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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 rlisbene-

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 facilitate 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 prqper 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 s .imply exclusive bus lanes; however, in most instances 

a single lane reserved exclusively for busis would be considerably 

under-utilized from a vehicular as well as a person capaci t _y stanc.. 

point. Thus it will usually be more practical to use priority lanes 

. in which buses plus carpools are permitted to use the reserved lanes 

and thereby obtain greater b~nefits. 

Since 1968 a 'Series of analytical models have been developed at 

the Institute of Transportation and Traffic Engineering (ITTE) at 

the University of California in Berkeley to assist in the evalu~tion 

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 

4 
by A. D. May. It was a rudimentary model; the peak period demand 

was assumed constant in time and space, and a simple Greenshields 

flow submodel was employed. 

6 
In 1969, W. A. Stock 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, 

2 



including some based upon curves given in Fig. 9.l of the 1965 

Highway Capacity Manual
5

• , This model was known as EXCBUS. 

8 
Next, G. Sparks and A. May 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 both 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 Bay Bridge. 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 

15 
of I-90 in Cleveland, Ohio 

As convenient as the above models were to use, they lacked the 

realism of having a demand pattern which could change over distance, 

as actually happens at the off- and on-ramps of a freeway. In 

addition, the existing priority lane models did not consider the 

effects of capacity changes over distance, such as will occur due to 

grades, lane drops, ramp merges and diverges, weaving, etc. Thus 

the need for a more :r:ealistic model was apparent. Such a model for 

normal freeway operations had been developed at ITTE by Makigami, 

10 
Woodie, and May 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 

3 



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. 
11 

The first, by Allen and May , was done in 
I 

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 considere~ 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 May
13 

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 eastbound 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 priority 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 

established1 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 

f ·1·t 14 aci i y As · an added inducement for motorists to form carpools, 

the priority lanes were initially free, while the unreserved lanes 

4 



continue to have a 50~ toll. As of this writing, the priority lanes 

are still in use, and some occupancy shift has been noted. 

The above two studies manually converted FREEQ in order to 

cva1uate 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 model, PRIFRE, the subject of this report, 

has been developed. Essentially, PRIFRE automates 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 •1 

priority lane operations, 1.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 entry 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 usi-ng PRIFRE. It is felt that the 

Model as it now exists represents the most comprehensive analytical 

tool available for evaluating priority operations on freeways. 

6 



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 

III: 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. 

2. Within any time interval, traffic demands remain constant 

and do not fluctuate within that time interval. 

3. Once the traffic demands are loaded onto the freeway, the 

demands propagate downstream instantaneously, subject of 

course to capacity constraints. 

4. 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 th~ 

7 



section. 

6 . FREEQ is indeed an accurate model of a freeway under non

priority operations. 

7 . 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 to non

priority status. 

B. Basic Data 

1 . 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 

nume r ical 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 b~comes 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 which 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 per¢ent 

of trucks, which affect subsection capacities and which are hypothe

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

8 



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 (~D) tables. The entry into the study 

section and each on-ramp are considered as origins, apd 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 

he 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 ~D tables for each time interval 

during the study period. One ~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 0-D movements can be readily 

obtained and are essential for evaluating the effectiveness 

of such improvements as ramp control. 

9 
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SAMPLE 0-D TABLES FOR PRIFRE 

O.NE TIME INI'ERVAL 

TABLE 1. NON-BPS (AUTO) 0-D TABLE IN PEROONS/HR 

OFF-RAMP NO~ 
1 2 3 4 5 6 7 8 9 

65 41 154 235 85 53 198 212 147 
239 107 339 446 146 91 328 288 192 

49 154 207 68 43 154 136 91 
55 76 25 16 56 45 32 

113 37 23 84 76 51 
21 77 68 45 

53 37 36 
91 64 6~ 

87 87 
36 
77 

TABLE 2. BUS 0-D TABLE IN BUSES/HR 

OFF-RAMP NO. 

1 2 3 4 5 6 7 8 9 

0 0 0 8 0 0 0 4 0 
2 0 0 4 0 0 0 

2 0 0 0 1 0 
0 0 0 0 0 

3 0 2 0 
0 0 0 
0 4 0 
0 4 0 

2 5 
2 0 

0 

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

c. The resultan~ freeway priority lane model exhibits a 

flexibility which will facilitate considerations of network 

traffic movements and patterns. 

d. · I't facilitates future growth forecasts since each Cr-D move

ment can be multiplied by a common factor. 

Model Development 

1. Demand Calculation 

An Cr-D table format is used to input traffic demand. Let 

TRIPS (I, J, K) be the traffic demand (number of trips) betw~en the 

I
th 

origin and the J
th 

destination. K = 1 corresponds to the bus 

O-D tables and K = 2 to the non-bus Cr-D tables. The demand at the 

I
th 

origin (on-ramp) and the J
th 

destination (off-ramp) can be 

calculated as follows: 

T0S UM (I , 1) = l l TRIPS (I' j , k) 

k j 

T0SUM (J, 2) =II TRIPS (i, J, k) 

k i 

where T0SUM (1, 1) is the I
th 

on-ramp demand and T0SUM (J, 2) is 

th 
the J off-ramp qemand. 

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

between the 1
th 

origin and the J
th 

destination can be calculated 

•· as · follows: 

I J-1 

V0L (L) = l T0SUM (i, 1) - I T0SUM (j, 2) (1) 

i=l j=l 
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• 
where Lis any subsection number between the I th on-ramp and J th 

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 C~pacity. Freeway capacities can be cal~ulated 

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

t'ionship of the Freeway Capacity Program is 

SV = ~ ,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 Submode!) can be used as an 

independent submode!, 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, becau.se the Freeway 
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Capacity Submodel cannot automatically handle capacity analysis 

for subsections with unusual geometric features. 

b. Ramp Capacity Since the freeway priority lane muu~~ 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 capaei ty ., analysis . for um1sual 

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 volum.e 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 capacitJes 

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. 
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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 0-D 

tables for each time interval. 1hen 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 levels of service can be calcu

lated, using the formula given in the Manual: 

sv = 
V + (k - 1) • W 

2 
N 
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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, 

C 

N 

N • SVE = C 

then, adjusted capacity c' would be 

CI = C - (k - 1) • W 
2 

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, J1>ri0rity lane. 

This can either be ignored, assuming sufficient signing and controls 

extend far enough upstream so that lane-changing, and not weaving, 
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takes place; 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 Highway 

Capacity Manual. In Fig. 9-1 of the Highway Capacity Manual 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 computer operation, all the curves in Fig. 9-1 

in the Manual are fitted by various polynomials. The operating 

speed is then converted to the average speed by 

V = V - DS/10 • (1 - ~) 
A O c 

(3) 

where v
0

_ 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 s,et of speed-v /c conditions which will be used instead 

:>f the Highway Capacity Manual Curves. A straight linear interpo-

lation is performed on these curves to compute the average speed. The 

interpolation is done between the two closest specified v/c ratios 

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

while 

then 

where: 

TT = 

VA = 

D = 

L = 

T = 
0 

d = 

L TT=-----
5280 · VA 

• D • T 
0 

travel 

average 

demand 

length 

D = V • d 
A 

TT= 

time in 

speed 

d • L 
5280 

vehicle 

in miles 

T 
0 

hours 

per hour 

for a. given time period 

of subsection in feet 

time interval in hours 

density in vehicles per mile 

(4) 

in hourly rate of flbw 

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 

d . = volume./speed. 
1 1 1 

(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 iength of 

the queue: 

where 

H . 1 = 
].- (d . - d. ) ' 

· 1.-l 1.-l 

RA . l = D . - C . 
].- ]. ]. 

(6) 

according to the following definitions: 

RA = net rate of change of the number of vehicles in . 1 ].-

subsection i-1 (vph) 

D. = demand for the bottleneck subsection i (vph) 
]. 

C. = capacity of subsection i (vph) 
]. 

H. 
1 

= the length of the physical queue formed upstream 
1.-

of subsection i (in miles) 
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, . ' di•l = queueing density in subsection i-1 (vpm) 

d. 1 = nonqueueing density in subsection i-1 (vpm) 
1-

Then, the traffic speed in the queueing density situation is 

determined., 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 queueing situations can be esti

mated by using the relationship between the v/c ratio and average 

speed, as was done for nonqueueing situations. If, for a certain 

time interva~, the demand exceeds the capacity in subsection i, the 

flow rate in subsection i should be equal to the rate of capacity 

flow, and the average speed Gf traffic in capacity flow should 

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

of the Highway Capacity Manual. The demands of downstream subsec-

tions should be recalculated, based on the capacity flow rate of 

sub sect ion i. 

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

the exit of subsection i-1, should be 

where 

then, if 

= D. 1 - RA. 1 1- 1-

u
1

_1 = volume of traffic leaving subsection i-1 

D. 1 = demand for subsection i-1 at this time interval; 
1-
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the travel speed in subsection i-1 can be estimated by reading the 

value of the'speed corresponding to v/c = (D. l - RA. 1) /C. l on 
1.- ].- ].-

the dotted line for level Fin Fig. 9-1 of the Highway Capacity Manual. 

(See Fig. 3 of this 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 lengt~ of subsection 

i-1, the physical 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: 

TT = t • d. l • L. l +(d: l - d. 1) • 1/2 · t
2

r + (T - t) • d ~ l · L. l 
1.- 1- J.- · J.- . 0 ].- 1-

where 
RA. 1 1.-

r = --.-----
d. 1 - d. 1 ].- J.-

= speed of shock wave 

t = min 
L. 1 

J.- I 
' T r o 

L = the length of subsection i-1 
1-1 

T
0 

= time interval (.25 for 15-minute interval) 

(7) 

The derivation of Eq. (7) is shown in Appendix A of the Freeway Model 

(FREEQ) report. 

If D. 1 > C. 1 the excess demand of subsection i-1 is added to 
1- 1-

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 physical queues still° remain in upsLream subsections i-1, i-2, ••• , 

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 f0r 

the purpose of reducing total freeway travel time during peak traffic 

demand periods. The purpose 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 the computations while the calling routine coor

dinates them. One variable name which appears in this chapter and 

is used in PRIFRE to communicate 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 fr.eeway 

characteristics (i.e., the subsection cards and ramp limits). READIT 

then checks for illegal parameters and design characteristics; if none 

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 device 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 0-D tables for each 

time slice, one for buses and one for non-buses. There are also 

the revised ramp limits which will remain in effect over the re

maining 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 storage 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 

!Fl.AG. CONTROL initializes all the values used during the simula

tion for each criterion. Depending on the values of IOP-the no. 

of priority lanes selector - 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, !Fl.AG 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 to evaluate or if a new 

c~iterion is to be started, CONTROL will re~urn 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 0-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 0-D tables for buses are in vehicles per hour and the 0-D tables 

for non-buses are 1-n persons per hour. The 0-D tables for the non

buses are converted into vehicles by the use of vehicle occupancy 

data. SLICE also reads any revised ramp limits and modifies the 

ramp limit arrays. Now that all arrays are initialized, the actual 

simulation can begin. 

3. Ramp Quet.eing 

The subroutine RAMPQ is then called. This subroutine 

compares all on-ramp demands (computed in ODADD) with the on-ramp 

limits (which were init'ialized in CONTROL and possibly modified in 

SLICE). If the ramp demands exceed the ramp limits, then RAMPQ 

will reduce the 0-D table appropriately and recompute the ramp 

demands. (Truncation errors may occur in this process since the 

0-D table is made of relatively small numbers.) The number of 

vehicles not allowed to enter are 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 their 

ramp limits, all ~ections 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 st~dy sec-

tion. PRILANE will also compute the array POFF (I, J). POFF (I, 1) 

th 
has for the I priority situation the number of vehicles entering 

the priority lane(s). POFF (I, 2) is the accompanying subsection 

number. POFF (I +l, 1) equals the number of vehicles returning to 

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 

th th 
of the J ramp, counting both on- and off-ramps. If the J ramp 
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"" is an off-ramp, then RV0L(J) will have a negative value. The 

existence of this array removes the need to locate a ramp by sub

section 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 .J
th 

ramp nose in feet. This array removes 

the need to add up lengths of subsections from one ramp to another. 

If the J th 
ramp is a left-side ramp, RDIS(J) is made negative. 

Therefore, before RDIS(J) is used, it is tested for sign. 

The second subprogram is UDRAMP. The purpose of UDRAMP is to 

search upstream and downstream from on-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 Lare 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 auxiliary lane. 

If no ramp numbers are entered into array LX, then subprogram 

PVL is not called, and ITRIG = 3 in PRIFRE after UDRAMP. But if LX 

has one or more entries, then subprogram PVL will compute the per

centage of ramp traffic still in lane one at the merge point (or 

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 vah!e of tl'e through traffic on the freeway at that point. The 

method of subprogram PVT ;s based on Fig. 8.24 of the Highway 

Capacity Manual. 
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After the raml\traffic i~ lane one is computed, subprogram 

IVP8 uses values from Table 8.3 of the Highway Capacity Manual 

to calculate VOLl, 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 = ! (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 VOLl - 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 

physical length, but rath~r the cars are thought to be stored in 

a ve.rtical queue. This is the simplest assumption to make in 

computing merge point delay. Subprogram MERGQ will compare VOLl 

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 the through traffic was not allowed to flow. This means 

that downstream subsections should reflect the existence of the 

queue by lower demands through them. The purpose of subprogram 

DISQ is to- comoute the destination patt~rn of the traffic in the 

queue (assumed to be the same as the pattern of through traffic at 

that point) and reduce the demand (VNPR(I)) of downstream subsec

tions. If 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. Weaving 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 = l; (2) multiple weaving, on-on-off, ITY = 2; and 

(3) multiple weaving, on-o£f-off, ITY = 3. 

Next, the individual weaving movements are calculated in sub

program WVOL if ITY = 1 or 2 (or WVL3 if ITY = 3). The left hand 

ramp indicators are tested and the geometry of the weaving section 

it determined. For simple weaving sections, only two weaving 

m-Jvements are computed; for multiple weaving, four. 

The last of the five weaving subprograms is WVEFF. This routine 

computes 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 riext weavillE 

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 found which takes 

into account the many variables associated with the many different 

priority weaving ~ituations. 

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 their 

capacities, the queues will increase, der-rease, 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 1 QTIME, and QCOLL. 

Subprogram QUEUP begins by finding IO and ID, the origin and 

destination ramp indicators for subsection I to be 1.;3ed by DISQ 

in case a queue is present. Then RA(I-1) is set to zero to ciear 

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 queue must grow from the junction between subsections I and 1-1. 

Since subsection I is the bottleneck, it will nperate at capacity 

and under nonqueueing conditions, while subsection I-1 will operate 

below 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.) So, if CN is positive, this 

value is put into RA(I-1) and QUEUP returns to PRIFRE, which calls 

DISQ to distribute the effect of CN to downstream 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-1 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. If 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 determined 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 equal 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 within 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 queue first. 

The problem of the short queue arises from a basic assumption 

of the freeway priority lane model which says that demand is constant 

over any time slice. Therefore, a short queue might be dispersed 

completely in, say, .01 hours; however, the bottleneck subsection 

would still have to operate at capacity ~0r the full .25 hours. 

This means that vehicles would be fictitiously generated for .24 hours 

at thJ 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

ences 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 will be exactly zero at the end of .25 hours. 

Therefore, when this condition occurs, the subsection number is 

stored; and if a 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 dispBrses 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 upstream 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. TAILQ does nothing concerning a change in queue length; 

its primary function is to find 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 

remain fully 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. 

Firs{, 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(l,1), the main on-ramp 

queue, either until RQ(l,1) = O, or until the t~me equals the value 

stored in SS, 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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Next, QTIME computes the shock-wave velocity of the upstream 
I 

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 value replaces the calculation done by TAILQ 

for subsection I. When the time reaches SS, or when the qu~ue 

length reaches zero, QTIME will not perform any travel time calcu-

lations beyond the subsection being processed. The last step is a 

check on the subsection number to see if QUEUP had set a pointer 

to this subsection to indicate a queue which should have been com-

pletely depleted. QTIME then returns control to TRAVEL which 

continues processing with the subsection upstream of the one in which 

the 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. If 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, then a queue collision 

occurs and a message is printed. If the second queue has a positive 

value of RA(I-1), then QCOLL can handle the calculations alone. But 

if RA(I-1) is negative, QCOLL will first set SS(the length of time 

interval in QTIME) to the time of queue collision and then call TAILQ 

ind QTIME. The reason for this proced/re 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 chance to decrease from time zer9 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 processing in subsection 1-1. But if the new RA(I-1) is• 

negative, SS will be set to the remainder of the time, ,25 - SS, 

and QCOLL will return control to TRAVEL, which will call TAILQ 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 (1-1) 
l - 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 (1-1) until the 

time of queue collision and then 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 volume/ 

capacity ratio, and !FLAG. As will be mentioned under the input· 

card setup, each subsection has three design speeds: one for normal 

lane operation, one for reserved lane operation, and one for un

reserved lane operation. The value of !FLAG 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 fur the negative ratios correspo~d 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 the Highway Capacity Manual and 

the ITTE specially developed 65 mph curve for the 1-80 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. 
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9. Output 

The preceding subroutines have calculated the travel times 

and queue lengths for all normal lanes and unreserved lanes. 'Ihe 

subroutine OUTIT is now called to compute the. travel time for the 

priority lanes and outputs 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 restraints: 

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 time, and density 

are computed for each subsection. 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 returiu,, 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 vehicles. TIMEOUT 

also sums the ramp delays, subsection travel times, and subsectio~ 

travel distances, and computes the passenger hours and cumulative 

values and prints these values for priority apd non-priority vehicles. 

If 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) 

The cards required to constitute a complete run on the·CDC £400 

are naturally divided into three categories: (1) system control cards, 

(2) object d~ck, 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 computer system 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 

control 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 0-D data decks. The seven card for

mats which are acceptable to the priority· lane model are shown below: 

1. TitlEl Card 

Figure G{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 Card 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. (50 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 ITTE, 0-D tables 

were prepared on a 15-rninute time basis, so FAC(l) = 4. These two 

parameters are the only ones on this card which 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 0-D table format 

to be printed. If FAC(2) = 2, the original 0-D tables will be printed 

also. 

PLC is the minimum vehicle occupancy level at which priority status 

commences (e.g., if PLC= 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 

IOP are: 

IOP = 0 = normal operation only 

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

3 = normal and l priority lane (2 optio:ns) 

4 = normal and 2 priority lanes (2 options) 

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 growth factor by which each entry in the 

0-D tables is multiplied for successive growth periods, and it 

should be greater than one. 

uniformly at the same rate.) 

(All O-D tables are assumed to grow 

IOCS is the number of occupancy sets considered, and may range 

from 0(blank) to 5. The numbers 1, 0, or blank are all treated the 

same. If IOCS is greater than 1, there must be a corresponding 

number of occupancy distribution cards in eQch time slice card 

set-up. The user must supply the data for each occupancy shift on 

the occupancy distribution card which is discussed in a following 

section. 

Bus equivalency factors {EBN and EBL) are introduced to allow 

the user to modify the effect of busss on traffic and capacity by 

multiplying by a car-equivalency factor. EBN is an equivalen~y 

factor for buses in normal, mixed traffic, while EBL is an equiva

lency factor for buses in priority lanes. If 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 

ti u . ) always a normal section (i.e., no priority lane. NIANE = number 

of lanes. If there is an auxiliary lane, the value of NIANE 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 

lanes will now have a capacity equal to ((NIANE-NPQ'NIANE) * 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 deaign 

speed field has a value of 1 - 5, special speed-flow data supplied 

by the user is suhstituted 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 o:f the Highway Capaci t.y Manual. 

Next the origin and destination indicators are coded. If the 

subsection has an on-ramp, an O should be punched in column 38 of 

the capacity card. If 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 and 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 ~rder 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 different 

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 remaining fields on this card 1 

or those additional fields listed on the :first occupancy card. 



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-ramps 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 

(1-5). The remainder of the card consists of at least four X(V/C 

ratio) 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 format ot the occupancy card. BUS OCC 

is the average passenger occupancy of buses. The number of bus 

passengers therefore is equal to total number of buses from the bus 

0-D tables for this time period times this factor. The next ,five fields 

are for the distribution of the pas&~nger occupancies for the non

bus 0-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 of a ramp varies over time, and 

for use in developing ramp control strategies. 

8. Origin-Destination Card 

As mentioned previously, there are two distinct 0-D tables 

per time slice. The 0-D table for buses (in vehicles per hour) must --·-
be placed first, and must be follow,ed by the 0-D table for non-buses 

(in persons per hour). Inputs are always in hourly flow rates for 

each 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 0-D card for each input station (origin or on-ramp) to 

maintain proper sequence. 

The 0-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) number 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 number two to all following off-ramps, etc. There are 

exactly as many cards in the 0-D tab;l.e as there are on-ramps, .in-

eluding the mainline freeway input. Most study sections will 

have roughly triangular 0-D tables, the on-ramps normally alternating 

with the off-ramps. 

9. End of 0-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. Output 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 output 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 subsection 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 will be printed and the 

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 d(;lscription, followed by the occupancy and th_e revised 

on-ramp limits, if there are any. At this point, if FAC(2} was set 

equal to 2, the next output would be the original 0-D tables input. 

If FAC (2} was set equal to O or 1, there would be no 0-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 queue 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 :tor the·remainder of the time interval.] 
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Th t ld be 11QUEUE SPLIT 711
• e nex queue mess~ge cou 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 the 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 oqe 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 

still 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, 

vehicles continued to be discharged. The other message is "SEC 12 

CLEAR 153." In tu.LS case, after .25 hours, there still remained 

153 feet of queue, which was simply cleared. In 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 

Th~ 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. 

l0A 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 i.nterval. Next, column six, is the effective freeway capa

city (after subtracting the weaving effect), and the weaving effect 

is given in column seven in vehicles per hour. Then, in column 

eight, the v/c value of the subsection is listed, followed by the 

density (vehicles per 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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column in the summary table, column fifteen, gives the value of RA(rate 

of flow of excess demand), in vehicles per hour. 

During priority simulations, the format for' the summary table 

also includes the number of priority lanes, their volume, capacity, 

v/c ratio, density, averag~ speed, and the subsection travel times. 

The next possible output is a warning message telling the user 

that the value of RA is greater than the demand for a particular 

subsection. 11***Warning***RA exceeds demand in section 18. This 

causes negative volume. Reduce temporary.on-ramp limits for one 

11 or more downstream ramps and re-run. If this condition arises, 

the user must reduce the revised downstrea'rn on-ramp limits so that 

the ramps will have more queueing and the freeway less queueing, 

and then rerun the set of data. 

Then the number of vehicles in queues are listed for all on

ramps and merge points which have non-zero total delay for that time 

slice. If 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 at this point. There is 

no effort made to evaluate any off-ramp queueing. "***Warning***At 

off-ramp no.~ dem?1,nd exceec:l.s 1500 vehicles per hour.u 

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! Cars and 

~ 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 skip followed by two OD-type tables will be 

printed. The first table gives the single trip time for each 0-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 0-D table, giving the total travel time in 

hundreths of vehicle-hours for each 0-D movement. When a priority 

lane situation exists, only 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 ~vtal travel distance for both priority and non-priority ve

hicles. See Fig. 11. 

The first two columns of this table are values for the current 

time interval in terms of vehicle-hours and passenger-hours, while 

the last two columns have cumulative values for the first time slice 

thl'ough the present time slice in terms of vehicle-hours and passenger-

hours. The next-to-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 11Total 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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Non-Priority Operations." A positive value indicates that priority 

lane operations will ~esult in a time savings and a negative value 

indicates a time loss. Total vehicle-hour savings_appear in the 

first columnt followed by total passenger-hour savings in the second 

column. 
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· 4. MODEL VALIDATION AND VERIFICATIO.N 

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 plac.ed 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 limi tat·ions 

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 initial runs with 

PRIFRE, some deficienci@s 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 reserved, priority 

traffic. 

2. Calculation 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 these weaving effects and input them 

in the program in the form of reduced roadway capacities. 

3. Calculation of the Capacity of the Unreserved Lanes - the 

original version 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, calling for the new capacity 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. 

4. 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. 

5. Excess Demand for the Priority Lane(s) - for situations 

arising where the assumed capacity 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:lact. No 
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queueing is al~owed 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. 

6. Vehicles Caught in a Queue - vehicl,es 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. 

7. Travel Time output - the 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 array~ 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 travel time array (in .01 vehicle hours),which was 

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 individual trip time arrays are still outputted, and the 

user can multiply these times by the corresponding number nf 
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persons making each trip from the two 0-D tables. 

8. Final Output Format - the form of the final output was augmented 

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. 

9. 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. 

10. Queueing Calculations - component checks were repeated for 

hypothetical freeway queueing 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 th9se 

of its parent, FREEQ. 

11. Merge Queues - with the addition of an on-ramp in a bottle

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. 

12. Weaving Effects in a Queueing Situation - the calculation 0£ 

weaving effects (reductions in roadway capacities) was also 
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B. 

found to be initially in error, and the program corrected so 

as to give results ~ompatible with FREEQ. 

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 discussed and shown here, and 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 final outputs. As can be seen, there 

are no individual values that differ by more than 1%, and most of 

these are due to rounding. The total queue lengths are virtually 

identical, differing by only 2' in 27,520'. Travel times{min/veh.) 

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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Table 3 Compariaon of PRIFRE and FREEQ 
Subroutine• - Ealflhore I· ~O Data 

EXCESS 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 
24 

25 

26 

27 

28 

29 

30 

TOTALS 

0.4j o.,. o.4• 0.1. 

Notes PBIPRB Yalu•• are shown 1n the upper triangles; 
PRBBQ values ln the lower trtan~l••• 
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TABLE 4 COMPARISON OF PRIFRE AND FREEQ OUTPUTS 

TIME 
SLICE 

2 

3 

4 

5 

6 

7 

8 

9 

10 

TOTALS 

Maximum 
% 

Differera 
(lnclvidud 

TOTAL TRAVEL TIME TOTAL TRAVEL DISTANCE 

VEH./ HR. PASS.IHR. ·vEH./ Ml. PASS./ Ml. 

)641 

0.06% 0.06% 

Noter PRIFRE values are shown in the upper triangles; 
PREEQ values are shown ln the lower triangles. 
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TABLE 5 COMPARISON OF PRIFRE AND FREEQ MESSAGES 

SUBROUTINE MESSAGES PRIFRt. FREEQ 

Queue Collision 18 T2 = 0.005 T2 = 0.005 

Queue Collision 14 T2 = 0.129 T2 = 0.130 

Queue Collision 10 T2 = 0.192 T2 = 0.194 

Queue Collision 8 T2 = 0.187 T2 = 0.188 

ON RAMP 10 Que.,. Len9111 l?•loy 
(Vehicles) ll,02 r- ·-•> 1.38 

Queue Le1191'b roloy 
(Vehicles) IO O.IVeh-+trs) l3 



£unctions for bota programs. Table 5 shows queue message comparisons. 

Two areas of differences showed up in testing the special con

ditions of an auxiliary lane 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 comparison runs are illustrated in Table 6. A five mile 

section of an 8-lane freeway (4 lanes in each directiort} was selected 

and assigned a roadway capacity of 9000 vph and an average speed-flow/ 

capacity relationship ranging from 50 mph at O v/c to 37 mph at 1.0 

v/c. The peak period selected was of ½ hours duration, and the ratio 

of pre-peak and post-peak demands to the peak demand was 0.4. Peak 

period lasted ½ 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 complete summary results from both programs using 

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 6 COMPARISON OF EXC8US AND PRIFRE 

INPUT PARAMETER 

EXCBUS PRIFRE 

CAPACITY (eq. veh.) 9000 9000 

LENGTH (MILES) 5.0 5.0 

.NO. OF LANES 
4 4 (one direction) 

'C V Speed v/c Speed Q) 
Q) 
P. 
00 uu. 50.0 o.oo 50.0 
bD 

1800. 49.0 0.80 49.0 s:: 
-1'1 

1935. 48.0 0.86 48.0 (I) 
:::J 

2025. 47.0 o. 90 47.0 & 2160. 44.0 o. 96 44.0 

~ ~ I 
2205. 42.0 0.98 42.0 ,:::: ..... :i 1.00 g 2250. 37.0 37.0 

~ 
1\11 i:S re bD 

~· 
,:::: 't:I 

-1.0 37.0 00 -1"1 Q) -- --Q) Q) 

-<>.o o.o ::, P. -- --! 00 

VEH Ef;t. VEH TS VEH EQ. VEH 

PRIOR PEAK 500B 
3420 

(O.O HR) -- -- --
s:ii 2420C 

~ . . 0 
0 

II 500B 1 
500B 

7800 PEAK 
II 7800 6800C 

(0. 5 HR) l::c:l 6800C 
l::c:l i i 2 

5008 
7800 

@ ' 6800C 
' l::c:l 

i l::c:l i re 3 
500B 

3420 ~ POST 500B 2420C 
i-1 PEAK ~ ~ 5008 p.. 3420 4 3420 

0 0 2420C 
(1.0 HR) ..... rt 

E-« E-« 5008 
i i 2420C 5 

2420C 
3420 

6 
5008 

3420 
2420C 

PASS. % CAR % CAR 
l 70. 70. 

CAR OCCUP. 2 20. 20. 
3 5. 5. 

DISTRIBUTION 4 4. 4. 
5 1. 1. 

BUS-OCCUPANCY 50 PASS"'/8US 50 PASS./BUS 
.. 
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TABLE 7 COMPARISON OF EXCBUS AND PRIFRE 

THREE UNRESERVED LANES 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 o.oo 

Avg. Lane Demand During Peak (RES) 1340 1340 E. V. /HR o.oo 

Avg. Lane Demand During Peak (UNRES) 2153 2153 E. V. /HR o.oo 

TT Prior Peak Demand (NOR) 6.06 6.06 MIN/VEH 0.00 

TT During Peak Demand (NOR) 6.27 6.27 MIN/VEH o.oo 

TT Post Peak Demand (NOR) 6.06 6.06 MIN/VEH o.oo 

TT Prior Peak (UNRES) 6.06 6.05 MIN/VEH 0.16 

TT During Peak (UNRES) 6.80 6.80 MIN/VEH o.oo 

TT Po.st 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.o 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 individual trip times (TT) are very close - almost 

exact for this non-queuei~g ,Si tua,ion. Differences between the two 

·are less than 1%. However, larger differences show up in the total 

travel times (ITT) for the reserved and unreserved trips on bu:: free

way. Since the individual trip times are virtually 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 approximat~d method required for in

putting the number of passengers into the reserved 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. 'Tu.is 90 pass.-hrs. difference 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 
TTT (RES) 3918 4022 - 2.5 

ti 

1-3* TTT (UNR) 702 669 + 4. 9 
ti 

TTT (RES + UNR) 4620 4691 - 1.5 
fl 

Saving TTT 88 16 D = +72 --

TTT (NOR) 4709 4707 0 No Queue 
TTT (RES) 3797 3924 - 3.2 

,, 
1-4 TTT (UNR) 824 786 + 4. 7 fJ 

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 

fl 

1-5 TTT (UNR) 1023 g92 + 3.1 fl 

TTT (RES + UNR) 4690 4816 - 2.6 
It 

Saving TTT + 17 - 109 D = +126 

* 1-3 MEANS PRIORITY OPERATIONS WITH ONE RESE.RVED LANE FOR AUTOS AND 

BUSES WITH THREE OR MORE PASSENGERS IN THE RESERVED LANE 
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total travel. time d~ferences increase from 72 pass.-hrs. to 126 pass.-hrf 

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 fbr the non-queueing situations described 

above, except that capacity of the road was decreased from 9000 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 

unreserved lanes, no queueing being allowed in the reserved lane. 

EXCBUS allows queueing in the reserved lane. 

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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,TABLE 9 SUMMARY RESULTS COMPARISON OF 

PRIFRE AND EXCBUS MODEL(QUEUEING) 

QUEUEING 
CASE PARAMETER EXCBUS PRIFRF % DIFFER. SITUATION 

TTT (NOR) QUEUE IN 5629 -- Queue 
TTT (RES) RESERVED LANE 4253 II --

1-2 TTT (UNR) PAST TMAX = 838 -- No Queue 
TTT (RES + UNR) 9.50. 5091 -- --

THEREFORE 
STRATEGY 

SAVING TTT ABANDONED 538 --

'ITT (NOR) 5737 5629 + 1. 9 Q.ueue 
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 --
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-

SAVING TTT GY ABANDONED -1557 -- --
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times for the unreserved lanes under queueing conditions. Manual 

checks, discussed extensively in the next s~ction, 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 times 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-queueing situation; 2) a queue 

increasing situation; and 3) a queue decreasing situation. 

A flow chart of the manual calculation procedure is shown in 

Fig. ~2. 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 adjusted 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 

from 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 appropriate 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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00 
1,-.) 

FIGURE 12 FLOW CHART OF CALCULATION PROCEDURE 

Normal 
Section erating 

l--.lnensity I (NOR) 
Speed 

Unreserved 
*Volume H Volume 

(Vehicles (Equivalent) Weaving Capacity Section Y HOperatl.t\tHAverage ~D n it L~<UNR) 
Buses & Cars Vehicles Effect (Adjusted) C Speed Speed e s Y 

Reserved 
(2) (3) (4) (5) Section 

(12) (ll) 
(NOR) Single Trip Volume (2) VEH- HRS Average 

Travel Time 
VEH- MILES Occupancy 

(UNR) 
!Single Trip VEH- HRS 

Average 
Travel Time Occupancy VEH- MILES 

(RES) !Single Trip Volume (2) VEH- HRS 
Average 

Travel Time 
Distance (1) VEH- MILES Occupancy 

(9) and, (10) 

* ADJUSTED VOLUME' FOR ON RAMP AND MAINLINE QUEUEING SITUATIONS 

_ I y_ I _ fOperatingf _ fAverage Wn.:. ...... -1 tv L____$RES) 

-(6) (7) 

(13) 

PASS - HRS 

PASS - MILES 

PASS - HRS 

PASS - MILES 

Speed 
~ 

(8) 

Freeway 
Travel Time 

(NOR) 

F~eeway 
Travel Time 

(RES) 

Total 
Travel Time 

Total 
Trave·l 

Distance 

NOTE: NUMBERS IN PARENTHE8ES REFER TO THE COLUMNS IN TABLES ll, 15, &19. 



and situation. In a similar manner, vehicle-miles and passenger

miles are found. Finally,these values are summed up for total travel 

time 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 within a few percentage points of 

each other, while those in the final summary table 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 7½ 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 of one lane for 

buses and carpools with three or more occupants was the priority 

scheme evaluated. A free-flowing situation was maintained while 

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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00 
A 

Sub .. Sect. No. I 2 
No of lane 4 4 
Length (teet) 5280 5280 
Capacit-y 8000 8000 

c» Buses 25 45 
E Cars 2428 3035 ::::, 

~ Veh~ 2453 ·3080 
Assume: Truck Factor = I. 00 

Design Speed = 70 mph 

TABLE 10 INPUT PARAMETERS 
R~s .!.-- --n.NREs. R~--..:UNRES. 5 6 1 
1-------3 , ____ ---:-3 4 4 4 

792.2---mo 1S2<L----mo ,5~80 2640 5280 

I~ --_:...--6000 H50~ -- 6C>OO 8000 8000 8000 

45_ ----- 2802 4~----2674 53 58 38 
233-----0 233 ------ 0 

3927 4713 4320 
2~'!----2802 278 --- ---2674 3980 4771 4367 

RESERVED SECTION ----,----
o, t- NORMAi:- SECTION I UNRESERV~D SECTION I NORM.AL SECTI_ON ---to3 

. , ~ 21 ~ , 
02 D1 - . 0

3 
04 D

2 
FIG. 13(a) FREEWAY CHARACTERISTICS 

FIG. 13(b) FREEWAY VOLUMES (equivalent vehicles) FOR TIME SLICE 1 
(See Figure 12 For Computer Output' of 

Equivalerrt Vehicle Volumes) 

** Veh = Buses+ Cars = Total Vehicles in ~ubsect-ion ( NOT Equivalent Vehicles) 
* Bus~s Aquire Different- Equivolency Factors in Normal and Reserved Sections 

4405 



00 
(,11 

'! 

! 
_2 

.: 
•r ... 
J 
~ 

i 
l 
i 
J 

&lb-
Section 

No Type 

i NuR 

2 NvR 

RES 
J 

UNR 

RES 
4 

lfiR 

s NOR 

6 NvR 

7 N(;ft 

'l'otals 

TABLE ll SUMllARY OF MANUALLY CALCULATED VALUES FOR TM SUCE l - NO QUEUEING 

(l) (2) (3) (4) ~5) (6) (?) (8) (9) (10) (11) (12) (13) (14) (15) 
&lbsection Volume- Volume- Weavin ge&p. v/c uper. Avg. Individual Avg. Travel Time Travel Dist. Length F.quiv. C Speed Speed Travel Time C,ce. 

Vehicle1 ( ,)/( j ) (1)/(t) t(2)(9) 11; (l.G dl)(2: 11) (] I 
pass/ 

Feet Mile Iii (vph) (vph) (vph) (vphJ (mph) (mph) (hrs) (min) veh. (veh-!ir pass-h ,. 1veh-rrd pass-, 

152&- l 2L. 'i1 21,.78 0 Q{''lfY' _,, 1.1 (:.Q ' _()1 '7? 1 (11 1.89 HJ. 'i1 19~Q h11 -~ U62.J 

5280 1 3080 3125 0 8000 .39 61 57 .• 6172 1.05 2.11 13.50 28.5 770.0 l624. i 

278 305 0 1500 .20 51 50 .0300 1.80 0.90 2.08 22.6 104.J UJ6.: 
7920 1.5 

20C:2 28G2 0 6cOO .47 58 55 .0275 1.65 1.24 19.25 2.3.9 10;1.s lJ04.2 

278 304 0 1500 .20 51 
7920 1.5 

50 .0300 1.ao 0.90 2.08 22.6 104.3 LlJ6.~ 

2674 2674 0 6000 .45 58 55 .0274 1.64 1.23 18.20 22.5 1002.7 12JJ.~ 

5280 1 3980 4033 0 80CX) .5(.i 58 55 .Cl82 1.09 2.04 18.10 J6.9 945.0 2029.f 

~640 i 4771 4829 424 'r/576 .64 55 52 .0095 .52 1.99 11.30 22.5 596,4 ue1.c 

5280 1 4367 4405 0 8000 .55 57 54 .0185 1.11 1.82 20.20 36.7 1091.5 l987.C 

39600 7i us.oo 236.0 6329.C l280l. 



TABLE 1 2 COMPUTER OUTPUT - TIME SLIC~ 1 

j ..,, C I T!J7 ; ') :-,, T '. - r ., .,,. ;: \ t' ;-:: T ,-~ -· .'" T .,,- ;: ! . \ r: V!'.:'~S T f1N ;>;>.I) 
(."' T 'I • C .:,T T',l T i~ r> !\'-;~ 1,100 15 
r f_ 1· t "':"y f ,,.. :· l ; r L 'f ·• 

\,f' p r ·, :·, y ';p.:.. /-t'-! -,1;'·;"- !Jf\!DFSf'<Vtr'l flR \!OP MAL OPl:RAT!D"JS 
,, -) ·:; ) ) ) ., 0 -, ~ ') () ,, , ? ') 0 ,of ,J O ',) ,, 0 ') 0c 11 'OJ "I :J O ? o>Joo•eo'<l ♦ .,. ~••~~••oo••••*••••••~•••••~*•••••••••••••••••••••••••••••• 

,:: 1 1 '! "1 I I -\j) 'I IC c, ·., t..t rn.,1 T" c.V 1.!f-1 Nl \I ::L U,r, 1,!'",WF VIC I');: ~I "1PH TRAV Q t.E:-.is QUEUF. 
·~ ' 

,.. r \ I 11 / '1 IL .,. T \llr: r-·, "\A ;:FF V / 'A/l Tf~f * FEET RA. 
l '• ? 
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TABLE 13 COMPUTER OUTPUT - SUMMARY TABLE - TIME SLICE 1 

l"!STITtJTi: OF r;;;.\f,SP:: Tl\:°1,l ! ;\!,n Tfq\f'~IC r:''iC:f'J ►"fi-'.I\!G 
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l 6')c 
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TABLE-::-114 COMPARISON OF MANUAL CALCULATIONS WITH COMPUTER CALCULATIONS 
TIME SLICE I - NO QUEUEING 

VEH-HR. PASS-HR. 

Manual Computer Manual Computer 

Normal 74. 74. 145. 145. 
Sections 

FREEWAY 
TRAVEL Unreserved ?17. 37. 46. 46. 

TIME Section 

Reserved 4. 4. 45. 45. 
Section 

TOTAL TRAVEL TIME 115. 115. 236. 236. 

VEH-MI. PASS-Ml. 

Manual Computer Manual Computer 

TOTAL TRAVEL DISTANCE 6,329. 6,328. 12,801. 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. 14a thru 14f. The original 

volume 1s modified first for bus equivalency factors, then 

for merging capacity constraints at on-ramp in subsection 5 1 and 

finally for capacity constraints 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 2. Since volumes are now 95 

buses and 7780 cars, queuein_g occurs in subsection 5 for a distance 

of about¼ 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. 

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 merging 

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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(o) ORIGINAL DEMAND ( vph) 
8ub-tlall I 2 3 4 5 6 7 

-------1""0"""+'""'4""5=g-."""5=12=------------

iiBUSES 50 80 o o 90 95 65 I► 
01 CARS 5000 ~ 5368 4968 f>980 1!§2. ~ :ii D 

· SOSO 5880 . siii 49ii 7070 7875 7515 • Ii 3 

,0-30-----.~ ?-" 10 ~'§ 30 
~,!22 400 0i0a~04~ OiH0 

830 1590 805 360 

(b) ORIGINAL DEMAND ( EQUIV. vph ) 
2 3 4 5 6 7 

§Olll,1+91 • HQ 

5100 5960 5368 4968 7160 7970 7580 

?-'°860 400~ ?-"1600 ~ 

(c) DEMAND UNDER MERGING CAPACITY CONSTRAINT ( EQUIV. vph) 
2 3 4 5 6 7 

560 

5100 5960 7160-100• 7970-IOO• 7580-94• 
5368 4968 7060 7870 7486 

(d) ORIGINAL CAPACITY (vph) 
2 3 4 5 6 7 

1500 

8000 ~00 6000 6000 8000 8000 8000 

½oo 

(e) ADJUSTED CAPACITY 
2 3 4 5 6 7 

• 
8000 8000 6000 6000 8000 8000-301- 8000 

7693 

?1'soo 1500~ ¾so ~~1500 

( f) DEMAND UNDER CAPACITY CONSTRAINT AT SUBSECTION 6 
2 3 4 6 7 

5100 5960 5368 4968 7060 7870-177• 74841-187• 
76n 7319 

400~ ¾oo ~ 
810 384-10•374 

Flgun 14 DEMAND NII> VOLUME CALCULATIONS FOR TIME SLI_CE 2 
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TABLE 15 SUIIIMRY OP IM.11.!ALLY CAI.CULATID VALUES POR TJlfl SLICE 2 - QUEUE INCRIASlNG 

(1) (2) (3) (4) (I) (I) (7) (I) (9) (10) (11) (12) (13) 

Sub- Vol, Weavtn1 Cap. tncUv:ldual. AdJu1ted Avg. Travel Ti-aection Length 
Bq. ettect C v/c Speed 'h'avel 'l'iae 

0cc, 
veh (1) /(7) Volume 

No. Type Op. Avg. pass, Chet) (111) (vph) (vph) (vph) (aph (aph) (hrs) <•tn,) (vr,h) veil (v-bra (p-hrs 

7 MOR 5280 1 7319 0 8000 .92 45 44 ,0228 1.31 1319 !!!! • 7256 X 7580 1.11 41.36 75,28 

6 MOR 2640 i 7693 307 7693 1.00 36 36 ,0139 ,83 7693 .!!!! • 7801 X 7970 1,99 26.41 52.56 

s• 
-000 

7070 NOR 5280 1 6883 0 .88 40• 40 • "' 6883 X 7160 • 6796 2,03 44.10 89.08. 

4 RBS 560 0 1500 .37 52 48 ,0314 1,89 512 10.66 4,02 42.115 
7920 11 

UJfR 4968 0 6000 ,83 48 47 ,0322 1,93 4968 1,23 39.90 49.08 

RBS 5tO 0 1500 512 l0,66 4,02 42,85 ,37 52 48 ,0316 1.89 3 7920 11 
UJIR 5388 0 6000 ,89 46 45' ,0337 2.02 5368 1.24 45,10 55.92 

2 NOR 5280 1 5960 0 8000 , 74 52 50 ,0200 1.20 5880 2,06 29.40 60.56 

1 NOR 5280 1 5100 0 8000 ,64 54 52 ,0190 1.15 5050 1.88 23.90 44.93 

Totals 39600 71 258. 518. 

• See Table Gt in Appendix G tor special calculations in Subsection 5 • 

(14) (15) 

Travel Diat. 

(v-ai) (p-mi) 

1814, 3301. 

950. 1890. 

1720. 3676. 

192. 2047. 

1863. 2292. 

192. 2047. 

2013. 2496. 

1470. 3028. 

1263. 2373. 

11477. 22949. 
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TABLE 16 COMPUTER OUTPUT - TIME SLICE 2 
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;1• \! 
t •~II 
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'Jo • :'.l l 1t 1. 4't• 1.36 5280,. 0 o. 
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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 INCREA.SING 

VEH-HR. PASS-HR. 
Manual Computer Manual Computer ICl2) I(l3) 

Normal 165. 165. 322. 321. 
Sections ·. 

FREEWAY Unreserved 85. 85. 105. 105. 
Section 

TRAVEL 
TIME Reserved 8. 8. 86. 86. 

Section 

Input Delay 3. 3. 6. 6. 

TOTAL TRAVEL TIME 261. 261. 519. 518. 

VEH-MI. PASS-Ml. 
Manual Computer Manual Computer I(l4) ICl5) 

TOTAL TRAVEL DISTANCE I 1,477. I 1,493. 22,949. 22,954. 



