURUR +DURR 1TTF
DPOFFM={ N=2) *DURUR+DRUR 1TTF
PRINT 1234 ITTF
1234 FORMAT( 1HY = INSTITUTE oF TRANSPORTATION AND TRAFFIC EMGINEERINGITTE
Ca/% UNIVERSITY OF CALIFORNIA%/% BERKELEY CALIFORNIA %) ITTE
PRINT 101 177F
101 FORMAT( //% INPUT DATA *//) 1TTE
 PRINT 129VN9VR,VUNR,SN98R9SUNR’GAR;GAUNRaHMaXP9N ITTE
12 FORMAT(/7 * VN =%43F5,0//% VR . =%sF5 ,0//% VUNR ITTE
C =%sFgs0//% SN =%yF5a2//% SR =%9sF542//% SUNR ITTE
C =%sF5e2//% GAR =*sF542//7% GAUNR =*sF5en//% HM ITTE
C =%sF5e2//% Xp =#sFregy//% N =%s11///) ITTE
PRINT 102 I1TTE
102 FQRMAT( /7/7%  oQUT pUT CALCULATION ARE %/#esesveevecsssnsescassnsssel TTE
.0.0"000..00.000.'..0.t.i'..l"ﬁ‘.‘0"00.000..'0‘.00.0.0Q...*) ITTE
PRINT 1111 . 1TTF
1111 FORMAT(///%%% ALL THE, FOLLOWING VALUES ARE IN FEET #»x) 1ITTE
PRINT 1000,DNN ITTF

b
DO DA ND DY

SN AN DD Pl B0 0NN RN NN YNNI NNY YN DTN e bk e ek b b b
P N i I B - I | N DV OI DV AIDAL XY D0 DDA DY DD IR DV -



'
1

1550e 80001800¢44e005040035¢00 350 2450 «50+90
1550 800¢1800e¢44¢005000035600 3¢50 2450 o50e75

1000 FoRMAT(///x DnNN ut 3F1040% RrEQUIRE DISTANCE th CHANGING ITTE

CLANE FROM NORMAL LANE TO ADJACENT NORMAL LANE %) 177e
PRINT 900+DURUR ITTE

900 FORMATI(///% DURsUR =% sF10.0% REQUIRE DISTANCE For CHANGING ITTE
CLANE FROM UNRESERVED LANE To ADJACENT UNRESERVED L ANE ) ITTE
PRINT 700,DURR ‘ 1TTF

100 FORMAT(///% DUReR =% sF1040% REQUIRE DISTANCE FOR CHANGING ITTE
CLANE FROM UNRESERVED LANE To ADJACENT RESERVED { ANE %) ITTE
PRINT 800sDRUR 1ITTF

800 FORMAT{(///% U ReUR a% sF10e0% REQUIRE DISTANCE For CHANGING ITTE
CLLANE FROM RESERVED LANE To ADJACENT UNRESERVED |LANE %) 1TTE
PRINT400sDONP « , - ITTE

400 FORMATL 7/7/7% DONep =%9F10.0 # REQUIRE LANE CHANGING DISTANCE ITTE
CFROM ONRAMP To THE ENTRANCE OF THE prIORITY {ANE %) ITTE
PRINT 500,DPOFF ITTE

500 FORMATL ///% DpepFF w¥* 3F10e0 » REQUIRE L ANE CHANGING DISTANCEITTE
CFroM EXIT oF THE pploRITY tANE To THE RIGHT HAND SIDE oFF pAmpsx) ITTE

PRINT300,sDONPM : 1TTF
200 FORMAT( ///% DONePeM =%3F1040 »# REQUIRE LANE CHANGING DISTANCE ITTE
CFROM ONRAMP T0 THE MIDDLE OF THE PRIORITY [ANE %) 1TTE
PRINT&00sDPOFFM ITTE

600 FORMATL ///% DpeoFFeM =% sF1040 % REQUIRE LANE CHANGING DISTANCEITTE
CFroOM MIDDLE oF THE pRIORITY {ANE To THE RIGHT HAND SIDE OFF RAMPR)ITTE