(a) ORIGIN DEMAND {VEH.) 
Subectlon I 2 3 4 5 6 1 

o, 

o, 

I !ij+ie! • 151! I 

I I 
115+15712• 30+6182• lo•5699 0+151549138+7347• 40+7747• 25+7412• 
15727 6212 51549 I 7385 7787 7437 I 15699 I 

o;?;i& 

I 

1158~1 of"i31: 
~~ 115 

04 400 D2 3315 

4815 1150 1323 . 402 350 

(b) ORIGIN DEMAND (EQUIV. VEH.) 
2 3 4 5 6 7 

I 1531 531 
I 

5742 6242 I I 7423 7827 7462 15699 5549 I 
I I 

-9"500 
I 

15~ c(Ass1 ~ 
Oi I 3 04 D2 

( C) CAPACITY 
2 3 .4 5 6 7 

I 1500 11500 I 
8000 8000 I I 8000 8000 8000 I 6O00 6000 I 

I I 

?-" 
I 

~ ;y ?-'"~ 
11500 1500 1650 1500 11500 

(d) DEMAND UNDER DISCHARGING MERGE QUEUE 
2 3 4 5 6 7 

I 1531 I 
5742 6242 I :,.23+84• 7827+84■ 7462+80• I 5699 5549 I 7507 7911 7542 

I 

?-" 
I 

~ ~ ~~ 
500 150 1331 404 365+4•369 

( e) DEMAND UNDER CAPACITY CONSTRAINT AT SUBSECTION 6 
(DISCHARGING OUEUE FROM SUBSECT. 15 l 
2 3 4 5 6 7 

5742 6242 

½oo 

I 
I 5699 
I 
I 

"31 
I 
171507+89• 8000·7911• 71542+85• 
I 7596 89 7627 5549 
! RA•-89 

115~ .. s:--.%-':1/,°331 ~ 
369+4•373 

Figin 115 DEMAND ANO VOLUME CALCULATIONS FOR TIME SLICE 3 

95 

03 



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 Priority Freeway Model (PRIFRE) represents a method for 

computing freeway travel times, and as such, only approximates the 

physical conditions found on real freeways. 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 may obscure the effect of some improvement plans and 

some 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 

(I) {2) I {3) I C4 > 1(5)1(6>1 {7 > I ca> I (9) (10) Cl ll I c12) I 03) I 04)J 05) 
Vol.- Individual r;~~ Travel Time Travel Dist. 

:;::. ~=:MJ?t %~f :t, VIC S~•;i Trovrl rr A~~:~d ~--::_l_f [-,-,-,~-~~-:-i~l-::-~-~0-~-~-~-:-:) .. l 

7 INOR l5280l I )7627 I O 180001. 95142 I 41 l.o244I 1.45 I 7627 x ~ = 7601 I I.5614-6.36172.461 190012970 

o 6 NOR 2640 1/2 00 1.00 36 36 .0160 .84 8000 x ~78~ • 7959 995 1641 
E ~t----+-----+--+---+-----lt----t--+--+--+--+--+----~~----1---+--t---+----+-----t 
~ ,t NOR 5280 I 7596 * * * 0260 1.56 7596 x ;::: = 7557 1889 3117 

RES 1 531 0 1500 .35 49 48 1.87 513 6.10 
• 4 .,__...,. 7920 I - 1---+----1---+---+--1---+---1----+----------11----+----11------11---+----1 l UNR 2 554 43 2.10 5549 1.23 555 

+ RES 1 48 1.87 513 6.10 
-~ 3 .,__..,.7920 I- 1---t----+---+---+-+---+---1----+-----------11----+-----11------11---+------1 

i UNR 2 5699 0 41 0367 2.20 5699 1.23 

0 I 2 I NOR 152801 I I 62421 0 180001.78151 I 49 L02051 1.23 6212 11.64131. 84)52.061 155312535 

}1 I INOR l528Qf I I 57421 0 ~OOOI. 72I53 I 51 l.0I981 1.19 5727 I 1.53128.35143.281I432I2I86 

TOTALS 139600l 7½ 2961 468112371119993 

* SEE TABLE G2 IN APPENDIX G FOR SPECIAL CALCULATIONS IN SUBSECTION 5 
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TABLE 20 COMPUTER OUTPUT - TIME SLICE 3 
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queue, an approximation had to be ma~e which would have an ~ffect on 

the length of the second queue 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 this approximation, it was assumed that the velocity of the 

upstream boundary of the queue was a linear function of RA. In test

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 lane to the up

stream queue bottleneck increased the resultant RA of the downstream 

bottleneck. This caused an earlier queue collision, a greater queue 

length, and an increased total travel time. This error was probably 

due to the linear relationship assumed between RA and shock wave 

velocity. 

In addition to the anomaly found during queue collision, 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 III 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 occur in the 

middle of a time interval. 

An additional limit to the PRIFRE model is due to the instantaneous 

101 



propagation of demand from upstream subsections to downstream sub

sections. 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 speed 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

quirements 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 printed if off-ramp demand exceeds 

the 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 
I 

MODEL COMMENTS ON EXTENDED PRIFRE MODEL 

A. No on and off-ramps - demand does 15 minutes 0-D demand tables include on 

not change over length and. off-ramps. 

B. 2 demand curves - triangular and 15 minutes·o-o 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 0-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. same speed-flow-density relation-- each subsection of each special roadway 

ship for norm~l, unreserved may have any one of 9 curves 

and reserved· lane 

G. trucks assumed to be the same as truck 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 

speed 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 tablesfor every 15-minute time period. Formats for coding 

the 0-D table and the other input data were discussed. Also, examples 

of possible output statements and rules for interpreting them were 

given. 

As insurance against possible errors in programming, the results 

of manual calculations were compared to results ol 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 results , expected. 

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-volume 

relationship to one which more accurately describes the particular 

traffic being studied. 

Although additional work and refinement could be made to expand 

and improve the PRIFRE model, nevertheless there are many areas of 

application in which the Ni'odel can be utilized. The Model can be 
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applied to evaluating priority lane op..;rations, reversible lane opera

tions and other types of special operat.ions. It is also felt the 

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 PRI.FRE 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 co.mpleted .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 'I-ransportation District. 

Much of the available data was collected at different times and :roadway 

situations. When data was discrepant or lacking, engineering judgement 

was used and the assumptions and their model sensitivities are in-

eluded 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 

I! II • 1 1 used to evaluate the wrong way exclusive bus ane operation a though 

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 

ent:ry. 
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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. Th,e 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 II wrong 

way 11 exclusive bus lane will be operated in late 1972 during the afternoon 

peak period in the northbound direction following a widening of a section of 
' 

Route 101 to a full four lanes. The travel time during the peak hours 

over this section of the roadway for buses has often been 10% greater 

* than the travel time by cars. 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 Project Report 

#3052 (Reference 18), the operation of the exclusive bus lane is not 

expected to result in significant travel time savings but 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 Transportation 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. 

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 wide 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 0-D tables for the input data to the 

PRIFRE model: (1) volume counts, (2) aerial photographs, and (3) 0-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 volume counts near the beginning and near the end 

of the study section, 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 in 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 pho~ographs. 

The actual volume count plus the excess storage gives the qemand 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 0-D survey. The demand at each on-ramp is 

distributed among all downstream off-ramps (including the mainline 

exit of the study section, according to the destination pattern for 

each on-ramp.) 

It would be desirable to conduct an 0-D survey so that the destina-

tion pattern of each on~ramp vehicle is known. However, if thiA survey 

is not available and cannot be undertaken, it is possible to make up 

an 0-D table with knowledge of the on- and off-ramp counts and some 

mainline freeway counts. In this case, the construction of the 0-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-r~mp demands are distributed downstream in proportion 

to the off-ramp demands. Finally, the freeway input demand is dis

tributed among all off-ramps in such a way that each vertical sum and 

horizontal sum in the 0-D table becomes equal to the corresponding off-

*Giilfillan, 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 p~actice it may be very 

difficult to obtain dependable 0-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 fielo surveys or obtained from the local 

transport agencies. Commuter bus occupancy data can be best obtained 

from the transit agencies. For each time slice during the peak period, 

it will be necessary to enter the average bus occupancy and the dis

tribution of cars according to their passenger occupancies after the 

time slice identification card as shown in Fig. 17. 

Occupancy distributions 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 reas,ons for doing so 

are: (1) it is practically impossible to conduct all the necessary 

traffic surveys to obtain capacities for all the subsections; (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 II. All the 

design and traffic elements which affect the freeway capacity should 

be prepared as shown in Fig. 16. If a subsection has a short auxiliary 

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 c~pacity flow conditions, an appropriate value of capacity 

should be selected, so that the model will simulate actual traffic 

conditions best. 

(2) If 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 of a reserved lane on a freeway section under priority 

operations. It was assumed that the capacity of the reserved lane as 

modeled by PRIFRE approximates the conditions of tunnel traffic flow 

behavior. 'Ille large samples of speed, concentration and traffic flow 

data obtained in the Lincoln and Holland Tunnels, New York City indi-
' 

cate that on a level section, with 30% bus comp~sition, alternate bus

car flow can be expected to achieve about 1300 vehicles per hour at 

about 23 mph. 'Ille value assumed for the capacity of a single reserved 

lane was 1500 (equivalent) 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

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 necessary to 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 the 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

ments 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 ~or each subsection at each time inter

val. Using actual volume counts and estimated subsection capacities, 

the actual measured speeds can be plotted on the average speed- v/c 

ratio graph. In 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 caliorating 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. 

The 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 model 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 uodel 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 short w~aving 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 Oakland 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 remains linear until about v/c = .9. The user can utilize 

the 65 mph speed-flow/capacity 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 b9ttleneck subsections were estimated 

both from the actual freeway volume counts and the relationship between 

bottleneck subsection demands and the length 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_ replotted, and again 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 ar~ shown in the data listing in Fig. 17. 

2. Simulat'ion of Existing Freeway Under Normal Operations 

The output results from 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 from the computer output 

indicate that the simulation of the existing freeway characteristics 

can be used as a basis for comparing possible freeway improvement 
•• 

schemes. 

3. Evaluation of New Design Under Normal Operations 

The first stage of planned improvements to the operation of Route 
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101 involves the addition of a lane in the.northbound direction in 

subsections 12 thru 18 (Richardson Bay Bri?ge) to be completed in 

late 1972 prior to the operation of the 0 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 operation 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 lane addition 

the congestion experienced on the old design has been eliminated. The 

weaving effect in subsection 16 remains, but the 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 interval 

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 thes~ figures separate the time and subsections which 

· " 1° 1 ( ) will be affected by the remova of a freeway ane 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 0 removed 11
• 

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 ~peed-flow/capacity relationship of a reserved 

lane op a level roadway approximated that of tunnel traffic flow. 

Consequently, data from the Holland tunnel was used to develop 

speed-flow/capacity relationships to be used for a single reserved 

lane. This curve is labeled number 1 and is shown in Fig. 19. 

Additional speed-flow/capacity curves (numbered 2, 3 1 and 4) 

were hypothesized 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· lane can only negotiate the grades at approximately 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 

Lanes 

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 tr,affic 

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 begin 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 will 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 in Reference 15, page 28, the percent shift 

into buses is based upon person flow past a point on the freeway 

during the same time period. Person 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 Hwas 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 

di1;1tribution.) 

Definition: Priority Operations Coding Scheme 

1 -

Definition: 

% shift into priority status cars 

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

number of reserved lanes 

N = Nonna! Operations 
NP. = Non-priority vehicle 

P = Priority vehicle 
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TABLE 24: EXAMPLE CALCULATION OF AUTO OCCUPANCY SHIFT 
~ 

BEFORE SHIFT AFTER 5o/o PASSENGER SHIFT 

%Distribution Vehiclea(Cars) Passengers Passenoers Vehicles (Cars) o/o Dlstributton 

71.0 710 710 710 
710 - 1130 (56.5) • 674 674 69.5 

21.0 210 420 
420 

420- 1130 (56.5) = 399 200 20.6 

6.0 60 180 180 + ~~~· (56.5) = 218 73 7.5 

1.0 10 40 
40 

40 + 270 (56.5) = 48 12 1.2 

1.0 10 50 50 + ;~0 (56.5) • 60 12 1.2 
. 

8.0 80 270 326 97 9.9 1.9 

100.0 1000 1400 1400 971 100.0 



a. One Reserved Lane with New Design 

The boundaries of the priority lan.e 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 desiredJthe 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 priority 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 

freeway travel time with ~he 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 

~ny 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 "1-2-0• 
~I.---;;% o-paoey Sllift Into Can 

Scheme Scheme Scheme Scheme Schem1e_ 6 _0 
au ... and can with 1. or More 
~ in Reserved Lane I - 2- 0 1- 3- 0 I - 4 - 0 I -5 - 0 (Buaea Only) Number. of R ... rved Lanes 

TRAVEL TIME UNDER NORMAL 3192 319 2 3192 3192 3192 
NON-PRIORITY OPERATIONS OPERATIONS 

NORMAL 644 627 616 609 608 
SECTION ti' 

UNRESERVED 1780 3804 4040 4239 4304 SECTION 
TRAVEL TIME UNDER 

RESERVED PRIORITY OPERATIONS 1656 451 299 176 140 USING ONE RESERVED SECTION 
LANE 

INPUT ui.::;..AY 
IN 0 5587 6161 6866 6997 

NORMAL SECTION 

INPUT DELAY 
0 66 13 7 222 229 IN UNRESERVED 

SECTION 
TOTAL TRAVEL TIME UNDER 

4080 10534 11254 I 21 I 2 12278 PRIORITY OPERATIONS USING ONE 
RESERVED LANE 

TOTAL TRAVEL TIME SAVING OVER -891 -7342 -8062 -8920 -9086 
NON-PRIORITY OPERATIONS 
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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/capacity 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 D and E. 

Note: IOP can be set to 2, 4, 5, or 6 t.o evaluate a two reserved 

lane scheme. A partial data listing is given in Fig. 29. 

The results of the freeway travel time 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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TABLE 26: SUMMARY OF FREEWAY TRAVEL TIME USING TWO RESERVED LANES ( ALL VALUES 
EXPRESSED IN PASSENGER HOURS } 

LEGEND FOR PRIORITY OPERATIONS SCHEMES: PRIORITY OPERATIONS SCHEMES PLAN "2-2-0• 
~ L---;;% Occ-cy Shift lftto Can 

Scheme Scheme Scheme Scheme Scheme Buses and Cars with ! or More 2-6-0 Pasaenoers in Reserved Lane 2-2-0 2-3-0 2-4-0 2-5-0 (Buses Only) Number of Reserved Lanea 

TRAVEL TIME UNDER NORMAL 3192 3192 3 19 2 3192 3192 NON-PRIORITY OPERATIONS OPERATIONS 

NORMAL 
524 373 353 340 337 SECTIONS 

UNRESERVED 2316 2635 2702 2868 3094 SECTION 
TRAVEL TIME UNDER 

RESERVED PRIORITY OPERATIONS 934 304 204 122 95 USING TWO RESERVED SECTION 
LANES 

INPUT DELAY 
9990 14415 IN 

NORMAL SECTION 
15143 1565 8 15 739 

INPUT DELAY 
IN UNRESERVED 

SECTION 
2694 7748 8513 90 I 8 9 11 3 

TOTAL TRAVEL TIME UNDER 
PRIORITY OPERATIONS USING TWO 16458 25475 28337 28006 28378 

RESERVED LANES 

TOTAL TRAVEL TIME SAVINGS OVER -13266 -22283 -23725 -24814 - 25186 
NON-PRIORITY OPERATIONS 
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strategies to operate, however plan 2-2-0 has a greater potential to 

utilize the excess capacity since it would be 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-priority v.e

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 normal 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 t.he 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 is still greater than the travel time under 

normal operations even with a 20% shift into priority status cars, as 

shown in Fig. 32. 

* See Chapter 6 for determining adequate distance required for changing 
lanes to off-ramp 5. 
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5. Addition~l Analy\es 

Additional analyses can be made to determine the model sensi

tivity to changes in t.he various input parameters. The investigation 

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). 

b. 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 t'o determine the effectiveness of reserved 

lane operations in future years. 

c. Effect of initial occupancies - The initial bus and car 

occupancies can be varied to determine the effect on travel 

time under priority operations. 

d. 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·. 

e. 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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f. 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). 

g. 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. 

h. 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. 

i. 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 necessary, on the first occupancy card). 

2. Preferential bus entry can be investigated by introducing 

a fictitious (bus) ramp next to a metered ramp. 
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3. "wrong way" bus lanes can be analyzed by making appro

priate changes to' the parameter and capacity" cards. 

Separate runs will be necessary to analyze th~ 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 lane 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 in the reserved lane could be greatly 

reduced. 

A. Problem Definition 

Obviously there are many things influencing this complex lane 

changing situation. Some 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 

beginning 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) If we opt for more than one reserved lane section, how far 

apart should these sections be, at a minimum? 

6) What is the travel time delay caused by lane changing? To 

priority vehicles? .To non-priority vehicles? 

7) What effect do speeds and speed differentials play? 

Which freeway lane should be proposed for priority vehicle use? 

1) If the right lane is chosen, all vehicles entering or leaving 

the freeway 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. 

2) 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 di st a nee • 

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 

near their destination. This is basically what they plan on 

doing in the Marin reversible bus lane project. Some of 
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B. 

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) In 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. 

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. 

Considet 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 distanced. 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 g
1

. If 

g1 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 l is dense, speeding up significant~y may be impossible). 

The rate at which successive gaps are presented to the lane changer 

is equivalent to the relative volume rate in lane 2 (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 lane 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 

the absolute lane 2 traffic volume, v2 , as follows: 

where 

v' = Ifs v2 I 2 

s1 - s 2 
fs = 

s2 

s1 = speed of potential lane changer 

s2 = average speed in adjacent lane 

(1) 

The factor, f
8

, is termed the relative speed factor. The relation

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 

N = V
1 t 
2 
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where 

V~ 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, s
1 

. 

pass in distance, d, is given by: 

The average number of vehicles that 

where 

v'ct 
2 

N =--
Sl 

d is in feet 

s
1 

is in feet per second. 

(3) 

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 

I lane changer, n , is one greater than N because of the existence of 

the initial gap. In other words 

I n 
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where 

I n = the average number of gaps in the adjacent lane 

presente~ to ~he 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 fonnulated as 

a function of the adjacent lane traffic volume, v
2

, and the acceptable 

gap size, g • 
a 

The cumulative distribution of gap sizes can be presented quite 

accurately using a shifted exponential distribution, as follows: 

where 

P(g 2 t) = exp [- (t - -r) 7J 
(t - -r) 

P(g 2 t) ~ probability of a gap 2 t. 

'T' = minimum headway, sec. 

t = average headway, sec. = 3600/V
1 

Or alternatively stated: 

where 

P(g :s: t) = l - exp [- (t - -r) l 
(t - T) j 

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

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

P(n successive gaps st) = [P(g s t)]n (7) 

and substituting from Eq. (6): 

{ 
r (t - -r) 7 }n 

P(n successive gaps 5: t) = 1 - exp L- (t _ -r) J . (8) 

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

being greater than t is given by: 

P(at least one gap > t) = 1 - P(n successive gaps s t) (9) 

Substituting: 

P(at least one gap > t) = 1...;. { 1- exp [- ~: = ~;] }n • (10) 

If design values are set for acceptable gap size, t = g , and for 
a 

probability of a least one gap greater than g , one can solve for n 
a 

using Eq. (10) • 

Now, the key to the analysis is to set: 

EJ 
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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 equal to ·the 

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

potential lane changer. 

Example: 

Assume: 

Then 

Required distance for changing lanes from an unreserved 

lane to a reserved lane. 

s
1 

(speed in unreserved lane) 

s
2

(speed in reserved lane) 

v
2

(volume in reserved lane) 

P(at 

Ga 

T 

least one gap > t) 

3600 
t =--1200 

= 3.0 sec 

= 24 mph 

= 30 mph 

= 1,200 vph 

= • 90 

= 3.5 sec 

= .5 sec 

from Eq. (10) . 

• 90 = 1 - { 1 - exp [- (3. 5 - • 5) .,J }n 
(3. 0 - • 5) 

{ 1 - exp [- !:~ J }n = .10 

[ 1 - exp [ - 1, 2] t = .10 

n 
[. 699] = .10 

n = 6 .43 
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Then: 

s
2 

= 30 mph = 44 fps 

f 
s 

24 - 30 
= --- = - .20 

30 

s
1 

= 24 mph = 25.2 fps 

v
2 

= 1200 vph = .333 vps 

Substituting in Eq. (4), 

6.43 
[- .20(0.333)]d =--------35.2 

+ 1 

d = 2870 feet - · Required distance for changing 
lanes from an unreserved ·lane 
to a reserved lane. 
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c. Computer ~rogram LCHANGE 

A computer program was written for the computation of important 

lane changing parameters described already. The computer model, 

entitled 11LCHANGE 11
, is based on the theories described in section B, 

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

DR.UR 

DUR.R 

DUR.UR 

DNN 

DON.P 

DP.OFF 

- a reserved lane to an unreserved lane 

- an unreserved lane to a reserved lane 

- an unreserved lane to an unreserved lane; 

- a normal lane to an adjacent normal lane (i.e. before 

or after the priority section); 

- an on-ramp to the entrance of the priority lane; 

- 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 parameter card need be inputted to program LCHANGE to 

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, respectively, SN, SR, and SUNR are 

the average speeds in mileij/hou~ 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 

assumed 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). 

It 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 I 

contains a complete program listing an sample output. 

It is felt that with more time and effort, 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 of 

the more valuable areas for improvement for a priority operations 

simulation model. 
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( If Needed) 

DECK - LCHA 

Figure 3 7 DATA DECK SET-UP FOR LCHANGE 
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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 ch~nging 

lanes on freeways employing various priority strategies, the lane

changing theory described in section B was used. Specifically, 

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 

speed in Unreserved lane (SUNR) = 35. mph 

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

type of lane change were: 
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Type A 

s
1 

(speed of lane changer) 50 mph 

~ (speed in adjacent lane) = 35 mph 
2 

v
2 

(Volume in adjacent lane) = 1800 veh./hr./lane 

G (acceptable gap) = 2. 5 seconds 
a 

Type B 

Sl = 35 mph 

s2 = 50 mph 

v2 = 800 veh. /hr. /lane 

*G = 3.5 s,econds 
a 

Type C 

**S1 = 28 mph 

s2 = 35 mph 

v2 = 1800 veh./hr./lane 

*G = 2.5 seconds 
a 

Type D 

~l = 35 mpJ:i(4.(X •8) 

s2 = 44 mph 

v2 = 1550 veh./hr./lane 

G = 2.5 seconds 
a 

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 chang-ing 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 ch~nger = .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 = .90 
p = .75 

ft. ft. ft. 

Type A 3008 2233 1208 

Type B 2838 2003 900 

Type C 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 0-1 

destined for the reserved lane must make 3 lane changes of the type 

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

DON.P = 2800 X 3 = 8,400 ft. 

DON.P = 1447 X 3 = 4,341 ft. 

with 90% assurance 

with 75% assurance 

The following table is the results of calculations for all 

the required distances shown in the Fig. 35 with di~ferent 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 significant aspect of priority lanes 

is that it could offer a real choice in travel modes that could 

compete on an equal travel time basis, something which our present 

transportation systems lack. This option, if exercised by a great 

enough number of people,could reduce traffic congestion 1 postpone 

or eliminate the need for additional freeways, and provide for an 

inexpensive ~ass transit alternative to a fixed guideway rapid transit 

•9y~tem. 

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 of their private cars in peak-hours. 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 part 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 ot schemes 

they are trying, and the problem areas encountered. 

1 B ·ct 11,12,13,14,16 San Francisco-Oak and Bay r1 ge 

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 

sent 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 

12 
buses using the bridge during the peak hours . 

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 1970
11

• As the result of this work, the 

University of California and the California Division of Bay Toll 

Crossings analyzed many different plans for bus and carpool lanes in 

the toll plaza area and on the bridge proper
13

. 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 bridge
14

. 

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 between 6 a.m. -and 9 a.m. 

A series of signs alert commuters to the lanes which begin just beyond 

the conjunction of three freeways leading into the toll plaza area 

. 14 and extend for 700 feet onto the bridge proper 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 sticker 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 their owners at their home addresses. 

Although initially an experiment with only marginal 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 2,000
16 

. 16 18 .. 
Golden Gate Bridge - San Francisco ' 

Plans are underway to install a "wrong-way" 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 lane, 

next to the center barrier of the highway. The adjacent southbound 

lane will remain empty as a buffer zone, with a line of pylons down 

its center. Southbound traffic will be confined to the remaining 

two southbound lanes. 

The project will affect 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 southbound commute buses in the morning after 

some widening presently under construction is completed. 

17,20,27 
Shirley Highway - Washington, D. C. 

The operation of exclusive bus lanes on the Shirley Highway 

(I-95) in northern Virginia began in September 1969, with the open

ing of a 5-mile section of completed reversible 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 

1 
. 17 

anes • 

Besides construction of the temporary lanes, an addition of 

50 new buses during the peak period has improved service in the 

corridor. Ridership has increased remarkably from 1,900 to 6,700 

at a survey point ~idway along the route, while total ridership is 

over the 14,000 mark 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 elements: 

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 

· 20 
response to the improved service • Circulation of buses in downtown 

Washington, 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. 

T 
.k 17,19,28 New York - New Jersey urnpi e 

The first major reverse bus lane was established 

on I-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 traf~ic signs. In addition, bus access ramps have been 

provided to the reserved lanes by the New Jersey Turnpike Authority. 

This project is being funded by a $500,000 grant under the Urban 

19 Corridor Demonstration Program • 

Prior to opening the ljnes, 30,000 printed notices were distri

buted to motorists using this particular highway 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 

I 
minutes each by completing the former 25-minute trip in 10 minutes. 

Thus, it is estimated 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 installation
17 

17 30 
New York-New Jersey-Manhattan CBD Study ' 

Under agreement with the Tri-State Transportation Commission, 

consultant Edwards and Kelcey is assisting with an evaluation of how 

three complementary techniques involving the use of bus mass transit 

can be utilized to improve commuttng in the New Jersey Route 3 and 

I-495 corridor from New Jersey to the Manhattan CBn30
• 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 

alternatives, two distinct systems are being considered: 

A. A ramp 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. 

'lbe 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. 'lbe 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 

17 
lanes is not being delayed despite the loss of a lane • 

17 
Boston-Southeast Expressway 

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 afterneon peak period. 

Bus service 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. 

17 
Seattle - Blue Streak 

The Blue Streak Demonstration Project consists primarily of an 

express bus operation. Buses depart from a fringe pa~king lot (no 

parking charge) north of downtown Seattle and enter the reversible 

lanes of the Seattle freeway (I-5), where they mi.x 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 downtown 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 presently 

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. 

Pittsburgh-. PATways
17 

The final design and engineering of two exclusive bus highways 

(PATways) in Pittsburgh 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 and construction of these PATways 

is being funded by capital grants from UMTA. Extensions of this 

initial system are planned. 

Atlanta - Rapid Busways
33 

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 rail rapid transit 

stations running into downtown Atlanta. Two-thirds federal funding 

is expected from UMTA with c.onstruction 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). 

Construction is underway on the 11-mile $52 million grade-separated 

busway running between El 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 approximately 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 local 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_ 

17 
Milwaukee - Bus Rapid Transit 

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 t6 
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pick up commuters and then enter an exclusive bus highway paralleling 

I-94 to downtown 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 callee-

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 in the downtown area while 

remaining on the guideway will also be investigated. 

Tw . c· . Mt d S t 17,36 in 1t1es-Bus- e ere Freeway ys em 

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 anil higher speeds (40mph) than 
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systems currently in operation. Buses will be afforded 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 typical weekday. 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 Project
16

'
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 experimental 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. 

15 17 
Cleveland - Reserved Lanes for Buses and Carpools ' 

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 ~eveloped at ITTE 

in Berkeley was used to evaluate various possible priority lane opera

tions on freeways and in particular on 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 the optimum 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. 

Miami, Florida - Reserved Lanes for Buses and Carpools
17 

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 than 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 

parameters and 0-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 1\vin 

Ci ties are looking seriously at. ramp metering and control strate

gies to improve freeway operation in heavily congested corridors 

during peak hours. Concurrent with the planning for all of these 

has been the investigation of the possibility of affording pri

ority entry fo,r 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 logical 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 

modei, 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 dis

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 

queue 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 

just 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 occupanqy shifts and changes of mode with some 

expectation of reasonable accuracy, and this means looking 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. 

Presently 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 section 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 would be 

a flexible option to have in the PRIFRE model. Similarly, it would 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 changes 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 and different strategies will probably emerge. Traffic 

engineers and planners must meet this new challenge, and up-to-date 

accurate freeway models will play a valuable 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. Weaving analysis at beginning and at end 

A. 
of priority section 

PRIFRE 3. Extend M.O.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 

~RIFtm MODEL 
2. Priority lanes wi-th reversible lanes 
3. Bus lanes with reversible lanes 

1. Total trip considerations - whole. trip 
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 
1. Exclusive bus lanes 

D. STUDI~S- EDUCATION 
2. Priority lanes for buses and carpools 

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 violators 
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) 

!FLAB 

!FLAG 

IOCS 

IOP 

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 lane~ 

Cumulative vehicle-miles in nonpriority lanes 

Cumulative vehicle-miles in priority lanes 

Bus equivalency factor in priority lanes 

Bus equivalency factor in nonpriority lanes 

Weavini effeet in I-th subsection in vehicles 

Mixed storage array for simulation and performance 
variables 

Ramp limit 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 

!TRIG Merging analysis logical 1lag; 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 lTRIG 

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 

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

NCRV (5 ,2), 
XXSF (20, 5) , 
YYSF(20,5) Storage arrays for user supplied speed flow 

curves 

ND(20) 

NDES 

NDS (50 ,3) 

NGl 

NGP 

NNN(lO) 

Subsection number of I-th destination 

Total number of destinations 

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

Current growth period variable 

Number of growth periods 

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(lO) 

RVOL(50) 

RXX 

SUM(20,2,2) 

TBF(50) 

Subsection number of I-th origin 

Total number of origins 

Total number of time slice.s 

Number of priority 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 

Nu~ber 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; l = on-ramps, 2 = off-ramps; 
1 = 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 for I-th subsection in 
vehicle-hours for non-priority lanes 

Total travel time for I-th subsection in 
vehicle-hours for priority lanes 

Volume of I-th subsection in nonpriority lanes 

Volume of I-th subsection in priority lanes 

Volume of I-th subsection of priority vehicles 
in nonpriority lanes 

Length of I-th subsection in feet 

Length of I-th subsection in miles 

Merge queue delay at I-th on-ramp 

Merge queue length at I-th on-ramp 
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Normal Operations 

Priority Lane Operations 

Priority Lane 

Exclusive Bus Lane 

Reversible Lanes 

Rapid Busway 

Priority Entry 

APPE'NDIX A 

Some Definitions 

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 mo~e 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 (histori
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 separate 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 queu~ing will be allowed in the priority 
lane; the excess number of priority Yehicles 
(buses and carpools) are forced to use the 
unreserve~ 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 not been 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,l,100,50000,400. YOUR NAME where XX.XX 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 

REWIND, PRIFRE. 

LGO, PRIFRE or 
LGO,PRIFRE,OUT 

This copies the binary version to a 
temporary file. 

This rewinds that temporary file. 

This will load and execute the program. 

The second version of thQ card is used if more than one copy of 

the output is desired. In that case, the following cards are needed: 

REWIND,OUT 
COPY CF, OUT 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 PRtFRF LISTING 

PROGRAM PRIFRE<INPUT,oUTpUT,TAPEltlAPE5=INPUT) 
COMMON/CURVE/NCRV(5,2),XXSFC20,5),YYSF<20,5),NOS<50,3) 
CoMMON/DESIGNIXLENGFC50>,CAPS(50),CApFPC50),XLENGM(50) 
CoMMON/DESIGN2/Ip(50>,LEFT(50J,LANE(50,2>,No(20),NDf20>,PRI(7) 
COMMON/INFOR/IFL(5),NG1,FACC20>,EBN,EBL 
COMMON/INTEG/NNN(lOJ 
COMMON/MAININORG,NDEStNOTS,1ocs,10P,IPAGE,NSEC,PLCtNGP,GF,NPL 
CoMMON/ODS/TRIPS(,o,20,2>,cARTRP(,o,,o,,TRPVEH(20,,o>,SUM(~O,,,,,, 

1 TOSUM(20,2) 
CoMMONloUTS/CVMtCPMtNToTAL(SO),CVMP•CPMP 
CoMMONIPAGG/ATM,FOAT,ICT,IPAG 
CQMMON/QUEUES/Hf50J,QD(50>,EFF{50),TBF(50J 
CoMMONIRAMPtlRQ( :,0,2) tRD(:,O) ,XMo<,O) ,XMD{ ,o, ,tX<10) 
COMMONIRAMP2IRLIM(20>,FRL<20>,RDIS(50),RVOLC50)tIXXC9),VXXC9),RXX 
COMMON/REALS/RRR(tO> . 
COMMON/ suc/p(TVEH( 5 t 5 > ,ausoc< i;) •AVE, I XXX ( 5 t 5) ,REVON( 5 ,5), tTSL T< 8) 
COMMON/ TI ME 1 RA ( 5 0) , TT( s; 0 > t TD ( 50 > , TT P ( 5 0 > t TOp ( 50) 
CQMMONIVOLSIVPR(50>,VNPR(50>,VpRIN(50)tPOFF(20,2>,VAL<50),BV(r;0,2J 
CALL SECONDCATM) 
FOAT=22e0 
ICT=O 
IPAG=l 

10 FAC(20>=o.o 
FACC19)=0e0 
CALL READlT 

100 CALL CONTROL(IJ 
IF(I.EQ.2) GO TO 10 
CALL SLICE 
CALL RAMPQ 
CALL PRJLANE 
CALL RMSUM (J) 
DO 20 L==2,J 
CALL UORAMP (LtJTRJG) 
GO TO (30,20,40),tTRIG 

30 CALL PVL (L) 
40 CALL IVPB CL,ITRJGl 

CALL P823 CL) 
CALL MERGQ(ITRIG) 
IFCITRIG.EQ•l> CALL 01S0 

20 CONTINUE 
CALL WEAVCON 
ITRIG=2 . 

60 CALL QUEUP CITRJGl 
IFCITRIG•NE•3) GO TO 50 
CALL DISQ 
GO TO 60 

50 CALL TRAVEL 
CALL OUTIT 
CALL TIMEOU3 
GO TO 100 
ENO 
SUBROUTINE READIT 
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PFR t 
PFR , 
PFR ~ 
PFR 4 
PFR 'i 
PF'R 6 
PFR 7 
PFR .Q 

PF'R q 
PFR ·10 
PFR' n 
PFR 1, 
PFR l'\\ 
PFR l4 
PFR lt; 
PFR l~ 
PFR 17 
PFR }Q 
PFR l c, 
PFR ,n 
PFR 2 'l 
PFR 22 
PFR '"=' PFR 24 
PFR ,a; 
PFR 26 
PFR 27 
PFR 2A 
PFR 29 
PF~ ~n 
PFR 'H 
PFR ,, 
PFR '3"=' 
PFR ~4 
PFR '3 r; 
PFR ~6 
PFR '37 
PFR '3A 
PFR ~() 

PFR 40 
PFR 41 
PFR 42 
PFR 4~ 
PFR 44 
PFR 411\ 
PFR 46 
PFR 47 
PFR 4A 
PFR 4c:, 
P~R 5n 
PFR 51 
REA " 



C ---

COMMONICURVEINCRV<5,2),XXSFl20,5),YYSF(20,5l,NOS<~0,3) 
CoMMON/DESIGNIXLENGF(50>,CAPS<,O),CApFP(50>,XLENGM(5P) 
CQMMONIDESIGN2/IP(50>,LEFT(50),LANE(~0,2>,No<20>,ND<20>,PRI(7) 
COMMON/INFOR/IFLC~>,NG1,FAC(20>,EBN,EBL 
CQMMONIMAININORG•~OEStNQTS,1ocs,1op,1pAGE,NSEC,PLC•NGPtGF,NPL 
CoMMONIODS/TRIPS<,o,20,2>,CARlRP(20,,o,,TRPVEH(20,,o>,SUM(20,2,,>, 

1 TOSUM(20,2) 
CQMMON/QUEUES/H(50>,QD(50>,EFF<50),TBFl50) 
CQMMONIRAMP1IRQ(20,2>,RD(,o),XMQ(20),XMD(,o),LX(10) 
COMMONIRAMP2IRLIM<20l,FRL<20>,RDIS(50),RVOL<50>,IXX(9),VXX(9),RXX 
COMMON/SLICIPCTVEH(5,5>,eusoc<5),AVE,IXXX(5,5),REVON(5,5),ITSLT(A) 
DIMENSION MTITLE(al,SSTITC4>,TEMP<10>,NOSS<~O> 

C READ MAIN TITLE (JOB TITLE> 
READ 1000,MTITLE 
IF(EOF,5) 2•3 

2 CALL DISPLAY 
3 CALL PAGE(O) 

IPAGE=l 
NORG=O 
NDES=O 
JC=O 
CALL PAGE(l) 
PRINT 1001,MTITLE 

. C --- READ PARAME3ER CARO 
READ 1002,NSEC,FAC<1>,FAC<2>,PLC,IOP,NGP,GF,IOCS,EBN,EBL,FAC<l8) 
IF(EBN.EQ.o> EBN=2•0 
lF(EBL•EO•O> EBL=1•6 
CALL PAGE Cl) 
PRINT 1003,NSEC,FAC<1>,FAC(2),pLC,Iop,NGP,GF,IoCS,EBN,EBL 
IF (IOCS•LE •0) IOCS= 1 
IF (IOCS.GT•5> GO TO 290 
IF <IOP.LT•*•OR.IQP.GT.6) GO TO ?95 

C --- READ THE CAPACITY CARD 
DO 60 1=1,NSEC 
READ 1004,NQSS(I),Jpll>, LANElI),CAPS(I),CAPFPCI>,XLENGFCI>, 
PRINT 1005,NQSSlll,IPlI>, LANE<I>,CApSCI>,CAPFPCI>,XLENGF(I), 

1 NDSlI,1>,NOS<I,2>,NDSCI,3>,TBFlt>,LoD,LOE,LEFTCI>,SSTIT 
1 NDSCI,1>,NDSll,2>,NDSlI,3),TBF(IJ,LOD,LOE,LEFT<I>,SSTIT 

CALL PAGE(!) 
IF(IP(l).EQ•IHP.AND•LEFT(l).EQ.1J·Go TO 315 
JS=3 
IF (IP(I).EQ•lH) JS=l 
IF (IpcI>eNE•tHP•AND•IP(l)•NE•1H) Go TO ~00 

C --- WHAT IS THE DESJ~N SPEED 
DO 15 J=l,JS 
IF (NDS(l,J)•Ea.,o.oR•NDS(l,J).EQ.60•0R•NDSCl,J).EQ.70) Go TO 15 
IF(NDS<I,J).EQ•65) GO TO 15 
IF <NDSCI,J>•Ll•t•OR•NDSCl,J)•GT•5> GO To 305 
IF <JC.NE.a> Go To s 
JC=l 
NCRVCt,l>=NDSCI,J) 
GO TO 15 

5 DO 10 K=l,JC 
IF CNDS<l,J)•EQ•NCRVCK,1>l GO TO 15 

10 CONTINUE 
JC=JC+l 
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REA ? 
REA ~ 
REA 4 
REA c:, 
REA (I,, 

REA 7 
RE• A 
REA q 
REA 10 
REA , 1 
REA 'J? 
REA ,~ 
RFA 14 
REA 1c; 
REA 1(1,, 
REA rr 
REA 1A 
REA JO 
REA ?.0 
RFA. ?l. 
R!:A ?? 
REA :,~ 
REA ?.4 
RFA 2c; 1 

REA :?F. 
REA '?7 
REA ,,_ 
REA ?o 
RF'A '31" 
REA ~J 
REA ~, 
REA <\\~ 

REA <\\4 
REA <\\'i 
REA ~(I,, 

REA <\\7 

REA 40 
REA 41 
REA ~R 
REA ~o 
REA 4? 
RFA 4~ 
REA 44 
REA 4c:, 
REA ·4A 
RFA 47 
REA 4A 
REA 4q 
REA 1150 
REA 1151 
REA Iii? 
REA 115~ 
RFA 1154 
REA 5115 
REA c; 
REA c;-, 
REA c;A 



NCRVCJC,4J.NOS(I,JJ REA C.() 

15 CONTINUE RFA 1:,0 
C --- WHAT IS THE StCTION LENGTH IN MILES REA ,., , 

XLENGM(I>:XLENGF(l>l5280• REA ,.,, 
C --- IF THIS Is A PRIORITY SECTION WHAT ,IS THE FIRST LANE CAPACITY REA 6~ 

IF (IP{IJ.E0elH) GO TO 30 REA t,4 
IF (CAPFP(IJeLE•O~OJ CAPFPCIJ=t500• REA ,.,~ 

C --- DOES THIS SECTION HAVE AN ON-RAMP AND/OR OFF-RAMP REA F,F, 

30 IF (LOOeNEelHO) GO TO ~5 REA 67 
NORG=NORG+l RF.A. 6R 
NOCNORGJ=I RFA ,:,q 

GO TO 40 RFA 7n 
35 IF <LOO.NEelH) GO TO '.H l"I REA 7] 
40 IF (LOE.NE.lHD) GO TO 45 REA 7? 

NOES=NDES+l REA 7~ 
NDCNDES>=t RFA 74 
GO TO 60 RFA 7c; 

45 IF (LOE.NE.lH GO TO ~10 REA 7F, 
60 CONTINUE RFA 77 

NO ( NORG+ 1 ) = 9999 RFA 7A 
NDCNDES+l)a9999 REA 7q 

C -•- THIS IS THE END OF THE CAp CARDS RAMP CARDS ARE NEXT REA ~o 
READ 1006,RXX,<IXXCI>,VXXCI>,I=l•9> REA A1 
CALL PAGE (1 > REA A, 
PRINT 1007,RXX RFA R~ 
DO 80 1=4,9 RFA A4 
IF-"(IXX(l).EOeO) GO TO ao REA AC. 
CALL PAGECt> REA Al:, 
PRINT 1ooa,IXX(I),VXX(J) REA R7 

80 CONTINUE RFA RA 
DO 85 l•lt3 RFA AC! 
IF(IXX(IJ.EQ.O) GO TO 85 REA Q('J 

CALL PAGE(lJ REA 'Q 1 
PRINT 1009,IXX<IJ,VXX(J) REA en 

85 CONTINUE RF'A 9~ 
C --- READ ANY SPEED-FLOW CURVES REA ()4 

lF (JC.EQeO> GO TO 150 REA CJ c; 
CALL PAGE(t> REA cu, 
PRINT 1010,(NCRV<I,1>,I=l,JC) REA c:n 
DO 120 J=lit6 RFA 9R 
READ 1-011,NCRT,fTEMP<IJ,t:i,10> REA qc:, 
IF(NCRT.EQ.OJ GO TO 150 RFA 1nn 
JT=O RFA 1n1 
DO 110 K=I,JC RFA 1n;, 
IF <NCRTeNE•NCRV(K,1>> GO TO 110 REA 10~ 

95 00 100 I =1, 10, 2 RFA 1n4 
~FCTEMP(I>.EQ•O•O•AND•TEMP(I~l>•EQ•O•O> GO TO 121 REA !Os; 
JT=JT+l RF'/1. 106 
XXSF(JT,KJ:TEM~(I> RF'A 1 (')7 
YYSF(JT,K>=TEMP<I+lJ RF'A tnA 

100 CONTINUE Rl='A 1nq 
READ 1011,NCRTT,<TEMP<I>,I:1,10J REA 110 
IF 1NCRTT.EQ.NCRT) GO TO 95 REA ll l 
NCRT=NCRTT REA 11, 

121 NCRVCK,2>=JT REA ll~ 
JT 2 0 Rr:'A 114 
IF(NCRT.EQ.O) GO TO 150 RFA 11 c; 
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GO TO 120 
110 CONTINUE 
120 CONTINUE 

C --- THIS SECT HAS TO END WITH AN UNEVEN SET OR A BLANK CARD 
C --- NOW IT IS TIME SLICE TIME 

150 NOTs=o 
C --- READ TIME SLICE1 TITLE CARD 

t60 READ tOOO,ITSLT 
lF (ITSLT(1>•EQ•10HEND OD > GO TO ~;O 

C --- READ UP lo 5 oCCUpANCY CARD/SLICE IoCS:t,5 
DO 170 l=t,IOCS 
READ 1013,sUSQC(I),lPCTVEHIJ,Il,J=l•;),(JXXX(J,I>,REVONCJ,I),J:l, 

1 5) 
170 CONTINUE 

DO 210 K=l,2 
DO 200 I=t,NORG 
READ 1014,(TRIPS<I,J,K>,J:ltNDES) 

200 CONTINUE 
210 CONTINUE 

C --- NOW WRITE THE GUY ON TAPE 
WRITEC1> IT2LTtlOCS,<<<TRIPS(I,J,Kl,J=l•NDES>,I=1•NORG>,K:1,,> 
DO 220 K=t,IOCS 

220 WRITE <t> BUSOC(Kl,(PCTVEH<J,K1,IXXX(J,Kl,REVON<J,Kl,J=l•5> 
NOTS=NOTS+l 
GO TO 160 

C ---
C --- ERROR SECTI9N 
C ---

290 PRINT 1015,IOCS 
CALL DISPLAY 

295 PRINT 1016,IOP 
CALL DISPLAY 

300 PRINT 1017,IP(Il 
CALL DISPLAY 

305 PRINT 101a,NDS<I,JI 
CALL DISPLAY 

310 PRINT 1019,LOD,LOF 
CALL DISPLAY 

315 PRINT 1020,1 
CALL DISPLAY 

C --- EVERYTHING IS OK IF IT GETS TO THIS POINT 
350 END FILE 1 

C ---

PRI(l)=O 
PRI(2)=1 
PRl(3)=2 
PR1{4)=0 
PR1(5)=0 
PRI(6)=1 
PRI(7)=0 
NGl=O 
IFL(lJ=O 
IFL(2)=10P/3+1 
NPL:IFIX(PRI(IOP+ll) 
IFL(3)=1 
REWIND 1 
RETURN 
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RFA 1 H, 
REA 117 
RE'A 11A 
REA 11() 
REA l?O 
RFA 121 
REA 1?, 
REA l?~ 
REA 1?4 
REA 1 ?c; 
REA l?6 
REA 1?7 
Rl='.A l?A 
RFA. l?Cl 
RFA 1~n 
RFA 1-=li 
REA 1~, 
RFA l "=1~ 
RFA 1~4 
Rl='A 135 
REA,~,_ 
REA 1~7 
REA 1~A 
Rl='A 1 ~Cl 
RF'.A. 14" 
RFA 141 
RFA 14? 
Rf:'A 14~ 
RFA 144 
RFA l4Ci 
RFA 146 
RFA 147 
REA lti.A 
Rf:A 140 
REA 1r:;n 
RFA 1'31 
RFA It;;:> 
REA 1c;~ 
RFA 154 
RFA 1c:;; 
REA 1r:.,-. 
RFA l 'i7 
RFA }c;A 
R!='A 1c;q 
RFA 16/'\ 
RFA 161 
RFA 16? 
RFt\ 16~ 
Ri=-A 164 
RF.A 16; 
RFA 166 
REA 167 
RFA l I.A 
RFA l(,Q 

RFA 170 
RFA 171 
RFA 17? 