1112 FORMAT( ///%x END OF ABOVE SIMULATINON %) ITTE
PRINT 1112 ITTE

70 GO TO & ITTE
END ITTE
SUBROUTINE DIST(S51452sV23sTA3GA4XP,D) ITTE

T™ =3600/V2 ITTE
XN=(ALOG10(1-XP)) /(ALOG10( (1= EXP ({(TA=GA)/(TM=TA})})) )} ITTE
FS=(S1-52)/152 ) ITTE
D=z(S1%#XN~S1)/(FS*v)) ITTE
D=ABS(5280%D) ITTE
RETURN 1TTF
END ITTE

550e¢ BO0e1800644¢005040035400 3’050 2680 50605

&~
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Example input for 1CHANGE

VN VR VUNR SN SR SUNR | GAR |'GAUNR HM XP N

21314151617 1819110]11112]13114115]16]17 11819120} 21122 123124125]26)2712829 130} 31 |32|33134|35] 36|37 13833140} 41| 42|43 144{45]46 14714849 501 5|

F5.0 F5.0 F5.0 F5.2 F5.2 | F5.2 F5.2 .F5.2 | Fb5.2 FS.4 |l

00¢

Input vwluos: |

. 1.With .95 probtbillity

| I
! |
| l
I t [ |
1 l
| |
] J

550.‘8‘00.I800.44.0050.0035.00‘ 31.15|0} |2].15[0] [0}.|5]0

2,With .90 prebability

s[sol. [ Islolol. Ti1slolol. |4[4|. |olo|s|o]. [olol3]5]. |olo] |3].[slo] |2].]s|o] lo].[slo}] |.lolelol4
- g A L

\
/
\

['1
[

!

i

\

3.With ,75 probability
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LCHANGE ~- ULANE CHRANGING MODEL ) PAGE N0,

FECERAL +ICHWAY ADMIMISTRATION Example output of LCHANGE
CEFARTMENT CF TRANSPIRTATION

INPUT CATS

LR N N N N N A N EE R TN E RN R YR N YR

VA =1£80, VR = 800. VUNR =1300. SN =44, 00
SR =50.0¢ SUNR =354 00 ' S GaR = 3,50 7 UGAUNE T = 2050
HM = 0.50 xp =, 9500 N =4

QUTPUT CALCULATIONS (ALL VALUES IN FEET)

BEOP RSP I IRIONBIITREIP NI AORDIENE RO FAETENEEESI SO RGN

ONN = 3823, REQUIRE DISTANCE FCR CHARGING LANE FRCM NORMAL LANE TO ADJACENT NORMAL LANE

DURLUE = 361C. REQUIRE DISTANGE FCR CHANGING LANE FRC¥ UNRESERVELD LANE TO ABJACENT UNRESEHEVED LANME ’

DR LR = 283¢&. REQUIRE DISTANCE FLR CHARNGING LANT FRCM UNRESERVEC LANE TO ADJACENT RESERVED LANE

NRLUR = 31008, REQUIRE DISTANCE FUK CHANGING LANE FRCM RESERVED LAND TO ADJACENT UNRESERVED LANE

DENWP C= 11448, REQUIRE LANE CHANGING DISTANCE FRL¥ ON RAMP TC THE ENTRANCE OF THE PRIORITY LANE 7
NP.OFF = 11465, REQUIRE LANE CHANGING DISTANCE FRGM EXTT OF THE PRICRITY LANE T THE RIGHT HAND SIDE CEF RAMP

DONGP WM =‘ 10058, REQUIRE LANE CHANGING DISTANCE FRCK CN RAMP TC THE MIDDLE OF THE PRIORITY LANE

DPLOFE M = o

10228. REQUIRE LANE CHANGING DISTANCE FRCM MICDLE CF THE PRIORITY LANE TO THE RIGHT HAND SIDE OFF RANP

END OF ABCVE STMULATION



LCHANGE == LANE CHANGING MODEL PAGE AT,
FECERAL HIGHWAY ACMIMISTRATION

CEPARTMENT OF TRANSPORTATION

INPUT CATA

VN =1550. VR = 800, VUNR =1800. SN =44, 00
“sp T =sg.0C : CSULNR 215,00 GAR = 2,50 GAUNR = 2,50
THM = 0.50 xp =.900C N =4

CQUTPUT CALCULAT IONS  (ALL VALUES IN FEET)

DNN' = 28C0. REQUIRE DISTANCE FCR CHANGING LANE FRCM NORMAL LANE TO ADJACENT NORMAL LANE
TTpuragr T = 7 2680, REQUIRE DISTANCE FCR CHANGING LANE FRCVM UKRESERVED LANE TO ADJACENT UNRESERVE(D LANE
g | |
DUR.R = 2003. REQUIRE DISTANCE FCR CHANGING LANE FRCM UNRESERVEC LANE T8 ADJACENT RESERVED LANE
DR.UR = 2233, REQUIRE DISTANCE FCR CHANGING LANE FRCM RESERVED LANE TO ACJACENT UNRESERVED LANE
T DPCN.P = 8395,  REQUIRE LANE CHANGING DISTANCE FROM CN RAMP TC THE ENTRANCE NF THE PRINR[TY LANE
. DPLOFF = 8365, REQUIRE LANE CHANGING DISTANCE FROM EXIT OF THE PRIORITY LANF TO THE RIGHT HAND SIDE [FE RANMP
DONJP.M = 7363, REQUIRE LANE CHANGING DISTARCE FRCM CN RAMP TC THE MICOLE DF THE PRIDRITY LANE
TDP.OFF.M = 7593,  REQUIRE LANE CHANGING DISTANCE FRCM MICOLE OF rHé;Qﬁxohi%vmﬁaws TO THE RIGHT 4AND SIDE CFF RAMP

END CF ABCOVE

S IMULATION

[



£0g

LCHANCE -- LANF CHANGING MODEL
FECERAL FICHWAY ACMIMISTRATIUN
CEPARTMENT CF TRANSPURTATION

INPUT [CATE

L R R I N I R A N N R RN N N T E R

VA =1%50. VK = 3QC.
5% =50.0C SUAR =25,00
HM = CL.5C xpP =a 7500

CuTPuY CALCULAT IUNS  (ALL VALUES IN FFET)

P R R R R R R R R N N R R N A X R

ONN = 1447, REQUIRE DISTANCE FCUR CHANGENG
DUR LUK = 1450. REQUIRE DISTANCE FCR CHANGING
BUR o8 = 509, REQUIRE DISTANCE FCR CHANGIAG
DR, = 1208, REQUIRE DISTANCE FCR CHANGING
DENLP = 4341, REQUIRE LANE CHANGIAG DI STANCE
DPLLEY = 4341, REQUIRE LANE CHANGING DISTANCE
OCNGF. M = 3755, REQUIRE LANE CHANGIAG DI STANCE
CPL.OFELH = 4108. REQUIRF LANE CHANGING DISTANCE

END CF AECVE STIMULATION

LANE

LANE

LANE

LANE

FRONM

+RCM

Eacy

ERCM

PAGE

VUNR 21600, SN
GAR = 3,50 GALKP
N =4 ‘

FROV NCRMAL LANE T ADJACENT NORMAL LANE
SREN UNRESERVED LANE T3 ADJACENT UNRESFAVED LANF
FRCM UNRESERVEC LANE T ADJACENT RESERVED LANE
FROM RESERVED LANE TO ADJACENT UNRESEZVED LANE
Ch BAMP TC THE ENTRANCE OF THE PYIORITY LANE
SXIT CF THE PRICRITY LANE TU THE RIGHT HAND SIDE GFF RAWP

CN RAMP TC ThHE MIDOLE OF THE PRIORITY LANE

=hb 4, 01)

= 2,50

MICULE CF THE PRIORITY LANE TO THE RIGHT HAND SIDE OFF RAMP



LCHANGE =~- LANE CFANGING MODEL
FECERAL FIGHWAY ACMIMISTRATION
CEPARTMENT CFE TRANSPDRTATION

INPUT LCAT?2

L R I A I R I A A L I A S A A

VN =
SR : =
HM =

1550,
50.00

0.50

QUTPUT CALCULATIONS

D R LI I I R T

DNN =
DURVUR T =
(]
4
DURLR =
DRWJUR =
T DeN.P =
DPLOFF =
DCN.P.M =
CCPLOFF.M =

END OF ABCVE STMULATION

424,

520

1iCa.