C --- FORMAT SECTION 
C ---

1000 FORMAT (8Al0) 
1001 FORMAT ClHXi8AIOl 
1002 FORMAT CI4,3F5.0,I,,l~tF5•2,I3,,F5•?tF6•0tI1> 
1003 FORMAT (/11H INPUT DATA /1X,I2,12H SUBSECTIONS,3X,7HFAC(1J:,F3.0,3 

1X,7HFAC(2l:tF3.0,3X,17HPRIORITY CUT-oFF:F3.0,~X,7HoPTIQt,J:l2•~X,I,, 
223H GROWTH PERloOs AT RATE ,F5.,,3x,r2,11H oCCUPANCY SHIFTS / 
X1X•*PASSENGER CAR EQUIVALENCY OF BUSES<NORMAL) = *tF5•2•~Xt*PASSEN 
XGER CAR EQUIVALENCY OF BUSES(PRlORlTY) = *tF5•2//" 
3 90H SSEC NO• CAP• CAP 1 LENG NOR UNR RES TRK• ORG. LFT 
4B SECTION LOCATION i 
5 60H NO. P LN P. LN. SPD SPD SPD FAC. DES. RMP 
6 //) 

1004 FORMAT (I3,A1•I2,3F5.0,3I3,F5.3,2X,2Al•It,4AI0J 
1005 FORMAT (I4,1X,A1,t2,F7.o,2F6.0,3J4,F5.3,3x,,A1,I4,7X,4A10J 
1006 FORMAT (F6•0,9(I3,F5.0J) 
J007 FORMAT (//t7H ,RAMP LIMITS= ,F5.o> 
tOOa FORMAT <20X,7HON-RAMP ,I3,7H LIMIT: ,F5.0J 
1009 FORMAT <2ox,aHoFF-RAMP,I3,7H LIMIT: ,F5.0) 

SU 

1010 FoRMAT(16X•63HTHE FOLLOWING NU~BERED SPEED-FLOW CURVES HAVE BEEN A 
1SKEO FOR - ,I2,4<1H,,l?)J 

1011 FORMAT (I4,10F7.0) 
1013 FORMAT (F5.0,5F5•lt6<I~,F5•0>> 
1014 FORMAT (20F4.0) 
1015 FORMAT C1~H roes ERROR -
1016 FORMAT (12H IOP ERROR -
1017 FORMAT <ttH IP ERROR -
1018 FORMAT c1,H NDS ERROR -
1019 FORMAT <20H LOO OR LOE ERROR -
1020 FORMAT<+ LEFT oFF RAMP WITH IN 

IED ) 
ENO 
SUBROUTINE PAGE(N) 
CoMMONIPAGG/ATM,FOAT,ICT,IPAG 
lF(N.EQ.O) GO TO 10 
ICT=ICT+N 
IF(ICT.LE•62> RETURN 

10 ICT=4+N 
PRINT }000,FOAT,IPAG 
IPAG=IPAG+I 
RETURN 

tl3 ,1;H 
,I; ,1-:'!H 
,At ,nH 
,I; ,1;H 
t2Al•t3H 
PRI LANE 

EXIT-CALLED J 
EX IT-CALLED J 
EXIT-CALLED ) 
EXIT-CALLED > 
EX IT-CALLED > 
SUB SECt * I~,1~HEXIT CAu. 

tOOO FoRMAT(1HAt*INSTITUTE QF TRANSPORTATION AND TRAFFIC ENGINEERING*, 
t40X,*VERSION *'FA•l /X,*UNIVERSITY OF CALlFORKIA*t67X,*PAGE NO•*' 
217/X,*BERKELEY, CALIFORNIA*/) 

END 
SUBROUTINE DISPLAY 
CQMMON/PAGG/ATM,FDAT,ICT,IPAG 
CALL PAGE(O> 
CALL REMARK(lH > 
CALL REMARK(23H FREEWAY PRIORITY MODEL l 
CALL REMARK(lH ) 
CALL SECOND (ATMM) 
ELAS=ATMM-ATM 
COST=7•0/60•0*ELAS 
PRINT 1001 
PRINT 1000,ELAS,COST 

198 

REA 17~ 
RF'A 174 
Rf::'A 17~ 
RE'A 1.,,, 
REA 177 
REA 17A 
REA l7e> 
REA IAO 
REA \A1 
REA l,R? 
REA 18-:\ 
REA lA4 
RE'A 185 
RF.~ l A,; 
REA 187 
REA 188 
Rf"A !AC> 
REA t()O 
REA 1 (), 
REA 1~, 
REA 1()~ 
REA 104 
REA 1 oe; 
REA 1 ()', 
REA J<n 
REA , ()Q 

REA too 
REA ,oo 
REA ,01 
REA ,o, 
REA ?0<!1 
REA ;:,n4 
REA 20c; 
PAG ' PAG ., 
PAG ~ 

l'AG 4 
PAG t:; 

PAI'; ,; 
PAG 7 
~AG 8 
PAG q 
PAG ,o 
PAG n 
PAG 1, 
PAG 1~ 
DJS l 
DIS , 
DJS -:\ 
0·1 S 4 
DIS t:; 

DIS 6 
DJS 7 
DIS A 
DJS () 

DtS 10 
DIS 11 



CALL EX IT 
tOOO FQRMATt//'\,iX,*ELAPSED CPU TIME s *F7•'1\•* SECONDS, COST (AT $4?0.00 

1 PER CPU HOUR>=$ *F8.3) 
tOOl FQRMAT(////////////41X,40HPPPPPP RRRRR I FFFFFF RRRRR EEEEE 

I> t 41 X ,40HPPP 1 /2t41X,40HP P R R I F R R E 
2PP RRRRR I FFFFF RRRRR EEEE /41X,40HP R R I 
3F R R E /4}X,40HP R R I F R R. 
4E /41X,40Hp R R I F R R EEEEE ////4F,X, 
5*THE FREEWAY PRIORITY MODEL*//) 

END 
SUBROUTINE CONTROL(IFLAG) 
CoMMONIDESIGNIXLENGF(50),CApS(c;O>,CApFp(50),XLENGM(50) 
CoMMONIDESIGN2/lp(50),LEFT(~O>,LANE(~0,7>,No(,O},ND(?O),pRI(7) 
CQMMONIINFORIIFL(5J,NG1,FACl70l,EBN,EBL 
COMMONIMAININORG,NDES,NOTS,1ocs,10P,1PAGE•NSEC,PLC,NGP,GF,NPL 
COMMONIOUTS1CVM•CPM,NTOTAL(50)tCVMP,cPMP 
COMMONIQUEUESIH(50>,QD(50>,EFF(50),T8F(50l 
CQMMONIRAMPt/RQ(20,2>•RD<;,O>,XMQ(:,O),XMD(?Ol,LX<10l 
COMMONIRAMP2IRLIM( 20 l ,FRL( 20 > ,,RDIS( c;O l ,RVOL( ~o l, IXX C q l ,VX·X ( o > ,RXX 
IFLAG=l 
IF(IFL(l>•NE.O) Go To 100 

5 00 10 I=4,5 
10 IFUl)=l 
15 DO 20 1=4,17 
20 FAC(l}=O•O 

DO 35 I=l,NSEC 
HCl)=O•O 
IF(IP(Il.NE•lHP.OR.NPL.EQ.O} GO TO 3~ 
CApSCI)=FLQATlLANE(I,1>-N~L)IFLOAT(LANE<I,tJl*CApS(I) 

35 CONTINUE 
H(NSEC+tl:0e0 
CVM:O.O 
CPM=O.O 
CVMP=O.O 
CPMP=o.o 
DO ~O Isl,20 
RLTMCJ)=RXX 
XMQ( I J =O•O 
Rae I, 1 >=o.o 
RQ(It2)=0•0 

30 CONTINUE 
RUM( 1 >=CAPS( 1) 
DO 40 I=l ,NOES 

40 FRL(IJ=RXX 
DO 50 1=4,5 
IF(IXX(I).EQ.O) GO TO 50 
NX=IXX(Il 
RLIM( NX, =vxx {I) 

50 CONTINUE 
DO 55 I =1,3 
IF(IXX(Il.EQ.Ol GO TO 55 
NX=IXXfl) 
FRU NX > =VXX ( I ) 

55 CONTINUE 
IO=l 
DO 60 I=ltNSEC 
IF(LEFT(IJ.NE•2> GO TO 60 

199 

---------

DJS ,, 
DIS l~ 
DIS 14 
DIS ; C: 

DIS H, 
DIS 17 
DIS lR 
DIS ,. () 

DIS ,n 
DI~ ,,. 
CON , 
CON , 
CON .,, 
CON 4 
CON i:; 

CON ~ 

CON 7 
CON A 

CON .o 
CON, 11"! 
CON , , 
CON 1? 
CON 1~ 
CON 14 
CON , C: 

CON H, 
CON 17 
CON 1R 
CON 10 
CON 21"l 
CON. ,, 
CON ,, 
CON ,.,, 
CON 74 
CON ,~ 
CON ?F, 
CON ?7 

CON :n~ 
CON ?('.) 

CON .,,n 
CON ~, 
CON ~, 
CON ,~ 
CON ~4 
CON ~~ 

CON ,~ 
CON ·~7 

CON ~A 
CON 3() 
CON 4n 
CON 41 
CON 4? 
CON 4~ 
CON 44 
CON 4i:; 
CON 46 
CON 47 



70 IFCNOCJO).GE.I) GO TO 65 CON 4~ 
IO= JO+l CON 4q 
GO TO 70 CON c:,n 

65 RLJM(IO)=RLIM(J0)*2e0 CON 51 
60 CONTINUE CON c;;, 

100 JFL( 1 )=IFLC 1 )+1 CON t;"l1 

DO 120 l=I,20 CON c;4 
XMD(l)=O•O CON c;c; 

120 RO( I) =O•O CON r;,:. 
IF(IFL<l>.LE.NOTS) RETURN CON c:,7 
PRINT 1000 CON c;R 
IF(NPL.EQ.O) GO TO 130 CON c;q 
DO 1 2 5 I = 1 , NS EC CON 6 n 
IF(lP(I).NE•lHP) GO TO 125 CON 61 
CApS(l)::FLoAT(LANE(I,1))/FLoAT(LANE(I,1>-NPL)*CApS(I) CON F,? 

125 CONTINUE CON 6~ 
130 IFL{l )=O CON 64 

REWIND 1 CON 6C:. 
IF(lfL(2)•EO•l> GO TO ?10 CON 6~ 
IFL(2)=IFU2)-l CON A7 
NPL=NPL+l CON 68 
IF(JOP.E0.4) NPL=2 CON 6q 
GO TO 5 CON 70 

2 10 I FL ( 3 > = I FU 3 > + 1 CON 71 
I FL ( 2 ) = I OP/ 3 + 1 CON 7? 
NPL=IFIX(PRI(IOP+U> CON 7-:\ 
If(IFL(3>eLE.IOCS) GO TO 15 CON 74 
I FL ( 3 ) = 1 · CON 7c:, 
NGl=NGl+l CON 76 
IF<NGI.LE.NGP) GO TO 5 CON 77 
I FLAG=2 CON 7A 
RETURN CON 79 

1000 FoRMATU/1t01X,*END OF SIMULATION FOR ABOVE CRITERION*> CON RO 
END CON Ri 
SUBROUTINE SLICE SL! 1 
CoMMONIDESIGN2/Ip(5Q),LEFT(50),LANE{~0,2>,No<,o>,ND(,o),pRJ(7) SLI , 
COMMON/INFOR/IFL(5),NG1,FAC(zO),EBN,EBL SLI ~ 
COMMONIMAININORG,NDES,NOTS,IOCS,IOP,IPAGE,NSEC,PLC,NGP,GF,NPL SLI A 
CQMMON/ODS/TRIPS(,o,,o,,>,CARTRP<,o,,o,,TRPVEH(?Ot?O),SUM(,o,,,,>, SLI ~ 

1 TO SUM ( ? 0 , 2 l SL T 1, 
COMMON/OUTS/CVM,CPM,NTOTAL(SO>,CVMP,cPMP SLT 7 
CoMMONIRAMP2IRLIM<,o>,FRL<,O>,RDIS(~O),RVOL(~O),IXX(o),VXX(o),RXX SLI o 
COMMONISLICIPCTVEH(5,5),BUSOC(5l,AVE,IXXXC5,5>,REVON(5,5),ITSLT(R) SL! o 

( ( ( ( ( ~ ( ( ( ( ( ( ( ( ( l ( ( ( ( ·' l ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( t t t t t t t t t t t t t t t t t t ♦ t ft Ot:'!0000 r, 
•••••••••••••••••••••• I•••• SEE ERRATA AT THE END OF THE LISTING 5 1110MB ( K♦ il(20 =:.....;:;::.:::.::.::.::--::....::.__,,.,;;;,;;;;;....;;.;..._,,.,,,._____ SL T l 't 

C--- READ THIS TIME SLICE SLI i~ 
READ <tJ IT2LT,IOCS,(((TRIPS(I,J,Kl,J:ltNDES>,I=t•NORGl,K:lt?> SLI 16 

l=l SLY 15 
lC=O SLY H, 

tOO REA~ Ct> BUSQC(J),(pCTVEH(J,J),IXXX<J,I),REVONCJ,I),J:lt5l SLI 17 
IC= JC+l SLI 1 R 

C--- FINO THE CORRECT OCCUPANCY SHIFT SLI 10 
IF<IC.NE•IFL<3>•AND•l•E0•t> GO TO 100 SLI ?O 
IF(IC.EQ.IOCS) GO TO 30 SU ?1 
I =2 SLY "2? 
GO TO 100 SLT ?~ 

30 CALL PAGE ( 0) SLT 'J4 

200 



PRINT 20QO,ITSLT,NPL,NG1,JFL(3) 
CALL PAGE(3) 

c--- REVISE THE ON RAMPS 
DO 10 .. I=l ,5 
lF(IXXXlI,1>.EO~OJ GO TO 10 
J=IXXXCI,tJ 
RLIM(J):REVON(I,t) 
CALL PAGE(2) 
PRINT 2001,J,REVON(Itl) 

10 CONTINUE 
IFCNG1.EO.O) GO TO 40 
XMUL=GF**NGl 
DO 50 K=lt2 
DO 50 J•ltNDES 
00 50 1•1,NORG 

50 TRIPSCI,J,K):TRIPS(ttJ,K)*XMUL 
C--- CALL ODADD TO FIGURE THE INPUT-OUTPUT VOLUMES 

40 CALL ODADO(O) 
· IO=IO=l 
NTOT•O 
DO 150 Im:t,NSEC· 
IF(NO(IO>.NE.11 GO TO 160 
NTOTeNToT+SUMllo,1,2)+SUM(I0,1•1>*EBN 
JO•IO+l 

160 IF(NO(ID>.NE•l-t) GO TO 1~0 
NTOT:NTOT-SUM<ID,,,2>-SUM(I0,2,t>*EB~ 
10=10+1 

t50 NTOTALCI)=:NTOT 
C--- PRINT OUT THE INFORMATION 

IFlFACC2>.NE.2> GO TO 400 
CALL PAGE(lO) 
PRINT 1000 
PRINT 1001,BUSOC(l) 
PRINT 1008,lNUMB(J>,J=t,NDES> 
CALL PAGE(NORG) 
00 200. I=l,NORG 

200 PRINT 1007,I,lTRIPS<I,J,1>•J=ltNOES> 
CALL PAGE(6) ' 
PRINT 1003,CSUM(J,2,1>~J=t•NDES) 
PRINT 1002,CSUMCI,1,1>,I=JtNORG> 
CALL PAGE (11) 
PRINT 1004,(PCTVEHCI,1>,l=l•5>,AVE 
PRINT l009,(NUMB(J>,J=1,NDES> 
DO 300 t=l,NORG 
CALL PAGE(l) 

,oo PRINT 1007tf~(CARTRPCI,J>,J:]tNDES> 
CALL PAGE ( 6 } . . .. 
PRINT 100,,tSUM(J,2•1>,J=t•NDES> 
PRINT 1602,CSUM(I,1,2>,I=t,NORG) 
CALL PAGEC6} 
PRINT 1006,<TOSUMCJ,2>,J=t,NDES> 
PRINT tOO~,CTOSUMCI,1>,I=t•NORGl 
CALL PAGE(O) 

400 CALL OOADD(l) 
RETURN 

}000 FORMAT( lXt*ALL VALUES IN VEHICLES PER HOUR*) 
1001 FORMATC49Xt*BUS bCCUPANCY *F6•1//4c;X,*BUS ORIGIN 

201 

SLY ;,c; 
SLI ,,.,. 
SLY ?.7 
SLY ·?A 
SLI 2Q 
SLT '!\n 

SLI '!\1 

SLT '3? 
SLY '3'3 
SLY '1\4 
SLI '!\c:; 

SLY ~6 
SLT '37 
SLI 38 
SL! '3 C) 

SL! 40 
SLI 41 
SLY 4, 
SLT 4 '3 
SLY 44 
SLI 411\ 
SLY 4,., 
SU 4., 
SLY 4A 
SLI 4c, 
SLI r:;n 
SLJ i:;1 

SLI a;., 
SLI i; '3 

SL! r:;4 
SLI i:;i:; 

SLY r:\F, 
SLY e; 7 
SL! r:; A 

SL! c;q 
SLT 611 
SLJ 61 
SLI 6? 
SL! F.'3 
SLI 64 
SLY 61!\ 
SU 6,., 
SLT A, 7 
Slt 6A 
SLY 6Q 
SU 70 
SLJ 71 
SLI ..,.., 
SLY 7-,. 

SLY 74 
SLT 71!\ 
SLI ..,,., 
SLI 77 
SLY 7A 
SLT 7q 
SLI AO 

- DESTINATION TAB SLI o, 



ILE*//* ORIGINS*15Xt*DESTINATIONS ACRnSS*/* DOWN*/) 
1002 fORMAT,Xt*ROW SUMS <INPUT VOLUMES)*l6X•l5lF6.0,2X>tX,10(F6.0t?X}/) 
1003 FORMAT(Xt*(OLUMN SUMS(QUTPUT VOLUMES)*/6X,15<F6.0t2X1/X,1ocF6.0, 

12X} /) 
1004 FORMATC44Xt*NON-BUS OCCUPANCY DISTRIBUTION*IIF,X•*OCC. ONE '= *F4.01, 

l* pCT occ. TWo = *F4.0* pCT occ. THREE: *F4.0* PCT occ. FoUR = 
2*F4•0* pCT oCCe FIVE: *F4.0* PCT*l,1X*AVE OCC• = *F6e?, 
~ . * PERSQNSIVEHICLE*//4e;X,*NON-BUS ORIGIN - DESTINATION TABLE*// 
4* ORIGINS*t5Xt*DESTJNATioNS ACROSS*'* DOWN*/) 

1005 FORMATCXt*ROW SUMS (TOTAL INPUT VOLUMES>*l6X,15<F6e0,2X)/X,10<F6eO 
1,2X)I) 

1006 FORMATt31X,*TOTAL VOLUMES IN VEHICLES*IIX,*COLUMN SUMS(TOTAL OUTPU 
IT VOLUMES)*/6Xt15(F6e0,2X>IX,10CF6e0,2X)/) 

1007 FORMAT(X,t2,X,20F6eO) 
1008 FORMAT(2X,*0*•1X,?016J 
2000 FORMAT<* *IXtRAt01?4X,*NO. OF PRIORITY LANES= *Ii, 

110X,*GROWTH PERIOD *I?ttOX,*OCCUPANCY SHIFT*,I~J 
2001 FoRMAT<11X,*REVISEO ON RAMP LIMIT - RAMP NO. *16* To *F~•l•* VEHIC 

ILES PER HOUR*/> 
2002 FORMAT(tH6///J 

ENO 
SUBROUTINE ODADD(III) 
CQMMON/INFOR/IFL(5),NG1,FAC(70>,EBN,EBL 
COMMONIMAININORGtNDEStNOTS,rocs,10P,JPAGE,NSEC,PLCtNGP,GFtNPL 
COMMON/ODS./ TRIPS( 70 t 20, 2 J ,CARTRP < 20, ?0 >, TRPVEH( 20, ,o J ,SUM< 20,? ,., ) , 

1 TOSUM(20,2) 
COMMONISLJCIPCTVEH(5t5),eUSOc(5),AVE,1XXX(5,5),REVON(5,5),yTSLT(9} 
EBNF=t.O 
IF(IlleNE•Ol EBNFaEBN 

50 DO 30 J=l,20 
DO ~O J=l,2 
DO 40 K=l,2 

40 SUM(I,J,K) :0•0 
30 TOSUM(I,J):OeO 

AvE .. o.o 
DO 10 1=1,5 

10 AVE:FLOAT(l)*PCTVEH(I,1>+AVE 
AVE=AVE/loo.o 
DO 20 I=l,NORG 
DO 20 J= 1 ,NOES 
CARTRP(l,Jl:FLOAT(IFIX(TRIPS(I,J,2J/AVE+Oe5J) 
TRPVEHCl,Jl:CARTRP(l,Jl+TRIPS<I,J,1>*EBNF 
SUM(I,1,1>:SUM(I,1,1>+TRIPS(I,J,1>*EBNF 
SUM(I,1,2>::SUMCI,1,2>+CARTRP(l,J) 
SUMCJ,2,1>:2UM<J,,,1>+TRIPS(I,J,1>*EBNF 
SUMCJ,2,2>:SUM(J,,,2>+CARTRP(I,Jl 
ToSUM(I,1>:ToSUM(I,1J+TRPVEH(J,J) 

20 TOSUM<J,2>:TOSUM<J,2>+TRPVEHCI,J) 
RETURN 
END 
SUBROUTINE RAMPQ 
COMMON/DESIGNIXLENGF(50J,CApS<50),CApFpt50>,XLENGM(50) 
COMMON/INFOR/IFL(r;l,NG1,FAC(20>,EBN,EBL 
COMMONIMAININORG•NDEStNOTS,rocs,10P,1PAGEtNSECtPLCtNGPtGF,NPL 
COMMON/ODS/TRIPS(?0,20,2>,CARTRP(?O,,OltTRPVEH<20,?0>,SUM(20,7,,>, 

1 TOSUM(20,2l 
COMMON/QUEUES/Hfr;0),QD(r;0>,EFF(r;0>,TBF(50l 

202 

su R-, 
SLI ct-:t 
Sly 84 
SL? Re:; 
SLI A~ 
su A7 
SU RA 
SU RO 

su QQ 
SLJ C), 

SLY q, 
SLJ 0~ 

SLJ 94 
SLJ qc:; 
SLY Q(!, 

SLI 07 
SLI Oct 

su 0Q 

SLJ 100 
SLI l 01 
Slt l n? 
ODA 1 
ODA , 
ODA ~ 

ODA 4 
ODA '5 
ODA 6 
ODA 7 
ODA R 
ODA q 

ODA lf'l 
ODA ll 
ODA , ., 
ODA ., -:\ 
ODA 14 
ODA 1 '5 
ODA t~ 
ODA 17 
ODA lR 
ODA }Q 
ODA ,o 
ODA ,, 
ODA ?? 
ODA ?-:t 
ODA ?4 
ODA '" ODA ?'-, 
ODA ., .., 
0!)A ?R 
ODA ;,q 
RAM l 
RAM , 
RAM ~ 

RAM 4 
RAM C. 

RAM " RAM '7 



COMMONIRAMP1/RQ(20,2>,RD<20),XMQ(20>,XMD(70),LX(10> 
COMMONIRAMP2IRLIM ( 20) ,FRL( 20 > •ROIS( c;.0 l tRVOL( '5.0 l, IXX ( 9 l ,VXX ( q) tRXX 
00 100 I =t.NORG 
IF(TOSUMCI,1>•EO.o.o> GO TO 100 
TA=TOSUMft,ll-RLIM(I) 
P=RLIM(I)/TOSUM(t,1> 
IF(TA.GTeOe*l GO TO 20 
IFCTAeEQ.O.O) GO TO 100 
IFCRQCl,1).LE•OeO) GO TO 105 
lF(leEQ•l•AND•<XLENGM <1>-H<1>>.LE•0.0001> GO TO 110 
PE:(TQSUM(I:1)+RQ(I,t>*FACC1JJ/TQSUM(I,1> 
IF(PE.GTeP> GO TO 130 
BUSN=RQlI,t>*RQ(J,2J 
VECH=(RQCI,1>-BUSN)*FAC<tl 
BUSN•BUSN*FAC(l) 
RD(IJ:RD(ll+RQ(I,1>1<2•0*FAC(t)) 
RQ< 1,1>-0.0 

t60 PEVmCSUM(I,1,2>+VECH)/SUM(l,1,2> 
IFlSUM<I,1,1>•NEeO> GO TO 135 
PEB==l•O 
GO TO 140 

135 PEB=(SUM<I,1,1>+BUSN)/SUM<I,1,1> 
140 DO 150 J:t,NOES 

TRIPSII,J,1>=TRIPS(I,J,1>•PEB 
150 TRIPSCl,J,2>==TRIPSCI,J,2)*PEV 

GO TO 100 
130 8USN==-TA*R0Cl,2) 

VECH=-TA-BUSN 
RQCI,1>=RQCI,l)+TA/FACC1> 
RD(I>:RD(I>+<RO<I,1>-TA/(2•0*FACCJJ))/FACC1> 
GO TO 160 

20 BPEN:SUMCI,1,l)/TOSUMCI,1> 
lFCRQCI,1>.GT•OeO) GO TO 50 
RQCI, 1 >•TA/FAC( 1) , 

RQCJ,2l•BPEN 
RO(I)sRQCJ,1)/(2eO*FAC(l)J 

25 DO 40 J•l,NDES 
00 40 K=l,2 

40 TRIPSCI,J,Kl:TRIPS(I,J,K)*P 
GO TO 100 

50 RD(I):CRQ(I,1i+TA/(2•0*FAC<1>>)/FACl1>+RD(I) 
RQCI,1>•RQCI,1>+TA/FACCtl 
RQCI,2>=<RQCI,2>+BPEN)/2•0 
GO TO 25 

105 RD<I>=0e0 
Ron, u ==o.o 
RQCI,2>=0e0 
GO TO 100 

110 RD<t>:RQ<1,1>IFAC{t)+RD<1> 
100 CONTINUE 

RETURN 
ENO 
SUBROUTINE PRILANE 
CoMMONIOESIGNIXLENGF(50),CApS(50),CApFP(11iO>,XtENGM(50) 
CoMMON/DESIGN2/Ip(50>,tEFT(50>,LANE(~0,2>,No<,o>,ND<,o),PRl(7) 
COMMON/INFORIIFt(5J,NGttFAC(70),E8NtEBL 
COMMONIMAININORGtNOES,NOTS,1ocs,10P,IPAGE,NSECtPLCtNGP,GF,NPL 

203 

RAM A 
RAM o 
RAM 10 
RAM 11 
RAM 1, 
RAM 1-:\ 
RAM 14 
RAM 1'5 
RAM 1 ~ 
RAM t7· 
RAM lA 
RAM l<> 
RAM ,n 
RAM ?1 
RAM ?? 
RAM ?'I\ 
RAM 24 
RAM ?'5 
RAM ''U,\ 
RAM 27 
RAM ,A 
RAM ?<> 
RAM ~n 
RAM "-'l 
RAM -.., 
RAM ... ~ 
RAM ~4 
RAM ~5 
RAM 'I\ 

RAM -..1 
RAM ... 8 
RAM "-'O 
RAM 4n 
RAM 41 
RAM 4? 
RAM 4-.. 

· RAM 44 
RAM 4'5 
RAM ·41, 
RAM 47 
RAM 4A 
RAM 4q 
RAM 1110 
RAM r;1 
RAM Iii? 
·RAM Iii'!\ 
RAM lli4 
RAM 5~ 
RAM ,;ie; 

RAM 57 
RAM r;A 
RAM 59 
P~I l 
PRI ., 
PRI . -.. 
PRI 4 
PRI 15 



CoMMON/ODS/TRIPS(,0,;,0,2>,CARTRP<,o,,o>,TRPVEH<20,,o>,SUM(;:>O,;,,,>, 
1 TOSUM(20,2) 

COMMON/SLJC/PCTVEH(5t5>,susoc(5),AVE,IXXX(5,5),REVON(5,5),JTSLT(~) 
CoMMONIVOLSIVPR(50),VNPR(50>,VpRJN(~O),pofF(,o,2>,VAL(~O),BV(~O,?) 

C--- CALL oOAOO To FIGURE THE lNPUT-oUTpUT VOLU~ES WITH THE REVISED TABL 
CALL ODADD(l) 
DSTCN:FAC(18) 
EBFAC:EBL/EBN 
NPLC:IFIX(PLC) 
PRIPEN:o.o 
IFCNPL.EQ.O) GO TO 12 
IF<PLC.EQ•6•0l GO TO 12 

C--- FIND THE PERCENTAGE OF NON-BUSES ALLOWED IN A PRI LANE 
DO tO J:NPLC,5 

10 PRIPEN=PRJPEN+PCTVEH(J,t)/100.0 
12 PNPEN=l.o-PRIPEN 

VP=VNP=VN=O 
IF(NPL.EQ.Ol GO TO 30 
10=1 

C-- FIND THE LAST OFF RAMP OF A PRI LANE SFCTION 
DO l 3 I = I t NS EC 
VAL( I >=-1.0 
IFCNO(IO>.EQ.I) ID:ID+t 
IF(IP(l)eEO•lHP) VAL(Il=ID-1 

13 CONTINUE 
VAL <NSEC+l>=O.O 
L=l 
DO 20 J:t,NSEC 
IFCVALCIJ.EQ.-1.0) GO TO 20 
POFF< L, 1) =VAL< I ) 
IF(VAL(l+t>•E0.-1.oJ L:L+l 

20 CONTINUE 
30 K=l 

IO=IO=l 
BPNRI=OeO 
BPN=o.o 

C--- CALCULATE THE VOLUMES OF A SECTION 
DO 105 t=l,NSEC 
IF(NO(JO>.NE.I) GO TO 150 
BPN=BPN+SUM<J0,1,1) 
I5=JO 
VN=VN+SUM(tO,l,2J*PNPEN 
IF<NPL.NE.O) GO TO 130 

C-- IF NO PRI LANES, THEN THE BUSES ARE INCLUDED 
VN=VN+SUM(I0,1,1) 
IO= 10+1 
IF(I.EQ.t) GO TO 100 
GO TO 160 

♦ 

130 lF(IP(l).EQ•lHP) GO TO 110 
IF(lp(l+t»•EQ•lHP•AND•XLENGFtl)eLE•DSTCN> Go To 110 

C----- VOLUMES OF THE PRI VECHILES 
VP:VP+SUMCI0,1•2>*PRIPEN+SUM(I0,1•1l 
BPNRl:BPNRI+SUM<Io,1,tl 
JO=IO+l 
IFCI.EQ.1) GO TO 100 
GO TO 160 

C--- IN A PRI SITUATION• NEW P~I VECHILES CANNOT ENTER THE LANECS) AND M 
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PRT 43 
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PRT 46 
PRJ 47 
PRT 4R 
PRI 4_0 
PRT i:;o 
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PRJ 59 
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PR! 61 
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c--- BE STORED 
110 VNP=VNP+SUM(Io,,,,>*PRIPEN+SUM<Io,1,,> 

IO=IO+l 
GO TO 160 

150 IF(ND<IO).EQ.I-1> GO TO 165 
t55 lf(NPL•EQ.O•OR•lP(l>•NE•tH •OR•IP(l-1>•NE•1HP) GO TO 1qO 

C--- IF THERE WERE NO RAMPS BUT A PRI LANE ENDED, THE STORED VECHILES 
C--- ARE ADDED TO THE PRI VECHILES FROM THE LANE 

VP=VP+VNP 
VNP=OeO 
GO TO 100 

190 If(NPL•Eo.o•oR•lp(l)•NE•1HP•OR•lP(l-1>•NE•1H) Go To 100 
C--- IF A PRl LANE STARTED THEN CHECK FoR VECHILES To BE DEMOTED. 

14=10 
GO TO 175 

t60 lf(ND(ID).NE.l-1> Go To 1~5 
C--- SAME AS ABOVE, ONLY SUBTRACTING TRAFFIC 

165 VN=VN-SUM(ID,2,2>*PNPEN 
BPN=BPN-SUM(ID,2,1) 
14=1D 
IF(NPL.NEaOl GO TO 180 
VN=VN-SUM(t0,2,1) 
ID=ID+l 
GO TO 100 

180 IF<IP<ll.EO•lHPJ GO TO 170 
VP:VP-SUMCID,2,2>*PRIPEN-SUM(ID,2,1> 
BPNRI=BPNRJ-SUM(I0,2,1) 
IO= ID+l 
lF(IP(I-1>.NE•lHP) GOTO 100 

C--- A LANE ENDED LAST SECTION 
VP=VP+VNP 
VNP=o.o 
GO TO 100 

C---- CHECK TO SEE IF THIS IS THE FIRST PRI LANE SECTION, 
t70 IF(IP(I-1>.EQ•tHP) GO TO ,oo 

C--- IF So ,THEN ALL PRI VECHILES WHICH WANT To EXIT DURING TH.E SECTION 
C---- REDUCED TO NON-PRIORITY STATUS 

175 J3=IFIX(POFF<K,1>) 
IF(NQCI5).EQ•l-1•AND•XLENGF(I-1>•LE.DSTCN) I~=I~-1 
lF(NO{I5).EOeI) l5=15-1 
PROF8=0.0 
PROF=O.O 
IF(I4.GT.J3) Go To 215 
00 210 J=t,15 
DO 210 JJ=t4,J3 
PROFB:PROFB+TRIPS(J,JJ,1>*EBN 

210 PROF=PROF+CARTRP(JwJJ>*PRIPEN+TRIPS(J,JJ,1>*EBN 
VP=VP-PROF 
VN=VN+PROF 
BPNRI•BPNRJ-PROFB 

215 K=K+l 
I2=JO 
IFCND(IDleNE•I-1> GO TO 100 

200 VN:VN-SUMCID,2,2>*PRIPEN-SUM(ID,7,1> 
IO=ID+l 

100 VPR{ I )=VP 
VNPR(IJ=VN 
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VPRIN<t>=VNP 
LANEfI,2>•6 
IF(IP(I).EQ•lHP) GO TO 115 
BVCI,t>sBPN/CVN+Vp+VNP) 
BVCI,21•0•0 
GO TO 105 

115 BVtI,l>=CBPN-BPNRtJ/(VN+VNP> 
BV(t,2J•O.O 
IF(VP.NE.O) BV(t,2J=BPNRI/VP 

105 CONTINUE 
DO 300 Ist,20 
POFFCI,l>=O•O 

300 POFF(l,21=0•0 
IFCNPL.EQ.O) RETURN 
L=-1 

C--- FINO ONE VOL• FOR SECTION 1 
VNPR(l)aVNPRflJ+VPR(tJ 
VPRCl)=O~O 

C- DIVIDE THE NUMBER OF LANES INTO PRIORITY AND NON-PRIORTIY AND IN 
c-- NON-PRIORITY SITUATIONS FIND ONE VOLUME. 
C•-- · ALSO FOR THE L TH PRIORITY SITUATION, SET POFFCL,1) To THE 
C--- NEGATIVE OF THE VECHILES ENTERING THE PRI LANE AND POFF<L,2) To 
C--- THE SECTION NUMBER• THEN SET POFF(L+1,1> TO THE NUMBER OF VECHILES 
C--- ENTERING THE FREEWAY FROM THE SECTION POFF(L+1•?>, WHEN THE PRI 
C--~ LANE ENDEO 

DO 500 1=2,NSEC 
IF(IPCl)•EO•lHPJ GO TO 510 
VNPR(I)=VNPR(l)+VPR(I)+VPRIN(I) 
VPR(I)•O.O 
VPRJN.( I )a0.0 
GO TO 500 

510 BUSN•VPR(J)*BV(I,2) 
VPR(l).VPR<l)-BUSN*ll•O-EBFAC> 
Bvc1,2>=BUSN*EBFAC/VPR(I) 
IFCIP(l•I).EQ•lHP) GO TO 520 

C•-- A PRI LANE 12 STARTING THIS SECTION 
L•L+2 
POFFCL•l>=-VPR(I) 
POFF(L,1~•FLOATCil-l•O 
lF(lP<l+t>.NE•tHPJ GO TO 540 

530 VNPRCl>=VNPR(l>+VPRINCil 
LANE(t,2)•NPL 
VPRJN(l)=o.o 
GO TO 500 

520 IF(IP(l~t>•E0•1HP) GO TO 530 
c-- A PRI LANE IS ENDING NEXT SECTION 

540 POFF C L+Itl) =,.VPR.( J) 
POFFtL+t,2J:FLOAT(I>+1.0 
GO TO 530 

500 CONTINUE 
C--- IN THIS SECTION CHECK FOR EXCESS DEMAND FOR PRIORITY LANES, AND 
C- DEMOTE THE EXCESS VECHILES To NON-PRIORITY FOR THIS SITUATION 
c- · ONLY. 

DO 600 L=l,20,2 
lF(POFFtL,2>.EQeO) RETURN 
IS•IFIX(POFFtL,2))+1 
CAPaNPL*CAPFPCIS) 
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C--- IF NO EXCESS, NOTHING TO DO 
IF<-POFFCL,1>•LE.CAP> GO TO 600 
IT=IFIX(POFF(L+l,2>J-1 
POFF(L,l>•-CAP 
POFF(L+l,l) = CAP 
J=L/2+1 
CALL PAGE(2) 
DO 620 K=IS,tT 
OVER=VPR(KJ-CAP 
80VER=OVER*BV(K,2) 
OVER=OVER-BOVER 
VPR(KJ=VPR<K>-OVER-BOVER 
BOVER:BOVER/E8FAC 

620 VNPR(K>=VNPR(K)+OVER+BOVER 
PRINT 1000,J,IS,CAP,OVER,BOVER 

600 CONTINUE 
c--- ALL DONE HERE 

1000 FORMAT(10H ******* •*WARNING, FOR PRIORITY SECTION*•I~•* STARTIN 
1G IN SECTION*•I3,* THE CApACITY oF •F6•0t* VEHICLES WAS EXCEEDED*/ 
2* BY *,F7.o,* CARS AND *•F7.0,* EQUIVALENT VEHICLE BUSES (EBN>• TH 
3EY HAVE BEEN DEMOTED TO NON-PRIORITY STATUS.*> 

RETURN 
ENO 
SUBROUTINE RMSUM (J) 
COMMON/DESIGNIXLENGFC50>,CAPS(50l,CAPFPC50),XLENGM(50J 
COMMON/DESIGN2/IP(50>,LEFT(50J,LANEC50,2l,NO<?OJ,ND<,o>,PRIC7) 
COMMON/INTEG/ISEC,IO,ID,NRAMPS,ITYP,IRAMP,NNNC4) 
COMMONIMAININORG•NDEStNOTS,1ocs,roP,IPAGEtNSEc,PLC,NGP,GFtNPL 
COMMON/ODS/TRIPS<20,20,2>,CARTRP(20,,o),TRPVEH<20,,o,,suM(20,2,,>, 

1 TOSUM<20,2) 
CQMMONIRAMP1IRQ<20,2),RD(,O),XMQ(,.o),XMD(,o),LX(10J 
CoMMONIRAMP2IRLIM<20>,FRL<20>,RDISC50),RVOL(5Q),IXX<q>,VXX(q),RXX 
COMMON/REALS/VOLt,VOLSUM,TS,SS,RRRl6) 

C --- ROIS IS AN ARRAY OF DISTANCES OF RAMP NOSES FROM THE 
C --- BEGINNING OF THE STUDY SECTION IN FEET. LEFT HAND RAMPS 
C --- HAVE NEGATIVE VALUES OF ROIS. 
C --- RVOL IS AN ARRAY OF RAMP VOLUMES. OFF-RAMPS HAVE NEGATIVE 
C --- VALUES 
C --- Io AND ID ARE ORIGIN AND DESTINATION COUNTERS 

IO=l 
10=1 

C --- J JS THE RAMP NUMBER COUNTING ON-RAMPS AND OFF-RAMPS 
J•l 

C --- SL IS THE CUMULATIVE DISTANCE FROM THE BEGINNING 
SL=O• 
DO 25 t=l,N2EC 

C --- IF THERE IS AN ORIGIN IN SECTION It STORE THE DISTANCE FROM 
C --- BEGINNING OF THE STUDY SECTION IN ROIS 

IFfNO<IO).NE.Il GO TO 15 
RDJS(J)=SL 

C --- IF IT IS A LEFT HAND RAMP, MAKE RDIS NEGATIVE,oR IF A TWO LANE 
C --- ONRAMP ALSO NEEDS NO ANALYSIS 

IF(LEFT(I>.GE•t> RDIS(J):-RDIS(J) 
C -- STORE THE RAMP VOLUME AND INCREMENT THE ORIGIN COUNTER AND THE 
C --- RAMP COUNTER 

RVOLCJ)=TOSUM(J0,1> 
10=10+1 
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RMS ~? 
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J=J+l 
C --- INCREMENT SL 

15 SL=SL+XLENGF(I) 
C --~ IF THERE IS A DESTINATION IN SECTION I, STORE THE DISTANCE IN 
C --- RDIS 

IF(NO(ID>.NE.IJ GO TO 25 
RDIS(J)=SL 

C --- IF IT IS A LEFT HAND RAMP• MAKE RDIS NEGATIVE 
IF<LEFTCI>.EO•l> RDIS(JJ.-RDIS(J) 

C --- STORE THE RAMP VOLUME AS NEGATIVE AND INCREMENT·THE 
C --- DESTINATION COUNTER AND THE RAMP COUNTER 

RVOL(J>=-T02UM(IDt2) 
IF(RVOL(J).EQ.0) RVOLCJ>=-1•0 

C -~- IF RVOL = 0 IT IS ASSUMED TO BE ON-RAMP. 
IO=ID+l 
J=J+l 

25 CONTINUE 
C --- VOLSUM =RVOL(l) WILL INJTIALZE DEMAND FOR RAMP ANLYSIS 

VOLSUM=RVOL(l) 
C J=J-2 WILL LIMIT DO LOOP IN FOLLOWING PROGRAM SO THAT THE LAST 
C RAMP WILL NOT BE CoNSIDERED, SINCE THE LAST RAMP IS AN oFF-RAMP• 

J=J-2 
NRAMPS=J 
RETURN 
END 
SUBROUTINE UDRAMP (L,ITX) 
COMMON/DESIGN2/lP ( ;O) ,LEFT( 50), LANE( s:;O, 2) ,NO( 20> ,ND< 20 >, PR I (7 J 
COMMONIINTEG/ISEC,Io,ID,NRAMPS,ITYP,IRAMP,NNN(4) 
COMMONIRAMP1IRQl20,2>,RD<,Ol,XMQ(,O),XMD<,oJ,LX<10> 
COMMONIRAMP2/RLIM<20>,FRL(20>,RDIS(50J,RVOL<ir;O),IXX(9J,VXX(ql,RXX 
COMMON1REALS/VOL1,voLsuM,TS,SS,RRR(6) 
ITYP=l 
TS=VOLSUM 

C -VoLSUM JS THE SUM OF ON-RAMPS MINUS THE SUM OF OFF-RAMPS UP To 
C --- RAMP J 

VOLSUM=VOLSUM+RVOL(l) 
IFtRVOLCLJ.GTeO) GO TO 10 

lS ITX=2 
RETURN 

C ---IF RDJSCL) IS NEGATIVE, ON-RAMP IS SPECIAL AND DOES NOT 
C --- NEED RAMP ANALYSIS• ITX:, CAUSES IT TO BE SKIPPED IN THE 
C --- MAIN CALLING ROUTINE 

10 IFlRDISCL>.LTeO) GO TO 15 
C STATEMENTS Up To 20 WILL FIND THE ORIGIN NUMBER IO CORRESPONDING To 
C ON RAMP RVOL(L) 

IO=l 
I=l 

20 I=I+l 
IFCRVOL<I>.LT.O> GO TO 20 
IO=IO+l 
IFtI.LT.L) GO TO 20 

C --- SET ITX = t• MEANING OTHER RAMPS AFFECT RAMP LANO BEGIN 
C --- LOOKING FOR THE OTHER RAMPS 

ITX=l 
C --- INITIALIZE I, THE NUMBER OF RAMPS WHICH INFLUENCE RAMP L 

I=l 
C --- K = L - 1, BEGIN LOOKING UPSTREAM 
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K=L-1 
C --- WHEN K = FIRST ON-RAMP, BEGIN LOOKING DOWNSTREAM 

30 IF(K.EQ.1) GO TO 50 
C --- IF RAMP K JS NOT AN ON-RAMP, SKIP IT 

IF(RVOLCK).LE.O) GO TO 25 
C --- IF RAMP K 12 LEFT HAND, SKIP IT 

IF(RDIS(K>.LE•O> GO TO 25 
C --- IF RAMP K IS NOT WITHIN 4000 FT., SKIP IT AND BEGIN LOOKING 
C UPSTREAM 

IF(RDIS<L>-RDlS(KleGT.4000•01 GO TO 50 
C --- IF ALL TEST2 ARE SATISFIED, STORE RAMP NUMBER KIN THE ARRAY 
C --- LX ANO INCREMENT I RY ONE 

LX(I)=K 
t=I+l 

25 K=K-1 
GO TO 30 

C --- K = L + 1, BEGIN LOOKING UPSTRFAM FOR OFF-RAMPS 
· 50 K=L+l 

C --- IF RAMP K IS THE LAST OFF-RAMP, SKIP IT AND TERMINATE 
45 IF(K.GT.NRAMPS) GO TO 100 

C IF RAMP K JS AN ON-RAMP, SKIP IT 
IF(RVOL(K).GE•Ol GO TO 55 

C --- IF RAMP K IS LEFT HAND, SKIP IT 
IFCRDISCK>.LE•OI GO TO 55 

C --- IF RAMP K IS NOT WITHIN 4000 FT., SKIP IT AND TERMINATE 
IF<RDISCKl-RDlS<L>•GTe4000•0> GO TO 100 
LX(I)=K 

C --- STATEMENTS 70 TH~oUGH A5 CHECK FoR AN INCREASE IN THE NUMBER 
C OF LANES Up TO NEXT OFF-RAMPt FOLLOWED BY A DECREASE IN 
C --- THE NUMBER OF LANES 

IF<K.NE.L+l) GO TO 60 
ISEC=NO( 10) 
IFttLANE(ISEC,1>-LANE(ISEC-1.1>>.LE.01 GO TO 60 
ID=l 

70 IO= ID+l 
85 IF(ISEC-ND<IDJ) 80t75t70 
ao IF((LANE(ISEC,1>-LANE(ISEC+1,1>>.NE.O) GO To 60 

ISEC:ISEC+l 
GO TO 85 

75 I SS=NDC IDI 
IF<<LANECISS,1l-LANECISS+1,1>>.NE.1J GO TO 60 
ISEC=L+l 

C --- ITYP=2 MEAN2 Aux. LANE CONDITION 
ITVP=2 

C ---RVOL(KJ MUST BE REMOVED FROM THROUGH TRAFFIC AT THIS TIME 
C --- BECAUSE IT IS NOT ENTERED INTO THE ARRAY LX 

TS=TS+RVOL( K) 

GO TO 55 
60 I=I+l 
55 K=K+l 

GO TO 45 
C --- REDUCE I BY ONE TO OBTAIN PROPFR LENGTH OF LX 

100 IRAMP=I-1 
C TS IS TEMPORARY SUM OF RAMP VOLUMES. THIS VARIABLE REPRESENTS THE 
C THROUGH TRAFFIC. 

TS=VOLSUM-RVOL{L) 
C --- INITIALIZE SS FOR FOLLOWING SUBPROGRAM 
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SS=O• 
C --- IF I= O, NO RAMPS INFLUENCE RAMP l• ITX =; 

IF(JRAMP.GT.O) RETURN 

C 

C 
C 

ITX=3 
RETURN 
END 
SUBROUTINE PVL (LJ 
COMMON/INTEG/ISEC,JO,ID,NRAMPS,ITYP,IRAMP,HNNC4> 
CoMMONIRAMP1IRQ(;:,0,7)tRD(,u),XMQ(,O),XMD(,O),tX(10> 
COMMONIRAMP2IRLIMC20),FRL(20>,RDJSC~O),RVOL(50l,IXX(9l,VXX(9),RXX 
CQMMON/REALSIVOL1,VOLSUM,TS,SS,RRR<6I 
DO FOR THE NUMBER OF RAMPS INFLUENCI~G RAMP L 
DO 100 I=l,IRAMP 
K=LX(IJ 

ss Is THE ToTAL RAMP TRAFFIC WITHIN 4000 FEET IN LANE ONE• 
TS Is THE THROUGH TRAFFIC. 