1472,

{ALL VALUES IN

REQUIRE
‘REQUi&E
REQUIRE
REQUIRF
REQUIRE
REQUIRE

REQUIRE

REQUIRE

 LCHANGE (10/19/7Z) COMPLETED

VR = 8QC.
TELNR =35, 00
xp =, 5000

FEET)

DISTANCE

DISTANCE

DISTANCE

CISTANCE

FCR CHAMNGINANG

FLR CHANGING

FLR CHANGING

FECR CHANGING

LANE CHANGING DISTANCE

LANE CHANGING DISTANCE

LANE CHANGING DISTANCE

LANE

LANE

LANE

LANE

FRCM

FROCM

FROM

FRCV

A LN

FROM NORMAL LANE TO ADJACENT KONMAL LANF

EROM UNRESERVED LANE TN ABJACENT UMPESF2ZVED LANE

FRCVM UNRESERVED LANE T ANJACENT RESERVED LANE

FROM RESERVED LANE T ADJACENT UNRESERVID LARNE

CN RAMP TL THE ENTRANCE NF THE PRIIJRITY LANE

EXIT OF THE PRIORITY LANE TGO THE RIGHT HAND SIDE CUFF RANMP

CN KAMP TC ThE MICDLE OF THE PRIORITY LANE

A

VICDLE OF THE PRIDRITY LANE T THE RIGHT HAND SInf ee

PAGE

Mp

NLw



APPENDIXJ

ANNOTATED BIBLIOGRAPHY

A, Exclusive Lane Operations -~ Historical References

1. Cherniack, Nathan, Transportation - A New Dimension of
Traffic Engineering,“ Matson Memorial Award Paper,
Institute of Traffic Engineers PROCEEDINGS, 33rd,
1963, pp. 38-48,

Cherniack discusses the concept of an all-
highway type mass transit system utilizing buses
and carpools operating in an exclusive or prefer-
ential reserved lane on urban exXxpressways.

2. Zell, Charles, ''San Francisco-Oakland Bay Bridge Trans-
Bay Bus Riders Survey, HIGHWAY RESEARCH RECORD No.
114, Jan. 1965. pp. 169-179,

Zell surveyed bus riders in 1962 when an
exclusive bus by-pass lane was in effect on the
Bay Bridge. Bus patronage rose slightly.

3. Moskowitz, Karl, California Division of Highways,
"Discussion of San Francisco-Oakland Bay Bridge
TransBay Bus Riders Survey by Charles Zell,"
HIGHWAY RESEARCH RECORD No. 114, Jan. 1965,
pp. 179-182,

Moskowitz discusses the use of exclusive bus
lanes on freeways, and concludes that any such
scheme, though encouraging occupancy shifts, would
underutilize the freeway's inherent capacity.

4, May, Adolf D., A MATHEMATICAL MODEL FOR EVALUATING
EXCLUSIVE BUS LANE OPERATIONS ON FREEWAYS,
Institute of Transportation and Traffic Engineering,
University of California, Berkeley, California, 1968,

May develops a mathematical model for evaluating
potential travel time savings accruing from the
inmplementation of various exclusive bus lane
schemes. Model is computerized.
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5. Highway Research Board, Special Report 87, 1965 HIGHWAY
CAPACITY MANWAL, National Academy of Sciences --
National Research Council, Washington, D.C., 1965,

Handbook of traffic engineers. Used extensively
in calculation of roadway capacities, speed-flow/capacity
relationships; and queueing lengths and delays. General
reference,

6. otock, W,A,, A COMPUTER MODEL FOR EXCLUSIVE BUS LANES ON
FREEWAYS, Institute of Transportation and Traffic
Engineering, University of California, Berkeley,
California, July 1969,

Bill Stock improved the realism of the EXCBUS
Model by incorporating a more realistic peak period
demand over time; piecewise linear, triangular, or
“trapezoidal demand curves could be used. A variety
of speed/flow submodels could now be used.