C --- FIND THE DISTANCE BETWEEN RAMP NOSES 
DISTANCE MUST BE POSITIVE 

DIS=ABS(ROIS(Ll-ROIS(K)) 
C 

C 
C 

IFCRVOLfK>.GT.OJ r,O TO 50 
DIS= DIS - 500. 

STATEMENTS ,01-205 FIND THE PERCENT OF TRAFFIC IN LANE ONE AT A 
DISTANCE (DIS> FROM AN OFF-RAMP. 

IF<DIS-586•> 204,?06,?01 
?01 IFCDIS-1280•> 706,?07,?0? 
202 IFCOIS-3140•) 201,2os,201 
203 IF(DIS-4000.) 2oe,200,209 
?06 PV2=<-•25116E-6*DIS+•2807AE-~)*0IS+eo??~R 

GO TO 205 
207 PV2=1.297-3.36E-4*DIS 

GO TO 205 
208 PV2=<•1317AE-6*DIS-1•108~E-3)*01S+?•4?4q 

GO TO 205 
209 PV2=.0l 

GO TO 205 
204 PV2=1• 
205 CONTINUE 

C --- SS IS INCREMENTED BY PERCENT OF RAMP TRAFFIC 
SS=SS-PV2*RVOL(K) 

C --- TS IS REDUCED BY ADDING NEGATIVE RAMP VOLUME 
TS=TS+RVOL{K) 

C 
C 

GO TO 100 
50 CONTINUE 

DIS= DIS+ 500. 
STATEMENTS ,01-20~ FIND THE PERCENT OF TRAFFIC IN LANE ONE AT A 
DISTANCE (DIS) FROM AN ON-RAMP. 

IF(OIS-500.> 104,106,101 
101 IF(DIS-710•) 106,107,102 
102 IF(OIS-1170., 101,1oa,10~ 
103 IF(DIS-4000.) 1os,1oa,109 
t06 PV1:C-2•06'!1E-6*DIS+i•971E-3>*DIS+.,;302 

GO TO 105 
107 PV1=1•57-9e58E-4*DIS 

GO TO 105 
108 PV1=•4145*DIS/(DIS-600e6>-•'39q6 

GO TO 105 
109 PVI=.01 
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unR on 
UDR c,1 
UDR q? 
unR q3 
ur,R q4 
UDR Qc; 
PVL 1 
PVL , 
PVL ~ 
PVL 4 
PVL c; 

PVL 6 
PVL 7 

PVL A 
PVL o 
PVL 1 n 
PVL .,., 
PVL ., ., 
PVL 13 
PVL 14 
PVL Jc; 
PVL ,;, 
PVL 17 
PVL 1 R 

PVL 10 
PVL ,n 
PVL ?1 
PVL ?? 
PVL ?'!I 
PVL 24 
PVL ;,r; 
PVL ?e, 
PVL 27 
PVL 28 
PVL 29 
PVL 3n 
PVL '31 
PVL '!I, 
PVL ,~ 
PVL ~4 
PVL ~r; 
PVL 36 
PVL 37 
PVL 38 
PVL ~a 
PVL 41"1 
PVL 41 
PVL 4, 
PVL 4~ 
PVL 44 
PVL 4c; 
PVL 46 
PVL 4-, 
PVL 4A 
PVL 40 
PVL r:;o 
PVL 'il 



GO TO ).05 
104 PVl=l• 
105 CONTINUE 

SS•SS+PVl*RVOL(K) 
TS=TS-RVOL(KJ 

100 CONTINUE 
RETURN. 
ENO 
SUBROUTINE IVP8 <L,ITXJ 
COMMON/DESIGN2/IP(50),LEFT(50)tLANE(~0,2>,No(,o>,NDC20>,PRI(7) 
COMMON/ INTEG/ l SEC• IO• ID• NRAMpS, JTYp, IRAMP•NNN ( 4 > 
COMMON/RAMP2/RLJMCzO),FRL(20),ROJS(~O),RVOL(~O),IXXC9),VXX(q),RXX 
COMMON/REALS/VOLt,VOLSUM,TS,SS,RRR<6> 
CQMMONIVOLSIVPR(50l,VNPR(50l,VPRIN(~O>,POFF<,o,2>,VAL<~OJ,BVC100> 
ITX•2 

C --- STATEMENTS 57 THROUGH 3g FIND THE PERCENT OF THROUGH TRAFFIC 
C --- IN LANE ONE ACCORDING TO THE METHOD OF FIGURE 8•3 OF THE 
C --- HIGHWA8 CAPACITY MANUAL 

57 K•NO<tO) 
C---- TAKING AWAY ASSIGNED PRI LANES AND THEIR VOLUMES 

N•LANEtK,1)-LANEtK,2) 
VTHRU•TS-VPR(Kl 
JF(JTYP.EQ.2) N=N-1 
IF<N.GTe4) N=4 
GO TO Ct0,10,20,30),N 

10 P8=0.4 
lf(VTHRU•LE•35001 PeeOe05+1.oE-4*VTHRU 
IFCVTHRU•LE•l500J P8=0•2 ' 
GO TO 39 

20 PB=0.18 
IF(VTHRU•LE•sOOO) P8=8•0E-S*VTHRU-o.,, 
IF( VTHRUeLE•3500) P8=0•06 
GO TO 39 

30 P8=0.1 
IFfVTHRU•LE•6500) P8=0•o,s+1.0E-5*VTHRV 
IF(VTHRU•LE•4500> P8•0.08 

39 VOL1=P8*VTHRU+SS+RVOL(L) 
RETURN f, 
ENO !· 

SUBROUTINE P823 fl> 
COMMON/INTEG/ISEC,IO•ID,NRAMPS,ITYP,IRAMP,NNNC4> 
COMMONIRAMP2IRLIMC20>,FRLC20>,RDIS(i;O),RVOLfs;OJ,IXXCq>,VXX(c,),RXX 
COMMON/REALS/VOL1,VOLSUM,TS,SS,RRR(6) 

C -- ITYPa?. MEANS EXECUTE RAMP ANALYSIS FoR AUXILLARY LANE CASE. 
IF<iTYPeNE.2) RETURN 

C --- L JS RAMP COUNTER FOR ON-RAMPS ONLY 
C --ISEC = OFF~RAMP COUNTER 
C --- YL IS DlSfANCE BETWEEN RAMP LAND lSEC 

YL=RO!S(ISEC)-RDIS(L) 
C -- P5-GJVES THE PERCENT OF ON-RAMP TRAFFIC IN LANE ONE 500 FEET 
C --- DOWNSTREAM OF ON-RAMP NOSECFROM FIG. 8•2s; OF HCM) 

Ps=o.a 
IFCYL.LE•tOOOeO) GO TO 60 
Ps=o.e-o.0003*<YL-1000.o, 
IFCYLeLE•?O*O•O> GO TO 60 
Ps=o.s-o.0002s*<YL-2000.o, 
IF<YL.LE.3000.0) GO TO 60 
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PVL 
PVL 
PVL 
P\/L 
'PVL 
PVL 
PVL 
PVL 
IVP 
IVP 
IVP 
IVP 
IVP 
IVP 
JVP 
IVp 
IVP 
IVP 
JVP 
IVP 
JVP 
tVP 
rvP 
JVP 
JVP 
JVP 
IVP 
IVP 
JVP 
tVP 
IVP 
IVP 
IVP 
TVP 
JVP 
IVP 
tVP 
JVP 
IVP 
PA2 
PA, 
PA? 
PA2 
PA? 
PR2 
P82 
P82 
PR? 
PR? 
P82 
PA, 
P82 
P8? 
PR2 
PA:, 
P82 
PA? 



P5:o.25-o.0001*(YL-3000.0) 
~O VOL1:VOL1-<1.0-P5)*RVOL<L) 

10 
20 
30 
40 

IFCYL-1000.l ltlOtlO 
IF(YL-1500.> 11,20,20 
IF<YL-2000.) 21,3D,30 
IF(YL-2500.) 31,40,40 
IFCYL-3000.> 41,50,50 C _ ... _ STATEMENTS 1 THROUGH 50 FIND P~, THE PERCENT OF OFF-RAMP 

TRAFFIC STILL IN LANE ONE 500 FEFT DOWNSTREAM FROM ON-RAMP 
NOSE 

C 
C 

---
1 AYL:(YL-500.>*10oo.1YL 

IF(AYL-500.) 3,3,6 
3 P3 =.00048*AYL 

GO TO 100 
6 P3 =•00142*AYL-.47 

GO TO 100 
11 AYL:CYL-500.>*IOOO.IYL 

Pl=.00142*AYL-.47 
BYL=(Yl-500•>*1500e/YL 
IF<BYL-1000.> 13,1,,16 

13 P2=.00048*B8L-.16 
GO TO 19 

16 P2=.00135*BYL-.97 
19 P3 =P1*<1.-(YL-1000.>1500.>+P?*(YL-1000.,,~oo. 

GO TO 100 
21 AYL:(YL-500.>*1500e/YL 

Pl=e00135*AYL-.97 
BYL=(YL-500.l*2000e/YL 
IF(BYL-1500•> 23,23,26 

23 P2=.0004*BYL-•21 
GO TO 29 

26 P2=e00048*BYL-.33 
29 P3 :P1*<1.-<YL-1~00.>1~00.l+P?*(YL-1~00.,,~oo. 

GO TO 100 
31 AYL:(YL-500.)*2000e/YL 

Pl=.00048*AYL-.33 
BYL=(YL-500.)*25oo.lYL 
IFCBYL-2000e)33t3~t36 

33 P2=.00014*BYL-.02 
GO TO 39 

36 P2=.00036*~8L-.46 
39 P3 :P1*<1.-<YL-?000.>1r;oo.>+P,*{YL-?OOO.l/c:;OO. 

GO TO 100 
41 AYL=<YL-500.l*2500./YL 

Pl=.00036*AYL-.46 
BYL=(YL-500.)*3000a/YL 
IFCBYL-2500.)43,4~,46 

43 P2=.22 
GO TO 49 

46 P2=.25 
49 P3 :P1*<1.-,v~-2i;oo.>1r;oo.J+P?*(YL-?r;OO.)/i;OO. 

GO TO 100 
50 P3=0.23 

C --- SoMETHING IS.NEEDED To CORRECT VOLl BECAUSE oF AUX. LANE 
C RVOL JS A NEGATIVE NUMBER 

100 VOLl=V0Ll-CP3*RV0L(ISECl) 
RETURN 
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PR? ia 
PR? ?n 
PR2 ?l 
PA? ?? 
PR? ?'II 

PR? ?4 
PR2 ?c:; 
PR, -,,
PA? ?, 
P82 ?A 
PR? ?a 
PR? ~I"\ 

P82 ":!J 
P82 32 
P82 ~':I 

PA? ~4 
PR? "!t~ 

P82 ~6 
PA? ~7 
PR? ~A 

P82 ~q 
P82 41"1 
P82 41 
PR? 4? 
P82 4'\\ 
PR2 44 
P82 4r; 
PR2 46 
PA2 47 
PA? 4R 
PA2 49 
PR2 c;n 
PR? c::1 

PR2 "' 
PR? Iii'\\ 
PR2 '>4 
PA2 c;~ 
PA;::> c;F, 

P82 57 
P82 5A 
P82 5<1 
PR? ~0 
P82 61 
P82 6? 
P82 6'\\ 
P82 64 
PA:? 6'i 
PA2 66 
PR2 F,, 
PR2 68 
PR? 1,0 

P82 7n 
P82 71 
PA? 7? 
PA2 7'11 
PA2 74 
P82 7'i 



ENO 
SUBROUTINF. MERGQ (ITX) . 
CoMMONIDESIGN7/Ip(~O),LEFT(~OltLANE(~0,7J,No<,o>,ND(~O),pRJ(7) 
COMMON/lNFOR/IFL(~),NG1,FAC(70l,EBN,EBL 
COMMONIINTEG/ISEC,JO,lD•NRAMPS,JTYP,IRAMP,NNNl4) 
CQMMON/RAMPtlRQ(70,2>,RDC70l,XM0(20),XMD(70J,LX<10> 
COMMON/REALS/VOLt,VOLSUM,TS,SS,RRR<6> 

C ---VOLtlS VOLUME IN LANE ONE AT FIRST, BUT IS REDUCED BY 2000, THE 
C --- THE MERGE POINT CAPACITY 

VOLl=VOLl-2000 
C --IF VOLl IS PLUS, MERGE QUEUE XMo<IoJ MUST INCREASE ACCORDING To 
C· --- QUEUE THEORY 

IF(VOLleEQ.Ol RETURN 
IF<VOLt.GTe*> GO TO 20 

C --IF VOLl IS MINUS, AND IF A QUEUE EXISTS AT IO, QUEUE WILL BE 
C --- DISCHARGED 

IFCXMQ(IO).GT.O.O) GO TO tO 
XMQ( IO)=o.o 
XMD<IO>=O•O 
RETURN 

10 IFCXMQCIO)+VOLt/FACCt>> 15t20,70 
15 VOLI=-XMQ(tO>*FAC<t> 
20 XMD(IQl:(XMQ(lQ)+VOL]/(2*FAC<tl)J/FAC(1) 

XMQ(IO>=XMQ(IO)+VOLI/FAC(tl 
ID=l 
I SEC=NOI IOJ 

25 ID=ID+l 
C --- IF QUEUE WAS PRESENT, STATEMENTS 25 THROUGH ?A WILL FIND IO 
C --- AND ID VALUES TO BE USED BY DISQ TO DISTRIBUTE QUEUE 
C --- ACCORDING TO ITS DESTINATION PATTERN 

IF<ND(IOl.LT.ISEC) GO TO ?.5 
IO=I0-1 
ITX=l 
RETURN 
END 
SUBROUTINE DISQ 
CoMMONIDESIGN2/IP(50),LEFT(50),LANE(c;0,2>,No(;,O>,NDC20>,PRI(7), 
COMMON/lNTEG/ISEC,IO,ID,NNNC7) 
CQMMONIMAININORG,NDEStNOTS,1ocs,10P,IPAGE,NSEC,PLCtNGP,GF,NPL 
CQMMON/ODS/TRIPS(20,20,2>,cARTRPC20,,o>,TRPVEHC20,20>,SUMC20,2,,>, 

1 TOSUM(20,2) 
CQMMON/QUEUES/H(5Ql,QD(50>,EFF(50>,TBFC50) 
COMMON/REAL2/V0Lt,RRR(9) 
CQMMON/VOLSIVPRl50l,VNPR(~O),VpRIN(50l,POFF(;,0,2>,VAL(50l,BV("i0,7) 

C --- VALUES OF IO AND ID ARE FOUND IN QUEUP OR MERGQ 
C -- DO LOOP 35 INITIALIZES ARRAY QD TO ZERO 

DO 35 MM=ID,NDES 
35 QO(MMl=OeO 

C --- DO LOOP 50 WILL SUM OVER ROWS OF OD TABLE To FIND FOR EACH 
C --- DESTINATION ID HOW MANY VEHICLES QD(IO) WILL HAVE To Go 
C --- THROUGH THE QUEUE. THIS ESTABLISHES THE DESTINATION 
C --- PATTERN OF THE QUEUE. 

40 DO 50 NN=t,10 
DO 50 MM=ID,NDEs 

50 QO(MM>=OD{MM)+TRPVEHlNN,MM) 
ss=o.o 

C --- SUM QD SO PERCENTAGES MAY BE COMPUTED 
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P82 76 
MF'R 1 • 
MER ., 
MER ~ 

MER 4 
MER " ME'R ,., 
MER 7 
MER A 
MFR q 

MER 10 
MER 11 
MER 1, 
MF.'R 1~ 
MER ,. 
MER p; 
MER IA 
MER 17 
MFR lA 
MFR lq 
MER ;:>0 
MER ?l 
MER ,., 
MER ,~ 
MFR 24 
MER :? II\ 
MFR 26 
MER ,7 
MER ?A 
MER ,() 
MER io 
MER ~1 
MER ... , 
MFR -:,'!I 
MFR ~· DIS 1 
DIS , 
DIS ~ 

DIS 4 
ors II\ 
DtS (, 

DIS 7 

DtS A 
DIS () 

ors 10 
DIS ,, 
DIS 1, 
DIS 1~ 
DIS 14 
DIS 1,; 
DIS Hi 
ors 17 
DIS lA 
ors 10 
ors ,n 
DIS n 
DTS :,, 



DO 60 MM=ID,NDES 
60 BS=BS+QDCMM> 

C ---- VOL! REPRESENTED 
BN=VOLI/BS 

BY THE PERCENTAGE BNt THE TOTAL OVER QD 

C --- Do LOOP 65 CHANGES QD so THAT IT WILL NOW TOTAL To BN BUT so 
• C --- THAT THE RELATIVE DISTRIBUTION REMAINS THE SAME 

DO 65 MM=ID,NDEs 
65 ODCMM)=QD(MM)*BN 

BS=o.o 
IDK=ID 

C --- DO LOOP 75 DISTRIBUTES THE <+OR-> VOL! VEHICLES FROM THE QUEUE 
C --- DOWNSTREAM ACCORDING To THE DESTINATION PATTERN QD 

DO 75 JT=ISEC,NSEC 
C --- THE FIRST TIME THROUGH THE LOOP, BS:o.o 'so VNPR IS 
C CHANGED BY THE FULL AMOUNT VOL!. 

VNPR<JT)=VNPR(JT)+BS-VOLl 
C --- IS THERE A DESTINATION IN SECTION JT 
C --- NO••• GO TO 75 

IFCND(IDK).NE•JTJ GO TO 75 
C --- Yes ••• CHANGE BS ACCORDING To RELATIVE VOLUME FOR OFF-RAMP 
C --- IDK 

BS=BS+QDlIDK.) 
TOSUM(IDK,2>=TOSUM(IDK,2>-0D(IDKl 
IDK= IDK+I 

75 CONTINUE 
RETURN 
END 
SUBROUTINE WEAVCON 
CQMMON/DESIGNIXLENGF(50),CAPSC~OJ,CAPFP(50>,XLENGM(50> 
COMMON/DESIGN2/IP(~O>,LEFT(50>,LANEC~O,?l,NQ(~O>,ND<?OJ,PRl(7) 
COMMON/INTEG/1,J,IL,ITX,ITY,IS,IST,ISS,NNNC,> 
COMMONIMAININORG•NDEStNOTS,rocs,10P,1PAGEtNSEC,PLCtNGP,GF,NPL 
COMMON/QUtUES/H(5Q),QD(50l,EFFr50),TBF(50I 
CoMMONIREALSIFL1,FL2•VX1,VX2,VW1,VW2,RRRl4) 
COMMON/VOLSIVPR(50),VNPR(5U),VPRIN(50),POFF<20,2>,VAL(50),BVC50,?) 

C--- CLEARING EFF 
DO 10 I=l,50 

10 EFF(l)=O•O 
1=2 
J::rJL=l 

5 CALL TYPEWV 
IF(ITX.NE.1> RETURN 
GO TO (30,30,40),ITY 

30 CALL WVOL 
GO TO 50 

40 CALL WVL3 
50 CALL wVEFF 

GO TO 5 
END 
SUBROUTINE TYPEWV 
CQMMON/DESIGNIXLENGf(50l,CAPSl50>,CApFp(5Q),XLENGM(50) 
COMMON/DESIGN2IIP(50l,LEFT(50),LANE(50,2>,No(,o),ND(20>,PRI(7 
CQMMON/INTEG/I,J,ILtlTX,ITY,IS,IST,ISS,NNNC?) 
COMMONIMAININORG,NDES,NQTS,IOCS,IOP,IPAGE,NSEC,PLC,NGP,GF,NPL 
COMMON/OUEUES/H(5QJ,QDC50>,EFF(50),TBF<50) 
CQMMONIREALSIFL1•FL2•VX1,VXz,VW1,VW2,RRR(4) 

C --- INITIALIZE 
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DI5 ?'!I 
DIS ,t, 
DIS ,-; 
ors 26 
01 S ,., 
DIS ,~ 
DIS ?C'l 
ors ~n 
DIS ~1 
DIS 32 
DIS ~~ 
DIS ~4 
DIS ~r:; 
DIS ~-. 
DIS ~7 

ors .. ~A 
DJs ~tt 
DIS 4n 
DJS 41 
DIS 4? 
DJS 4~ 
DJS 44 
DIS 411; 
DIS 4F. 
DJS 47 
DJS 4A 
DIS -4q 
WEA 1 
WEA ? 
WEA ~ 

WEA 4 
WEA ~ 
WEA ,_ 
WEA 7 
WEA ~ 
WEA (') 
WEA }l''I 

WEA 11 
WFA 1? 
WFA ,~ 
WFA 14 
WEA 1~ 
WFA 1Fi 
WFA 17 
WF'A lR 
Wf!'A Jq 
WEA ?0 
Wf!'A ?J 
Wl='A. ,, 
TYP l 
TYP , 
TYP ~ 
TYP 4 
TYP r:; 
TYP F,, 

TYP 7 

TYP ~ 



C--

C--

ITX=l 
IEND=l 
IEND=l MEANS THAT ON-RAMP 1+1 rs NOT THE LAST ON-RAMP· 
JEND=l 
JEND=l MEANS THAT OFF-RAMP J+l JS NOT THE LAST OFF-RAMP 

2 FLl=O• 
FL2=0• 

C ---

C ---

IS THE ON-RAMP I UPSTREAM OF OFF-RAMP J 
IF(NO(l)•LE•ND(J)) GO TO 4 
NO••• J = J + l 

3 J=J+l 
C ---

C ---
C 

HOW MANY MORE OFF-RAMPS ARE THERE 
IF<J+l-NDES) 2,201,12 
TWO OR MORE••• TRANSFER TO i 
NONE••• ITX = 2 ENO OF WEAVING ANALYSIS 

12 ITX=2 

C ---
201 

C--

C ---

RETURN 
ONE ••• JENO= 2 
JEND=2 

EXACTLY ONE MORE OFF-RAMP 

JEND=2 MEANS THAT OFF-RAMP J+l IS MAINLINE END OF STUDY SECTION 
GO TO 2 
HOW MANY MORE ON-RAMPS ARE THERE 

4 IF<I+t•GT.NORG) GO TO 42 
C ---
C 
C 

402 
C--
C ---

C ---
C 

TWO OR MORE••• TRANSFER TO 401 
NONE••• SIMPLE WEAVING POSSIBLE, TRANSFER TO 4? 
ONE••• IEND = 2 
IEND=2 
IEND=2 MEANS THAT nN-RAMP l+1 JS THE LAST ON-RAMP 
IS NEXT ON-RAMP UPSTREAM OF OFF-RAMP 
IF(NO(J+t>-ND(J)) r;,1r;,4;, 
NO••• SIMPLE WEAVING POSSIBLE, TRANSFER TO 4? 
YES••• ITYp = 3 IF THERE IS NOT A THIRD ON-RAMP 

5 GO TO (501,15>,IEND 
C 

501 
IS THIRD ON-RAMP UPSTREAM OF OFF-RAMP 
IF<NO(I+2>.GTeND(J)l GO TO 15 

C --- NO••• ITYP = 3 
C --- YES••• TRANSFER TO A' LOOK FOR NEW WEAVING SECTION 

8 I=I+l 

C--
15 

IL=l 
GO TO 2 
15 THRU 3; HANDLES ON ••• oN ••• oFF ITYP:; 
1S=NOCI) 
ISS=NO( l+I) 
IST=ND(J) 

C --- FIND Fll• LENGTH OF. THE SIMPLE PART OF MULTIPLE WEAVING 
C SECTION 

DO 20 K.=J5S,TST 
20 Fll=Fll+XLENGF(KJ 

C --- IF Flt 1S GREATER THAN aOOO FT., Go TO NEXT POSSIBLE WEAVING 
SECTION C 

IF(FL1.LE.aooo.o, GO TO 25 
22 I=I+2 

GO TO 2 
25 IT=JSS-1 

C --- FIND FL2t SECOND ~ART ~F-~"1!'JIPLE WEAVING SECTION 
00 28 K=IS,IT 

28 FL2=FL2+XLENGF(K) 
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TYP () 
TYP H'I 
TYP 11 
TYP 1? 
TYP 1~ 
TVP 14 
TYP Jr:; 
TVP 16 
TYP ,-, 
TYP le 
TYP Jq 
TYP 2() 
TYP ,, 
TYP ?, 
TYP ,~ 
TYP 24 
TYP ?Iii 
TYP ?6 
TYP ?7 
TYP ?A 
TVP ?() 
TYP -:,n 
TYP ~1 
TYP ~, 
TYP 'll'll 

TYP ;4 
TYP '\\r; 
TYp ~,; 
TYP 37 
TYP ~R 

TYP 'liq 

TYP 40 
TYP 41 
TYP 4? 
TYP 4~ 
TYP 44 
TYP 4~ 
TYP 4F, 

TYP 47 
TYP 4A 
TYP 4q 
TVP r:;O 
TYP r:;i 
TYP c;:, 
TVP lli'll 
TVP t:;4 
TVP "is; 
TVP r;t; 
TYP r;7 
TYP c;A 
TYP Ci() 

TYP 60 
fYP 61 
TYP 6? 
TYP A'll 
TVP 64 
TYP F,s; 



C --- MAKE SURE TOTAL LENGTH IS LESS THAN R000 FT. 
IF(Fll+FL2.GT•8000•0) GO TO 8 

33 ITY=3 
RETURN 

C-- 42 THRU 45 HANDLES ON•••OFF IT~P=l AND THE FIRST PART oF 
C-- ON ••• OFF ••• OFF ITYP=2 

42 JS=NO( J > 
ISS•NOCJ) 

C --- FINO FLl' LENGTH OF SIMPLE PART OF EITHER SIMPLE WEAVING 
C SECTION OR OF MULTIPLE WEAVING SECTtON -

DO 45 K=IS,ISS 
45 FLl=FLl+XLENGF( K) , 

IF(FL!.GT.8*00.0) GO TO 8 
C --- IF JENO• 2, SIMPLE WEAVING ONLY IS POSSIBLE 

47 GO TO C55,50J,JENO 

c--
c--

50 ITY•l 
GO TO C65,8J,IL 
IL IS A LOGIC CONTROL TO PREVENT WEAVING ANALYSIS OF •••ON•••OFF 

IF IT IS PART OF MULTIPLE WEAVING SECTION ON•••ON•••OFF 
C -•- IF ON-RAMP I IS THE LAST ONE, THEN t'TYP = 2 

55 GO TO (502,57>,IEND 
C --- IF THERE IS ANOTHER ON-RAMP• IT IS UPSTREAM OF THE SECOND 
C OFF-RAMP . -

502 lF(NO(l+1)•LE•ND(J+1)) GO TO 50 
C -•- YES••• SIMPLE WEAVING, TRANSFER TO 
C --- NO••• JTYp = 2 MULTIPLE WEAVING 
c-- 57 THRU 63 HANOLES SECOND PART OF 

57 IST=NDCJ+l) 
IT=JSS+l 

i;O 
POSSIBLE 

ON•••OFF ••• oFF 

C -- FINO FL2 ANO CHECK THAT ToTAL LENGTH oF WEAVING SECTION IS C _,._ 
LESS THAN 8000 FT. 

00 60 l<•JT,IST 
60 FL2•FL2+XLENGF(Kl 

JF(FLl+FL2-eooo., 63,63i50 
63 ITY•2 
65 RETURN 

ENO 
SUBROUTINE WVOL 
COMMON/OESJGN2/IP(50J,LEFTl50),LANE<~O,z),No<20J,ND<20>,PRil7J 
COMMON/ J.t4TEG/ 1,J, IL, ITX, ITV, IS, IST • I SStNNN C,) 
COMMON/ODS/TR I PS( 20, 20 t 2'>, CARTRP ( 20 t :,0 >, TRPVEH( 20 • ;,O) ,SUM C 20 •?, ;:», 

1 TOSUMC20,2) 
COMMON/REALS/FL1,FL2,vx1,VX2,vw,,vw,,RRR(4) 
COMMON/VOLS/VPR<i;O>,VNPR(i;O>,VPRIN(~O>,POFF(:,0,2J,VAL(~O>,BV(~O,:,) 

C --- IS IS FIRST SECTION NUMBER OF WEAVING SECTION 
IS=NO( U 

C -- IF MA IS +1• THEN ON-RAfltP ~NO FIRST OFF-RAMP ARE BOTH RIGHT 
C HAND RAMPS OR BOTH LEFT HAND RAMPS . ' ' -

MA=l 
C -•- IF MB JS +tt fHEN ON-RAMP AND SECOND OFF-RAMP ARE ON THE SA~E 

-C SIDE OF THE FREEWAY 
MB•l 
JSTaNO(J+l) 

· I SS•NO ( J) 
IF<LEFT<ISJ.NE•l> GO TO 15 
MA=•MA 
MB•-MB 

216 

TYP ,-,. 
TYP 61 
TYP 6f'l 
TYP 6<l 
TYP 70 
TYP 71 
TYP 7, 
TYP 7~ 
TYp 74 
TYP 7r; 
TYP 7'1 
TVP 77 
TYP 7s:! 
TYP '?Q 

TYP en 
TYP Al 
TYP R, 
TYP --~ 
TYP ~4 
TYP ~c:; 
TVP A" 
TYP R7 
TYP 8R 
TYP ~Q 

TYP QQ 
TYP ">1 
TYP c:,, 

· TYP c:,~ 
TYP c:,4 
TYp Qfii 

TYP ()6 
TYP <n 
TYP 9R 
TYP Qq 
TVP 1nr1 
TYP 101 
TYP 10? 
wvo 1 
wvo , 
wvo ~ 
wvo 4 
wvo r; 
wvo 
WYO .., 
WVO A 

wvo 0 
WYO 10 
wvo 11 
WVO I? 
wvo , ':t 
wvo 14 
wvo 1r; 
WVO If, 
wvo 17 
WVO lA 
WVO lQ 
wvo 2n 



15 IFCLEFT(ISS>•NE•l> GO TO 19 
MA=-MA 

C --- IF ITYp = 1' SKIP To SIMPLE WEAVING MOVEMENT SECTION• IF 
C --- ITYP '= 2, DO MULTIPLE WEAVING FIRST 

19.GO TO (45,20>,ITY 
20 IF(LEFT(IST>•NE.1) GO TO 50 

MB=-MB 
50 IF(MB.EQ.-1) GO TO 55 

C --- vx1 AND VX7 ARE THE WEAVING MOVEMENTS WHICH MUST CROSS EACH OT 
C --- OTHER BETWEEN THE FIRST AND THE LAST RAMPS 

VX1:ToSUM(I,1>-TRpVEH(J1J)-TRPVEH(l,J+1) 
VX2=T0SUM(J+t,2>-TRPVEHCl,J+1l 
GO TO 45 

55 VX1:VNPR(JST)-TOSUM(I,1>-TOSUM(J+1,2>+TRPVEHCI,J+1>+TRPVEHCI,J> 
VXl=VXl-VPR( JST) 
VX2=TRPVEH<I,J+l) 

45 IFCMA.EQ.ll GO TO 48 
C --- VWt AND VW7 MUST CROSS EACH OTHER IN THE SIMPLE WEAVING PART 

vw1.VNPR(JS)-TQSUM(I,1>-TOSUM(J,,>+TRPVEH(l,J)-VPR(IS) 
VW2:TRPVEH<I,J) 
RETURN 

48 VWt:TOSUMCI,1>-TRPVEH(I,J) 
VW2=T0SUM(J,2J-TRPVEHCI,J) 
RETURN 
END 
SUBROUTINE WVL3 
CoMMONIDE~IGN2/Ip(~O),LEFT(50),LANE(~0,2>,No(,o),ND(?O),PRI(7) 
CoMMON/lNTEG/1,J,IL,ITX,ITY,IS,IST,ISS,NNNC,> 
COMMON/ODS/TRIPS(20,20,2l,CARTRP(20,20l,TRPVEH(20,20>,SUM(20,2,2>, 

1 30SUM(20,2) 
CoMMONIREALSIFL1•FL2•VX1,VX2,vw,,vw,,RRR(4) 
COMMON/VOLS/VPR(50),VNPR(50>,VPRJN(50),POFFC?0,2),VAL(50),BV(~O,?) 
IS=NO(Il 

C --- MA IS +1 IF FIRST AND LAST RAMPS ARE ON THE SAME SIDE, -1 
C --- OTHERWISE 

MA=l 
C --- MB HAS THE SAME ROLE FO~ FIRST AND SECOND RAMPS 

MB=l 
ISS:NO(I+l) 
IST=ND(J> 
IFfLEFTCIS).NEelJ GO TO 35 
MA=-MA 

35 IF(LEFT<ISS>.NE.t) GO TO 40 
MB=-MB 

40 IF(LEFT(IST>.NE.tl GO TO 70 
MA=-MA 
MB=-MB 

70 IF(MA.EO•t> GO TO 75 
C --- VXt AND vx, ARE WEAVING MOVEMENTS WHICH MUST CROSS EACH OTHER 
C --- IN SIMPLE (SECOND PART) WEAVING SECTION 

VX1:VNPR<ISl-TQSUM{Itt)-TQSUMCJ,,>+TRPVEH(I,J)+TRPVEH(I+1,J> 
VXl:VXt-VPR (IS) 
VX2=TRPVEHCI,J) 
GO TO 80 

75 VXl=TOSUM<I,t)-TRPVEHfI,J) 
vx2.ToSUM(J,2>-TRpVEH<I,J)-TRPVEH(l+1,J> 

80 IF(MB.EQ•l> GO TO 85 
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wvo 
wvo 
wvo 
WVO 
wvo 
wvo 
wvo 
wvo 
wvo 
wvo 
WVL 
WVL 
WVL 
WVL 
WVL 
WVL 
WVL 
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WVL 
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WVL 
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WVL 
WVL 
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WVL 
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WVL 
WVL 
WVL 
WVL 
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VW1=VNPR(ISSr~~oSUM(I+1,1>-ToSUM(J,2>+TRPVEH(I+1,J) 
VWl=VWl-VPR<rss, 
VW2aTRPVEHtl+l,J) 
RETURN 

es·vw1.TOSUM(t+1,1J-TRPVEH(l+l,J) 
VW2■TOSUM(Jt2)-TRPVEH(t+1,J) 

RETURN 
ENO 
SUBR0UTIN£ WVEFF 
COMMONIDESIGNIXLENGfl50f,CApS(50J,CApFp(50>tXLENGM(50J 
COMMONIINTEG/ltJt!LtlTX,ITYtfS,ISTtlSStNNN<2> 
COMMON/QU£UES/H(50>,QOC50>,EFF(50),T8F(50) 
CoMMONIREALSIFL1•FL2•VX1,vx,,vw,,vw,,RRR(4J 
DIMENSION EFC3),V(3J,0(3) 

C --·- ET IS THE TRUCK FACTOR 
ET•TBFUSl 
KS•t 

C --- vc11 tS.M()()IFl£0 foTAL WEAVING VOLUME IN pCpH (PASSENGER CARS 
C PER HOUR) OF THE SIMPLE PART OF WEAVING SECTION - V(l)3(VW1+VW2)/ET 
C --- OCtl IS THE f..ENGTti OF SIMPLE PART OF WEAVING SECTION 

oc lJ•Ff..l 
GO TO f10•9tSJ,ITY 

C --- IF WEAY1NG 2ECTION IS tTY = 2 OR 3, vc2>, D(2J, V(3) AND 0(3) 
C MUST BE DEFINED ACCoRDlNG To THE HIGHWAY CApACITY MANUAL - 5 V(2JaCVXt+VX21*Flt/ET/(FL1+FL21 

DC2l=FL1 
VC3l•Vf2)*FL2/fLJ 
DC3J•FL2 
KS•3 

C -•- Do LOOP ,o FINDS WEAVING INFLUENCE FACTOR EF FOR EACH 
C COMBINATION oF O CDISTANCE) AND V CTQTAL WEAVING VOLUME> -C ACCMOING To FIGURE 7•4 oF HIGHWAY CApACITY MA"UAL -10 00 ,o l.•l,KS 

TWV•V(LJ 
EF<L>•t• 
WIF•I• 

C --- P 74 ls THE LENGTM oF THE WEAVING SECTION 

C 

12 P74•6•Ttt+WlF•<-1•636+WlF•<t•,4R-WIF••204,)J 
IF(TWV•6£•t500) GO TO 20 
SLOP£.,.,,A+WlF•c-, .4,q+Wlf* ( 1 • t c;4-W IF•• ,oM->) 
p74.TW•fSt.OPE+TWV•CP74-SLOPE*t•c;>l,,c;o., 
GO TO 26 

20 SLOPE■T•Oa7+W1f'•f-4.,1R+WIF*f1•4tc;-WIF*•'11?>> 
P74•P74*tOOO.+SLOPE*(TWV-t500.J 

26 lff0CL)•G£.P74) GO TO ~O 
EF(t.) ■EF(L)+el 
WIF IS INCREMENTED BY • l UNTIL P74 EXCEEDS D 
WIF=VIF+•t 

C --- WIF CANNOT SE GREATER THAN,., BUT EF IS COMPARED TO 2•qq 
C BECAUSE Of TRUNCATION BY A BINARY MACHINE fCOC 6400) 

IFCEFtL>•LT•Z•99J GO TO 12 
30 CONTINUE' 

C --- MAKE VW2 tHE SMAttER OF vw1 AND VW2 
IFtVW2.Gr.vw1, VW2:VW1 

C --- IF ITYP = 1 SIMPLE WEAVING• JUMP TO 4~ 
IF(ITY.E0.t) GO TO 43 
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C 

1( 
1, 
1~ 
, 'I 

u 
1• 
H 
1, 
H 
t~ ,r ,, 
n 

'" ?. 
,-= 
2~ ,, 
'" ?.Cl 
4.,\('l ._, 
'.\' 
~·~ ~· 1-; 

-~ ~., ~,. 
~Q 

40 
41 ., 
4~ 
4t 
4c; ·~ 4'7 

·--4CJ 



C MAKE VX2 THE SMALLER OF VXl ANO VX2 
IFCVX2eGTeVXll VX2=VX1 

C --- CHANGE THE WEAVING INFLUENCE FACTORS INTO VEHICLE 
C EFFECTIVENESSES ACCORDING TOH. Ce M• 

EF(2):(EF(?»-1.1•vx2 
EF(3):(EF(~>-1.>•vx2 

43 EF(t):(EF<1>-le)*VW2 
GO TO (55,50,80),fTY 

50 EFc1> = EF(t) + EFc2> *Flt/ (FL1+FL2> 
C --- lN THE CASE oF SIMPLE WEAVING, THE EFFECTIVENESS Is THE SAME 
C ---
C ---

AS EF<1> FOR ALL SECTIONS INVOLVED IN THE WEAVING SECTION 
(FROM JS, TO rss, 

55 DO 60 K=IS,ISS 
60 EFFcKJ:EFc1>+EFF(K) 

IF(ITY.NE.1> GO TO 70 
65 IL=l 
67 l=l+l 

RETURN 
70 JSS:ISS+l 

00 75 K=Iss,IST 
C -
C 

FOR MULTIPLE WEAVING, THE EF MUST BE COMBINED ACCORDING TO 
He Ce M. 

75 EFF(K) = EF(3) * FL2 / (FL1+Ft2> 
GO TO 65 

80 EF(tJ = EF(ll + EF(2l * FLl / <FLt+Ft2> 
IL=2 

85 

90 

00 85 K=IS,ISS 
EFF(Kl = EFf3l * fL2 / (FL1+FL2> 

DO 90 K=ISS,IST 
EFF(K)=EF(l) 

GO TO 67 
END 
SUBROUTINE OUEUP (tTX> 
COMMON/DESIGNIXLENGF(~O>,CAPS(~O>,CAPFP(50>,XtENGM(50> 
COMMON/DESI GN211PI t;O > •LEFT C r;O) tLANE ( c;O, 2 l ,NO ( 7-0 >, ND ( 20 >, PRI 17) 
CQMMON/INFQR/IFLC~l,NG1,FAC(20>,EBN,EBL 
COMMON/INTEG/K,I0,tO,L,NNN(6) 
CoMMONIMAIN1NORGtNOEStNOTS,1ocs,10P,IPAGEtNSEC,PLC,NGP,GF,NPL 
CQMMON/QUEUES/HC;O),Q0(50J,EFF(~O),TBF(50J 
CoMMONIRAMP1IRQ(20,2>•RD(,o),XMQ(,oJ,XMD(,o),LX(10) 
COMMON/REALS/CN,RRR(9J 
CQMMON/TIMEIRA(50J,TT(50J,T0(50J,TTP(50),TDPC50) 

C ---
CQMMON/VOLS/VPR(50J,VNPR(50),VpRINC50),POFFC?Ot2J,VAL(50),8VC~O,,> 
TH£ FIRST TIME THROUGH, ITX: ,. MOST OF THE TIME IN QUEUP 

C 
C 

AND OISQ, ITX WILL BE 3• WHEN THE RA ARRAY IS FIXED, 
lTX = 1 WILL CAUSE AN EXIT FROM THE (QUEUP,01S0) PAIR• 

IF(ITX.E0.3> GO TO 3 
2 10=1 

10=1 
ITX=3 

C --- L=O INITIALIZES INDICATORS IN THE LX ARRAY IN CASE oF QUEUE 
BEING ToTALLY DISPERSED IN THIS TIME INTERVAL C 

L=O 
K=O 

3 K=K+l 
IF<K•LE•NSEC) GO TO 6 

4 ITX=l 
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wvt i;o 
WVE i;-1 
WVE ,;-, 
WVE ii;~ 

WVE -;4 
WVE ._ .. 
WVF .;,-. 
WVF li7 
WVE 'iA 
WVE lljf.> 

WVE ,.,() 
WVF "11 
WVE .,,., 
WVE" ,.,._ 
WVE "4 
WVf: 6'i 
WVF 6l> 
WVF 67 
WVF ~P 
WYF 6q 
WVE 70 
WVF 71 
WVE -,., 
WVF ~ 7:, 
WVE 74 
WVF 7c; 
WVE' 71,, 

WYE 77 
WVE 7,
WVE 7q 
WVF IHI 

WVF 1-ll 
OUE l 
QUE -, 
QUE ~ 

QUE 4 
GUF e; 
QUE ,-
QUE ; 
QUE ~ 
OUE ct 
QUE 10 
QUE l1 
QUE ,, 
QUE ,~ 
QUE 14 
0Uf' l ii; 

QUF 11, 
QUF 17 
QUF 1A 
QUE 1c, 
QUE ,o 
QUf:' ,1 
ou-=- .,, 
QUF ,~ 
QUE ,4 
QUF ;11c; 



K=NSEC 
RETURN 

C --- IN CASE THERE IS A QUEUE IN SECTION K - l To BE INCREASED OR 
C 
C 
C 
C 

DECREASED, STATEMENTS n THRU 1~ WILL FIND THE VALUES oF 
Io AND JD FROM WHICH THE OESTINATioN PATTERN oF THE QUEUE 
MAY BE FOUND. NO(IO) MUST BE EQUAL TO OR LESS THAN I. 
NDCID> MUST BE GREATER THAN I. 

6 IF(NO(I0+1).GT.K-1> GO TO 10 
IO=IO+l 
GO TO 6 

10 IF(ND(ID).GT.K-1) GO TO 20 
ID=IO+l 
GO TO 10 

20 RA<KJ=O 
C --- CN IS THE NUMBER BY WHICH DEMAND EXCEEDS CAPACITY 

CN=VNPR(KJ-CAPS(K)+EFF(K) 
C --- IF CN IS P02ITIVE, A QUEUE MUST FORM IN SECTION K - I 
C 

C 
IF CN IS NEGATIVE, CHECK FOR EXISTANCE OF A QUEUE IN SECTION 

K - I 
IF(CNl 47,3,18 

C --- IF THERE IS A QUEUE INK - 1, CHECK IF K JS FULLY JAMMED, AND 
C 
C 

Go ON To NEXT SECTION IF IT IS, SINCE THE QUEUE MAY NOT 
BE DISCHARGED 

47 IF<K.EO.ll GO TO 3 
IF(HCK-ll.LE.0.0001) GO TO 3 
FL=XLENGM(K) 
IFCFL-HCK>.LEeO•OOOI) GO TO 3 

C --- NO••· CHECK IF ADDED VoLUME oF CN INK - , WILL CAUSE VIC To 
C -- EXCEED 1. 

C 
IF(VNPR(K-1>+EFF(K-1>-CN•LTeCApSlK-tl> Go To 52 
IF IT WILL' REDEFINE CN SQ THAT V/C INK - 1 WILL EQUAL UNITY 
CN:VNPR<K-1>-CAPS(K-1>+EFFCK-ll 

C --- INITIALIZE FoR FINDING APPROXIMATE NUMBER Of VEHICLES IN QUEUE 
52 SS=O• 

MJ=K-1 
61 Fll=H(MJ} 

V=VNPR(MJ) 
C=CAPSCMJ>-EFF(MJ) 

C --- FIND DENSITY OF SECTION MJ FROM SPEED CURVE FOR FREE FLOW 
J=o 
IF(IP<MJ>.EQ•lHP.AND•NPL.NE.O) J=l 
Dt=V/SPEED<MJ,V/C,J) 

C CHANGE VOLUME BY AMOUNT LN AND FIND DENSITY UNDER JAMMED 
C CONDITIONS 

V=VNPR(MJ)-CN 
IFcv.LE.C+0•05) GO TO 63 
K=MJ+l 
CALL PAGE(l> 
PRINT 1000,MJ 

C --- IF QUEUE SPLIT, SEPARATE THE Two QUEUES BY SMALL ,.0002> DIS. 
H(K):H(Kl-.0002 
IO=l 
ID=l 
GOTO 6 

63 IFCIP(MJJ.EQ•lHP.AND.NPL.NE.O> J=l 
D2:V/SPEED(MJ,-V/CtJl 

C --- NUMBER OF CARS IN QUEUE rs APPROXIMATELY (0? - Dt) * LENGTH OF 
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OU!= U, 
QtJF ?7 
QUE ?Cl 
QUE ?o 
Q!)E "!\O 
QUE ~l 
CUE "!\? 
OUF "!\"!\ 
QUF" "!\4 
OUF 31:i 
QlJF ~,_, 
QlJF" ~7 
aui:- '3R 
OUF ~q 
QUE 40 
QUF 41 
QUE 4? 
QUE 4~ 
QUF' 44 
QUF" 41:i 
QUE 4A 
QUE 4-, 
QUE 4R 
QtJI=' 4q 
OUF e;n 
QUF r:;1 
QUE 15? 
QUE a:;'-' 
Qt,f t:;4 
QUE s;s; 
QUE c:;1, 

QUE s:;7 
QUE c;A 
QtJF c;q 

OUF 60 
QUF' 61 
Qu,=- F,? 

QUF 6~ 
QUE 64 
OUF 61:i 
QLJE ,;,:., 
QUE F.7 
QUE: F,A 

QUI=' t,q 
QUI=' 7f"I 
QUE 71 
QUE 7, 
QUF 7':l 
OUF' 74 
QUE 7c; 
QUF 71, 

QIJF' 77 

QUF' 7A 
QUF 7q 
QUE An 
QUE A1 
QUE A., 



C --- QUEUE 
SS=SS+(02-01J*FL1 
FL2=XLENGM(MJ) 

C --- IF SECTION MJ IS FULLY JAMMED, REPEAT PROCEDURE FOR SECTION 
-C MJ, - 1 

IFCFL1+0.0001•LT.FL2> ~o ~o 69 
66 MJ=MJ-1 

C --- IF THE QUEUE GoES ALL THE WAY THROUGH SECTION, ADD THE NUMBER 
-C OF CARS IN THE QUEUE OF FIRST ON-RAMP 

IF<MJ.GT.o> GO TO 61 
68 SS=SS+RQC1,1> 

C --- MULTIPLY NUMBER OF CARS IN QUEUE BY FOUR TO FIND THE RATE CSS 
C WHICH WILL DISCHARGE THE ENTIRE QUEUE IN ONE FOURTH OF AN -
C HOUR AND MAKE IT NEGATIVE BECAUSE THE CARS ARE -
C DISCHARGING -

69 CSS•-SS*FAC<t>*l•t5 
C --- THE FACTOR 4•6 IS THE PRODUCT OF 4• (QUARTERS OF AN HOUR) TIME 
C TIMES 1•15• A FACTOR FOUND TO EMPIRICALLY NECESSARY IN -
C ORDER To MORE CLOSELY APPROXIMATE THE RATE.OF DISCHARGE 
C N~EDED TO DISPERSE QUEUE IN 1/4 - HOUR. 
--

C --- COMPARE CSS WITH CN AND MAKE CN THE SMALLEST OF RATES OF 
C --- DISCHARGE 

IF<CSSeLE.CN) GO TO 18 
C --- IF CSS IS A SMALLER RATE THAN CNt THE QUEUE WILL DISCHARGE AT 
C RATE CSS EVEN THOUGH V/C oF THE BOTTLENECK IS LESS THAN -
C ONE BECAUSE ERRORS WILL RESULT IN TAILO AND QTIME IF THE 
C WHOLE QUEUE DISCHARGES IN LESS THAN ONE FoURTH oF AN HOUR -

71 CN=CSS 
C --- INCREASE LAND RECORD SECTION NUMBER WHERE QUEUE SHOULD NOT 
C BE DURING NEXT TIME INTERVAL. -

L=L+l 
LXU.)=K-1 

18 RACK-l)==CN 
RETURN 

tOOO FORMAT<11X•1~H• QUEUE SPLIT ,I~J 
END 
SUBROUTINE TRAVEL 
COMMON/DESIGNIXLENGF(50),CAPSCr;OJ,CApFP(50>,XLENGM(50J 
CoMMON/OESIGN2/Jp(50),LEFT(50),LANE(50,2>,No<20l,N0(20J,PRI(7) 
COMMONIINFORIIFL(~)tNG1,FACC,OJ,EBN,EBL 
COMMON/l~TEG/K,NNN(9) , 
COMMONIMAININORG•NOEStNOTS,1ocs,1op,1PAGEtNSEC,PLC•NGPtGF,NPL 
COMMON/QUEUES/HC50),QDi50J,EFF(50>,TBF(50) 
COMMON/REALS/SS,RRR<9) 
COMMON/TIMEIRAl50),TTC50>,TD(50),TTPC50J,TDPC50) 
COMMON/VOLS/VPRC150),VNPR(50J,VpRINC50>,POFFC20,2>,VAL(50J,BVCc;O,,> 
SS•l•Olf:AC(l) 

50 IF<RACKJ) 10,20,~o 
10 CALL TAILQ 

CALL QTJME' 
GO TO 40 

30 CALL QCOL.L 
GO TO 40 

20 VC•VNPR(K)/(CAPS(K}-EFF(K)) 
J•O 
IFCIP(Kl•EQ•tHP•AND•NPL•NE•O> J•l 
S=SPEEDfK,VC,J) 
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D=VNPR{K)/S 
TTCK)•XLENGM(K)*D/FAC(1) 
TD(K):XLENGM(K)*VNPRCK)/FAC(ll 

40 K•K-1 

C ---

IFCK.GT.O) GO TO 50 
RETURN 
ENO 
SUBROUTINE TAILQ 
CoMMONIOESIGNIXLENGf(50l,CApS(~o,.CApFp(~O>,XLENGM(50) 
CoMMONIOESIGN2/Ip(50>,LEFT(50),LANE(~0,2>,No<20>,ND(?O>•PRI(7) 
COMMOMIINFORIIFL<~>,NG1,FAC<20>,EBN,EBL 
C0MM0M/INT£Gll,NNN(8J,JY 
COMMONIMAININORG•~DEStNOTS,tocs,toP,IPAGEtNSEC,PLC•NGP,GFtNPL 
COMMONIQUEUES/Ht50),QD(50>,EFF(50J,TBF(50J 
COMMON/TIME/RAC50),TTC;OJ,TDC50l,TTP(50J,TOP(50J 
COMMONIVOLS1VPR(50),VNPR(~O>,VPRIN(~o>,PoFFc,o,2>,VAL(~O),BV(~O,,> 

TAILQ WILL FIND SECTION NUMBER OF TAIL OF QUEUE 
IY=f 

2 FL=XLENGMU) 
C ---
C ---
C ---

C ---

IS SECTION FULLY JAMMED 
NO••• TAIL OF QUEUE FOUND, RETURN 
IF<Ft-H(IJ.GT•O•OOOt) RETURN 
YES••• CALCULATE V/C AND TRAVEL TIME 
J=O 
IF( IPCI J•tQ•lHP.ANDeNPL•NE•OJ J•l 
V=VN?Rf I J 
C:CAPSf I )-EFF( I) 
VP=RAfl) 
VC2=CV-VPJ/C 
FIND SPEED, DENSITY AND TRAVEL TIME 

10 S2=SPEEDCI,-vc2,J) 

C ---
C 

C ---

C ---

D2=(V-VP)/S2 
TT(ll:FL*D21FAC(l) 
TDCl>=FL*(V-VP)/FAC<I) 
IF 1 = l•RETURN AND QTIME WILL HANDLE POSSIBILITY OF QUEUE OUT 

OF SECTION l 
IFCI.EQ•l) RETURN 
TRANSMIT RA To NEXT SECTION AND REPEAT ABOVE PROCESS 
RA(I-t)=RACI) 
I=I-1 
GO TO 2 
END 
SUBROUTINE QTIME 
COMMONIOESIGNIXLENGFC50),CAPS(50),CApFp(50l,XLENGM(50J 
CQMMON/DESIGN2/Ip(50>,LEFT{50),LANE(~0,2>,No(,o),ND(?O),PRl(7) 
COMMON/ INFORI IFL( c; l ,NGt ,FAtf ::,0 l tEBN ,EBL 
COMMON/INTEG/1,NN(2>,L,NNN(6) 
CQMMONIMAININORG•NDEStNOTS,IoCS,toP•IPAGE,NSEC•PLCtNGP,GF,~PL 
CoMMON/QUEUES/HC50),QDC50>,EFF(50>,TBF(50) 
CoMMONIRAMP1IRQ(20,2),RD(20),XMa<,O),XMD(,o),LX(10> 
COMMON/REALS/SS,RRRC9) 
COMMON/TIMEIRAf50l,TT(50>,T0(50),TTPf50>,TDP(50> 
COMMON/VOLS/VPRC50J,VNPR(50>,VPRIN(50>,POFFC20,2>,VAL(50l,BV(50t?) 
INITIALIZE 
FC=l•O/FAC(l) 
SAVE=.0• 

15 IX=T 
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TRA 
TRA 
TRA 
TRA 
TR.A 
TIU 
TRA 
TAI 
TAI 
TAI 
TAI 
TAT 
TAI 
TAI 
TAI 
TAI 
TAI 
TAJ 
TAI 
TAI 
TAI 
TAI 
TAJ 
TAt 
TAI 
TAT 
TAI 
TAI 
TAT 
TAI 
TAI 
TAT 
TAI 
TAI 
TAI 
TAT 
TAI 
TAI 
TAI 
TAT 
TAT 
TAT 
QTI 
QTI 
QTI 
QTI 
QTJ 
QTI 
QTI 
QTI 
QTY 
QTI 
QTI 
QTI 
OTI 
QTI 
OTT 



C 

C ---
C _.,._ 

C 

C 
C 
C 
C 
C 

---

TEST FOR TAIL OF QUEUE IN SECTION 1 
lFCI.NE.1> GOTO 16 
FL=XLENGM(l) 
IS SECTION FULLY JAMMED 
)F(FL-H(l).GT•O•OOOl) GO TO 16 
NO••• GO TO 16 
IT IS FULLY JAMMED••• CAN THE RATE oF DISCHARGE RA DEpLETE THE 

RAMP QUEUE IN ONE FOURTH OF AN'HOUR 
NO••• GO TO 12 
YES••• CONTINUE 

SS WILL USUALLY BE •15 HOURS.IF QCOLL CALL TAILO ANO QTIME 
BECAUSE OF QUEUE COLLISION• SS WILL BE TIME OF COLLISION 

5 IF(RA(l)+RQ(t,1)/SS .GE.o.o, GO TO 1, 
SAVE=-R0<1,1J/RAC1J 
RDlt>:RDC1>+RQ(1,1>*SAVE/,•O 
RO< 1, u =o.o 
GO TO 16 

12 RQ<1,1>:RQC1,1}+RA<t>*SS 
RDC1>:RD<1>+SS*(RQC1,1>-RA(J)*SS/2•0> 

C --- RAMP DELAY UNITS ARE VEH-HRS 
RETURN 

C ----- SAVE IS THE TIME AT WHICH QUEUE TAIL LEAVES SECTION I - 1 AND 
C ENTERS SECT! ON I 

16 Tl=SAVE 

C ---

C ----

J=O 
IFCIPCI).EQ•tHP.AND•NPL•NE•O> J:1 
V=VNPRCI) 
C:CAPS(l)-EFFCI) 
COMPUTE VCt• THE V/C RATION IN THE FREEFLOW SECTION 
VCl=V/C 
VP=RA(Il 
COMPUTE vc,, THE V/C RATIO IN THE JAMMED SECTION 
VC2=fV-VP)/C 

17 Sl=SPEEDCI,VCl,J) 

C ---

C ---

C ---
100 

C ---
C ---

105 

C -•-
C ---

IF(IPCI)•EQ•lHP.AND•NPL•NE•O) J=l 
S2=SPEED(I.-vc2,J> 
Dt IS THE DENSITY IN FREEFLOW 
Dl=V/51 
02 IS THE DENSITY OF QUEUE 
D2=<V-VP)/S2 
IF<ABSCD2-Dl>•GT.o.o001> GO TO 100 
G=tooooo.o 
GO TO 105 
G IS THE VELOCITY OF TAIL OF QUEUE 
G=-VP/{D2-0l) 
T2 IS TIME IN HOURS FROM BEGINNING OF TIME INTERVAL THAT TAIL 

OF QUEUE LEAVES SECTION I 
T2=H<I)/G+Tl 
IF(T2.GE.ss> GO TO 25 
IF T2 IS LE2S THAN 1/4 HOUR, TAIL oF QUEUE WILL LEAVE SECTION 

r 
18 FL=XLENGM(J+l) 

IF(FL-H(l+l).GT•0•0001) GO TO ?7 
20 SAVE=T2 

C --- ITX = 2 MEANS TAIL QF QUEUE CONTINUES INTO SECTIO~ I+ 1 
C DURING THIS TIME INTERVAL• CONTINUE PROCESSING 

ITX=2 
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QTI l(, 
QTI 17 
QTY lA 
QTI Jc, 
QTI ,o 
OTT 21 
QTI ,, 
QTJ 2, 
OTI 24 
QTJ ?t; 
QTI ,,_ 
QTI ?7· 
QTI ?~ 
QTJ ?~ 
QTI ~O 

•QTt 'H 
QT! ,2 
QTI ~~ 

QTI ~4 
QT! ~c; 
QTI ~,; 
QTt ~7 
QTJ ~A 
QT! ~CJ 
QT! 40 
QTI 41 
QTJ 4? 
QTY 4~ 
QTI 44 
0Tt 4'i 
OTT 4" 
QTJ 47 
QTI 4A 
OTJ 4q 
QTI c.o 
QTI tii1 
QTI tii? 
QTI c;~ 
QTJ c.4 
QT t c;c; 
QTI 11\f'> 

0Tt 57 
OTT 15A 
<HI ~a 
QTJ 6n 
QT( ,., 
QTJ 6? 
QT! 6~ 
QTY 64 
QTI 6~ 
OTT 66 
QTY 67 
QTI 6~ 
OTT 6Q 
QT! -rO 
QTI 71 
QTY 7? 



GO TO 30 
25 T2=SS 

C --- IF T2 IS GREATER THAN 1/4 HOUR, SET IT To 1/4 HOUR AND COMPARE 
C 
C 
C 

--- TRAVEL TIME --- ITX = 1 MEANS THAT THE QUEUE HAS COMPLETELY DISPERSED OR 
T2 = 1/4 HOUR• EXIT FROM OEQl• 

27 ITX=l 
30 FL=XLENGM(I) 

C --- THIS EXPRESSION FOR TRAVEL TIME IS FOUND BY CONSIDERING THE 
C 
C 
C 

------ JAMMED SECTION TO BE OF T.WO PARTS--1 • JAMMED ANO 2• FREE
FLOW• THE LENGTHS OF THESE TWO SECTIONS CHANGE WITH TIME 
BUT THEIR DENSITIES REMAIN THE SAME 

TT(I) =FL* 02 * T1 + <D?-D1> * <T?-T1) * ((T1-T2) / 2• * G + 
X H(l)J + ( FC-Tl) *FL* DJ 

TD(Il:FL*(V-VP)*T1-VP*CT2-T1>*C<T1-T21/2•*G+H(Il)+( FC-T1J*FL*V 
H(I)=H(l)-G*CT2-Tl) 
IF(H(I)eLTeOe005) H(I):O•O 
GOTOC31,32>,ITX 

31 IF(T2.GE.ss> Go TO 48 
C ..... - IF Tz IS LE25 THAN 1/4 - HOUR, IT MUST BE THE FINAL DISPERSED 

PART OF THE QUEUE. PRINT THE TIME. C 
43 PRINT lOOO,I,T2 

CALL PAGE (1) 

IF(L.LE.Q) GO TO 99 
er·---- IF LX(L) POINTED TO THIS SECTION, REDUCE L BY ONE. 

IF<LX(L)-1) 99,97,97 
48 IF(L.LE•O> GO TO qq 

IF(+C+TCLXULDD8+0 TO 99 
C --- IF T2=•25 AND LX<L> POINTS To THIS SECTION, REMOVE QUEUE 
C AND PUNCH LENGTH OF QUEUE THUS REMOVED. 

58 LL=LX(l) 
IF(SS.NE. FC) GO TO 97 
DO 95 JK=J,LL 
IFT:H(JK)*5280• 
CALL PAGE(!) 
PRINT IOOJ,JK,IFT 

95 H(JK>=O• 
97 L=L-1 
99 I=IX 

SS=FC 
RETURN 

32 RAC I >-=o 
I=l+l 
GO TO 16 
FORMAT(t6X,4HSEC ,I2,aX,4HT2: ,Fr:;.3) 
FoRMAT<t6X,4HSEC ,I2,c;X,6H(LEAR ,14) 
END 
SUBROUTINE QCOLL 
CQMMON/DESIGNIXLENGFl50>,CAPS(c;O),CApFp(c;O>,XLENGM(50) 
CQMMON/DESIGN2/Ip(50>,LEFT(c;O>,LANEC~0,2>,No(20>,ND(20>,PRIC7J 
COMMON/lNFOR/IFLCr:;>,NG1,FACC20>,EBN,EBL 
COMMON/INTEG/I,NNN(8),IY 
COMMONIMAINlNORG,~DEStNOTS,IOCS,IOP,JPAGE,NSECtPLC,NGP,GF,NPL 
CQMMONIQUEUES/H(50l,QD(50),EFFC50>,TBFC50) 
CQMMON/RAMP1/RQC20,z>,RD<20>,XMQ(20J,XMDC20),LX<10> 
COMMON/REALS/SS,RRR<9) 
CQMMON/TIMElRA(50),TT(c;O>,TD(50),TTP(c;Ol,TDP(50J 
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OTT 7"ll 
OTI 74 
QT I -,~ 
QT I 71, 
QT I -,., 
Q TI 7A 

OTT 79 
OTT An 
QTI Al 
QTI A., 
QTI R"ll 
QTI A4 
QTI Alli 
OTI AF, 

QTJ R7 
OTJ RR 
QT,I At'.) 
OTT qn 
QTI cti 
QTI <:;., 
QTI q~ 
OTT 94 
QTJ qr:; 
OTT q,; 
QTI C)"P 

OTT QA 

OTT <>q 

QT I , 01 
QTI l 0? 
QTT 1 n~ 
OTT 1n4 
OT f Hie; 
QTI IM, 
OTJ 107 
QTI l OA 
arr l no 
OT! 110 
QTJ 111 
QT! 117 
OTT 11 ~ 
OTT 114 
OT! 111:\ 
QT! i H, 
QTI 1 'P' 
QTI l1A 
QTJ 110 
oco , 
QCO ., 
QCO ~ 

QCO 4 
oco c; 

QCO A 
QCO 7 
QCO R 

QCO Cl 

oco ,o 



COMMON/VOLS/VPRC~O),VNPR(~O),VpRJN(~O),POFF<?0,2),VALC~O>,BVC~O,,> 
C --- SAVE HAS THE SAME FUNCTION HERE AS IN OTIME 

FC=l•O/FAC<l> 
TX=O• 

C --- TX IS THE TIME OF THE LAST QUEUE COLLISION• 
VPQ=O• 
QC=O• 
SAVE=O• 

2 Tl=SAVE 
J=o 
IF(IP(I).EQ•lHP.AND•NPL•NE•O> J=l 
V=VNPR( I l 
C:CAPS(I)-EFF(I) 
VCl=V/C 
VP=RA(I) 
VC2=(V-VP)/C 
Sl=SPEEO<I,VCl,Jl 
IF<IP(l).EQ•IHP.AND.NPL.NE•O> J=I 
52=SPEEO<I,-VC2,J) 

C --- COMPUTE VC1, VC2, Dl AND 02 

C ---

100 

105 

C ---

Dl=V/S1 
D2=(V-VP)/S2 

QC=l• DURI~G QUEUE COLLISION 
IF(OC.LE.o> GO TO 3 
FL=XLENGM(I) 

. IF<FL-H(I>.GT•O•OOOll GO TO~ 
VC3=lV-VPQl/C 
IF(IP(l).EQ•lHPeANDeNPL•NE•Ol J=J 
Sl=SPEED<I,-VC3,J) 

DURING QUEUE COLLISION, D1 REPR~SENTS CONGESTED FLOW 
Ol=IV-VPQ)/21 
IFCABS(D2-Dl>•LE.o.oOOOl) GO TO 10 
G=<VP-VPQl/(D2-D1) 
GO TO 4 

3 QC=O• 
lF<ABS(D2-Dl>•LEeOeOOOOl) GO TO 10 
G=VP/(D2-Dll 
GO TO 4 

10 G=I.0/0.000001 
4 FL=XLENGM(Il 

C --- FIND T2, THE TIME TAIL OF QUEUE LEAVES SECTION I 
T2=CFL-HfJ)l/G+Tl 

C ---
C ---

C 
C 
C ---

IF T~ EXCEEDS 1/4 HOUR, QUEUE DOES NOT LEAVE SECTION I. 
SET tTX = 1. 

IFCT2eGEeFC) GO TO 12 
IF T2 IS LE2S THAN 1/4 HOUR AND I= 1• THEN QUEUE LEAVES 

SECTION 1 AND RQ(t> AND RD<1> MUST BE FOUND BY A 
PROCEDURE SI~JLAR To THAT USED IN QTIME 

55 IF(IeGTel) GO TO c; 
56 PRINT 1000 

CALL PAGE(l} 
RQ<1,1>:RQ<1,1l+VP•CFC-T,> 
RD<1>:RO(t,ll* FC -(VP*l FC -T?>* FC 12.0> 
GO TO 25 

5 PQ=RA ( I-U 
IF(H(I-t>•LE•O•OOOt> GO TO 9 

C -- IF NEW QUEUE COLLISION IS A VERY SHORT TIME FROM OLD QUEUE 
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C --- COLLISION, DO NOT PRtNT MFSSAGF. 
7 IFfT2-TX•LE•0•000t> GO TO~ , 

C -•- IF QUEUE LEAVES SECTION I AND SECTION I - 1 ALREAPY HAS A 
C --- QUE~E, THEN QUEUE COLLISION 

6 PRINT 1001,ItT2 
CALL PAGEf1) 
QC=l• 
TX•T2 

C -- VpQ IS THE VALUE NEEDED TO MAKE 01 CONGESTED DENSITY 
VPQ•VPQ+PQ 
IY•O 

29 IFfPQ) 62t9t64 
C -- IF COLLISION WlfH DECREASING QUEUE OCCURES, SET SS TO 
C --• TIME T2 AND CALL DEQ DEQl. 

62 SS•T2 
SSS•T2 
K•t 
l•t-1 
CALL TAJLQ 
CALL QTIME 
J•K 

C -- SET SS FOR REMAINDER OF TIME INTFRVAL 
SS•FC-T2 
T2•SSS 
SAVE•T2 
GO TO 68 

64 SAVE•T2*<t-PQ/CVP+PQ)) 
TXsSAVE 
GO TO 68 

9 SAVE•T2 
C ••- IF RA IS MINUS AT THIS POINT, IT MUST HAVE BEEN SET 
C -- IN QTIME ANO SHOULD BE ZEROEO our 

IFfPQ) 67t68,6 
67 RACI-t>=OeO 
68 ITX•2 

C --- JTX • 2 MEANS QUEUE LEAVES SECTION I 
IF(l-1 •NE.~IY> GO TO 130 
lFCHC I-1> .GT• •0001 > GO TO' 1~0 
RAC 1-1 >•RA( I> 
GO TO 140 

130 RACI-t>•RA(l)+RA(t-1> 
t40 JF(RA(l•1>J .25tl3tl3 

12 T2•FC 
25 tTX•l 

C •- COMPUTE TRA5EL 1, h1~ ANO FIND LENGTH oF QUEUE AT THE ENO OF 
C -- TIME PERIOD. . 

13 TTC J t aFL•Dl* T2+( D2•Dl >* ( T2-Tt )* ( ( T2-Tl) 12 •*G+H( I))+ ( FC-Tz > *FL*D:, 
Toc1>.FL•V•!2-VP*(T2-T1>•((Tz-T1>12.•G+H(I))+( FC-Tz>•FL*(V-VP) 
H(l».HCll+G*CT2-T1> . 
lFflTX.EO.t) RETURN 

16 l•I•l 
SS•FC 
GO TO 2 

tOOO FORMATltlX9}5HQ OUT OF SEC 1 t 

1001 FORMATCtlXtJ6HQUEUE COLLISION ,I3,5H T?.= ,Fr;•~.) 
END 
FUNCTION SPEEDCNNsec·.vc, IFLAB) 
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QCO 6A 
QCO f,t:, 

QCO 70 
QCO 71 
oco 7? 
oco 7~ 
QCO 74 
oco 7r; 
QCO -,,., 
QCO 77 
QCO 7~ 
oco 7q 
QCO qO 
QCO 81 
OCO A? 
QCO A3 
QCO A4 
aco Ar; 
QCO 86 
QCO 87 
QCO AR 
QCO 8() 
QCO c,o 
aco q1 
QCO ()? 
QCO qi 
oco 94 
QCO qr; 
Q(O ()f, 

QCO en 
QCO ()A 
QCO 99 
oco ton 
QCO 101 
aco 102 
QCO 103 
QCO 104 
QCO tnc. 
QCO t0f, 
oco 107 
QCO tnA 
QCO tOq 
oco 110 
oco 111 
QCO 11, 
QCO 11~ 
QCO 114 
QCO 11~ 
QCO 1 H, 
QCO 117 
OCO 11A 
aco 11q 
QC-0 t?n 
QCO 1?1 
QCO 1 ,.., 
OCO l?.~ 
SPO 1 



COMMON/CURVEINCRVC5,2>,XXSFC20,5>,YYSFC20,5J,NDS(50,3J SPO , 
CQMMON/OESIGNzllp(50ltLEFT(50)tLANECr;0,2>,NOl20>,ND(?OJ,PRI(7) SPO ~ 

c*** THE FOLLOWING CARO IS AN ARITHMETIC FUNCTION STATEMENT FoR A SpO 4 
C*** CUBIC POWER FUNCTION• SPD ~ 

POLYCA,B,C,DJ=A+VC*(B+VC*(C+VC*D)J SPD 6 
IFLAG:IFLAB SPO 7 
DS=NDSCNNSEC,IFLAG+l) SPD A 
lF(IFLAG.GE•l> IFLAG:IFLAG-1 SpO q 

OPSD=O• SPD 10 
IFCDS.LE.5) GO TO 100 SPD 11 

22 IF<VC.GE.oJ GO TO 3 SPD 1' 
SPEEO:VC*C20•*VC-8.) SPD l~ 
RETURN SPO 14 

C --- DESIGN SPEED OF 6~ MPH WAS DEVELOPED FOR STUDY SECTION SIX SPO ;~ 
C --- OF THE EAST-SHORE FREEWAY. SPD 16 

3 'JF{DS.NE.65) GO TO 12 SPD 17 
IF(VC.GE.o.95) GO TO 8 sPD 1e 

7 SPEED•63.-8.42l*VC SPO }q 

RETURN SPO ?n 
8 SPEED=-782~•6*VC**2+14A56•2*VC-69q7•4 SPD 21 

RETURN SPO 2? 
6 SPEED,OPSD•D5/tO•*<l•-VCl SPD ?~ 

RETURN SP~ 74 
12 DZ=O• 1 * C DS-4.0•) SPO 2r; 

NN=LANE(NNSEC,IFLAG+l) SPD ?6 
IF(IFLAG.EQ•O> NNsNN-LANE(NNSEC,?) SPD ?7 
IF(NN.GT.4) NN=4 SPO ,A 
IF(VC.LE•leO> GO TO 45 SPD ?q 

35 PRINT 1001 SP" ~n 
GO TO 6 :•*** 5g ERRATA AI THE END OF IJSTIIG SPD ~, 

4"12 ••••••••••••••• 999q9q9999999999999999q999qq99qqqq99oqqc:,qq •, • • •,, • • • • •,, • •,, 
'*** PRIOR PART OF PROGRAM CHECKS FOR N• os, 0~ VC oUT oF RANGE. SpD ~~ 

GO TO C52•54t58>,K SPD ~A 
52 OPSO=POLV(50.,-22.,o.,o., sPr, 37 

GO TO 6 sPn 3~ 
54 L=l SPI') 39 

IF(VCeGTeOe81) L=? SPD 4n 
GO TO 65 SPD 41 

58 L•l SPD 4? 
IFCVC.GT.0.75) L=2 SPD 4~ 

65 K=l+(NN-2>*2+<K-2)*6 SPD 44 
GO TO C70t72t74t76t78t80•82•84t86t88,90,92l,K SPD 45 

70 OPSD=POLY(60.,-25.,o.,o., sPo 46 
GO TO 6 SPO 47 

72 OPSD=POLY(t08•8t-477e9t845•3,-446e7l SPO 4A 
GO TO 6 SPO 4q 

74 0PSD=POLY(6*••-22e03,-3.214,0.> SPD 50 
GO TO 6 SPO ~1 

76 OPSD=POLY(135•1••548•6•906•6•-461•6l SPD ~, 
GO TO 6 SPO r;3 

78 0PSO=POLY(6*••-18e49,-6.964,0.l SPD 54 
GO TO 6 SPO 55 

80 OPSD=POLY(136•8,-538•4t878•9,-447.8) SPO c;A 
GO TO 6 SPO ~7 

82 OPSD=POLY(70.,-22e94,-l0•62tO•) SPD ~A 
GO TO 6 SPO 11\9 

84 OP5D=POLYC1112•8•-3924•1•4821•8•-1980•5> SpO 60 
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GQ TO 6 
86 OPSD=POLY(70.,-22.16,-4.7~,o.> 

GO TO 6 
88 OPSD=POLY(607•48••2052•3•2539•4,-105q.4) 

GO TO 6 . 
90 0PSO:POLYf7*••-20.~75•-5•625,0.) 

GO TO 6 
92 OPSD=POLY(666•95•-2234•1•2728•7•-1125•9> 

GO TO 6 
100 NC•IFIX(DSJ 

QO 105 I =lt 5 
IF(NCaEQ.NCRVCI,t>J GO TO 110 

105 CONTINUE 
200 PRINT 1000,NC 

CALL PAGE(3) 
DS=7o.o 
GO TO 22 

110 JT=NCRV<I,2> 
IF<VC.LT•O> GO TO 150 
IF(VC.GE•0•995) GO TO 130 
DO 145 K=l,JT 
IF(XXSF(K,JJ.GT.VCJ GO TO 140 

145 CONTINUE 
K=JT 

140 A=<VC-XXSFCK-1,I))/fXXSF<K•l>-XXSF(K-ltil> 
8:(XXSFCK,IJ-VC)/(XXSF(K,I>-XXSF(K-t,IJJ 

t70 SPEED:A*YYSF<K,IJ+B*YYSF(K-1,IJ 
RETURN 

130 IXZ=l.O 
133 DO 135 K=t,JT 

IFCXXSF(K,IJ.NE.IXZ) GO TO 135 
SPEED:VYSF(K,IJ 
RETURN 

135 CONTINUE 
GO TO 200 

t50 IFIVC.GT•-0•995) GO TO 152 
IXZ=-:1.0 
GO TO 133 

152 DO 155 K=l,JT 
IF(XXSF(K,JJ.GE.o.o, GO TO 155 
IF(XXSF(K,I>•GT.VC) GO TO 160 

155 CONTINUE 
K=JT 

160 8:(XXSF(K,J)-VC)/(XXSF(K,r>-XXSF(K~1,r>> 
A:(VC-XXSF<K-1,JJ)/(XXSF(K,IJ-XXSF(K-l•I)J 
GO TO 170 

tOOO FoRMAT(/t,11X,*SPEEO CURVE *12* NOT FOUND OR NO VALUE FOR VC ~+ OR 
l - 1•0 *lttX•* DESIGN SPEED SET TO 70 MPH.*> 

t001 fORMATCt6H VC NOT IN C0,1>> 
END 
SUBROUTINE OUTJT 
CoMMON/OESIGNIXLENGF(50>,CAPS<,o>,CApFp(~O>,XLENGM(50) 
COMMONIDESJGN2IIP<50>,tEFT(50),LANE(~0,2>,N0<20l,NDC20>,PRI(7) 
COMMON/INFOR/IFL(5J,NG1,FACC20),EBN,EBL 
COMMONIMAININORG•NDES,NOTStIQCS,IOPtIPAGE,NSEC,PLC,NGP,GF,NPL 
COMMON/QDS/TRIPS(,o,20,2>,cARTRP(,O,,o),TRPVEH{20,,o>,SUM(20,,,,,, 

1 TOSUM<20,2) 
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SPl"I 61 
SPD 6' 
SPD 6~ 
SPD 64 
SPD 6&;. 
SPD F,F, 
SPO 6., 
SPD F>A 
SPD 6(> 
SPO 7r, 

SPD 71 
SPO 1, 
SPO 7~ 
SPD 74 
SPD 7c; 
SP!") 76 
SPD 77 
SPO 7A 
SPD 7q 
SPD AO 
SPD 81 
SPO R·? 
SP!') s; 
SPf') 84 
SPD A'i 
SPD R6 
SPD A7 
SPD AA 
SPD A() 
SPD 90 
SPO en 
SPD ()? 
SPO 9; 
SPO 94 
SPD 9'i 
Sf>D ()F, 

s'PD 97 
SPD 9A 
SPO 99 
SPD 10n 
SPO 101 
SPD 102 
SPO 10; 
SPO 104 
SPD 10,; 
SPD 106 
SPD , o-, 
SPD 10A 
SPD 'l Oq 
SPO 110 
OUT 1 
OUT ? 

OUT ' OUT 4 
OUT et 
OUT F, 

our 7 



COMMON/OUTS/CVM,CPM,NTOTAL(50>,CVMP,cPMP 
COMMON/OUEUES/H(50),QD(50l,EFFC50),TBF<50) 
COMMON/RAMP1IRQ(70,2>,RD(,o),XMQ(,O),XMD(,o),LX(10> 
COMMON/TIME/RA<50>,TT(50>,TOC50J,TTP(50),TDP<50) 
COMMONIVOLSIVPR<~O>,VNPR(~O),VpRIN(~O>,POFF(?0,2>,VAL(~O),BV(~O,,> 
CALL PAGE(3> 
IFCNPL.EO.O) PRINT 1005 
IFCNPL.NE.O) PRINT 1002 

100 10=1 
10=1 
DTT=O 
ISNR=O 
DO 1 5 I = l , N 2 EC 

C --- OfR AND ONR ARE OFF-RA~P AND ON-RAMP DEMANDS OF SECTION I 
OFR=O 
ONR=O 

C --- IF THERE IS AN ON-RAMP IN SECTION I, SET OfR AND INCREMENT IO 
IF<NO<IO>.NE.l) GO TO 41 
lF(TOSUM<IO,t>eLTetl TOSUM<IO,t>=O•O 
ONR=TOSUM( I0,1) 
IO=IO+l 

C -•- IF THERE IS AN OFF-RAMP IN SECTION I, SET IFR 
41 lF(ND(ID>.NEel) GO TO 45 

OFR=TOSUM(tD,2) 
ID=ID+l 

45 LI=HCI>*5280e0 
IF(H(IJeGEeXLENGM(I)-Oe020> Ll=XLENGF(l) 
ISR=2H 
IF(H(I).LEeOeOOOll GO TOR 

C --- lSR IS A SET To ASTERISK(*) IF.THERE IS A QUEUE IN SECTION I 
ISR=2H * 

C --- VNPR(IJ IS ALTERED BY RA(I) EVEN THOUGH RAIi) MAY NOT HAVE HAD 
C --- FULL EFFECT DURING THE ENTIRE TIME INTERVAL 

VNPR(I>=VNPRCI)-RA(I) 
8 V=VNPR(Il 

C --- IF VIS NEGATIVE, RA HAS EXCEEDED V FOR SOME SECTION• 
IF(VelE•O•> ISNB=! 
CAPI:CAPS(Il-EFF(JJ 
VC=VICAPI 

C --- OT IS THE TIME IN MINUTES FOR ONE CAR ~O TRAVERSE SECTION I 
DT=FAC<l>*T3(1)*60eO/V 
OTT=DTT+DT 
FL=XLENGM(J) 

C --- XS IS THE AVERAGE SPEED (MPH) 
XS=TD(I)/TT(I) 
XDEN:VNPR(I)/(XS*(LANE<I,1>-LANEII,,>>> 

C --- XDEN 15 THE DENSITY OF CARS CVPMILANE> IN SECTION I 
TDP(IJ=O•O 
TTP(IJ=O.O 
CALL PAGE (1) 

IF(NPL.NE.O> GO TO 120 
PRINT 1001,I•ONR•OFR,NTOTAL<I>,VNPR<I>•CAPI,EFF(I),VC,~DEN,XS,JSR, 

1DT,XLENGFCIJ,LI,RA(I) 
GO TO 105 

120 IF<IP(l)eEO•tHP) GO TO 130 
N=lHN 
PRINT 100~,l•ONR•OFR•NTOTAL(Il,NtLANEII,1>,VNPR<I>,CAPl,EFF(I),VC, 

229 

OUT R 
OUT q 
OUT 10 
OUT 11 
OUT ,., 
OUT 1~ 
OUT 14 
OUT 1c; 
OUT 1 F> 
OUT. 17 
OUT 1~ 
OUT 1q 
OUT ,n 
our .,, 
OUT 2, 
our 23 
OUT ?4 
OUT ?c; 
OUT 'N, 
OUT ?7 
OUT 2R 
OUT ?~ 
OUT ~O 
our 3) 
OUT 32 
OUT ~~ 

OUT ~4 
OUT 3r; 
OUT ':'!Fi 
OUT ~-, 
OUT '3~ 
OUT ~Q 

OUT 40 
our b.1 
OUT 4? 
OUT 4~ 
OUT 44 
OUT 4,; 
our 46 
OUT 47 

. OUT 4q 
OIJT 4Q 
OUT C\l"I 
our c:., 
OUT ._, 
OUT --~ 

'OUT ~4 
OIJT i:;c:; 

OUT c;F:, 
OUT c:;7 
OUT 'iA 
OUT c:;q 
OUT ,:,0 
OUT 61 
OUT Ft? 
OUT 6'3 
OUT F,4 



1XDEN,XS,DT,ISR,XLENGF(I),LI,RA(I) 
GO TO 105 

130 CAPP=CAPFP(J)*NPL 
N=lHU 
LAN=LANE(J,ll-NPL 
VCP=VPR(J)/CAPP 
ITW0•2 
D=VPR(l)/SPEED<I,vcP,ITWO) 
TTPCl)=XLENGM(()*D/FACC1l 
TDP{l):XLENGM<I>*VPR(Il/FAC(t1 
PDT:FAC(J)*3TP(Il*60•0/VPRCJ) 
PS=TDP(l)/TTP(I) 
PDEN:VPR<Jl/(PS*NPLl 
PRINT 10U4,I,ONR,OFR•NTOTAL(I),NPL,VPR(I),CAPP,VCP,PDEN,PS,POT,N, 

lLAN,VNPR<l>,CApl,EFF(I>,VC,XDENtXS,DT,lSR,XLENGF<I>,LI,RACI> 
107 VPRCl):TDP<I>*FACCJ)IFL 
105 VNPR(I)=TD(ll*FAC(1)/FL 

15 CONTINUE 
IF(ISNBeNE.*> PRINT 1008,ISNB 
11=1 
DO 90 JO=I,NORG 
DK=RD(IOl+XMD(IO) 
IF(DK.EO.o> GO TO 90 
IJ=NO( JO) 
BRD=RD<IOl*RQ(t0,2) 
BMD:XMDCIO>*BV(IJ,1> 
BVD=RQ(IO,tl*RO(J0,2) 
BVMD:XMQCIO>*BVCIJ,11 
EBNtO=l•O/EBN-1.0 
ROIO=RDCJOl+BRD*EBNlO 
XMDIO:XMD(IO)+BMD*EBNIO 
RQIO:RQ(IO,Il+BVD*EBNlO 
XMQJO:XMO(IO)+BVMO*EBNlO 
IFCII.NE•t> GO TO ?5 
CALL PAGEC2) 
PRINT 1006 
II=2 

25 CALL PAGE(4) 
DX=RDJO+XMDIO 
DK=XMOIO+RQIO 
PRINT 1007,IO,RQJO,RDJO,XMOJO,XMDJO,DK,DX 

90 CONTINUE 
RETURN 

1001 FORMAT(I4,2F6•0tI6t3F6.0tF5.2,2Fs.o,1x,A2,F6•?•F6.0•l6,F6.0) 
1002 FoRMAT(z5X,*RESERVED PRIORITY OPERATJQNS*t30X,*UNRESERVED OR NORMA 

tL OPERATIQNS*l24X,31C~•*),4X,6~<*•*>I* SUB FINAL DEMO• ORIG. PS V 
ZOL CAP V/C DEN MPH TRAV UN NL VOL CAP WEAVE V/C DEN 
3MPH TRAV Q LENG QUEUE *'* SEC ORG DES TOTAL*?OX*V/MIL 
4TJME NORM *15X*EFF V/MIL TJME *lH*9X, *FEET RA*> 

1003 FORMAT(XtI2•2F6.0,J6t40X,Al,I3,3F6eO,F5e2,2F5.0,F5.2,A2tF6.0,J6, 
1F6.0> 

1004 FORMAT(XtI2t2F6•0tI6tlX•I2•2F6e0tF4•2•2F5e0,F5.2,6XtAI,I3,3F6.0t 
1F5.z,2F5.o,F5.z,A2,F6•0tI6,F6.0) 

1005 FORMAT(* SUB FINA~ DEMAND ORIG. VOL FWRY WEAVE V/C DENS MPH 
1 TRAV LENG QUEUE RA *'* SEC ORG DES ToTAL*9X*CAP EFF 
2. V/M/L*8X*TIME*8X*FEET*) 

1006 FORMAT(/30X,20HQUEUE LENGTH DELAY/10X,22HVEHICLES VEH-HRS} , 

230 

OUT fl II\ 
our 66 
OUT 67 
our 6R 
OUT 6~ 
our 1n 
OUT 71 
our 7? 
OUT 7".\ 

our 74 
OUT 7C, 

OUT 7(., 

OUT 77 
OUT 7A 
OUT 7q 
OUT AO 
OUT A1 
our R? 
OUT A"!I 

OUT A4 
OUT sc; 
OUT R6 
OUT 87 
OUT AA 
OUT AQ 
OUT oo 
OUT 01 
OUT 0., 
OUT ()".\ 

our q4 
our qc; 

OUT ()~ 

OUT C:)7 

OUT QA 
our qq 

our 1 nn 
our irn 
our 1n2 
our 10-=4 
OUT 104 
OUT 1 oc; 
OUT 106. 
OUT 107 
OUT 1 OR 
our 100 
OUT 110 
OUT 1,, 
OUT ,, ? 
OUT l1"!1 
OUT 114 
our 11c:; 
OUT 116 
OUT 117 
OUT 11A 
OUT 11(') 
OUT l?I"\ 
OUT l?i 



1007 FORMAT(/3X7HoN:RAMP,I4,4X,11HINPUT POINT,3X,2Fa.2l16Xt*MERGING POI OUT , ?? 

l?'ll! 
1?4 
1? c; 

1NT*t~X,2F9.2/24X,*TOTAL*•~X,?FA•,> OUT 
1008 FORMAT(/16H ***WARNING***'* N-PRIME EXCEEDS DEMAND IN SECTION* our 

1 12, *• ~HIS CAUSES NEGATIVE VOLUME•* /]6Xt* REDUCE TEMPORARY ON OUT 
2-RAMP LIMIT2 FOR ONE OR MORE DOWNSTREAM RAMPS ANO RE-RUN.*/) 

ENO 
SUBROUTINE TIMEOUT 
CoMMON/OESIGN2/IP(50),tEFT(50),LANE(~0,2>,No(20),ND(20),pRJ(7) 
COMMON/INFOR/IFL(~),NG1,FAC(20>,EBN,EBL 
COMMONIMA.ININORGt NOES,,-40TS, IOCS., IOP, I PAGE, NSEC•PLC tNGP ,GF •NPL 
CoMMOtVoDS/TRlPS( ,o, 20, 2 > ,<.:ARTRP ( 20, ,o), TRPVEH( 20, ;:,0) ,SUM( 20,;, ,;:, >, 

l TOSUM(20,2) 
CoMMONIOUTS1CVM~CPMtNTOTAL<50),CVMP,cPMP 
CoMMONIRAMP1/RQ(20,2l,RO(,o),XMQ(,o),XMD(,o),LX(10) 
COMMONIRAMP2IRLIMC 20 h FRL( 20 l ,RDtS< a;O) tRVOL < c;O), I XX C 9 > ,VXX C q) ,RXX 
COMMON/SLJCIPCTVEH( 5 ,5) ,eusoc< 5) tAVE, I XXX ( 5,5) ,RE VON( 5 ,5 J t rTSL T < 8) 
COMMONIVOLS/VPRC50J,VNPRC50J,VpRINC50>,pofF<20,2>,VAL(50>,BV(~0,7) 
COMMONITIMEIRA(50),TT(50J,TOC50>,TTp(50>,TDP{~O) 
DIMENSION TRIP<20,20> 
EBFAC■EBL/EBN 
KON•0 
IS•NDES•l 
DO 22 10•1,IS 
IFCTOSUM(l0=2>•LE.FRL(IO>J GO TO 22 
CALL PAGE(2J 
PRINT 1002,IO,FRL(IO> 

.22 CONTINUE . 
C -- INITIALIZE 

XUM•0 1 0 
TTSUM • o. 
TTT = 0• 

C •- FACC2) IS OUTPUT CONTROL WHICH, WHEN ZERO, SUPPRESSES OUTPUT 
C -- TABLES 

IF(FACC2J,EQ.O) GO TO .9.9 
2 10•1 

ID•l 
CALL PAGE(Ol 
NSM•0 
TMP•o.o 
TM=o.o. 
00 70 -i•ltNSEC 
V•VNPRC t) 

C -- OT IS THE TIME <.01 MINUTES) REQUIRED FOR ONE VEHICLE To 
C -- TRAVERSE SECTION I 

DT•FACC1)*6*00.0*TT(I}/V 
TM•TM+DT 
OTP•0-,0 
IFCNPt..eEO.o> GO TO 106 • 
IFCIPC I J.EG1lHP). GO TO 105 
TMP•TMP+OT 
OTP•DT 
GO TO .100 