7. Morin, Donald A., and Curtis D. Reagan, "Reserved Lanes
for Buses and Carpools,’' TRAFFIC ENGINEERING, V. 39,
no. 10, July 1969.- pp. 24-28,

Article discusses Moskowitz's conclusions,
presents new passenger-time curves, and shows that by
reserving an exclusive lane for both buses and car-
pools, and with occupancy shifts, passenger time
savings could result.

8. Sparks, G.A., and Adolf D, May, A MATHEMATICAL MODEL FOR
EVALUATING PRIORITY LANE OPERATIONS ON FREEWAYS,
Institute of Transportation and Traffic Engineering,
University of California, Berkeley, California, 1970,

A great improvement of the previous exclusive
bus lane model, this model takes into account both
carpools and buses. Many of the more serious limita-
tions of the earlier model were eliminated.

9. Goodman, Joseph M., "Operation of a Freeway Priority System
for Buses and Carpools,’’ TRAFFIC ENGINEERING, V. 40,
no. 7, April '1970. pp. 30-37. ‘

Eleven different priority lane schemes are depicted
and discussed. Attention is called to the fact that
drastic changes in travel timeresult with changes in
modal split, vehicle occupancy, highway capacity, and
demand rates,
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10. Makigami, Yaguchi, Lee Woodie, and Adolf D. May, BAY AREA
FR$EWAY OPERATIONS STUDY - FINAL REPORT - ANALYTICAL TECH-
NIQUES FOR EVALUATING FREEWAY IMPROVEMENTS, PART I OF III,
THE FREEWAY MODEL, Institute of Transportation and Traffic
Engineering, University of California, Berkeley, California,
1970.

A very thorough mathematical model which attempts
to realistically duplicate actual freeway operations.
The model takes into account the effects of on and off
ramps, weaving sections, capacity restraints, varying
demand patterns, and varying car occupancies, and can be
used in both queueing and non-queueing situations.

11. Allen, B. L., and A. D, May, BAY AREA FREEWAY OPERATIONS STUDY -
FINAL REPORT - ANALYTIC TECHNIQUES FOR EVALUATING FREEWAY
IMPROVEMENTS -~ PART II OF II1: ON THE SAN FRANCISCO~-
OAKLAND BAY BRIDGE, Institute of Transportation and Traffic
Engineering, University of California, Berkeley, California,
August 1970.

A general study using FREEQ to analyze present and
future freeway operations on the Bay Bridge. As part
of this improvement study, Allen briefly considered
priority lane strategies,

12, California Department of Public Works, "Feasibility Study on
an Exclusive Lane for Buses on the San Francisco~Oakland
Bay Bridge,' HIGHWAY RESEARCH RECORD NO. 303, 1970.
pp. 17-29,

Report of a study evaluating the potential of
reserving one or more lanes on the Bay Bridge exclusively
for buses. The report concludes that such a lane is
not feasible due to greatly increased delay to automobile
users.

13, Stock, W. A., Jin Wang, and Adolf D. May, PRIORITY LANE
OPERATIONS ON THE SAN FRANCISCO-OAKLAND BAY BRIDGE,
Institute of Transportation and Traffic Engineering
Special Report,kUniversity of California, Berkeley,
California, 1971,

‘The two mathematical models EXCBUS (6) and FREEQ (10)
were applied to this heavily traveled freeway section and
various priority lane schemes were tested for their
potential traveltime savings. Optimum strategies showed
some savings could result if such a priority lane opera-
tion were implemented in the westbound a.m. peak direction,
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14, California Department of Public Works, "Feasibility Study
on an Exclusive Lane for Buses and Carpools on the
San Francisco-Oakland Bay Bridge,” Sacramento,,K Ca, 1971,

This is a brief summary report of work undertaken
by ITTE at the University of California and the State
Division of Highways to evaluate an exclusive lane
on the Bay Bridge for both buses and carpools. This
led to an experiment beginning in December 1971 to
try such a schenme, '

15. Voorhees, Alan M. and Associates, FEASIBILITY AND EVALUATION
STUDY OF RESERVED LANES FOR BUSES AND CARPOOLS. Final
report of a research project for the Department of
Transportation, Washington, D.C. 1971,

A very detailed report discussing the benefits and
relative merits of implementing priority lane schemes
on urban freeways. The Memorial Freeway in Cleveland
was selected as a study area and exclusive lane
operations thoroughly evaluated.