105 OTP=FAC(ll*6000.0*TTP(IJ/VPR<I> 
· TMP•TMP+OTP 

C -- TM IS THE TIME REQUIRED To TRAVEL FROM SECTION 1 To SECTION J 
tOO IF(NOCIDJ1NE,IJ GO TO 60 

C -- To REDUCE STORAGE REQUIREMENTS, RAMP DISTANCES IN RDIS ARE 

231 

OUT ],?,_ 

OUT 127 
TlM 1 
TIM 
TIM 
TIM 
TIM 
T!M 
TIM 
TIM 
TIM 

,. 
h 

7 

Cl 

TJM 10 
TIM 1, 
TIM 1, 
TIM 
TIM 
TIM 
TIM 
TIM 
TIM 
TIM 
TIM 
TIM 
TIM 
TtM 
TTM 
TIM 
TIM 
TJM 
TIM 
TtM 
TIM 
TIM 
TIM 
TIM 
TIM 
TJM 
TTM ;,
TIM 'll!i' · 
TIM ;s 
TIM 
TIM 
TTM 
TIM 
TIM 
TTM 
TIM 
TIM 
TIM 
TTM 
TIM 
TIM 

4~ 
44 
4r; 
46 
47 
48 
40 
c;n 

TlM ~, 



C --- DESTRoYED ANO REPLACED BY TIME SEPARATION FROM SECTION 1 
C TO SECTION WITH OFF-RAMP 
C ---ROIS IS RESTORED IN SUBROUTINE RSM 

RDISCID);=:TM 
SUM(ID,2,l)=TMP 
1D=IO+l 

60 IF(NO(IO>.NE,I> GO TO 70 
C ---SIMILARLY RAMP VOLUMES IN RVOL ARE REPLACED ~y TIME SEPARATION 
C --- FOR ON-RAMPS 

RVOL( IO)=TM-DT 
SUM(J0,1,tl=TMP-OTP 
10=10+1 

70 CONTINUE 
C --- PRINT HEADING 

CALL PAGECNORG+2) 
PRINT 1004 

C --- KON IS ALWAYS ZERO 
PRINT 1006,KON,<I,I:1,NDES> 
DO 75 JO=t,NORG 
IF(TOSUMCIO,lleNE.OJ GO TO 65 
DT=o.o 
GO TO 66 

65 DT:FAC(t)*60•0*RD(IO)/TOSUM(I0,1>*10o.o 
. 66 DO 80 IO=t,NDES 

C --- TM rs TIME FROM ON-RAMP JO TO OFF-RAMP ID 
TMPcSUM(ID,2,l>-SUMCI0,1,1> 
TM=RDISCIDJ-RVOL(JO) 

C --- IF TM I~ NEGATIVE, ID PRECEEDS 10 
IFCTM.GEeOl GO TO 73 

72 T=O. 
TRIPCIO,IO)=O•O 

C --ToSUM IS NO LONGER USED, So AGAIN REUSE OF THIS ARRAY REDUCES 
C --- STORAGE REQUtREMENTS 

TOSUM( I0,2>=0•0 
GO TO 74 

73 TOSUM(ID,2>=TM 
T=TM+DT 
TRIP( IO,ID>=TMP 

C --- MULTIPLY TIME SEPARATION BY NUMBER OF VEHICLES MAKING A TRIP 
C -•- AND STORE THE RESULTANT TRAVEL TIME IN CARTRP, TRIPS 

TVAL:TRPVEHCIO,IDJ-TRIPS(tO,ID,1>*<EBN-leO> 
T=T•TVAL/(FAC(tl*60•0> 

74 CARTRP(IO,ID>=T 
80 CONTINUE 

C -•- QUTpUT THE TIME SEPARATIONS BETWEEN ON-RAMP IO AND ALL OFF-
C --- RAMPS 

PRINT 1009,IO,CTOSUM(I0,7J,ID:1,NDE5) 
75 CONTINUE 

IFCNPL.NE.O> GO TO 87 
CALL PAGECNORG+4) 
PRINT 1010 . 
PRINT t006tKON,CI,IcltNOES> 

C --- 00 LOOP 85 OUTPUTS TRAVEL TIMES 
DO 85 10=1,NORG 
PRINT 1009,IO,ICARTRPIIO,ID),IDa1,NDES) 

85 CONTINUE 
87 IFCNPL.EO.O) GO TO 99 

232 

TIM r:;-, 
TIM i;-:i 

TIM r:;4 
TtM r;c; 
TtM r:;,; 
TIM r:;7 
TIM e;A 

T PJf c;q 
TIM 61"1 
TtM 61 
TIM 6? 
TTM 6':I 
TJM F,,4 
TJ M ,;c; 
TIM 6F,, 
TJM 67 
TIM 6" 
TIM 6t:J 
TIM 7f'I 
TIM 71 
TIM 7? 
TTM 7':I 
TIM 74 
TIM 7t:; 

TIM 76 
TTM 77 
TIM 7A 
TIM 7t:J 

TIM AO 
TIM 81 
TIM A? 
TIM ~<!t 

TTM 84 
TIM pc; 
TIM A6 
TIM 87 
TIM AA 
TtM A9 
TIM c,O 
TIM 01 
TIM <>? 
TIM <:>':I 
TIM 94 
TIM 9c; 
TIM QF,, 
TT'-!1 q7 
TIM QA 

TTM 9C> 
TIM 1 n.n 
TIM 101 
TJM 10? 
TIM 1n~ 
T!M ln4 
TtM 11'15 
TIM 10A 
TIM 107 
TIM 1 nei 



CALL PAGEfN0RG+4) 
PRJNT 1001 

PRINT 1006,KON,CI,I=ltNDES> 
DO 185 JO•l,NORG 

t85 PRINT 100q,IO,CTRIPCIO,IDJ,ID:t,NDES> 
99 CONTINUE 

IF(NPL.NEeOl GO TO 200 
xuMa=o.o 
XUMBA=0•0 
DO 9 t0=1,NORG 
I=NO(IO) 
RRD•RDtIO)+XMD(IO) 
XUMB=XUMB+RDClO)*RQ(I0,2l 
XUMBAsXUMBA+XMDCIO)+BV(I,t> 

C --- FINO INPUT DELAY, XUM 
9 XUM•XUM+RRD 

VMB=O.O 
XUMB=XUMB+XUMBA 
BUSS=OeO 
VM=0• 
DO 5 I=ltNSEC 
VM=VM+TD(JJ 

C --- XUM TRAVEL TIMES FOR EACH SECTION To GET TOTAL TRAVEL TIME 
C TTSUM 

TTSUM:TTSUM+TT(I) 
VMB■TD(I>•BVCitll+VMB 

5 BUSS=BUSS+TTtll*BV(ltll 
C --- ADO SUM To TTSUM TO GET TTT AND OUTPUT ALL THREE 

PTS:CTTSUM-BUSSJ*AVE+BUSS*BUSOC(t>IEBN 
PSM.CXUM-XUMB>*AVE+(XUMB/EBNJ*BUSOC<1> 
TTSUM■TTSUM-BUSS+BUSS/EBN 
XUM:XUM-XUMB+XUMB/EBN 
TTT=TTSUM+XUM 
FACC4>=FAC(4)+TTSUM 
FAC(5l=FACC5l+XUM 
T45=FACC4>+FAC(5J 
PTT=PTS+PSM 
FAC(6):FAC(6J+PTS 
FAC(7)=FAC(7)+PSM 
T67:FAC(6)+FAC(7) 
CALL PAGE(6l 
PRINT t011,TTSUMtPTS,FAC(4l,FAC(6)tXUM,PSM,FAC(5),FAC(7l,TTT,PTT, 

1T45,T67 
PM=<VM-VMB)*AVE+VMB*BUSOC(ll/EBN 
VM=VM-VMB+VMB/EBN 
cvM=cVM+VM 
CPM=CPM+PM 
PRINT 1012,vM,PM,cv'M,cPM 
IF(IFL(ll•NEeNOTS) RETURN. 
FAC<l9)=T45 
FAC(20hT67 
RETURN 

200 CONTINUE 
PRIOCC=O•O 
PRIPEN=O•O 
OOROCC•O•O 
OORPEN=o.o 

233 

TIM 10() 
TtM ltn 
TIM 111 
TTM 112 
TIM t,'\\ 
TfM 114 
TIM 11 i; 
TTM 116 
TIM 117 
TtM llA 
TIM 119 
TIM 120 
TIM l"t 
TIM 1,, 
TIM 12q 
TIM 124 
TIM 1 ?i; 
TtM 126 
TtM 127 
TtM ,12A 
TIM l?q 
TTM 1qn 
TIM 1._, 
TJM 13, 
TIM 1 q1\ 
TIM 11\4 
TIM t~a; 
TIM 1~A 
TIM 11\7 
TIM 1.~A 
TIM 1~q 
TIM 14n 
TtM 141 
TIM 14, 
TIM 14~ 
TIM 144 
TIM 145 
TIM 141' 
TIM 147 
TIM 14R 
TIM 149 
TIM 150 
TtM 151 

· TIM 1-;, 
TtM 15q 
TtM 154 
TtM 15'5 
TfM 15 
TIM ti;-r 
TIM l~A 
TIM }c;q 

TtM 160 
TtM 161 
TtM lA'> 
TIM 16-:t 
TtM 164 
TtM 16'5 



IF(PLC.NE.6e0> GO TO 240 
245 PVE•o.o 

PAE=AVE 
GO TO 250 

240 NPLC=IFIXCPLC) 
DO 260 1=1•5 
IF(leGE.NPLC) GO TO 265 
OOROCC:OOROCC+pCTVEHCI,1>*FLOAT(I) 
OORPEN=OORPEN+PCTVEH<T,ll 
GO TO 260 

~65 PRIOCC:PRIOCC+PCTVEH(l,1)*1 
PRIPEN:PRtPEN+PCTVEH<I,ll 

260 CONTINUE 
IF(PRIPEN.EQ.o.o, GO TO 245 
PVE=PRIOCC/PRIPEN 
PAE=00ROCC/00RPEN 

250 CONTINUE 
XUMBA=XUBURA=O.O 
XUMN=o.o 
XuMUR:XUMB:XUBUR=o.o 
DO 210 IO=ltNORG 
I=NO( IO) 
IF(IP(l)•EQ•tHP) GO TO 215 
RRD:RD(IO)+XMD<IOl 
XUMN=XUMN+RRD 
XUMB=XUMB+RD(IO)*RO(I0,2> 
XUMBA:XUMBA+XMD(IOl*BVCI~1> 
GO TO 210 

215 RURV:RD(IO)+XMD<IO> 
XUMUR=XUMUR+RURV 
XUBUR:XUBUR+RD<IO)*RQCIO,?> 
XUBURA:XUBURA+XMD(IO>*BVCI,1> 

210 CONTINUE 
VM=VMP=VMUR=o.o 
TTN:TTUR=TTR=o.o 
BNOR=BUR=BPRI=O•O 
VMB=VMURB=VMPB=o.o 
DO 220 I=t,NSEC 
IFCIP(ll•EOelHP) r,Q TO 230 
VM=VM+TDCI) 
VMB:TD(l)*BVCI,t)+VMB 
TTN=TTN+TT(l) 
BNOR:BNOR+T;(I)*BV(I,t> 
GO TO 220 

230 VMUR=VMUR+TD(Il 
VMURB:VMURB+TDCl)*BVtI,1) 
TTUR=TTUR+TTCI) 
BUR:BUR+TT(l)*BV<I,1> 
VMP=VMP+TDP(I) 
VMPB=VMPB+TDPCf>*BV<I,2> 
TTR=TTR+TTP<J> 
BPRI:BPRl+TTPCI)*BVfI,2> 

L20 CONTINUE 
PTSN:CTTN-BNOR>*AVE+BNOR*BUSOC<1>tEBN 
PTSUR:CTTUR-BUR)*PAE+BUR*BUSOC(J)/EBN 
PTSR:(TTR-BPRI>*PVE+BPRl*BUSOC<t>IEBL 
XUMB=XUMB+XUMBA 

234 

TIM 1611; 
TtM 167 
TtM 16A 
TfM 16~ 
TtM 17f'I 
TIM 171 
TIM 17., 
TIM 17~ 
TIM 174 
TIM 17'5 
TIM l..,A 
TIM 177 
TIM 17A 
TIM 17C> 
TIM lAI') 
TJM 1Rl 
TtM 1f'4, 
TtM 11'1 
TJM,, 1~4 
TIM lAt; 
TIM 18 
TIM 1A7 
TlM lRR 
T!M lfl«:> 
TIM l<-11'\ 
TIM l<t1 
TIM 10-, 
TIM 1«:>~ 
TIM l<J4 
TIM '1 «:>r; 
TTM 1()~ 
TIM ten 
TIM lC)R 
TTM 19() 
TtM ,nn 
TIM ?Ol 
T TM 2n;> 
TIM ?f\<2 

TIM 204 
TIM 20c; 
TIM ,n~ 
TIM 2n7 
TIM ?OR 
TIM 2oq 
TTM 211''\ 
TIM 211 
TIM '1? 
TIM n"2 
TTM 214 
TIM 211\ 
TtM ::>1 
TIM ,,., 
TIM nA 
TIM ::>t c, 

TIM ??0 
TIM ??l 
TIM 2,, 



XUBUR:XUBUR+XUBURA 
PSMUR:(XUMUR-XUBUR)*AVE+XUBUR*BUSOC<1>IEBN 
PSMN:CXUMN-XUMB)*AVE+XUMB*BUSOC<t>IEBN 
PTN=PTSN+PSMN 
PTUR=PSMUR+PTSUR 
EBNtO=l•O/EBN-1.0 
TTN=TTN+BNOR*EBNlO 
TTUR=TTUR+8UR*EBN10 
XUMN:XUMN+XUMB*EBN!O 
XUMUR=XUMUR+XUBUR*EBNlO 
TTR:TTR-BPRl+BPRJ/EBL 
TNT=TTN+XUMN 
TUR:TTUR+XUMUR 
FAC(4):FAC(4)+TTN 
FAC(5):FAC(5)+TTUR 
FAC(6)=FAC(6)+TTR 
FACC7):FAC(7)+XUMN 
FAC(81=FACC8>+XUMUR 
TtO•FAC{5)+FAC<e>+ FAC(4)+FAC(7)+FAC(6) 
FACClO)=FAC(lO)+PTSN 
FAC(tt>=FAC(lll+PTSUR 
FACCt2)=FAC(12)+PTSR 
FAC(t3)=FAC<l3)+PsMN 
FAC(t4>=FAC(14J+PSMUR 
T30:FAC<11>+FACC}4J+ FAC(tO>+FAC<13>+FAC<12) 
CALL PAGE(8J 
PRINT 1005,TTNtPTSN,FAC(4),fAC<10),TTUR,PTSUR,FAC<5>,FAC<11>,TTR, 

1PTSRtFACC6)tFACC12>,XUMN•PSMN,FAC(7),tACC13>,XUMUR,PSMUR,FAC(8), • 
2FACC14> 

AtO:TUR+TNT+TTR 
Al5=PTN+PTUR+PTSR 
Vt5:(VM-VM8J*AVE+(VMP-VMPBl•PVE+lVMUR-VMURBl*PAE 
Vt5cV15+(CVMB+VMURB)/EBN+VMPB/EBL>*BUSOC<1> 
VM=VM+VMB•EBNlO 
VMUR=VMUR+VMURB*ERNlO 
VMP=VMP-VMPS+VMPB/EBL 
VlO=VMUR+VM+VMP 
CVMmCVM+VtO 
CPM•CPM+V15 
CALL PAGE (4 l 
PRINT 1008,510,Vl51CVM,CPM 
PRINT 1007,Al0tA15,Tt0,T30 
IFftFLCl)eNE.NOTSJ RETURN 
IF(FAC(20J.NE.o.o) GO TO 500 
FAC(l9l•Tl0 
FAC<20>=T~O 
RETURN 

500 Tl000:FAC(2*l-T30 
TlOOlsFAC(19)-TlO 
CALL PAGE(4J 
PRINT 1014,FAC(19>,FAC<20> 
PRINT 1013,TlOOl,TIOOO 
RETURN . 

1001 FORMAT(/* lRAVEL TIME FOR ONE PRIORITY TRIP .01 MINUTES•) 
1002 FORMATC/t6H AT OFF-RAMP N0•1I3,~X,14HDEMAND EXCEEDS, F~•Ot 

118H VEHICLES PER HOUR> 
1004 FORMAT(/* TRAVEL TIME FOR ONE NON-PRIORITY TRIP .01 MINUTES*/) 
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TIM??~ 
TIM ??4 
TIM ??~ 
TTM 226 
TTM 227 
TIM ??Q 
TTM 2?Q 
TTM 2~n 
TIM ,~, 
TTM 2~? 
TIM ?~~ 

TIM 2~4 
TIM 2~._ 
TIM ?~A 
TIM,~.., 
TIM ?~A 
TIM,~() 
TJM ?4'l 
TIM 241 
TIM ?4? 
TIM ?4~ 
TIM ,44 
TIM ?4«:: 
TIM 'J.4A 
TIM ?47 
TIM ?4A 
TIM ;>4q 
TIM ;,c;o 
TIM ?t:;i 
TIM ;,e;, 
TIM 2t;~ 
TIM ;,c::4 
TIM ?llilli 
TIM :,e;,-. 
TtM 2'i7 
TIM 2CiA 
TJM 2'iC> 
TIM ?6,.., 
TJM 261 
TIM ?A? 
TIM 26~ 
TIM 264 
TIM 2611i 
TIM ?6A 
TIM 26'1 
TIM ?F.A 
TIM 26() 
T tM .77n 
TIM 2"'1 
TIM 27? 
TIM ?7~ 
TIM 274 
TJM ?7'i 
TJM ?7f.. 
TIM "!7-, 
TIM ?7R 
TIM ,..,o 



1005 FoRMAT(/36X'*CURRENT TIME )NTERVAL*t1qX,*CUMULATIVE VALUES *'* FR 
1EEWAY TRAVEL TIME (NORJ *?(Fs.o* VEH-HRS 4F8•0* PASS-HRS*5X)/ * FR 
2EEWAY TRAVEL TIME (UNR> *?(FA•O* VEH-HRS *FA•O* PASS-HRS*5X)/ * FR 
;EEWAY TRAVEL TIME (RES) *?<Fs•O* VEH-HRS *F8•0* PASS-HRS*5X)/qX, 
4*1NPUT DELAY <NOR> *2(Fs•O* VEH-HRS *F8.0* PASS-HRS *4XJ/qX, 
5*1NPUT DELA8 <UNR) *2<F8•0* VEH-HRS *F8•0* PASS-HRS *4Xl//l 

1006 FQRMAT(1X,I2,1X,1c:,I6//), 
1007 FORMAT(* ToTAL TRAVEL TIME UNDER*/* PRIORITY OPERATIONS*,7X,?<FA•O 

lt* VEH-HRS *F8•0* PASS-HRS*5X)/) 
100s FORMAT<• TOTAL TRAVEL OISTANCE*,5X,2<Fa.o* VEH-MI. *Fa.O* PASS-Ml. 

I*5X)/) 
1009 FORMAT(IX,I2,1X,1qF6•0> 
1010 FoRMAT(///~3H ToTAL TRAVEL TIME IN .01 VEH-HRSf) 
1011 FoRMAT(/31x,21HCURRENT TIME INTERVAL,20X,17HCUMULATIVE VALUES/ 

121H FREEWAY TRAVEL TIME:,,<Fq.O,qH VEH-HRS ,Fq.O,aH PASS~HRS•~X)/ 
2sX•1;H lNpUT DELAY:•?(FqeOtqH VEH-HRS ,Fq.O,cH pASS-HRS,r:;X)/ 
~21H ToTAL TRAVEL TIME:,,<Fq.O,qH VEH-HRS ,Fq.O,qH pASS-HRS,r:;X)l 

1012 FoRMAT<21H TOTAL TRAV DISTANCE:,2(F9.0,9H VEH-Ml• ,F9.0,9H PASS-MI 
1 .. sx > J 

1013 FORMAT(/* TRAVEL TIME SAVINGS OVER NON-PRIORITY OPERATION= *•1~X, 
1F8•1•* VEH-HRS *•F8•1•* PASS-HRS*/) 

t014 FORMAT(* TOTAL TRAVEL TIME UNDER NON-PRIORITY OPERATIONS *•17Xt 
tFA•O* VEH-HRS *FR•O* PASS-HRS*/) 

END 

iHt ERRATA: 

Card Number 
SLICE 10 
SUCE 11 
SUCE 12 

SPEED 32 

Statement 
D.IM&~ SIGN NUAl~B( 20) 
DO 5 K:l,20 

5 NlJMB(K)mK 

45 K:DZ 
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TIM ,~o 
TIM i.'R1 
TIM ,R? 
TIM ,q~ 
TIM ?All 
TIM ?RC\ 
TI~ ?R,; 
TIM 'A'1 
TIM ?RR 
TIM ?RQ 
TIM ;:,qo 
TIM :,tn 
TIM ?Q? 
TIM ?,()~ 

TIM 7.c,4 
TIM ?011, 

TIM ?O~ 

TIM ?<n 
TJM ;>qq 

TIM ?00 

TIM ~00 
TIM ~Ot 
TIM ~n, 
TJM ~n~ 



APPENDIX D 
Exutpl. Listing ot Input Data for New Design, 
Twe ~•rnd Lanes, Shilts (CDC 6400 Control Cards) 

E?-,q6,J,?0J,F,0UJQ,r:;u~. LE\:,/ AFTER :,r:; l\l Ev./ DESIGN, H!O RESERVED LJl,\JE5 \,'ITH SHir-rc; 
REQUEST,PRIFRE.0025 
C L DR , I =PR I FR E ~ ! U ~! LO AO l • 
t 

MODEL APPL I CAT I rl~' Tn r.iAo I "-1 pnUTE , (j 1 ,.,,n,1 DFSIGM WI TH T'.✓ I") PESERVED LA"-!E,SHIFTS 
20 {+. 2. 2. 2 
l 410000 200 3 3 3 
?P 4 1200 1500 4UU lJ. 4 t, 

".lP 4 1200 1 r:;QO i:;lt.OO r:; i:; r:; 
4P 4 6890 1500 600 t; 5 5 
r:;P 4 6 7i:; l 1 <:,00 ?00 r:; r:; t; 

6P 4 675'? 1500 600 r:; r:; 5 
7p 4 f,500 1 c; 00 i:,00 r:; r:; r:; 

8P 4 6500 1500 3000 r:; 5 r:; 
gp 4 6400 1500 1050 t; 5 5 

lOP 4 6500 1500 1600 5 5 5 
11P 4 6961 1500 2320 r:; 5 r:; 
12P 4 7294 1500 2500 5 5 5 
13P 4 7294 1500 550 5 5 5 
14P 4 7294 1500 4850 5 5 5 
p;P 4 1zq4 1500 1300 5 5 c; 
16P 4 747U p;00 ]OJU c; i:::, r::; 

17P 4 7294 1500 1400 , r:; 5 5 
1P 4 7?04 ?.000 5 5 r:; 
19 3 5820 800 5 5 5 
?O "l, C,8?0 ?f,00 r:; r:; 5 

1500 
3 o-n 2 c;. • 6 i:::, ?4. 
3 -1.00 22. -0.0 o. 
4 O•O 40. • 6 5 ".l7. 
4 -1.00 22. -o.n o. 
5 O•O 55. • q () 46• 
5 -.95 26 • -.on -,-:.. 

I 

T I"~E SLICF 1 ,3'30-345 
40• 73.4 23.2 2.b 1.n .4 
40•7l•lA?r:;~lC'l0?e}BJ1.0".lQ0.h4 
40•68•8127•?40'•3601e11()0e4R 
40•66•3729e?.70?e5401.?G()0.~? 
40•63•8?31•600?e7301.-,ooO.i:;A 

1 

165 132 106 686 3()()3677 
13 13 1 n 26 
p 13 In 21'-, 

52 4n 507 
2°0 
l 5 7 

TJME StlCF 2 34";.~400 
40• 13.4 23.2 2.0 1.n .4 
4 0 _•_]'J • If, 2 r:; • 1, Q O? • l P, 0 l • 0? 0 0 • Lt It 

5 
.97 0 TOLL P()0TH 
eQ7 ACCE-LERA TI O"-l AREA,STAQT i';;ESEPVED LA"1r::;S 
• (') 7 GnLDEN Gil.TE 3R IDGE 
.97 
.q7 \li:;>0"-IG l,JAY RUS CfWSsovr-R 
.97 D NFGLECT VISTA pnrf\JT O~-'-OF=r- OJl~'P,S\'_/1,L_L 
.7? AL EX A~tD ER ( FJR~AER y SAUSALIT0l 
.12 0 
.12 t,JI\LDO TUI\INFL 
.12 J) 

.97 SPENCER 

.97 OD 

.97 Rnf)FO 

.97 OD 

.97 'v111R IN rnv 

.q, OD CAPACITY ADJUSTED LARGE \•JfAVE EFFr=cr 

.97 RIIS (.q()5c;Q\/FR 
e97 OD MAILINE-PICHARDSO~ 81\Y BRIDGE 
.97 
.q, OD ~Md f\'L I ~,E SOUTH OF T I P, I l p () t\l 0FF 

.QC:, ? l1 • • or:; ?3. 1 • (' t") ,,. 
• q "i ? ? • • 0 c; ., IS• , • r-n ? .., • 

• 0 5 lt.4. 1.n0 ., 0. 1 • (11", ? (\. 

-. r:;n 1 (). -n.n 0. 

237 
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40•68•8127e240,•3601eJ1nOe4A 
40e66.3729•370?e540le?000ec:;2 
40~63e8231•600?•730le?ano.~6 

1 • 1-

1 

152 158 46 106 
7 13 13 

'26 
2 

804 
46 
40 

5 
52 

1 

3004012 
30 79 
2o 79 

7 
2i:; 480 

317 
157 

TIME SLICE 3 400-415 
• 33. 74.4 21.7 2.5 1.3 .1 

33•72•1123•6902e690l•~A00e08 
33e69e8225e690?e9101.c:;ooo.oa 
33e67e3727~770~•1501e~200e09 
33e64e8029e9503e400}e7500el0 

164 105 

~ . 1 

111 904 3004738 
, 7 1'3 1 O 100 
13 13 c; 20 

32 42 663 
288 
158 

'TIME SLICE 4 415-430 
33. 74.4 i1.1 2.5 1.3 .1 
33•72•1123•690,•6901.~800•08 
33•69e822~•6902•910J.~ooo.oa 
33e67.3727e7703el501•6200e09 
33e64e8029e9503e400le7500el0 

1 1 4 

183 157 

1 

46 1111047 
7 13 39 

7 13 
2 

38 
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1 

3·ons219 
5n 74 
10 23 

:, 3 
50 749 

26? 
-i 04-



TI ME SL I CE 5 4~0-4'+5 PEAK HOUR REG I NS AT TOLL AREA 
42. 71.1 24.l 2.3 2.3 .2 
43.68.8725.9902.4502.h500.?4 
42•66.6027.8902.6302.~~no.,~ 
42.64.2229.s102.8202.q200.,1 
42•61•7411.940~.020~.o,oo.,q 

2 7 

219 192 

1 
J 1 

1 1 

7'11082 1+()(')6311 
27 55 21"1 62 

7 14 1 n 24 

67 40 532 
411 
217 

TIME ~~1CF 6 445-500 
4l• 71•1 ?4•1 ,.1 ,.~ ., 
42.68.8725.9902.4502.4500.?4 
42•66•6027•890?.6302•A~Q0.?5 
4 2 • 6 4 • 2 2 2 O • 8 7 0 ? •, 8 2 0 ? •' R ? () 0 • ? 7 
42•61•7431•940~.0203.0100.,0 

1· 2 15 

l 1 

1 

219 192 4A 621192 4005742 
7 7 14 1 n 17 

14 27 3n 66 

37 4g 664 
411 
108 

TIME SLICE 7 500-515 
43. 64.3 31.0 2.5 2.1 .1 
43•62.1532•8602.6902.?1QO.o7 
43•59.9534.7702•8502.~500•0A 
43~57.6636.7503.0202.4900.0B 
43•55•?0~P~B]0~.1RO?.A~ao.00 

3 4 2 13 

1 2 

1 

1 

1 

257 315 50 861058 3on6505 
7 14 29 15 21 

14 29 2n 52 
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71 4'? 690 
286 

• 2An 
TIME SLICE 8 .515-530 

43. 64.3 31.0 2.5 2.1 .1 
43e62•1532e8602•6902e'?3Q0e07 
43.59.9534.7702.8502.3500.nB 
43e57e6636e7~03.0202e4Q00e08 
43.55.2q3~.a10,.1ao2.~~oo.oo 

2 5 2 21 

2 1 2 

3 ·2 

271 686 21 501073 4005927 
7 7 14 10 19 

29 57 100 215 

71: 50 594 
257 
171 

TIME SLICE 9 53~-545 
43. 74.6 20.0 3.5 1.0 .9 
43.72.3621.76Q3.780l.14o0.96 
43.70.0823.5604e0901.,~01.n4 
43e67e6925e4404e420le33Q]e]2 
43e65el827e4104e760le44Qle?0 

2 2 11 

2 

2 

315 750 78 511·147 4004736 
3 3 5 5 11 

21 134 100 248 

33 25 298 
IRR 
160 

TIME SLICE 10 545-600 
43• 74•6 20•0 3.5 1.0 .9 
43e72e362le7603e780lel400e96 
43e70•0823e5604e090Je?30l•04 
43e67e6925e4404e420le33Qlel2 
43e65el827e4104e760le440le'?O 

1 11 

2 

274 616 47 471166 4004263 
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7 7 13 
54 107 

lo 17 
50 164 

33 25 284 
241 
214 

TJ~E SLICF. 11 600-615 
13. 66.o 26.3 4.4 2.2 1.1 
33.63.9227.9104.6702.3301.17 
~3.6le7520.5Q04eQ50?.4R01•?3 
33e59e493le3405.2402.6?0le31 
33.57.1433.1505.5502.1101.39 

1 l 5 

1 

1 

235 647 22 961279 5nn3o72 
7 7 15 1n 19 

14 29 5(') 259 

3 7 5 n 346 
? 3 i:; 

116 
TIMF ·SLICF 12 615-630 

33. 66.o 26.3 4.4 2.2 1.1 
33.63.92ZJ.9104•6702.~301•17 
33.61.75~9.5904•9502e4AOle?3 
33.59.4931~3405e2402.6?Ql.3l 
33.57.1433.1505.5502.7701•39 

l 1 2 6 

1 

1 l 

184 206 51 741•233 60n2866 
1 7 14 l n 19 

7 14 /('\ 4A 

1 ,; 

37 ?t; 364 --·-
2 3e; 
116 

TIVf SLIC~ 13 630-645 
35. 10.q 22.2 3.3 ,.s 1.1 
~5.68e7A?~eR?0~.~40?.~POle1R 
35e66e5625.5203e790?.R7()le?6 
35.64.?~27.2804.0503.()701.,5 
35e6l•R~? 0 e1?04e330,.,po1.44 

T-

241 



12 7 169 121. 733 3on2517 
7 14 10 ?5 
7 14 111 25 

21 ? c; 1 R7 
11 n 
112 

TIME SLIC~ 14 645-700 
35e 70e9 ?2e2 3e3 ?.5 1.1 
35e68e7R?1eA?03.540?eA80l•1R 
,5.66.5625.52n~.7902.R7ol.?6 
,5.64.2527.28O4.O5O3.n7nl.35 
35e6l.812Gel204e330~.?R01•44 

1 l 

1 

127 169 127 733 3()(')2517 
7 14 1 l"I ? c; 

7 14 ln 25 

21 25 18 7 
·no 
112 

FI\Jn 0!) 

242 



I\) 
.;:-• '-". 

I"'-:$ Tt TUT;: 

APPElilDIX E · 

Ex.ample PRIFRE Output M.arln Roat. 101, New Design, 
Two Reserved lanes, Scheme 2-2 

□ F TRA~spn~TATION liD TRAFFIC fNGINf~RING V::~Sto"I 22.0 
JNIV:R~~TY 7F ClL!FO~M!A PAGi:: NO, 45 
P.~r; K'.'IJY, Ct LI f:)i:;,,•·!! A 

~ -S~DV D D~JJDJTY 8P~qlTIGNS U"IR~S~Rvi::0 OR NQR~AL OPFRATJnllJS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ................... ..................................... . ...... 
q1p i::p;t.L nt r-r•c,. ,~, ! C • PS V~L C t.P V/C D' ~l MPH TRAV UN "ll \f ')L (:AP w 1ivc. V/C D':N r,1PH fRAV 0 L::,IIJG Q~ Uf! 
•:;. ( \'Rt:; c,·s ,-,.-~L V/ 11 /l TIM" ,\J,JPM Fl= V/M,/L T!MF * F i::r RA 

1 3>:i4"- • o. 3Bf...5 M 4 3845.10()0(). o. .38 39. 24. ..oq 200. 0 o. 
-, o. ,, . ::84': . , 30 4 • 3000. • 2 7 9 • 44. • 10 u ? 3040 • 3600. o. • S4 46 • 31. .14 400. 0 o. ,. '· 
~ u. {). '.3 ,. 'i 2 g,>4. 3()00. • 2..,. 13. ;2. 1.1 7 u 2 ::l040. 1600. I). • A 4 33. 4..,. 1. 32 5400. 0 o. 
"' () . 1 • 3345 2 81)4. 300•1 • • 2 1 8. "; 2. • 13 u 2 3 040. 34+1'i. o. • 88 'l'l 

.,; - . 4S • • 1 i:; 600. 0 o. 
t· c. ,:i. 3S~: 2 61)4. J:)r)'). .2 7 e. "2. .o? u 2 304(l. 3375. o. • 9 n 33. 4(:-.. .607 300. 0 o. 
"' (\ . 1 ·,c: '--. 3 c!'t 5 2 '1•14. 3t)O•). • 2 7 8. 52. • 13 u 2 3040. 3376. o. .'JO 33. 46. .l"i 600. 0 o. 
7 o. D. 3 7 20 2 80'•, ?00l). • 2 7 e. 52. • 13 u 2 2915. 32,:-:n. ,0. • go 32 • 41',. • 15 600. 0 o • 
b 4 [~. u. 3 1 t· 8 2 ~04. 3 (),)(). • 2 7 B. 52. 6" • J ·U 2 2%3. 3250. ,, . .9 l 33. 46. • 7<; 3000. 0 o. 
9 11, 1 • 3 7 ~-'3 2 g,)t,. 3()(}11 • , 2 7 8. "2. • 23 u 2 2 9"-3. 3200. o. • 93 33 • 45. • 27 10'50. 0 o. 

1 tl n • 1n:J. 3 76 3 2 fhJ4, 31)1J1l • , 2 7 8. "2. .35 u 2 2%3. 325(), o. • :;i l 3 3. 4!'-. .40 1600. 0 o. 
11 (_:. .) . 3 :J,.g 2 ~1)4-. 30:n. .27 3. 52. • "I) ll 2 ?86 3. 34f\(), (), ,82 31, 47, .% 2320. 0 o. 
lZ l 8 • u. 37 1 & 2 81.)4, J\)Qf), • 2 7 B. 52. • c::;4. 'J 2 2347. 36!+7. o. .64 26. 46. • 77 "tr 2500. 816 564. 
1 :' l) • ;.) . 3716 2 tlu4. 300U. • ?.1 8. 52. • 12 u 2 234 7. 3 6ft 7 • o. .64 32. 37. .20 * "i50. 550 564. 
l t). l flti • 37lf: 2 81)4. 3()():). ,2"7 ~-. 52. l.()" u 2 2347. 36t,7. o. .64 50. 2"-. 2.60 * 4A"O. 49 50 c:;~4. 
l" d• o. 3( 16 -, I.HY•. '10 (l\l. • 2 8. 52. .23 u 2 2247. 3~!.c7 • I). .62 75. l c:; • 1.01 * 1300. 1300 c:;64. 
u c;zz. 4 l?i:. t l 3 3 2 c:li'J4 • 3 !)()). • ? a. 'i 2' • • 22 ll 2 2B9. ?769. %6. 1.10 46. 30. • 3P. 1000. 0 o. 
17 u. n. 3:, :59 ,'. '3·)4. 30,10, .., 0 <; 2. .30 IJ 2 2274. 3647. o. .6 2 2 3. 49. • 33 1400. 0 o. . '- " . 
18 2 ?(•. 23 1 • : 779 ~J "· 3299. 7294. o. .~5 16. '30. • 68 3000 • 0 o. 
1 '1 n, tl • 3;: (); ~· 3 30A3, '5 Q20. o. • "5 3 21. "iO. .111 AO!) • () o. 
zq 11 S. 1182. 3t:2 1~ M ;, 3 1 q;,. 5 82/), o. • 'i 5 21. 50. .83 3600. 0 o • 

Time Slice l 



N, 

·i 

INSTITUT,· nF TRAN r~rTfTin~ •~D T~-FFIC rNGIMr~PI~G 
t1~:1v·p~r-ry rf C:.l f:')!HI ! '\ 

f\'·'R K ~-L • Y, C n l F:7 n , I I' 

'l,V'. L TH'" FCT ~j i . 1'Tl-PRl,lRTTY TRIP .Ol "11NUT"'S 

I) 1 2 3 4 
l 1°2. 348. '"6 7. Ho. 
2 1). l'"l• 2 ( ,) • '51J9. 
3 . :) . :, 2 • 312. 
'+ ,l. 1). I)• 233. 

tJ. 1.l. ,). u. 
t; n. t_\. o. u. .., 

I)• t). l!. o • 

·-,,. ~. V' L TT M'" r '"'' ~;q rr' ::'" nv 
i') l 2 4 

1 U-9. -:-- Ur:~ • '" 1 {J. 527. 
2 o. 12), 227. 3,,. 5, 
3 ,J. u. St,,. 172, 
L. o. 11. •.). l:J 5, 
5 1). ,) . \). 

6 u. ll. ,) . 
7 (). tJ. ,J. 

f:..! \,l'.y ~,HV.L: !\ p·J l 
F :, "' i,, ,: Y Tr ~ V . L ,. '\ ' ( U -~ Q ) 

f , ·a "ti !J, V TP I' V !,. - " ( 9 '· I 
T11Pll c:~ l',Y ( '!I! l 
1t.,q:.'!! c·~:L,-.1Y {UH} 

"'!·r· 1 "!("Al 1·r,, ! V L P" ~~ ,\ ~•;(. 

"1~Tt,L rr, V' [ ,! ,,, , lH!Cl''C, 

!:>r.-1:1 ~ T"tly l'P' ~l71C'1S 

i). 

~J. 
rJ• 

<: 6 7 
853. 953. 1054. 
', 46. 71.(;,. .9,f.1..-,. 

448. :'49. 649. 
3f9. {.: Q .) ,, . r.70. 

38. 138. 2 3 9, 
o. ,~8. 168, 
(). l'I, 83, 

HIP .01 '1Pll,IT~<: ., 6 1 
">77. t 75, 77"'>. 
3 9"'. 4°]. '5°3, 
2 22. '.?19. '+20. 
l ~ 5. zr,-i 

• '...I • 35 4. 
22. 12!J. 221. 
o. 69. 168. 
v. '1. p 3. 

CJ P P.."'.tl~ T !"1": !'H ,:RVA.L C UMUL A :J VF 
24. \j ft-HOS n. PASS-HP<; 24. 1/1-H-HRS 

101. V':H-H"~. 101. PAC:',-HO<; 10 l. V,..H-HCS 
20. V"H-Ht'~ 4<;. PASS-HRS 20. \/'.-"H-HP <:, 

o. V''H-HP <' o. P,'\SS-HDS o. V"' H-Yf! S 
tl • V 'H-HPS o. PASS-HP S !). VCH-HR 5 

s 'l ':)!.. V"'."H-'1!. 7 "'75 • PA<:S-M!. 513q4. Vt:H-'-'l. 

l 4 5. v::H-Hf.::c l 78. P"SS-HPS 145. vrH-HQ.S 

Time Slice 1 

V"RSirJ"J 
PAG<= NO. 

VH'.ffS 
32. P!\$S-H~S 

un. p~<;S-HP<; 
45. PASS-HRS 

o. PASS-HP<: 
o. P/I.SS-H 0 S 

7575. PASS-"'1! • 

178, PIISS-H~S 

22.0 
46 



ll'ISTP'UT'~ :lF Tf:/IJ;:PrPrt.TION .t.'\ilJ THFFIC: i:r--ii:;l~J~FPitlG vi:p s to"! 22.0 
11~11 v: c c,1 ,v 1-F c 'I.L: FJ:v,: r ~ P~::;-- 11v1. 4~ 
B,P!<rL"Y, C•'lLIFJ,r1If. 

\,)!l•IJ'• U'LU S !ON q TZ,: • 146 
QU,·Ui: C:'LL!S!0~-1 8 7· 2-= • 15 5 
Q '..lUT or: ~ "'C l 

R~5~QVi D P~l~R!TY ~P:PAT!JNS U~•E?:;:5f~V"f"I '"IR ~JRMAL OP$:RbTI0"1S . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...........................................................••... 
~09 FT~tl D~MD. rc!G. "S VOL U,P V/C f\:".t-.f "1PH TR~,V UN NL V rll CAP 'rill"' AV~ VIC f.l::!\4 "1Pl-l TP t, V Q Lf'NG Qttrui: 
S C ~~ C 3 'LS T:1Tl'.l V/M/t TI 11' ti OR~ r-FF V/M/L T!MC- * fCfT ~A 

l "-236. 0. 4.., "-"' '-~'"' fJ '- 3522.10001). o. • 3'i ~6. 24. .11"' 200. 20'} 714. 
? o. ,:). t.2 3 6 2 8 7 z. 30 l)i) • • 2 9 l () • 44, • 10 u 2 26'-0. 3600. o • • 74 49 • 27. .21 * 400. 400 714. 
3 c,. o. l,236 2 872. 3000. .29 a. 5 2. 1.18 u 2 2650. 3600. o. • 74 38. 3 5 • ? • 12 * 5 40 0 • 541)0 714. 
4 (). (). 4236 2 87l. 3000. .2 9 s. .::2. .13 u 2 26«;0. 3445. /'). .77 5() • 27. .29 * 600. 6 0 () 714. 
~' Po o. l,2Jfi 2 872. 3000. .2Q 8. 52. • 07 IJ 2 2650. 337". o. .79 54. 24. .16 * 300. 300 714. 
6 o. 115. t... 2 3 ("1 2 972. 31)00. .29 F'!. 52. .13 u 2 2650. 3376. ,.,_ • 78 55. 24 • ■ 32 = 600. 600 71 '•· 
7 o. 0, 4121 2 872. 3001). • 2 (} 8. 52. .13 tJ 2 2535. 32~0. o. • 78 53. 24. • 32 * . 600. 600 714. 
8 l"-3. o. L264 2 872. 301)0. .29 '). 52 • • 65 u 2 2~78. 3250. o. .a2 52. 2s. l."-0 * 3f'F)0. 3000 572. 
0 o. o. !T264 z ~12. 3000. .2 tJ fl. 52. .23 V 2 2678. 3200. o. • 94 5 7.. 26 • • 52 * 10""0. 1050 522. 

10 o. 121. 4764 2 812. 3000. .2'1 8. 52. • 35 IJ 2 2fl8. 3250. o. .82 "l l. Zf,. • 76 * 1600 • 1600 52 2. 
N 11 o. o. l,13 7 2 872. 3()00. • 29 3 • c;z. .51 u 2 2556 0 Jl+80. o. • 73 C.6. 23; 1.23 * 2320. 2320 522. 
~ 12 12 7 •. 43. "'264 2 372. 30 1)0. .29 8. 52. • 55 u 2 2683. 364 7. o. • 1 t.. 72. 19 • 1. c;5 * 2 500. 2500 '52 2. V\ 

1: o. J. '· 2 l 9 2 872. 3000. .29 13. 52. .12 u 2 2640. 364 7 • o. .12 76. 17. • 36 * 550. 551) '522. 
14 11. 110. 1t2 30 2 872. 3000. .29 B. 52. 1.06 u 2 2651. 3647. o. .73 76. 1 7. 3.17 * 4850. 4850 522. 
l"' o. o. l.116 2 872. 3000. • 2<? 8. 52. • 28 u 2 l"i 1+l. 3647. o. • 70 77. 16. .90 * 1300 • 1300 522. 
lf 424. Ml3. 41340 2 P.72. 3001) • • 29 P.. 52 • • 22 u 2 2%5. 2%5. 770. 1.00 49. 30 • • 38 1000. 0 o. 
17 n. (). 38 22 2 87.2. :10()(). • 2g 8. 52 • .31 u 2 2362. 3647. o. -.65 24 • 49. .33 1400, 0 o. 
11< 2.:..i. 240. 't(/63 ~ 4 3475. 7204. o. .4 ~ 1 7. "'0. .68 3000. 0 o. 
lC/ o. o. 3-:-78 Ill 3 3235. 5820. o. .'56 22. 49. • 18 800. 0 o. 
20 119. ?? ,;4. ?897 N 3 3354. 5820. o. • c; 8 23 • 49. .83 3600. 0 o. 

QU~Ur: V2NGTH DHAY 
V~HH'LLS V"'H-HRS 

ON-qA"lP 1 INPUT PDII\JT 1.47 .18 
1-F;FGl!lG POINT o. o. 

TJTAL l .4 7 • l 8 

Time Slice 2 



N 

~ 

INST1Tl!T~ 1F TR~~SPO~T~Til~ 6~D T~AFF'C CMGJ~=~PI~G 
UNIV~F~ITY OF CALIFnr~!~ 
B~PK[L~Y, f6LlFOFMIA 

TRllV'"L TH'f FC'F C'1ir· ~)CJ!I-Pl<IDRITY T;;;Jo .1)1 M!MUT:C:S 

0 l 2 3 4 
1 269. '54l. Bl4. 116 7. 
2 o. z,.q. 516. 870. 
3 n. o. 153. c;o6. 
4 o. u. o. ;.: l 7, 
", o. o. {). I.). 

6 o. o. (). o. 
7 o. o. o. 1). 

Tf< ti V'· L , I II,'"" F :1R JrJ" PF r :JF. JiY 
() 1 2 3 .. 
l 170. 3n 7. ,qz. :, 30. 
2 Cl. 123. 2 346. 
3 0-. u. 5::,. 17 z. 
4 o. (I • o. 106. 
, tl. n. o. ,) . 
6 o. o. ). o. 
7 o. o. (). t). 

FR F w./\Y rr. A v:-L TI ( ,. 'C, I 
i::i; ,,. 7;,; I\ Y fRtirL 1 \, t \ 

F~,.. • i,; ~y ;i<"V'L ·rr .,,. ( l· 

Tf':PlJT D':L"Y ( ~!D 
! ~,our o,:uy ( \)M 

T [l TA L T" w l "I ~ ,. ( t IC 

Ti1TAL TfH_V-1 .,.-!'1' U'ID·P 
D~IOR 1 TY OP~R~-![~S 

I 
I 
I 
I 

5 6 7 

129'5. L306. 1-vn. 
99R. 101A. 1200. 
6 34. 735. 836, 
445, '546. 6l, 7, 

38. 1311. 240. 
1). t g. 169. 
1) • o. 83. 

p;, IP .Ol MINUTi:'.S 
C: 6 7 

:; Ot). f:. 7 fl,. 780. 
39'>. 40• . . "96 • 
2 2 3 • 321. 1,22. 
156, 254. ?56. 
a. 120. 222. 

,) . s '3. H9. 
l), 0. 83. 

'.:'JPP! l~T THW 1NT,: P VAL 
26. v-H-HF'c 3". P.t SS-HP ~ 

155. V'· H-HR<" l "i 7. P<\<;S-H"S 
22. I/ H-HC 4c. P~,ss--H~ s 
o. V f-'-H P 0. f)~1~S-HPS 
o. V H-H!: (). Pt, SS-H!: S 

'"> J 9 2 • V : H- ~1I • 7941:. Pt ss-1,,q. 

2')3. V ''-IJ-H!<" 21-tO. P"'-.SS-H!:'::. 

Tin. , Slice 2 

vi::-~stoN 
Ptr; NO. 

CU~UL~TIVc VILJ~S 
50. V!"H-HD S "'f... Pt>SS-HR~ 

2 '5 6. V"-H-HP S 2'5 8. 0 ASS-HQS 
4?.. V•H-HDS ~r. • P~SS-HQ" 

:) • Vt H-HP S t). P~S$-HRS 
o. v- H-HR<: I'). 0/\_~<;-HDS 

119 R6 • V;:; •-1-"·-H. 15523. p,,c;;<::-V,T • 

348. V: H-HP<::, 41' •-~SS-HR<; 

22.0 
49 



-· , -·- --,• --~ - ·------------------
JN<;TT-u,.; 7F TDA~~P □~T~T[Q~ D'JO T~ftfFIC eNG!Nr~P!NG \/,:R. S ION 22.0 
iJN1 Vi p::,py '~F CAL. F,J,''1! f, PAGI". 1110. 51 
~ "SQ K,: L., y. Ct L l F:1r.~r ! 1'. 

GJli, 'J,' r LL I:-; I C'J 9 .,..2= • 1JOD 
OU'U (' ll!:.:O, 8 T2= .1100 
l✓ ti c -, L L r -s ! r~1 7 T2= .i)()i) 

'.JI .I' U'' :." . 1LL 1. sr f'·l s T2 • 00 1) 

0'J \J, !'."'!LL 1S I 17 '.! 4 T2= .ooo 
L)I. i U ... : '.' L L ! s T '.:II 2 rz .oo,, 
0 '""UT 1F s ,. ( 1 

p•<;~~v-o P~IJRITY oP~PA,.I □~~ UNR.rSFPVF~ OP NORM4L QPr-RATI ONS 
••••••••••••••••••••• It ••••••••• . ............................................................... 

<;U FHl<\L r,.vp. , .. : G • PS V"J...., C ~.P VIC DF'J '1PH ""R.t.V U'-1 NL VOL C6 o wr AV" VIC D:N "1PH TRAV Q LFNG QUfUf: 
{" C r·r _; t"",~ s ' ··:- f;L V / ~11 L :!W \l•JQ~ r:FF V/1-'i/L TT MF * FFl;:T IU. 

t .. 8 2 n. (l • ~ll2'3 N 4 3524.10000. o. • 3 '5 40. 22. • 10 * 200 • 200 1304. 
2 (). 1_!. 28 2 986. 300l) • • 33 11. 43. .11 u 2 2'-38. 3600. o. .70 58. 22. .21 * 1.00. 400 1062. 
3 {). n. ,.e 2 e 2 98t. 3000. • 33 lo. : 2 • 1. 19 u 2 2".38. 'H,Oo. o. .rn 76. 17. 3.68 * 5400. 5ft.OO 1062. 
4- n. . l,f 28 ., •J>lf. ;OUIJ. .33 10. 52. • 13 u 2 2538 • 3445. o. .74 72. 18. .39 * 600. 600 907. ,. 
;; <J. o. <;,323 2 9,16 • 3(),)l). .33 l <J • '52. .(>7 u 2 2"3fl. 33"'5. o. • 75 70. 18. .19 * 300. 300 838. 
'"' (1 • 113. (q~ 23 ., 986. 3000. • 3 3 10. 52. • 13 u 2 2538. 3?76. o. .75 70. 18. .38 * 600. 600 838. ,_ 
7 o. . ,:, '71)] ') 0 1::! 6. ;\,) ,),). • 33 1 I)• s2. .13 I.I 2 2425. 3250. o. • 75 67. 18. .38 * 600. 61)0 825 • I\) -.;:,. R yo., ('· .:hl2 2 ye\(,. 3 )(Ji). • 33 10. 52. • !, $ u 2 2':24. 3250. o. • 78 66. 19. 1.80 * 3000 • 3000 726. 

--.J 
9 (1. P. , 0 2 

., 9tH .• 30(lf). .33 10. -:,2. • 25 u 2 2524 • 3200. o. .79 65. l 9. .62 * 1050. ll50 676. '+,, '-

10 n. -·u. 4fll2 2 :,e,t. 3,)0iJ. • 33 10. c; 2. • 35 u 2 2"24 • 3250. o. • 78 66. 19 • .%· * 1600. 1600 676. 
l 1 {l. d. t+ 7 22 ~ 986. :v'.F). • ?3 10. 52. .51 u 2 2454 • 31,.so. o. • 71 74. 17 • 1.58 * 2320. 2320 676. "-
l 2 3c .. . ,, 7t l ? l)P[,• 3,)00. .33 11). ::2. • 55 u 2 2493. 3 ~,4 7. o. .68 78. 16. 1.78 * 251)0 • 2500 676. 
n n. 'l • L76! 2 %6. 300,J. • 33 10. 52. • 12 u Z 2493. 364 7. o. .68 78. 16. .39 * 550. 550 676. 
1 '+ (). ;.19. ~ 7 C:: 1 ? 93b. 300U. • 3 ,\ 10. 52. 1.07 II 2 2493. 3641. o. .68 78. 16. 3.45 * 48'30. 48.50 676. 
1" (). d. Lv b 1 ? 'l'i6. 3()(1,). • 3 '\ D. ~2. .zq u 2 2404 • 3 f..4 7. o. .66 79. 15. • 97 * 1300. 1300 676. 
lf 56?. /.,.Gt.,• '.'22'.:'. 2 S86. 3000. • '.:: 3 10. 52. • 22 u 2 2659. 2fi5'?. 1076. l. '.'JO 44 • 30. .38 1000. 0 o. 
17 o. I I• {, I- 3 () ) 9>36. 3JO:). .33 10. <; 2. .31 u Z 21<'>5. 3647. o. .59 22. 49 • • 32 1400. 0 o. 
l" ?Zi' • 1 t"';2. i. 7:)'1 N 4 3372. 7294. o. .4-6 17. so. .68 3000. 0 o. 
19 I'• 

.. , t.,., .... ~~ r,,, 3 318•). 5320. o. .~ ~ 21. 50. • lfl 800. 0 o • 
zn l ?l. 3,i11. 4+ :~ ~ -, ~· 3 33()1. "'A20. o. .5 7 22. 49. • 83 3600. 0 o. 

QIJc'U~ I ''NGTH l:":L t,Y 
V HH'L•: v,:ll-l·fl s 

f\,-C ," "'1p l • ,JP,P fl· d ,~,;· 3 2 7 • '' 1 1.1 .11 
I.' 

< G:'·JG P\~lI;,.JT u. (I. 

"cJTtl 327.t+J 41 .11 

,f"-{f.';p ! :, r.J-· Pl: 1\jT n. o. 
,,1·· 1~ r, r •1,:; P: J ',T H .Rl 9 .60 

T:, t:.l 76.81 9.60 

Time Slice 3 



N 
.<S 

INS~fTUTC OF !P4NSPORTA~ION IND TRlFFIC [NGIN~~RING 
J~JVrP~JTY rF C~Llc1~~1A 
'3r-~Kr.t"".Y, Cfl!FJ1'! 1 !1\ f 

-,,u,v· L Tl Ml: rr~ ');,: t!OII-PR! oc.cr 1Y T~ Ir .01 MTMlJ""c'S 

(l l 2 3 4 
1 494 .• 869. 1205. 1589. 
z (1. 33 7. f: 73. 1057. 
3 (I, o. 1 78. 562. 
4 (). n. o. ;,45. 

" 1). u. o. f). 

f. 1.). o. d. !) • 

1 o. (J • o. u. 

Ti<tV-L TH/: F~ .. R '. 1 \1, P, ~ :•R J;Y 
0 1 - 2 3 t.. 

l 173. 310. l; 16, :j3"t. 

2 o. } 2Lf • 2 30. 349. 
... () . o. ::,5. 174, ,, 1). o. o. 1;:1 7. 
~ o. ,) . o. u. ,, (}, o. v. ,) . 
7 0. , Q. o. o. 

i::r. ·r;~y TP-~V' L T ! 'l: ( '•!CH() 
c:,;• :-w,.W -~bV'·L :TM. I WW) 
i:r '.•W1\Y iPAV' L TP,' Ir S l 

T ~•PUT O • L ~ Y ('JC:PJ 
T ~' PUT C1

:- L t~ Y ( W!F.) 

.,."'.'1.\1 ''-AV L l'ISL"lC 

f"Y~.t g,w,L '"IM ·J~1r~r 
p'7T err iY r::P P 1\-r I r:i,! s 

5 6 7 
1725. 182 5. 1926. 
1193. 1293. 1394. 
f97. 79R • 900, 
480. 580. ,S82. 

3B. 1311. 239. 
(). 68. , 169. 
') . o. 83. 

T~ ! p ,fll M! r.iu-:-:=: S 
<:; 6 

.., 
5 85. 681. 785. 
399. t...98. ~99. 
224. 32 3, 424. 
l '- 7. 2'56. 3::7. 
n. l ZC. 222. 

'). b 8 • 169. 
ll, o. 83. 

:•JrR:':',.,. TT"I' ! 1~,-,..P.VAL 
2 ':. V ~H-HP~ 

l f12. vrH-H 0 s 
25. V .. H-HQ C: 

41. vrH-HP.«:: 
1\). V": H-HrS 

5 7 18 • V H-M I • 

2e2. V 'H-H1;S 

33. PASS-HRS 
132. PI\.SS-W<5 

5 6 • PA $ S- Hf.' 5 
54. PI\C:S-H"S 
13. PASS-HP<; 

7':!89. Pf>, SS-M'. 

337. Pt.SS-H" S 

Time Slice J 

flJMUL r,TIV''' 
74. V::CH-HP S 

4- 3 8 • V t: fl- HP S 
67. V,..H-HOS 
41. V""H-HRS 
10. V""H-HPS 

V"'~SI1" 
NGS:: NC1. 

V\LJ'=~ 
9Q • P ~S S-Htl S 

441), P~S~-H~S 
150. PhSS-l·H~S 

'-4, o,\C.S-H~S 
13. ?!\<;,-HP.«:: 

17703. Vt:H-'-1T. 23212, PhS<;-"'ll• 

630. VFH-HRS 75"'. P~SS-HRS 

22.0 
52 



I \:S TJ:UT'· n,:: -i 11:-:'.'.P'..JK- .,.r•1~J n;-.r) TQl\F-f'!C FMGI"l~'"Cl!NG v-~q11'! 22.0 
u • P v·· "s r TY ,.., F C!\L! HH l'df. Dt,Gr: '-Jr). '54 
fi, ;> KF l. Y, Ut.: F!J".MJ '\ 

QIJ, u· C: :LL! S,. [''N 9 [2= .()00 
(,),J ,!!" C,' LU Sl J~ 13 T2 = .:JOI") 
o: J' u CJ LL'<: J 'l,\i "7 TZ= • '.)00 
:;)!J:, tH' C ·1 L L" S : n1 j 'i T2= • 1)0 ,) 
ou:. !j (' L!..~~~fll\~ 4 TZ= •. )OQ 

9L'' 11·: Cl l lI S ;"71,; 2 T 2=- • ,) (l (\ 

':;) r1u"!" :.~~ S"(' l 
R .. Sf'.:{v, ·i P~ J'lf'ITY ::)Pt-PtT!J\JS ui•:r-; '.:.R,IJ .::o nri WJRM\l OPr:Pt..TT"'!S . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ................................................................ 

<:: l' ;, F '1 1\1. n•. i_p.,. r~ 1 G. e><: ' .. vr:1L (l'::> V/C ['1::~I r~oH TR~V UN NL V/Jl C,.. D Wt'l!,V,.. VIC DfN MPH TR/W Q leNG QUf\Jt:: 
'; nc (' ,,,, r,r~ S rr_·1"'!"' n_L V/M/L ~ I 'II'.' ~;)t::M l"Ff' vn~tL TT"'lF' "' F '= t:T RA 

l ;,l,,)I, • . , • r::, ,,.,. Ill 4 3!H9.tr)noo. n • • 38 43 • 21. • 10 * 200. 200 1585. 
2 (). n. i:: 1-04 .., 1 (j[j 5. 3 ·)1). • 3o 13 • 42 • • 11 u 2 2732 • 3600. o. • H: ,, 2. 22. .21 * 400. 41)0 >16 8 • 
3 o. n. S40l, 2 l•ltF;. 3000. • 36 ll. ,; l • l. l n u 2 2732. 3600. o. .u, 74. 18. 3.33 * c;400. ,;400 86 A • 
4 /). (I• '5 L, [lL .. lOB~. ::-oon. .3& 11. 51. • 13 u 2 2732. 3445. o • .79 70. 20. .3'; cir 600 • 600 713. -
C o. \,. ~4 1)4 2 1;1,n. 3t)Ot'l • .36 ll. 51. .07 1J 2 2732. 3375. o. • 8 1 S8. 20. .17 ,i, 3no. 3M (,t. 3 • 
r, n. 1 l 7. ~ITt)I+ 2 1085. ]/JI)()• .36 11. '51. .13 l 1 2 2732. 33 76. Q. • s l 6 8. 20 • • 34 * 600 • 600 643. 

P. 8. "262 2 J ,),3 ~ • 30:):). • 36 11. 5 l. • 13 u 2 2615. 3250. o. .!lf'l ', ~. 20. .34 * 600 • 500 635. 
B 1~,;;. 'l • C,,'1()1 2 l•Jf\5, 30:)0, • 3 i:, 11. ,::; 1. .M, u 2 2754. 325(). (), .8 5 65. 7.1. 1. 6 0 "' 3 1)<111. 3000 49 h. 
q o. \J. ""+01 2 L (ld5. 3000. .36 11. 51. • 23 u 2 27r:;4. 3200. o. .B 6 ') 3. n. ·"5"' 10"-0. 1:)50 446. 

I\), l 'l (\, ()~, . ':: t, O l .:.. l ,)8"'. 3000, • 36 11. ': l • • 31c u 2 2754. 3250. o. • 8" 65. 21. • 9c; * lYIO, 1601) 446 • 
$ 11 I 'J • u. "2 79 2 l llf,". 31h),). • 36 11. 'i l • .51 LI 2 2 6'5 8. 3481). (). • 7" 12. 19. 1.42 * 2320. 2320 441, • 

12 41. :, :, . ~12() 2 lOH", 30:n. .36 11. 5 1. • 5 i:; u 2 2600, 3.r, t.. 7. n. ,74 76. l q. 1,60 * 2500. 2501) 446 • 
13 {'. d. c.;2 O,;) 2 l (J~ 5. 3000. • 36 11 • 5 l. • 12 u 2 2A':-6 • 364 7. (). • 7 3 76. 1 s. .36 * c:;c:o. c;" (' 446. 
l t.. tj. f;4. :2 88 2 l 08 5. ~oou. .36 11. 51. 1. 07 LI 2 2A74. '3 6(, 7. o. .73 76. 18. 3.13 ~ 4~c;(}, 4851'1 4t..A, 
l:: "· l t • '-' l 'Jf) 

.., l,JH",. _H)() (). • 36 n. 51. .29 u 2 25CJ1. 3~47. o. ,71 77. l 7. • lijA ,c, lJM. 131')0 446 • .:. 

11' no. ':: 13. 5825 .. l ( 1/l"' • 3!){)!). .36 11. 51. • 22 I.J 2 2515. 2515. 1220. l .oo t..2. 30. .38 1000. 0 o. "-

17 o. n. !.<J:C.j 2 l tl!:l 5. 30iJ:l. • 36 l l. 5 l • • 31 u 2 2'102. 364 7 • o. .5~ 21). '>I). • 32 1400. 0 o • 
lR z '}?. ~ t)t~. ;; l 5 7 N 4 3291 • 7294 • o. • 45 16. 50. • Ml 3001) • 0 o. 
19 0. fl. t,.,3 4~ fl 3 3087. <;_820. o. • 5 3 21. so. .lA 8(')0. 0 o. 
2 (1 lC. • 31',E:. l,.021 M 3 3166, i:;920. (). • S4 21. ,;,). • 1'.13 361)(). 0 n. 

;}J,~J. l ':MG~ H or·u,v 
V ;.H l: l i' S V!'H-HP S 

"t!-f' Jl'!,P 1 ! tlPUT fl!{ NT 723.6"1 131. 39 
'I. F G ! 'H", POT \!T o. o. 

TTiAL 723.6° 131.39 

or,:-,. /\ ~, P :s Jt·~!'.l:J'7' ?u :'~f o. o. 
\j G! 'JG r>r; iH Z"i:.4~ 41 .53 

""'1 :'.', L z5c:,45 41. "3 

T1Me Slice 4 



N 
\J\ 
0 

l:JST!Tur- n::: 7F.f\ 1,;sp,,:···•,-t jhJ 4'·rn T~AFl=lC ':NGJ'l"·'iPJNG 
U~iV :,T..-y r·F7 C~L!Fr'J!f, . 
1;,·:r:K•L~Y, 1 1 L•r:rir•q!\ 

'fr;: t,, I/: L iT\1- rcr I } / ~ ., "·n-P".(f,;:;T-:y TR!P .01 MPHJT'::~ 

() 1 2 3 4 6 7 
l 4c () • 7!3:;. 1 Oil l:. 11-'.'.\ ~. 15 ':- l. 1661. l 762. 
? o. :00. (, 02. 9: 1. ltl77. l l 76 • 1277. 
3 o. o. 1 f: ,). SU9. 1:-34. 734. '335. 
It n. n. ,) . 313. 439. : 39. 6 1,0. 
;;:; n. ,J. o. o. 38. 138. 238. 
6 o. v. o. o. <J. 6 3. 16 s. 
7 n. o. o. o. o. o. 83. 

'f I' I' V' L .,.. T F : >(l c:: Ot:'.. PR1 1JFPY HIP .01 MP'IJ.,..':S 
0 1 ,: 3 4 

l 1,4. 312. 41 8. 53 8. 
2 o. 125. 2 32. 35 1. 
3 n. o. 5~. 17 5. 

I.. o. o. •). 10 7. 
5 n. o. o. 
" (l • l) • !). 

7 n. l) • o. 

F~ ,'.'.l,;AY ,P A.V·'L 1 ~.1 r (NOR> 
FO r·w~.Y ':"C',',Vt'L T ,,F 

''' ( u~w I 
l=P ,·~:I\Y HAV:L 1 ~, .• ( r 'SI 

TNPUT O~L4Y (~DR) 
T~PU7 D~LtY IUMPI 

!'QT~l TF~.V:• l LlIST/',i\JC:0 

aT•L T~avrL 71~• UNDiP 
PAtn~tlY □ P~RATJGMS 

(). 
ll. 
o. 

': 6 7 
: '19. c,~7. 788. 
402. 500. 1-0 l. 
22f,. 324. 425. 
l::; 8 0 2 '37. 35 7. 
22. 121. 221. 
o. 68. 168. 
o. o. 83. 

CURq~NT TIMr I~TfRVAL 
24. V'?H-HqS 12. PASS-HP$ 

177. vi:::H-HR~ 11e. PASS-HI> S 
21. VrH-HPS 64. PASS-HP S 

131 • V"'H-HR~ l 72 • PA~S-HR S 
42. vi:H-HP.$ 54. PASS-Hi:? S 

6028. vi::H-MI. 8314. PI\SS-MI. 

401. V'= H-HP.$ 5~)1. PASS-HR':: 

Time Slic• 4 

vq s rn"I 
P ~.Ge ~JO. 

CUMULATIV: V~LJ~S 
cig. VI': H-HQ <; 131. PASS-HRS 

61"'• vi:H-HRS 618. M,<;<:;-HR~ 
94. VC:H-HRS 213. PASS-HRS 

173. VFH-HRC'i 226. P•SS-HRS 
51. Vf H-HR S 6 7. PAS S-Htt S 

23732. V!:H-Ml • 31526. PASS-~J • 

1032 • ye H-H? S 1256. PASS-HRS 

2;,.o 
C: c; 



I\) 
VI ..., 

iMSTTTUT"' 'lF- TIU.ti f'"1'7f-.TI 'l!, A\iD P 6.FF!C -:-111G I~l~,..f.. !\iG 
UMlV~PSITY "1 F Ct..L F ']P, I·! It·, 
R"-~K"':l'Y, C.'\L!rC-'" ! ,, 

" mr 'J'" ;:.DL T,. 10 
,; (;:,U "J SPLP } 

$ : 11 T;>:: • 241 
QI': U · C:" L l; S ~ Of1 8 r z,., .()00 
,Ju u. C.LLTS'Uil s ~2:: .ooo 
o1J. u· ( . L L ! S • (H,1 4 , 2:: • ,,on 
QU '.J ,. ; L L I ~ ' C' 1, 2 r2= • r)(H) 
Q ·,u~ .'I :):"'r l 

· , c " I/ ' f"J PR T,.., C! I.,. Y r, P ,. C! b.'f! , •; ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
C: !J !:I FI 'it L f""I •. ••1[: • r:;- rs. rs v·1L u::i 'J/C :i ,: '! ""1PH TRti.\/ 
s r (;,.; t} S -·q• .. • t~L V/M/ L TP.F 

l i:-ll8E. u. r ,)!'lg 
?, o. n. f- ~e ~ l ""'-5 3. 3'JOO. ·'"·· :1 IP. 40. • 1 t -
3 •J. 1). l d R [) ?. l4B, :rnon. • '+ ~ 1 't- • 5 •). 1.22 

t). u. si.:1er 2 143 3. 300(1. • i :l 14. 50. • ll1-

" c. \}. c :,pg 2 1433. 3ClJJ. .t.. ~ 14. r: n. • I) 7 
A n. 127. 6'1HO 2 1433. ::11.hln. • 48 14. i::;o • • 1 ,,. 
7 (I. o. C" 27 2 ll•33. 3000. • t-. "\ 14. 51). • lL 
'l 122. ~}. 61:,t.9 "} 

r. 1 433. 30()(1. •"' B l ly. <; 0. .6R 
9 u. \). :i,,9 ? 142:,. :./Jan. • /.,, 3 14. '-0 • . 2,. 

10 n. 110, ,1(, ') .~ 1433. 3 :, •) {j • • 4 :l l t. • 50. • 36 
11 1·,. ;J. <:CJ,1t. ") l 433. 301J 1 ). • L. '1 1 , •• 50. ,,_.., 

• - <. 

12 "'''-. o. ~94-8 ;_> 143:. :{ D :J .J • .4 ::-l 1 l • f-; J. .57 
13 o. I) 0 :: "t. '3 ;_> l 4J3. JOOd. • f,. 'l 11 .... ~{). • 12 
1 Li u. ~9. ., tt3 ;:, l 43:'. .: OJ li • • I... :l l t, • ; o • 1. 1(, 
l" o. n. " ff; 2 14 33. ·3 ),\.). ,4 3 lL. 50, • 29 
16 4 7c,, 1-,11. ~: 11"5 ' 143?, 3ili") 1). • 4 5 1 '~. ::,n • , 2 3 
17 (,. u. " 49 ., 

1433. ,IJ) ) • • l ·J 1'·. 1;0. • 3 2 
B Vll. ? L.,.:;. .. <; I) 

1 () o. D. 09 
21) l C C,. 39lq, " ;'l 

01',-'";t.'li' l 

li!\-C !' t~: p :: 

i t,r"r ru ~·1 
, .• "- r- G~r;~ on "iT 

.,.'1 'cl 

r ,",.,u..,.- P,11,,1r 
'i ."GI PCIN~ 

.,.:, y~ L 

. -:;u' 'J t ·~.:sr r1 
V Hi',L-c: 

f"J'"L~Y 
V~H-W'S 

lllH'::."--1 226.14 
n., n. 

l\'dc: .41 22b. l4 

n. 
1• 5 2. 4 Z 
t. c; 2 • l.,? 

f). 

B g •'· :S 
88.,,l 

V'=RS!'..1N 22.0 
Pt,G,:: '-IQ. ,q 

U~H' ·c S ~V"[' 'l1J. ~,np"lfll nP"'"R/>""T(l!\/S ................................................................ 
u~: t'L Vl':l ('AP w"f":l'V. VIC C~N \lPH "'R~V Q UIIJ::; O:.Jr lF 

\l::JP•• -FF V /M/l T ! Ml'.: * Fr-•;T RA 
N 4 4641.I()f\:)(). o. • 46 53. 22. • 10 ,, ?OO. 200 14L7. 
u 2 32'1". 3 ')0 1). '). : ~ y "7 3. 22 • • 21 * 4f)O • 4•')0 3q5. 
l 1 2 32!)5. ,~i'ln. o • ,'19 7 1. 23. 2. 71) " 5400. 5400 3<:l<i. 
IJ 2 32oc;. 14c,.;;. ('I • .:n :;:. c;. 25 • • 21 ,It 600. 600 240. 
ti 2 3 2() 5. 337::;. n. • , r:: A2. 26. • 13 ""' 300. 300 1.., I). 
ll 2 3?0" • 3376. o • • 9c: '=' 2. ?I:,. .26 ,!,: 600. 600 170 • 
LI ?. 3,)78. 32 'i l/ • o. • 1 '5 f., (). 26. .26 * i:-oo. 600 l 7 11. 

IJ 2 32no. 32:::0. n. ,9A ~6. ~<:,. 1. 1 fl * 3'100. 3000 " ll. 
u 2 3 200. ?2')0, (), 1 .()0 -33. 30. •'+0 * 1050. 1:)50 0. 
u ? 32'10. 32"i'), I) • ,9A 51. 32. • 58 1 .;oo. 0 -2 1. 
u 2 3214. 3(, 8 (). o. ,9 2 i:;z. 31. .84"' 2 320. 182 -104. 
IJ 2 12c;~. 3 €-£,. 7. fl. • ~ 9 71. ;:>3 • 1. 2"' * 2'500. 25f)I) -104. 
u ? 32"i'l. 3<'- 4 7. i") • ,9 () 71. 2 3. • 27 * ""iO. 55 0 -11)4 • 
u ? ~2 ~ s. ?61,]. I). • 13 9 71. 23 • 2,42 "'4'll\O. L..>\51} -104. 
IJ 2 318'<. 3 ',{,. 7. o. -~ 7 7 2 • 2?.. .67 )X 1·no. 131)1) -1(}4. 
u 2 2 ,:qq. 2 '3 7g. 856. 1 • 10 ~ 8. "30. .38 1000. I) o. 
u 2 2 21'i 11. 364 7, {). ".., .. '"" ::> 3 • 4C! • • 33 l4'10. () o. 
f'.; 4 4Wl'i • 7294, 1). .5" 20. 50. • 69 31)()() • I) o. 
'J ? ? 71;,(). ,:; szn. o. • -, t:; ?~. !. 9. • 19 ,mo • l) o. 
"~ 3 3919. "A20 • '1 • • t., 7 27. l+A. • 85 3 610. 0 o. 

Time Sile. .S 



I\) 

)a 

Jr,,,~TI.,.LI ... ,. !~F ":°Ft,~::,PCJO.,.t,,':ICi'II ~N[1 TCIAFF!(: f·NGP.r=""P!NG 
1Nrv··:~FY "F c:.L:F")f·N•t-

t1, :; K l' Y , (' r l F ::ir:. "i If 

tf-V' L ·; ,'\" FC·F ("f I. r1·v1-PH!QPTTY r;;.n, .01 IHNUT :s 

ii l 2 3 ,, ? 6 7 
l 3•i:; t '· • (- l , J • ,:; '). l .Jt\9. 1194. 12 "5. 139Q. 
2 f) • Zlb. 4 5. 695. 799. 9() 1. 1004. 
3 /\. n. l c; • 39 4. <,,08. ~0,1. 7()3. 

'+ fl. i). •.). 242. 346. L.t..~8. 5""1. 
n. t~ • ;) . o. 38. 13c. 24 3. 
1). u. •). 1). n. f., Cl • 172. 

1 I I • I] • ,) . \). o. o. 85. 

· '-. V' L '! r ~1 ,. F <'} t: r,1·1, ~c.: ')1~.: TY i lP • 11 l l>l!NUH·S 
(\ l ~ ' l; 5 6 

., 
1 7 '<. :n -~. t': 2 q. 5'>o. :=, 1)2 • 7 •)3. S(l6. 

2 n. 126. ?. :. l • 3" 9. 4 11 • 512. 615. 
:~, (i. IJ • "'..,, . 17 '}. 2 . .H. 331. 43"'. 
~ Q. IJ. ,J. 11 \), 1~2. 2A2. 3~6. 
'i o. o. ·). o. 23. 123. 227. 
t. n. u. o. u. o. "'9. l 7 2. 
7 i) • I I• ;). (I. o. o. 85. 

~ u o o I l\l.,. r ,: ·-r~ l~fTl PVAL 
C' '~ .. r v,; t• Y '.·V L. 

,.. j•t 
{ "·~ .1 ) :; n. V ·H-HC<; 43. Ph SS-Hi< S 

c.;: - ,,,,. y '."r• \ V L ' .. ( Uf:f' I lbl. V Y-HCS 165. Pt. SS-H;i S 
- •'{ \y ,·r '.c\l ! "r '\" (i :': l -,, 7. V' H-H~ S 91. PA s s-~D s 

T "'?U": .. U L/Y { '; I 22 i:;. V -!-'-HFS 308. PA" S-H::> <; 
,,;:,q- ~.--: '· :· y { ll'·l''l 8!3. V H-HC<'; 124. P~SS-W'S 

n t.L 1 ·)V '!.. I<' .. " 1 iC 7 3 7 9. V ... H-'A 1 • 1073?. P!\SS-M!. 

• t .. l. 1',,\V L .. T:"\ U'F'' r 
pf .. } r f.; i " y I') f, ~:- T ' ( '.>4:?. V H-HP S 731. Pt,SS-H"S 

Time Slice; 

C-UMULATIV" 
12Q. V1'H-HRS 
7 7 f. • V"' H- HR <; 
131. V"H-Hi:;~ 
3qQ. Ve H-HQ S 
14.0. V~H-HRS 

vr:q_sJnN 
PAG~ WI. 

Vi\LLJ~~ 
174. PASS-~lRS 
783. Pt,SS-1-'~S 
30':. PAC: S-HRS 
535. PASS-I-IRS 
191. Pl\SS-H~~ 

311 l O. v:·H-M!. 4?309. PAS S-~t. 

157:-. V'"H-HO<; 1987 •• PA'S S-HRS 

22.0 
58 



N 
I.rt 
\.J 

IN~T!TUT" '.lF Tll.A'lSP~PTt\"'"10\1 ~N[') Ti<AF!=!C EMGIN~'TPING 
lJ'l(Vrf.i.1-nv nr r1.Lri:r;p.1r'I 
tV~KEL', Y, C"LIF'.lRfH,\ 

(,)!J, IJ' C L'l LI~ 11!\ 
0 U'.: U" Cr LL'. S : D~· 
OUaU': CJLL!STCl\i 
,;iu:u, C LL:S! 1JN 
Q U'. U'· C:: L LI~ ! n1•J 
QIJ U'.,. Cc.1lLISin:v 
,J n1r; llF S .'C 1 

10 I 2= 
9 T2= 
8 T2= 
5 TZ= 
4 TZ= 
2 ,. 2= 

.157 

.157 

.131 

.1113 

.. ,gs 

.071 

~-''<V ·Q p I[;RTTY OP'''P~T!()MS ............................... 
'-Ui3 f'i' ilL D'"l::,. ':"•!G. PS VOL C,lf; V/C Df.N "!PH TRAV 
c r·p G c: S T·-ir /',L V /fl. /l T! ~,-

1 ":iB:. 
2 o. 
3 0. 
4. 

"i 
;., 

7 
8 
9 

10 
11 
12 
l :':) 
14 
l'; 
u, 
l 7 
18 

ri. 

o. 
o. 
i). 

39. 
ll, 
o. 
o. 

l 114 • 
(1. 
t_). 

o. 
'5 ·,2. 

r,. 
:' 01. 

n. 
,) . 
'.). 

o. 
o. 

132, 
(). 
fl. 
o. 

llf. 
n. 

33. ~
"3. 

Ci. 
t:, 0'7 
' , I ♦ 

(). 
242. 

5705 
5 7 9r:. 
5 7 95 
579" 
57g5 
'>7 9: 
5632 
<: ~ 71 
St ?'l 
~6 71 
r:~ 2f 
:,03'} 
': "90 
<', re C:i) 

<,: 2£ 
~oEG 
c; l ,, 7 
5f l.~ & 

2 132~. 30 110, .4'1-
2 l 3 2: • 3 0 0 ,l • • 4 4 
2 1325. 30ih), ,44 
2 1325. 3000 •• 44 
2 1325. 31'100 •• 44 
2 1325. 3,)()1) •• 44 
Z 132~. 3ULH), .41+ 
2 132~,. 3000. • 44 
2 1:,z~. :1000 •• 44 
2 1325. Ji)()') •• 44 
2 1.125. 3()ll0. • 4-t 
2 13 2 5 • 3 \)(\ ') • • 4 4 
2 1325. 3,100 •• 44 
2 l.;,2". 3000 •• 44 
2 nzc;. Jl)()l) •• t.4 
2 1325. 3\)C'H) • • 44 

le. 
13. 
13. 
i:;. 
13. 
13. 
13. 
13. 
13. 
13. 
13. 
13. 
13. 
13. 
13. 
13. 

41. • 11 
51. 1.21 
'51 •• 13 
51. • 07 
51 •• 13 
':51. , 13 
51. .67 
"l •• 24 
51 •• 36 
51. .52 
"il. .~6 
51. • 12 
i:;1. 1.09 
'H. • 29 
51 •• 22 
51 •• 31 

l(l n. o. "iJ90 
20 7S. 3""7• 5160 

C•f\J-~ t MP l 

'"''\'.-i1'Af,IP 5 

::;01yr PCil\ll 
M' r G J 'lG P•..: I NT 

7 -'JT~L 

••;pu·r PO!NT 
f-1 r GING PPi~ff 

Ti'iTbL 

:JU-'U. L -i1GTH 
V'"HlCL ':, 

o:u,v 
v~ H-HR. S 

1401.40 310.85 
0. 0. 

1401.,,0 310.85 

o. 
6:: 1 • 90 
631.90 

o. 
135.'56 
135 .% 

VSR SI nl'·I 
P"G!= 'lJ. 

22,. 0 
60 

U~RFS~~vrn OR NO~MAL OPE~ATJ~~S ..............................•............•....•......•........ 
UN NL V nL CAP Wf.JV"::: V/C DEN !<!PH nAv o ll"NG OUEUl= 

NJRM :::FF V/ M/L T TM!" * Fl=ET ~A 
N 4 4373. 10000. o. .44 48. 23. • 10 * 200 • ?00 142 2. 
u 2 3041. 3600. o. .34 ", 7. 23. .21 * 400. 400 559. 
lJ 2 3041. 3600. o. • 84 67. 23. 2.8~ * 5400 • 5400 55 q. 
IJ 2 3041. 3445. o. .88 f- 2. 24. .29 * 600. 600 404. 
u 2 3041. 3375. o. .90 59. 26. .14 * 300. 300 334. 
u l 3041. 3376. o. .90 '59. 26. • 28 * 600 • 600 334. 
u 2 2909. 3250. o. • 90 5 7. 25 • .28 * 600. 600 334. 
ll 2 2948. 32Cifl. I). • 91 56. 26. 1.37 * 300:> • 3000 302. 
u 2 ;_>948. 3201). o. .92 5 3. 28. • 45 * 1050. 1050 252. 
u 2 2 94 8. 3 2 5 0. o. .91 5 2. 29. .67 * 1600. 1600 25 2. 
IJ 2 2.A32. 3480. o. • 81 61. 23. 1.16 * 2320 • 2320 2'i 2. 
u 2 2936. 3647. ' 0. .8 l 74. 20. 1.43 * 2500. 2500 2'i 2. 
u 2 2°0 3. 364 7 • o. .so 7 6.. 20. • 32 * 5450. 5150 252 • 
u 2 2903. 3">47. o. .80 74. 20. 2.81 * 48150. 4850 252. 
u 2 2851. 3647. o. • 78 74. 19. .77 * 1300. 1300 2'5 2. 
IJ 2 2f>/'!5. 2M5. 1oso. 1.00 45. 30. .38 1000. 0 o. 
u 2 2088. 3647. o. • 57 21. 49 • .32 1400. 0 o. 
N 4 3720. 7294. o. • 51 19. c;o • • f.8 30!)0. 0 o • 
N 3 3478. 5820. o. .60 24. 49 • • 19 800. 0 o. 
N 3 3557. 5820. o. • S 1 24 • 49. .84 3600. 0 o. 

Time Slic• 6 



I\) 

~ 

TNST!TUTT l"F Hf','.:PCr'TA.T!ON A,"iD ":"PAFFIC :~MGl"lfCRI'IG 
UI\J1V•R~TTY 0F CAL! Fn,nn I\ 
!:H-RKF<L>Y, C~L~For.r·1<\ 

TRt• V:L TTf"•° FCF' ':'~;: ~i 11'1-PH09 PY YR r:-1 .Ol M!'!UT::S 

I') 1 2 3 ,. c; 6 7 
1 370. 03. P69. l 2ll 2 • l 3 l 7 • i,:, 18. l!.'2u. 
2 o. ?.3 6. ft. ➔ 3. 805. 
3 0. o. l 43. r.,5 5. 
{,. o. l) • o. 281. 
5 o. o. ,) . o. 
<, o. o. ,) . ,l • 
7 o. o. o. o. 

T;; t V'· t TTMf F'JP. 'JW DhJ CflITY 
0 l 2 3 t. 

l 1 H. 317. 1~2 5. 546. 
2 o. 1rr. 235. 357. 
3 o. o. ~6. l 7 7. 
4 o. l) • o. lU9. 
5 n. ,) . o. 
(, o. o. o. 
7 o. ,) . o. 

Ff<;rWf.Y TP:.V l TF' ( 'I Cl r l 
FC i-!"i<,AY TPAV L Tir-"· (U~!~ I 
FR:-[1-,J\Y TR/IV L ; ! r.~ t. ( P - SI 

{ ~ Pl} 0°Lf·Y ('WR) 

T~iPUT 1J'""l.'Y ('JW"ll 

T □ Ttl T~AV~L DIST/NC~ 

lT,Ti',l Tf:if,V"l '1"1 UM[)":f' 
DR1GRITY OP!~ATI~~S 

,) . 
o. 
o. 

920. 1021. 1123. 
5 70. ,f. 71. 773. 
396. 496. '59<l. 

3A. 138. 241. 
o. 68. 17'1. 
o. o. !'4. 

f ,, IP • 0 l "'IMJT'=S 
~ 6 7 

598. f 'l '3. 300. 
4- 1)8. 50!'!. 61'). 
229. 329. 431. 
161. 2$0. 30. 

22. 122. 224. 
o. :, 8. 171. 
o. o. 'l4. 

CUF' p,;.:NT T !Ml" !NTl"PVAL 
2 7. v_:H-Hos 41. Pil. SS-HF S 

167. v-H-1-iF'S 1 7(). Dfi<;S-HQS 
. 34. V H-H0 S 92. PtSS-HR $ 
311. V H-HP.S G.24. Pt, SS-H~ s 
l J.f • I/ H-HPS 11:37. PAS<:i-HRt: 

:, 'l il f. V - H-M I .. 10529. PI\SS-M!. 

67:. V- H-H RS 915. P~SS-Hi:'S 

T1M Slice 6· 

'.:. U"IULA T! V'-:-
156. V,..H-H!:IS 
943. V!"H-~lJ; S 
l 6 5 • V r H- H0 S 
710. Vl=H-HO<'; 
27"'. V~ H-HF' S 

V'":RS!f"lN 
P 11.Gr: "VJ. 

Vil,LU-S 
21'::. P~SS-H-'S 
953. P!-.SS-HPS 
397. PJ\l:;<;-HP~ 

9':-9. P~5S-HRS 
3713. Pl'\SS-HRS 

379'-H. V,;:H_,q • "'2838. Pt.SS-MI. 

22·50. vi:-H-HRS 29f11. Pt'ISS-H~S 

22.0 
61 



N 
V, 
V, 

~.,. 
r,,•ST!TL;T rtc ~,·a\\' FOR ',Tl:W .~\11 T,.J.Ff'lC GI'rc:pr~,G 
U1~'. V'"il ~~ ;·y t'F Cl\L F'J!""'.. 1 !! .".\ 
µ ?K;t_··y, C 1 L1F 11' It, 

f)i! U. :LL: SZ 'Jil 
~)I J \,J" C:c LL;(' : 'YJ 
(,) 1 1 U, C L LI 5 I '.)N 
i,)iJ u· Cr'L l; S ! '.1i·l 
.)LL U ' •: C L L T<' ! J~! 
,J OU.,. n;: s-c 1 

9 ~· 2 = • ;) 0 () 
B T;>: • 00(' 
5 T 2 = .non 
4 -rz= • qo,1 
2 r2= .no,1 

"'S"<V• r, P~I,..·PHY rP~Dl'•IJ"JS ............................... 
":J'' F!''II! '.)·,•r_, •. 1:·7c;. PS V\..:L CM' V/C C'"'N •~OH TRAV 

C ,· j.: ;~ ,,• S 'f'F!\L V/M/L T ! '1'." 
1 u,,n. 
?. (1. 

3 o. 
ti. '). 

~ (1. 

f') (). 

7 n. 
8 Al. 
q n. 

10 (I. 

11 (1. 

12 RP. 

1 " 
l ~ 0. 
l '., (I. 

lo "A7. 
17 

,.,. ·:,IJ 5·.l 
q. 
o. 
·J. 
o. 

l :: ·7 • 
t). 

('. 
0. 

1 "iU • 
(1 • 

., ?.,. • 

I)• 

72. 
u. 

;,.;q~ ,,, .. 
(I• 

(. il 30 
E,:)<'.(1 

"'O~· 0 
f')'::'() 

1)5\) 

"'Ct 4 
'.~ =12 5 
-=92<: 
C q-, C:: 

•· , 
560(:,-

57D4 
t ;l,-l, 

'i 7, .. A 
5 tr 2 

2..:1 
'; &8 

2 1723. 3t)CIU. 

2 1723. 3JOCl. 
2 l 72j. 30,}(I. 
2 l 723 •. 10UO. 
2 l 7 23. 30.JU. 
? 1723. 3uOO. 
2 l 723. 3;)')(). 
2 1 723. 3i),Jn. 
2 1723. 3000. 
2 1 723. :rnoo. 
2 1723. 3000. 
2 1723. 3):)0. 
2 1 723. 3UiJ(). 
2 l 723. :~000. 
2 1 72'!,. 31JOO. 
2 1723. :000. 

• 5 7 
,::-, .. , ; 

• ':d 
• r; 7 

• "-7 
.'57 
• C. 7 

• " 7 
• S 7 

,;-, . ~ ' 
• '3 7 , .. ., 
• -' j 

.-::7 
• 5 7 

.57 

.57 
18 ?Cln. 103. 5"9:l 
1'; n. '). "324 
20 z,i(\. 4,)L.". :: z,, 

;·1\J-r:' fW'D l 

,·,:,1--'."> t, i"1D C' 

,,iru- Pc1 .~,.,. 

I" -:: G!i:G P'.1n1T 
'""f:r t; 

r~;pu-:- (J 1JlNT 
\~ r G!fl 1S P1jJ"''T 

"""PT!• L 

iJ:J'.·W l NGTH 
v~Htf:lt.S 

17!.(J.72 
\lo 

1740.72 

(l • 

761."0 
761. ~ g 

n. 
17. 
1 7. 
17. 
17. 
l 7. 
17. 
17. 
l ·1 . . 
17. 
l 7. 
17. 
l 7. 
n. 
17. 
1 7 • 

?8. 
49. 
49. 
4,Q. 

49 • 
49. 
49. 
tt9. 
t..C • 

G..(?. 

t.,, g. 
40. 
49. 
4 G • 

49. 
4Cl• 

C' L.\ Y 

• 12 
1.25 

.14 
• 07 
.14 
• 14 
.69 
• 24 
• 37 
• 5l, 
.58 
.13 

1. 12 
• 30 
.23 
• 32 

V ·:H-~t.: S 

39 2. 7'.'., 
o. 

392.7f.; 

o. 
P4.10 
174.1·() 

vn1 s TON 
p ~::;r. !-.IQ. 