16. FREEWAY LANES FOR HIGH OCCUPANCY VEHICLES (First Annual
Progress Report). State of California, Department of
Public Works, December 1971.

This is the first annual report to the State
legislature highlighting the priority operations
projects in California. The Bay Bridge priority
lanes and Los Angeles' surveillance and control
projects with priority entry at ramps are discussed.

17. PROGRESS REPORT ON PUBLIC TRANSPORTATION IMPROVEMENT PROJECTS
(HP 24). Urban Mass Transit Administration and Federal
Highway Administration, January 1972,

Washington reports on several on-going projects
around the country involving reversible lanes for
buses, priority lanes for buses and carpools, ramp
metering with priority entry for buses, and exclusive
bus roadways.

18, California Division of Highways, District 04, PROJECT
REPORT #3052,  PHASE 1 FOR THE IMPROVEMENT OF ROUTE
101 IN MARIN COUNTRY FOR TRAFFIC AND BUSES BETWEEN
THE GOLDEN GATE BRIDGE AND NOVATO. July 1971,

This report describes the feasibility of installing
a wrong-way reversible bus lane for northbound p.m.
peak-hour buses. Similarly, a southbound scheme is also
discussed.
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B. Exclusive Lane Operations - Bus Priority Projects

19. Port of New York Authority, PLAN FOR AN EXCLUSIVE BUS ILANE
ON 1I-495 FROM THE NEW JERSEY TURNPIKE TO THE LINCOLN
TUNNEL. New York, 1967.

Implementation of an exclusive bus lane on a
2% mile portion of I-495 during the morning rush
hours involves the reversal of a median lane, Bus
volumes in this cerridor reach 500 per hour,

20, Howard, Needles, Tammen, and Bergendoff, BUS FACILITY STUDY ~
HENRY G. SHIRLEY MEMORIAL HIGHWAY IMPROVEMENT.
New York, 1964, ‘

A report detailing the feasibility of building
special bus transit facilities in a traffic artery
such as the Shirley Highway near Washington, D.C.

21, "Separate Lane Speeds Buses Across Bay Bridge,“ METRO-
POLITAN TRANSPORTATION, V. 58, No. 3, March 1962,

A brief article on how A-C Transit converted an
unused lane into a high-speed bus operation lane
during reconstruction of the bridge in 1962,
22. "'Reserved Lanes Shorten Commuting Time, METROPOLITAN,
V. 67, No, 5, Sept. 1971, pp. 25-28,

Several different exclusive bus lane schemes
in operation around the United States are pictured
and discussed briefly.

23. Texas Transportation Institute, A SYSTEM TO FACILITATE
BUS RAPID TRANSIT ON URBAN FREEWAYS. Research
report to the Department of Transportation, Washington,
b.C., 1968, :

This report describes the feasibility of using
traffic surveillance and control techniques to pro-
vide priority operation for buses on freeways.
Special bus entry ramps and metering of autos to
maintain free flow would provide rapid bus transit,.

24, Golden Gate Highway and Transportation District, CONCEPTS
AND ALTERNATIVES FOR TRANSPORTATION EACILITIES.
Summary of consultants' reports, San Francisco, 1970,

Discussion of five long-range transportation plans.

Various bus operating schemes are included, among them
exclusive bus lanes and reversible lanes,
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25, Urban Mass Transit Administration, ACTIVE BUS PRIORITY
PROJECTS. 1In cooperation with the Federal Highway
Administration, Washington, D.C., 1971,

Discussion of: Shirley Highway; Seattle Blue-
streak; Pittsburgh PATways,; San Bernardino freeway
median construction; I-495 reversible lane in New
Jersey; SPF-Oakland Bay Bridge, etc,

26, Virginia Department of Highways, FEASIBILITY STUDY OF
RESERVED LANES FOR BUSES AND CARPOOLS. Final report
of a research project for the Federal Highway
Administration, 1971,

27. "Buses Get Exclusive Use of Freeway Median-Shirley Highway, '
CIVIL ENGINEERING, ASCE, v. 40, no. 7, July 1970,
pp. 68-72,

An 8-mile long median strip is being reserved for
exclusive use by buses in northern Virginia, Benefits
include traveltime savings for both auto and bus
commuters, and are seen to far outweigh the initial
construction costs.

28. "'Bus Lane Expedites Commuters - New Jersey Turnpike,"
FLEET OWNER, Feb. 1971. p. 9.

A short article describing how 35,000 New Jersey-
Manhattan commuters will save 15-minutes or more
during morning rush hours aboard some 800 buses travel-
ing in a special lane,
29, A-C Transit Exclusive Bus Lane By~Pass Lane-~ Peak-~hour
Traffic,' Transportation Research Forum PAPERS, 1llth
Forum, 1970, pp. 425-436,

Description of the "Special Permit’ lane for
transbay buses which is used to by-pass long queues
and toll booth stops, so that buses =zip by cars in
the a.m. rush hours,

30. Tri-State Transportation Commission, URBAN CORRIDOR
DEMONSTRATION PROJECT ~ MANHATTAN CBD - NORTH JERSEY
CORRIDOR FINAL REPORT,- August 1971,

Three reports describing and evaluating techniques
for improving bus mass transportation in this heavily
traveled urban corridor. The second report deals
specifically with bus priority and traffic controls,
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31, 'Busway-Freeway Rapid Transit,’ Automobile Manufacturers
Association, Detro%t, 1969,

A case is made for bus rapid transit on free-
ways by metering traffic at on ramps, giving
preferential treatment to buses. Special bus
roadways and reserved bus lanes are also considered.

32. Crain, John L,, THE RAPID TRANSIT BUS CONCEPT, Stanford
Research Institute, 1963, .

Crain discusses the concept of rapid transit
bus operations, such as operating buses on free-

ways or allocating express lanes for exclusive bus
use.

33. Atlanta Transit System, Inc., RAPID BUSWAYS, Atlanta, 1967.

Approximately 32 miles of exclusive bus road-
ways are proposed for Metropolitan Atlanta, mostly
uging railroad rights-of-way. These five radial
routes are inexpensive, provide excellent rides
through the congested inner areas, and could be
converted to rail transit at some future date.

34. Glennon, John C., "Balanced Transportation Through
Efficient Use of Existing Facilities,’ TRAFFIC
ENGINEERING, V. 40, no. 11, Aug. 1970, pp. 32-41,

This article describes research aimed at in-
creasing the efficiency of freeways by employing
freeway surveillance and ramp control to facilitate
bus rapid transit on freeways. The people~moving
capacity can be increased by as much as 100%.

35. Glennon, John C., and Virgil G. Stover, A System for
Bus Rapid, Transit on Urban Freeways,” TRAFFIC
QUARTERLY, October 1969. pp, 465-484,

An excellent comparison of the economics of
bus rapid transit on freeways with reserved bus
roadways, a Skybus exclusive guideway, and rail
rapid transit, Buses are allowed priority entry
into a controlled freeway and move in mixed traffic.
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36. Metropolitan Council of the Twin Cities Area, I-35W
URBAN CORRIDOR DEMONSTRATION PROJECT: BUS-METERED
FREEWAY SYSTEM. FINAL REPORT. 1971,

The report discusses several ways for improving
traffic flow on this important freeway leading into
the central business district of Minneapolis. The
final plan opted for calls for ramp control with
priority entry for express buses. Freeway speeds
will be maintained above 40 mph with the ramp control.
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C. Exclusive lLanes - Policy Statements

37. Turner, Francis C.,'RESERVED BUS LANES, Bureau-of Public
Roads Instructional Memorandum 21-13-67. Aug. 1967.

""The FHWA urges the reservation of freeway
lanes for the exclusive or preferential use of
buses where and when conditions warrant.” The
‘FHWA's stated purpose is to aid every means of
increasing the productivity of the existing high-
way system- i.e., the greater use of buses,

38. Bureau of Public Roads Circular Memorandum, MASS
TRANSPORTATION AND THE URBAN HIGHWAY PROGRAM.
Washington, D.C,, April 1968.

The BPR issues a statement of policy which
encourages agencies to submit applications for
improving bus operations on freeways, especially
with regard to exclusive lanes, reversible lanes,
or priority entry ramps.

39. Turner, Francis C., ''Moving People on Urban Highways,'
TRAFFIC QUARTERLY, V. 24, no. 3, July 1970,
pp. 321-333.

Turner describes the BPR's part in encouraging
planning and design for exclusive lanes on freeways
for buses and carpools in several different cities.
He emphasizes the need to think about moving people,
not vehicles,

40. Messrs. Meyer, 'Kain, and Wohl, THE URBAN TRANSPORTATION
PROBLEM. The RAND Corporation, Harvard University
Press, 1965. ,

An objective and very thorough look at the
urban transport problem in the United States.
Economic, social, and environmental issues are
addressed. Chapter 12 talks about express busways
on freeways as being an inexpensive and excellent
- way to provide rapid transit for most American cities.

41. Kain, John F., "How to Improve Urban Transportation at
Practically No Cost,' in U.S. Congressional Joint
Economic Session, 1969. pp. 1145-1156.

The best opportunity for improving the use of urban
expressways at almost no cost is to provide for freeway bus
rapid transit. Nearly every US city can benefit from some
kind of freeway rapid transit and forego building massive
new rail or freeway facilities at tremendous costs.
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D. Exclusive Lanes - Technical References
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TRAFFIC INTERACTION IN THE FREEWAY MERGING PROCESS.
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October 1970. D. R, Drew and J, H. Buhr were
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vestigators.

44. ITTE, University of Californima, Los Angeles, EXIT
RAMP EFFECTS ON FREEWAY SYSTEM OPERATION,.
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Study includes mathematical models to
analyze weaving and merging patterns upstream
for motorists exiting from freeways.

45, Worrall, R. D., and A.G,R. Bullen, "An Empirical
Analysis of Lane Changing on Multilane Highways,'
HIGHWAY RESEARCH RECORD No. 303, 1970. pp. 30-43.

This paper describes a macroscopic analysis of
lane-changing behavior on multilane highways.
It includes descriptions of the patterns and
frequency of lane changing maneuvers observed
under varying road and traffic conditions, as well
as maneuver lengths and times, and gap acceptance
and rejection by lane-changing vehicles.

46 . Pblytechnic Institute of Brooklyn, WEAVING AREA OPERATIONS
STUDY. AASHO-FHWA Research Project. Completed
March 1971,

47. Texas Transportation Institute, OPTIMIZING FLOW IN
AN URBAN FREEWAY CORRIDOR. Bureau of Public Roads
Research Project. Completed June 1971,

48, Texas Transportation Institute, FACTORS AFFECTING LEVEL

OF SERVICE ON CONTROLLED ACCESS FACILITIES.
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49. Auto Traffic Systems Lab, AUTOMATIC TRAFFIC CONTROL FOR
BUSES JOINING THE MOTORWAY. Research Project,
Delft, Holland, Completed July 1970,

50, Wilbur Smith and Associates. A METHOD FOR ESTIMATING
THE IMPACT OF TRAVEL TIME OR COST CHANGES ON
DIVERSION OF CAR DRIVERS TO TRANSIT ~ WORK TRAVEL
TO CBD. 1968.

A shortcut formula was prepared which can be used
to measure the effect of cheaper and/or faster public
transit on the use of cars-in an urban area. This
formula can be used to predict the number of drivers
who could be expected to divert to transit riding for
the home-work trip.
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