22.0 
63 

l~R~scRVZO 0~ N0P~AL OPEAATJn~~ ................................................................. 
UN ~il VOL UP wr. t,,v.: v1r. n,-:N MPf..l TR AV Q ltfllG Olff-UC: 

~1 '>RM (".FF V/M/L TT,.,,. * F!"l=T RA 
N 4 46q3.1000<). o. • 47 c; 3. 22. • 10 * 200 • 200 13'57. 
u 2 ?%4. %00. o. .3 2 ':-1. 22. • 21 * 400 • 400 636. 
u 2 2%4 .• 36()0. o. • g 2 7 2 • 21. 2 • 99 * 5,.00. 5400 636. 
u 2 2<)64. ~445. o. .86 ,, 8. 22. • 31 * 600. 600 481. 
lJ 2 2964. 317'). 0. • '! 8 66. n. .15 * 300. 3()0 411 • 
u 2 2%4. 3376. ,} . .88 6 7. 2 2. • 31 • 600. 600 411. 
u 2 2807. 3;>.50. o. • 86 ',4 • 22. • 31 * 600 • 600 411. 
I J 2 2fV,9. 325(). (}. • "IR 64. 22. 1.52 * 3000. 3000 38 2. 
u 2 2 86 8. 32()!'}. o. • 90 ., 3. 23 • • "2 "' 1050. 1050 33 2. 
u 2 2Rf-A. 32"0. o. .98 b4. 22. • 91 * 1600. H,rl;J 332. 
u 2 2678. 3480. o. .11 7 l. 19. 1.41 * 2320. ~':L,,) 332. 
u 2 2766. 3641. o. • 7 f; 75. 18. 1.54 • 2500. 250C 332. 
u 2 2732. 3'>4 7. (). • 7 5 7"'. 1P. .35 * 'i50. 5"0 332. 
u ? 2732. 31',4 7. o. .75 70:. 1s. 3.oc; * 4850. 4850 332. 
IJ 2 2660. 3647. o. • 7 3 76. 17. .85 * 1300. 1300 332 • 
u 2 271l5. 2705. 1030. 1.rio 45. 30. .38 10!)0. 0 o. 
u 2 211 o. 3 C 4. 7 • o. .58 2 l. 4Q. .32 1400. 0 o. 
N 4 4.)3q. 7294. o. • c:;5 20. 49. • 69 3000. 0 o. 
"l 3 3 845. r::azo. o. .66 "l I-,," 48. • 19 800. 0 o. ~· 3 t,()45. 5820. (}. • 7( Hl. 48. • 1!5 3Ml0. 0 o • 

Tiu Slice 7 



I N 
; "$. 

INSTtTuT- CF 7RII.~ POrTATIO~ AN~ TRl~FIC ~NGINF~PING 
Jt,'!V-QSJTY •:F C:,L F'.:'P!!~ 
~ RKrl'"Y, CtUFJP IA 

TCUV-l i·t ~~ .. :: F(;R C1 i;! ~lO'!-PQ'(rJ;;,In Ti< T P .rn "IP!U"."~S 

0 1 2 3 '+ <; 6 7 
L 407. 72t;. 1019. 135 ~. 14 !:l•). L 5 82. 16 36. 
2 o. 28 i::. "a,J. 919. L)L2 • 1143. 1247. 
3 o. tJ ♦ 1 54. 493. 616. 717 • 821. 
4 0. ,_\. (). 30 5. 1+27. 52 s. 632. 
<; o. o. o. u. 38. 1 JO• 243. 
1' n. \). o. o. I). 69. l 73. 
1 o. o. o. J. u. o. R5. 

n1 e v•: L T 1 M.l' F:,P. "tH l'P!T<iTY T•<t 0 • (l 1 "II NUT" s 
0 1 2 ~ 4 
1 l P:l. 32 =:. t, 3 7. 561. 
2 0. 130. 242. ?o'o • 
3 o. o. ~e. lil2. 
4 o. n. o. 112. 
1:, 0. o. o. 
(:-. 0. o. o. 
7 1}. n. o. 

F-l<i;WllY TFt.V·L r,M· (f!'.J'<I 
FD} l-wAY Tf'/1.V;-L p~;· (U!•!Fl 
H~'f,.;AY TF:tV.:L T!~ p:, :ii 

1NPUT DELAY (NrPI 
F•1 PU~ D~UV IV'l?l 

TCllAL Tl:/61/'·L D!S, "C 

fQTAL TA~V~L ~r~- ~~~•p 

PFHP1TY CP ~.~.T!cJ':: 

o. 
o. 
o. 

e; 6 7 

614. 71. 6. 82(). 
t. 19. 'i20. 624. 
2 35. 337. 440. 
165. 266. 3 70. 
23. 124. 2?8. 
o. 60. 17 3. 
o. o. 85. 

CUPPYHT TPE' ~r. i,_f:v.il.L 
31. V: H-HP S 

17"'i. V'"H-t'P~ 
4:c • V H-HP S 

393 • V H-HD~ 
l 74. V H-HPS 

7299. V"H-'H. 

818. V' H-HP<; 

4S • Pt SS-HP S 
l'l6. PA~<;-HPS 
114. Pl\ SS-HP S 
560. Pt,SS-HP S 
2o0. PASS-HRS 

11673. P~.SS-MI. 

116 8. Pt.. S S-HR S 

187. 
1118. 

211. 
1102. 
449. 

vrQ. SI 
P~Gc NO. 

U~Ul~~1vr V&LU~~ 
V H-HQS 263. PASS-HRS 
V H-H0 S 1139. PASS-HRS 
V H-HCS 511. PASS-HPS 
V H-HPS 1519. PASS-HRS 
V~H-HRS 6?8. 0 ~5S-HDS 

4529". V"'t~-MI. 6451 l. P~SS-MI. 

306'3. vrH-H'<.S 407,). PASS-HRS 

Time Slice 7 

22.0 
64 



INSTfTlJT+ OF TRlil·J P'JPT/\Tl1.it'. AND TRtFFIC fNGINF:=RI'IIG 
11\T v,·;:;,s,r TY C'F Ct L F'.1%1! ~ 
ar.1:Knrv, C~L I FJi; !" 

Q,yw: C:• LLI ~ ! ClN 9 T2= .()()(l 

(.JIJ LP Cf' L l IS 1 0H l:l T2= .ooo 
Qtru· C. LL''.=! mJ 5 T2"' .ooo 
OU cU C ~. L L! c ! n,\l 4 T2= .ooo 
Q U'" I.Ii:' C ; L l 1 S : C'•~ 2 T2= .noo 
o ,,u~ r,i:: s ·c 1 

RrS~RVtD PRIOR!TY DP~PITIJNS ............................... 
sue F ~.it rirr,L. 1.:1:::c. PS VJL Cl\P V/C oni MPH TR f,V 
';'' ( :)RG r.ES Lr.~.L V/M/L TIM;:: 

1 596( • l) • 5966 
2 n. rJ. 5°t 6 2 1616. 3t_)()[). .54 21. 3ci. • 12 
J u. 1). I:;,()~-) 2 1616. 3000. • ~It 16. 50. 1.24 
l, o. (l. 5<:'t~ 2 16 16. ?000. • 5~ 16. 50. • 14 

"" n. o. !;:96t 2 1616. 3)0,'). • ~ i;. 1 t. 50. .07 
t n. H3. ',Cl{,6 2 1616, 3000. • 54 16 • 50. .14 
7 n. LI• 5772 2 1616. 30,)(). • 54 16 • 50. • 14 
9 4(). n. :.c 12 2 l6lf. 3000. • 5'+ lf .• "iO • .69 

N 
\J\ 9 n. o. '."812 2 16 16. 300U. • 54 16. 50. • 24 ..,., 

lG o. 407. "iB l 2 2 l6lb, 3)J1. .54 16. :(I. .37 
11 (). ['I• ':;3 21 2 U:H-. 30tht, .54 li, • 50 • • 53 
12 291. 17. r:t:12 2 1616. 30 00. .54 16. 50. .57 
13 u. o. 5:'')2 2 1616. 3000, .54 16. c;o • • 13 
1 L, n. "·8. ~ 1 92 2 16 16 • 3000. • "'4 16. 50. 1. 11 
1r !) • ,) . 'i,- 26 2 1616. 300.). .54 16. "0 • • 31) 

16 ~11. 633. !'-J39 2 lt lA. 30.Jn. • 54 16. "0. .23 
17 o. o. 51 7 "'- 2 1616. 3001'1. .54 lf. 50. • 32 
lA 180, zc,·1, S3:: '5 
19 n. o. t.,S' 6'c, 
2(1 12(\, 3 Al 7. <:,()~3 

QUbJ~ l --:NC.TH o-Ln 
V :·HICL,. S v1·H-HR S 

,,~--rt,,~P 1 '(jf'IJ'] r1-,r NT 205'>.00 474.t,.6 
:~. •.G!'lG PCJil\,T o. o. 

TCIT t>.l. ·2055.00 474,46 

,--,~,'.-'</.'-'D '3 ! ► J O!J- Pll'"l o. o. 
:_,. 'G ! l!G f>JI ~IT 874.87 204.1..9 

""'"'TAL 8 7i.. fl 7 204.49 

V~.RSJON 
PAGI: ND. 

22.0 
66 

UNR~sr~v~D OR N~R~AL OPFRATIONS ................................................................ 
Uf\l NL VOL CAP WfAVt VIC O~N MPH Tf!AV Q Lf:NG QUEUF 

\JORM FFF V/M/L T!Mf:" • FEET RA 
N 4 4709.1000:>. o. .4 7 54. 22. • 10 * 200. 200 1257. 
u 2 3084. 3600. o. .136 70. 22. • 21 * 400 • 400 516. 
u 2 3084. 3600. o. • 86 71 • 22. 2.84 * 5400. 5400 516. 
u 2 3 084. 3445. o. • 90 67. 23. .30 * 600. 600 361 • 
u 2 3084. 337">. o. .en 65. 24 • • 14 * :300. 300 2'H. 
u 2 :3084. 3376. o. .91 !'15. 24. • 29 * 600. 600 291 • 
u 2 2922. 3250. o. • 90 S4 • 23 • • 30 * 600. 600 291. 
u 2 2%2. 3250. o. • 91 S 3 • 24. 1.44 * 3000. 3000 288. 
u ? 2 %2. 3200. o. .(}3 60. 25. • 49 * 105,0. 1050 238 • 
u 2 2962. 3250. o. • 91 S3. 24. • 77 * 1600. 1600 238 • 
u 2 2555. 3480. o. • 73 73 • 18. 1.50 * 2320. 2320 238. 
u 2 2846. 3647. o. • 78 7 4. 19. 1.49 * 2500. 2500 238 • 
u 2 2828. 361+7. o. • 78 75. 19. • 33 * 550. 550 238. 
u 2 2 82 8. 3 64 7. o. .78 75. 19. 2.91 * 4850. 4850 238. 
u 2 2770. 36L7• o. .76 75. 18. .80 * 1300. 1300 238. 
u 2 282 5. 2825. 910. 1.00 4 7. 30. .38 1000. 0 o. 
u 2 2192. 3647. o. .so 22. 4q. • 32 1400. 0 o. 
I\' 4 3Cl%. 7294. o. • 55 20. 50. .69 3000. 0 o • 
N 3 3 697. 5820. o. • 6 /; 25. 49. .19 800. 0 o • 
N 3 3817. '5820. o. .66 26. 48. .84 3600. 0 o. 

Time Slice 8 



N 

'c£ 

tNSTlTUF.' OF ·:rANSPOPH-1i_,~, HHi TRHF!C '"MG!~l"'r"PJG 
JNtvr'RSTTY ·JF C~UF"r>'!!fl. 
B[RK::-uv, Clll FJD:J! ;\ 

TRtV"l Tl!"'• F\JF Cl~'· ~!O:J-PRIC'RllY TRTP .01 Ml~~UT'":S 

0 1 2 3 4 5 6 7· 
l 3R8. t:-8 7. 98::. lJOY. 14 27. l!:2<?. 1632. 
2 o. 269. ~ c 8 • sqz. lJ Hl. 1111. 12~4. 
3 o. o. l L9. 4 72. "i90. 6q:. 79';. ,. o. o. o. 291. 409. i:, 10. 613. 
5 o. o. o. o. 38. 139. 24 2. 
6 o. o. o. o. o. 69. 172. 
7 o. o. (). u. n. o. fl4. 

rriav·L -ro,,, Fer >J'.l f'f'. I '.JFITY fF; tP .01 MINUTf'S 
0 1 2 3 4 

1 180. 32 3. 434. '35 7. 
2 o. 129. 240. 31'- 3. 
3 o. o. ': 7. l8 1. 
4 o. fl. o. 111. 
C: (). o. o. 
6 o. () . o. 
7 o. o. o. 

FJI i· ;, W A Y T !l t: V: L ., ! ''. { ·" r: '.?_ ·1 

FP.f t WAY TFAV L '!' ! M - { u •:r 1 
FffFWAY Tr~v l T!~~ (!' $) 

T ~•PU l"•'·l .'\Y l 'lOP I 
HPU r.1'"' Li" y ( !JI·, C( l 

""'D71'.L iP.AV".'l DI ST' ~1c: 
-rrTAt Tf-u,v::L rr1-1 tm,Y'P 
PR1nkTTY rr ;A~!J~S 

o. 
o. 
o. 

,: 6 
.., 

610. 711. 814. 
416. 517. 620. 
234. 335. 43 8. 
164. 2 S"i. 368. 

23. 124. 227. 
o. "i9. 172. 
o. o. 34 • 

C P.~~t-;, : lM:' IN.,i.:RVAL 
30. V H-t-rn~ 48. P6SS-H".' S 

173. If H-HRS lfll,. PA s S-HO s 
42. V H-HR~ 115. PASS-HP S 

4 7 '·· v~ H-Hl"cS 6 77. Pt1 S.S-H 0 $ 
2/lG • V'"H-HF'$ 311. PASS-HRS 

7207. V''H-M!. 11062. P~SS-"11. 

92'•• V'"l--l-HFS 1338. 0 ASS-HF'S 

vi=:tsrn\l 
PAG" NO. 

:'.:U'1ULrTT v~ VHUPS 
2 l 7 • V r H- Hl'.l S 311. 0 t.s s-•·P ~ 

1292. vr.:H-HP<: l ::i ,, c: • PASS-HR<; 
2'33. V'" H-HP S t A. PI\SS-HRS 

1577. V"' H-HRS 2191"-. PIIS S-HR~ 
654. vr.H-Ht:>S 94Q. PfSS-HPS 

5 2 5 0 3 • V ;: H- MT • 76473. P~S<;-MJ. 

399?. V~ H-HP S "i"-07. Pl';SS-Hf" 

Time Slice 8 



I 

Tl\$i .. !TUT • r,i: ·1;:..:.,' :p·•::-:- '"![ •l cl',,• l•f.F-f-T.C Y-f!GP:;~:;:ppj(; 
uHv·::rJTY .. -+ CAL'C:J"t'!0 
'': !.' K · L ' Y, ':'.cl~ F jC ', ; '\ 

- Q '.l' :', h. 1 ... l 0 
~~ i~ IJ , U : P' L 't ,._ '1 

S 1 l "!2= ,241 
,.iu u 'L Lr~ • :, ·, 2 = .1)00 
(l u u C LL!' T '": :. T2= • () 1) II 

Qi l'.~ tr C L ~"' S? ,.~(._! 2. T Z= • ,10 I) 

;;; :::u·· ~ C 1 
~- s,~v:·p DC r·wI:Y qprql.T!"l'lS ............................... 

uu. Fi~AL f' ;'-fJ. T ,• . u. r>S VC•l U,P VIC [l!CN .,.r,4 TRAV 

'· : -,p '~ r'I"',.. 
' .') ·,~· O.L V /~/l .,.! !,f'-

1 '.)f)?("• P. ~ 2', 
? n. \), :" t~ 2t, 2 994, '3;)(\;). • 33 12. 43, .11 
3 11 • n. c;t zt. . , 994. 30JO. • 3 3 10. 52. l. 19 
4 n. . c:., "1,:... "",..,,.:.. ._, ~~ '191,. 3)i)i). • 3 3 10. ca 2 • • 13 

"' <J • d • 56ZS ,> 9·14, 3,)Q,1, , 33 10. O:') 
.,) "·. • 07 

f. n. 1 P. 7. "f 26 .J 9 •)4. 3000. • 33 10 • 52. • l 3 
!\) 

"'I n. •). t:::3 30 ~~ 9'➔ 4. 30i)O. • 3 3 t O, i:;z. • L 3 
\.n 8 ,:> ( I • (). ;· 4 !) ' ' 99t.... 300l' • • 33 10. "2. • 6f, 

'° 
~ 

(:. r~, • "{, 11f. l 9~) 4. 3) ;Ji). .33 10. c;z. • 23 
l n o. -~ 3f,. ;; /,,J6 2 9'.J4. 300•:i. ,33 10. "'2. • 3': 
11 o. ) . 1! p, Lr l 2 99'-. :rnoo. • 33 ll). 52. .51 
12 3\H • / ~ 

•. ,I, 1 • :::, 4-2 :, ') 9 '14. 300(). • 33 Fl. '52. -~~ 
D u. 1). 'il 6( 2 9')" • 3000. .33 10. 52. • 12 
1 ,:, (,. ;;;-, 

"- . '31.'.to ? 994. 30()l). .33 1n. 52. 1.07 
1c l• • 1). '>llll- 2 99,,. 3•JOO. • 33 10. 52. .29 
lF 271. 790. ": 7 7 ::. 994. 3J J). • 33 l(i • t:;'.) 

" '-... • 22 
17 d. o. .:; 3 31 2 9°4. 3000. • 33 10. :- 2 • • 31 
18 1 4 1. ? ~?. 4!;• 22 
1.:; (l. . 4125 
20 1211. 3 39". ,,z /.,,5 

r.iu;: U' L: "IG1 H :)':''LAY 
v·HT:L~S V,..H-HP S 

"'J~,1-:,: f1MD l rt\ PU7 PC:l!Ni 237/J.26 553.16 
M ,, G l 'JI.~ O,J l '~~· o. o. 

7'i'J';.'\L 2'370.20 "53.16 

o~:-t tMP r : 1,j ou ,. PO I !\IT (' . o. 
M,:·;GINC P>")l ·'iT 974.41 231.31 • 

..,T 'L 974.41 231.:H 

V''"R S IflN 
P ~r:t.. '-10. 

22.0 
69 

U!\IP-~ lV:o no N(lOMAL gp[RATinNs . ............................................................... 
u~ ~;L VOL CAP W': A If':. V/C l':!\I MPH TPAV Q U:'NG QUEUf 

N'JP ilf. <t:i=F V/'~/L TT "Ir * Fl= !:T ~A 
~; 4 436'3. 10000. ,1. • 44 :::o. 22. .10 * 200. 200 1261. 
u 2 33',7, 3600. () . .9 '+ 7 7 • 22. .21 * 400. 400 233. 
u 2 3367. 3600 • o. .94 S7. 21:. 2.44 * 5400. 5400 233. 
IJ 2 3367. 3445. o. •q A ',(). 2 A.. .24 * 600 • 600 78. 
u 2 3 36 7. 3 3 7r::. (). l.'.)0 "6. 30. .11 * 300. 300 9. 
u 2 3 36 7 • 3'376. o • 1.00 "i6. 30. .23 * 600. 600 9. 
IJ 2 31130. 3250. o. .98 "i6. 28 • .24 * 600. 600 9. 
u 2 3200. 3250. o. .98 <: 6. zq. 1.18 * 3000. 3000 9. 
I J 2 3200 • 3201). f). 1,1)0 53. 30. .40 • 1050. 1:)50 o. 
u 2 3200. 32"0. 0. • 98 h. t. 32 • .58 1600. 0 -21. 
u 2 278 3. 34e() • o. .e.o 37. 37. • 12 2320 • 0 o. 
u 2 316 8. 36t.7. o. .8 7 t:; 2. 31. .qq 2500. 0 o. 
u 2 3120. 3647. o. • 8f, <;9. 27. • 26 550. 0 o. 
u 2 3.:.zc,,. 3,c,47 • o. .94 &1. 25. 2. 17 • 48'50. 4485 -305. 
IJ 2 3374. 364 7. o. • g 3 69. 2'5 • .60 * 1300. 1300 -30'5. 
u 2 3251. 3251. 4~4 • 1.00 ::;4, 30. .38 1000. 0 o. 
u 2 2461. 3 61+ 7. {). .6 7 25 • 48 • • 33 1400 • 0 o. 
1\1 1, 3f-OO. 7?.94. o. .49 18. 50. .68 3000. 0 o. 
1\1 3 3275. 5"120. o. .56 22. 49. .18 800. 0 o • 
N 3 33qi:;. 5 820. o. • '-8 2 3. 49. .83 3600. 0 o. 

Time Slic• 9 



~ 
S> 

• 

TNSTP"UT~ IJF TR6'!~PCPTATIC•"l 61\fl TFAFF!C r-:Nc;Jf\1'-:-R!~IG 
UNTV5R~1l'Y "F U,L; F:'.:J"f\1n 
13 :c R K F LI Y , LI F '.:H ~I I I.' 

TR.l>V'."L :"TM~ FOi:'. o~i- rio~;-PRHhI TY n TP .01 M!iw,-~ 

0 l 2 3 ,, 
1 3?4. 57?. 7 7 • 978. 
2 o. 216. : 9. 62G. 
3 o. o. 3. 334. 
4 o. o. o. 217. 
5 n. o. tJ. (J. 

6 o. o. o. o. 
7 o. o. o. n. 

TRAV 0 L :{/'11:'. FOR . w· DFY:,;rrv 
0 1 2 3 L. 

l 173. 310. 416. 535. 
2 o. 124. 23J. 34 '}. 
3 o. o. 5S. 17<'.... 
4 o. o. o. 1iJ 7 • 

"· o. o. o. 
6 o. o. o. 
7 (}. o. o. 

FR l- i; 1-, 6 Y TR t, V .• l ·r J W ( M [: 0 I 
l=!'l~'loil-.Y TRt'V .. l "!'V {:.J:\J'{J 
Fri [Wl!Y TFL'I.V~ L 1t1. (~''~I 

n:PuT D Li y (NCJ!;,·, 
H'PUT D U,Y {U"R) 

TOTAL T~AV~L DISTfNC 

TC•T.-,L 1 RAV l Ti \I:. U~H1':'.:R 
PRIOR!1Y □Pr1 AT!J~S 

l) • 

o. 
o. 

5 6 7 
1()7f,. 1177. 1279. 
718. 819. 921. 
432. 533. 634. 
315. 416. 5113. 

3"l. 139. 241. 
o. 68. 170. 
') . n. !'l3. 

F !P • 0 l 1-1! ~JUi ': $ 
5 6 7 

585. 684. 786. 
3''.l9. "'() f:l. 600. 
2 ?4. '.: 2 3. 425. 
157. 2:6. 35 8. 

22. 121. 222. 
n. 68. 170. 
u. o. 83. 

(UJ:;R"'."JT T r.•1c: J'JTFP.VAL 
26. 

150. 
25. 

553. 
231. 

V~H-HC,S 
V "'.H-HF S 
v~H-HPS 
V'"".H-HP S 
I/ ''H-H~S 

f 756. v•~H-ML 

98 6. VrH-H~S 

38. PA.SS-Hi:-<; 
15.1.. P6-SS-HRS 
69. P'iSS-HRS 

739. PtSS-HRS 
318, P-\SS-HRS 

968A. PASS-MT.. 

1 3 18 • P J\ S S-H P S 

Time Slice 9 

243. 
1442. 

2 7 8. 
2130. 

885. 

V•~SFll\l 
PA:;r: N'J. 

ru~ULA1Iv- VALUES 
v t: H-~.~-:: 349 • P A.S S-H~ S 
V~H-HtS 1479. PASS-HRS 
V"'H-H~<; & 0 5. PASS-Hq<; 
V;'.1-l-H~<; 293<;, PASS-HRS 
V"'l-'-HR S 126A. P~<; S-!iPS 

592"i9. v:::H-MI. 86160. 0 ASS-'-1I. 

4978. V"H-HPS 672c:. P.\S<;-H~S 

22.0 
70 



N 

°' .... 

i'ISTITUT": DF :Ri.~:SPCPTA:1 '.JN A.NO TRll.Fi:tC fNGINFFRING 
tl'liJV'""SlTY :JF CALTff1•H!!A 
B"RKcL~Y, C4LIF0°N•A 

TR t. v: L rt'-'~· F i'.'K '1,i" 'J'J 1,J-P'<IORTTY TPIP .01 MINUTSS 

0 l 2 3 4 5 6 7 
l 3"-1. "'"'7. ~ 9~. CIQ6. l[) 11. 1112. 1213. 
2 o. 211. 329. 540. 6L,5 0 11Tf;; • 847. 
3 o. o. 6 1. 27 c.. 3 77. 478. 580. 
4 (). o. o. 198. 303. 404. 505. 
5 o. o. (). ,) . 38. 139. 240. 
t: ,) . o. '1. o. o. 68. 169. 
7 0. o. Q. o. o. o. 83. 

TRAV L pr,.,:. FGI' J~r PR!'lP!TY T~IP .Ol MlNUTtS 
0 l 2 3 4 

l 172, . '108. 1-14. 5J2. 
2 o. 12 4. 229. 347. 
3 ,) . o. 55. 173. 
4 n. \). (). 1,)6. 
<; o. ('. o. 
6 o. o. o. 
7 o. o. o. 

F ~ . :· 1,u Y H 1 V L .,. 1 '.F (!' J ~ I 
c:r,,.,:,..t,y Tf.tV'.'L P'" IUliPI 
,:o,·-w~y TRAV'l JI<': p;·s1 

lNP\F i' LtY ('./D;,) 
1•Jolr' D l_;\Y IIJ~l"l 

f':Tt>l, Tc4v•t. C".::T'I\C:' 

·,-,1·:.•.1. -,.r.t.v~L ·:1"1. J;,1r r:; 
P'< T n,; 1 ... Y ."P D,'\T!•l''S 

{). 

o. 
o. 

5 6 7 
582. 680 • 782. 
397. 496. 597. 
223. 321. 423. 
l ~6. 2 55. 356. 
22. 120. 222. 
o. 6P,. l6Q, 
o. o. 83. 

CUPR,".'.NT 
V''H-HRS 
Vdi-HR~ 
V"'. H-HP.S 
V '"H-HRS 
I/ :H-HR S 

TT.Mr INTF,PVAL 
2 6. 

137. 
23. 

~:zo. 
248. 

t 4 8 8.. V ,· H-M I • 

lO"i'+• I/ H-HP<: 

37. J>ASS-HPS 
139. PASS-Hr<; 

64. Pl'SS-HP S 
82".:/ • PASS-HP S 
340. PASS-HRS 

9214• PASS-Ml. 

1408. N.SS-HP<; 

269. 
15 79. 
300. 

2750. 
1134. 

VF~SION 
f> 4Gl: N.:P • 

·' 

CU~ULATIVI:" VALJf-S 
vrH-HRS 387. PASS-HRS 
VFH-HR.S 1617. 0 &.SS-I-IRS 
V~H-HRS 7~9. PASS-HRS 
VFH-HPS 3764. P~SS-HRS 
VFH-H~S 160~. PASS-HRS 

65 74 7. V'" H-Ml • 95374. Pt',SS-MI. 

' 6032. y,; H-HRS 8132. PASS-HRS 

Time Slice 10 

• 

22.0 
73 



JNSTITUTe DF TRANSP□FTATTON 4NO TRA~FJC fNGJNFEPI~G vi:·,fstriN 22.0 
U~IVrRSTTY nF ClllFJR~IA PAG.f. w,. 72 
fl~PKrL,Y, Cbl I F~.Z~I II' 

Q Ut u:-:: C 0 L L! S 1 '.1N 5 T2= .1)00 
QU::u:·, C:JLL.! S ION 4 T 2= .ooo 
ou:ur. c:.:LLT':T'JN 2 T2= .ooo 
Q OU.,. 7• SC l 

R SiRv~o P~IDPITY OP~RATI~~s UNR~SF~v;o OP NOPMAL OP~P&TI~~s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ................................................................ 
SUB FI~AL orMc. CRJG. PS VJL C11P VIC Df.M MPH TRA.V UN Ml VOL ca,p WF ,\ Vf VIC N'N MPH TRAV 0 Lf!NG QUFU,e 
s;c nRG ors TC:AL V/'A./l TI Ml= NOF:M '=FF V/M,/l n "I!: * F'::,:-T RA 

1 5123. o. 5123 ~ 4 4240.10000. o. .42 48. 22 • .10 * 200. 200 883. 
2 o. a. :: 12? 2 904. 3J()G • • 30 10. 4 3. • 10 u 2 3331. 3600. o. .93 76. 22. • 21 * 400. 400 269. 
3 ('. o. 5123 2 'll)4. 3000. • 30 q. 52. 1.18 u 2 3331. 3.t,Q(). o. .93 68 • 25. 2.50 * 5400. 5400 269. 
4 o. o. :12? 2 <)04. 3000. • 30 9. 52. • 13 u 2 3331. 3445. o. .97 Sl. 27. .25 * 600. 600 114 • 
'> o. o. 5123 2 904, 3000. .30 9. 52. ,G7 u 2 3331. 337<;. o. .99 15 a. zo. • 12 * 300. 300 44 • 

~ o. 171. 5123 2 904. 30\}(j • • 30 9. ; 2. • 13 u 2 3331. 3376. o. .99 '38. 29. .24 * 600 • 600 44. 
7 o. o. 4918 2 ()1)4, 31);).). • 30 9. 5 2. ,13 u 2 3160. 325(). 0 ,q7 'i7. 28. .25 * 600. 600 41+. 
~ 40. \). 4q59 2 904. 3001), • 30 9 • 52. .66 u 2 3200. 3250. 0 .98 5A. .2 9. 1 • 18 * 3 000. 3000 44. 

N 9 o. o. 4958 2 904. 3000. .30 '1, 52. • 23 u 2 3200. 3200. 0 1.00 5 3. JO. .40 * 1050. 1050 o. 
R;' 10 (I. 381. t..958 2 901t. 3000. .30 9 .. 52. 1 '5 u 2 3200. 3250. o. .98 47. 34, .53 IMO. 0 o. 

11 o. (l. 4497 2 (}()4. 3000. • 30 9 • 52. • 51 u 2 2 81 9. 3480. o. .81 30 • 47. • "'6- 2320. 0 o. 
12 28(1. 34. t, 777 2 9J4. 3()0,). • 30 9. 52. • ~5 u 2 3099. 3647 • o. • as 33. 47 • .61 z,:;oo. 0 o • 
13 fl. o. '+'?' 3-. 2 904, 3000. • 30 9. 52. .12 IJ 2 306". 3647. o. .84 3 3 • 4 7. .13 55(). 0 o. 
Ut o. 74. 4737 2 904. 3000. • 30 9. s2. 1. 06 u 2 3238. 364 7. o. _qq 5 8 • 28. 1.94 * 48150 .. 1531 -173. 
11: o. o. 46 57 2 904. 31)00. .30 9. 52. .28 u 2 3164. 3647. o. .R 7 7 2. 22. .67 * 1300. 1300 -173. 
16 2 ·'> 1. 847, 4-919 2 91)4. 300,). • 30 9. 5 2. .22 IJ 2 3271. 3271. 464. l. :JO c; 5. 30. .38 1000 • 0 o. 
17 n. o. 39 2/• 2 904. 30()(). • 30 9 • 52. .31 u 2 2424. 3647. o. .66 2 5. 413. • 33 1400. 0 o. 
lA l~O. 312. 4104 N 4 3513 • 7294. o. .48 l 7. 50. .68 3000. 0 o. 
19 o. o. 3742 f>.! 1 3201. "iflZO. o. .55 22. 50. .18 MO. 0 o. 
20 lfO. 3361. 3902 N '361. c;a20. o. • "iA 23. 49. • 83 3600. 0 o. 

·;iu;:Jr L 0 NGT H r:WLitY 
V f H·l:: L, S V":H-HPS 

c.JN-P H•P 1 ! MPUT P(il NT 25<ll .03 620.16 
"F c G 1 ~1 s P l1 ! N r o. o. 

T(1Tt.L 2591.03 620.16 

CIN-t; l<t-t,P 5 UlDUl POT.NT o. o. 
•;;GPJG P·JJNT 1013 .07 248.45 

T,J f AL 1,)13.07 248.45 

Time Slice 10 



\'~TT "0 l'T r: ~ r '".,, i ,, "":·· r ·· r r1." ',\[) TQ:'..FFTC P!GPJf''.Rl~IG V=R $ T 'lN 22.0 
1J1\lrv•::c,f'"y 'r C ~. I r r.::r- t.,;,. .. ~ Ptl,G~: 'JO. 75 
~ K; l. Y, c~L'ff,Jrt,!~~ 

,, · <;: ~ V f I P J 1P ~: Y 'iP - Pt, - I Cl i..1 S UNP~ScRv=D nP NnRMJL OPFPATl'l~S ................................ . ................................................................ 
~Ur' Fi' !: L Cl ;.,{::. ·~ !.. 1}. PS VC,L -~" VIC orf\l '1PH ,P.,~V UN ~.·. L VOL ('fl,P w-.:Avi· VIC rii:: N MPH TR t,.,V Q 'Lr:NG QJ r ur-
' .. ,. r•~ r; :' (" .,. r" AL V / ~~ / L -;-pH r,.,'.J~M !:FF V/ M/ l Tl '-1r" * F!;t:T RA 

l t..(; lo• J. 1•'..' 1 9 r,.; G. 4164.1()()()0. o. .42 4 7. 22. • 10 * 200 • 200 -145.· 
2 P. . <;•\l<'.1 2 t,59. 3(l(l(J. -23 10. t.., .... • 10 u 2 3323. 3600. o. .12 76. 22. .21 * 41)0. 400 -145. 
3 (,. t). ,._ (, l C) 2 839. 3;)()J. • 2 'l B • r:; 2. 1.18 u ? 3323. voo. o. .92 68. 24. 2.52 * 5400. 5400 -145. 
1, () . u. L. ,:119 2 839. 300,). • 23 8. 52. .13 u 2 3323. 3445. o. .96 61 • 27. .25 * 600. 600 -145. 

o. Q. 1 ,) 19 2 839. 3000. • 2 Q 8. 5 2 • .07 u 2 3 32 3. 337r:;. o. • 98 5 8. 29 • .12 * 300. 300 -145. 
(:-, (,. l ,, 3. L,(Jlq 2 83 s. 3000. • 2~ '3. 52 • • 13 u 2 3323. 3376. o •. • 98 '5 8. 29 • .24 * 600. 600 -145. 
7 ( \. n. ":'tl':'f. 2 839. '.'000. • 2 8 s. 52. • 13 u 2 316 o. 3250. o. • 97 57. 28 • .25 "' 600. 600 -145. 
,~ l,(i. o. 3P 9c 2 839. 3i)OO • .Z'3 8. 5 2. • 6'3 u 2 3200. 3250. o. • 98 56 • 29. 1.18 * 3000 • 3000 -145. 
9 (1 • n. 3;,Jg~ 2 il39. 30CJ•l. • 2 8 8. "'2. .23 u 2 321)0 • 3?fl(I. o. 1.00 53. 30. .40 • 1050. 1050 -145. 

ir, 0. 4,.,2. - 96 2 ;:l3 c;'. 30!)0. • 2 8 8 .. .:,: 2. • 3r::, u 2 3200. 3250 • o. • 98 4'? • 34. • 53 1600. 0 o. 
ll n. l) • JI~ 51 2 839. 3000. • 2 '3 ~- t:? ,,~ . • 51 u 2 2738. 3480. o. • 79 29. 4 7. • '.'-6 2320. 0 o. 
12 2L:. n. ~t: 9/._ 2 839. 200(1. • 2e 8 • n. .54 u 2 26t,8. 361+7. o. • 73 30. 44. .12 * 2500. 1031 333. 

I\) 13 (1. o. 3, 7,, 2 839. :nJJ. • ?~ fl. 52. • 12 u 2 2628. ::1647. o • .72 40. 33. .21 * ':i50. 550 333. 

°' 14 (I. fl l,. 3 { 74 2 839. 30•ld • • 2 9 fl. 52. 1.06 IJ 2 262A. 3647. o. • 72 64. 20. 2.11 * 4850. 4850 333. \.A) 

l" (,. o. :":- 91 ., 
( .. 339. 30,)J. • 2 -J fl. 52. • 28 u 2 2542 • ::1647. o. .70 77. 16. .qo * 1300. 1300 33 3. 

l t, 29P. q c,7. 3og9 2 639, 30•)fl. • 2 ~ 8 • '-2. • 22 u 2 3 189. 3189. 546 • 1 .oo c; 3. 30. • 38 \000 • 0 o. 
l 7 n. u. 29:9 2 d:39. 3000. .28 A. r:; 2. • 30 ll 2 2222. 3647. o. .61 23. 49. .33 1400. 0 o. 
18 U 1. 1112. 312 ,l I\; 4 3224. 7294. o. • 44 16 • 51. .67 3000. 0 o. 
19 f 1. t). 7- 7 0 3 N 3 2 793. 5820. o. .48 19. 50. • 18 aoo. 0 o. 
20 79, 2 ,37?. 2782 N 3 2872. 5 820. o. .4 9 19. 50. • 82 3600. 0 o. 

:JllcU! l'NGTH a•uv 
v:1-ucus V"H-HP S 

'."'N-~· t ~IP 1 : >ID'J"'.' r>~1 1NT 2 '.' t;4. 71 12°0.98 
Mr- r G!",JG P,: T :\I,· o. o. 

TJ1'\L. 2::54.71 1290. 98 

·1f\;-~ .~ ;~D :°1 : 'H''JT rcn :ii· n. o. 
w CG1'\JG DC,l'iT 9 2t. 2 6 242.47 

LJHL. OZf.26 242.47 

Time Slice 11 



I\) 

i 

l"!C:.fl, r·- '."'!- ~·Pb.ti PJFTt TI t:111 ,1\:G HPFF!C ::.NGI'li::':Plt~G 
J>1;Jy·-; TTY ,~r CI\L F':lr'P/.1 
0 Rr-L Y, r~L:FG~ =~ 

H' t V t TIM~ f= "P, J:.:· 1.1J·J-Pf'.Jrr1i-y ·;·:::,yo .01 Ml ~lU.,..':'', 

() l ? .3 4 " ,, 7 
1 343, c:79. 7 ():). <J8 H • 11 lo. 1216. 1316. 
2 o. 211. -: -. ') - _,~. 620. r .. ·a. i:JL, B. 948. 
3 ". o. 

~l '• 
3?3, 4Hl, 581. 681. 

!, ,·,. u. q. 2t-9. :97. t, 97. '597. 
:, i). 1.). t}. (), 3'3. 13/'l. 238. 
f, o. ti. >). 0. o. b 7. 16 7. 
7 o. o. u. o. 0. o. 82. 

fi-'llV·L TtW FflR C"' pc-y:;;,ny ,~tP ,Ul 'I! ~IUTJ:'. <:. 
f) L 2 3 4 
l 171, 3 •) "?. l,12 • 52 'ii, 
2 o. 12;, ::' 23. ~4~. 
?i 1). ,) . 54. 1"12. 
L. !) • o. o. 11)6. 
t; o. 1). o. 
(- !) • (J. o. 
7 o. o. o. 

;::c1·:~h.1Y TP/\Vi L yr,,1·· (:JC1 I 
FP-'";.:t:Y Tk<\V_L Trt,•L (Uli l 
F P ,; ;., ~ Y "P t V ,. L .,. P" .. ( I'.. " ) 

'r,PUT ')::Lt Y 1 •i ' l 
1:NPl)i oi:uy (U'IF.I 

~n~AL TA~v•·L 01srt~C 1 

r·1rA1. TK.:1.V,t :r:-i" u~•..., 1·:;, 

?RT f'F J TY f,p c,:; 11,T l J:'.1: 

'). 

1 l, 

u. 

5 6 "? 

5 79. 677. 777. 
;96. 1>r9 3. 593. 
2 22, 320. 420. 
1 5f. 2:=;.,.. 353. 

22, 120. 219, 
o. S 7. 16 7. 
o. o. 82. 

:(J?R 1:NT TJM'": IMTEPVt.L 
23. V H-HR S 

1'+2. V-H-HRS 
21. v: H-f.!PS 

1291. v-t-1-H?~ 
242, V"H-HP<; 

S074. V' H-'•l!, 

l 71 S. V "H-HRS 

35. Pi\ S S-HP S 
1.:.4. Pll.SS-HR.S 

53. P/\SS-rn s 
l 88b. P~.SS-HF S 

35 7. PASS-HP S 

8370. PASS-MI. 

2474. PASS-HRS 

Time Slice ll 

vc ~ S l '.J\I 
Pt\Gr.: r,.!Cl. 

CUMULATivr VALJ~<; 
292. vrH-HP S 421. Pt,S S-HPS-

1721. veH-HDS lU.l. P\(;<;-HRS 
321. VFH-HRS 812. PASS-HRS 

4041. VCH-HP S 56"0• PA<; S-HR S 
1371'•. Vl-'H-HPS 1%3. PASS-HRS 

71821. V!-'H-MI. 10374t... PI\SS-MJ. 

7751. Vf"H-HRS 1060"?. PASS-HRS 

22.0 
76 



-- ------ ----- ---- ·-----------------·--~---
TNSTITUT~ GF TPA~SPOFTATION A~D T~AFFIC FNGIN~EPING V~RslHN 22.0 
1_11\;TV'PSTTV :ir: n.UFl"l!?~!!i\ PAGE NO. 78 
H PKfL"Y, C~L!F;'.Jf'.:N:,~ 

QU, C.1 LUS'JN l() TZ= .130 
0 GUT 7F S '"C 1 

1,r~:RV"-O PRI')R!TY QPl".PATIQNS U~RFSF.RVFO JR NORMAL OPERATIONS ................................. ································~····························· S!lH FHd,l 0 MP. JC I G. PS V:JL CI\P V /C oi:-M \1PH TPAV "-l NL VOL Ct.P WFAl/f: 1//C Drn MPH TRAV Q lfNG WEUf 
s r l'RG o: S TfJ"" t,L v1ivL H Mt: NuRtA HF V/M/L TlME' * HET R~ . 

l 3591). o. 3:90 N 4 3556.10000. o. .36 43. 20. • 11 * 200. 200 34. 
-, ,. o., o. 3'590 2 815 • 3C.l Cl ;l • .27 9. 44. .10 u 2 2737. 3600. o. .76 68. 20. • 23 * 400. t'tOO 34 • 
3 (). o. 3390 2 816. 3000. .27 B. "i 2. 1.17 u 2 2737. 3600. o. .76 71. 19. 3.21 * 5400. 5400 34. 
l, c,. o. 3590 2 816. 3000. .2 7 s. 5 2. • 13 u 2 2737. 3445. o. • 79 S6. 21. • 33 * 600 • 600 34. ~. (). 1_). 3 "01'.) 2 8lf. 3/J()\). • Z"' s. 52. .07 u 2 2737. 3375. o. • 81 6 3. 22 • .16 • 300. 300 34. 
~ o. 128. ?"91) 2 816. 3000. • 2 7 B. c:z. • 13 u 2 2737. 3376. o. • 8 1 63. 22 • .32 * 600. 600 34. 
7 o. {). 34t,2 ,., 8H,. 30JJ. • 2 7 B. 52. .13 L lJ 2 2609. 3250. o. • 80 61. 21 • .32 * 600. 600 34. 
r t.1). o. 3.'02 2 Blh. 3000. .27 B • 52. .6: u 2 2649. 3250. o. • sz F>O • 22 • 1.55 * 3000. 3000 34. 
q n. t'l • 2 "02 2 816. 3000. • 27 l:l. "'2. • 23 u 2 2649. 3200. o. .83 i; 8. 23. .53 * 1050. 1050 34. 

lll o. u,: •• 3: 1)2 2 :!lb• 3000. • 27 8. 5 2 • .35 u 2 2649. 3250. o. .82 51. 26. • 77 * 1600. 1600 551. 
N 11 n. o. ?. , ~9 2 ol6. 3UOO. .27 8. 52. • 50 °' u 2 2485. :=!480. o. • 7 1 57. 22. 1.29 * 2320. 2320 551. 
\J\ 12 62. 4f:. 3421 2 8lb. 30 r;O. .27 8. '5 2. .54 u 2 2547. 3647. o. .10 74. 17. 1.68 * 2500. 2500 551. 

13 , I• L). 3JB l 2 816. 300,). .21 8. 52. • 12 u 2 zc,;01. 3647. o. .69 78. 16. • 39 * s:;so. 550 551. 
IL, ~. 71. 3:d6 2 816. 3000. .2 7 8. "'? . ~. l. 05 u 2 2506. 3647. o. • 69 78 • 16. 3.43 * 4850. 4850 551. 
1::; n. r.i • 3323 2 t!l 6. 3000. .27 '3. 52. .28 u 2 2435. 3647. o. .67 79. 15. • 96 * 1300. 13·00 551 • 
16 ?9". l <Wl. 3~ 18 2 f.J 11::. 3000. • 2 7 8. C: 2. • 22 u 2 3199. ?199. 536. 1.00 ,::,:i - -. 30. .38 1000. 0 o. 
17 I)• 0. 27., :> 

~ .. 2 Blf. 3000. .27 8. ~2. .30 u 2 219A. 3647. o. • 60 22. 49 • .32 1400. 0 o. 
18 161. 500. 2t383 N 4 317'!. 7294. o. .44 16. 51 • • 67 3000. 0 o. 
lQ o. 0. 24 ]l. N 3 2678. 5820. o. .46 18. 50. .18 soo. 0 o. 
zn -,c. 2757 • 2: 13 N 1 2757 • 5820. o. • 4 7 18. 50 • .81 3600. 0 o. 

'.,ll_J l·'.J' L '·'tJGTH '."l'"L./'\Y 
V-H!~U<:; V,..H-HR S 

m-r:i I ~•p 1 i 1ff'U"f f>JI'iT 24°1.6~ 622.41 
~ ';CH(\ rn ~\IT o • o. 

.,.,JTAL 2'·'11.t:9 622.41 

')1'1-•Dt•.lr '5 J {'d PUT p ,~; !\'.IT (l • o. 
t~ ~·GT iJG O(! '( ', T 'lllfl.14 216.67 

L:Tbl 808.14 216.(7 

Time Slice 12 



N 

°' °' 

INSTITUT~ "F TFlNSPOPT/TI~~ •~D T~AFFJC ~MGI~~~RI~G 
UMJWP~ITY 'JF CA.l t F'JR~J! 1. 
3',RKEUY, CtLIF'.JFfl!t, 

rRAV~L rt~~ rrK ~NI tJni1-PF I Gr<)' TY 71:1 T P • 01 MH',UTFS 

() l 2 3 4 

l 't12. 11+ 1. 1 l12 7. l l,()9. 

2 o. 277. ::: 64 • ()4'5. 

3 o. o. 166. 547. 
4 o. CJ. I). 343 • 
5 o. o. a. o. 
6 o. o. cl. o. 
7 o. o. o. () . 

TR1V•LT!W.: F !J?. QNt' pp~nQ_l(y 

0 l 2 3 4 
l 171. 307. '· 12. 529. 
2 o. ,123. 228. 34 ~:i. 
3 o. o. 54. 17 2. 
4 Ll. o. o. 105. 
c; o. o. o. o. 
6 o. u. o. \). 

7 o. o. o. ,l • 

FRCfWAY TFAV.L -:M: ( ~!]RI 
FF '0 1-Wl!Y TFll.V'L ,.. \' '~ ( ur.;:, 
F1<;:;q,1bY Tf::~V. L :!\1 (R SI 

TNPUT ro::L,\Y I ~'C? cu 
T f,,PUT C..: L•\ Y (lit'!:) 

T:"i-f~l TR\V"l JI':Tt'I::;"· 

.,.o, ~t Tfh.'>V t,t T lM. U'JQ F 
P~IQRTTY C1PfRAT!J'::: 

5 6 "'! 

15 43. 1 f 42. l 742. 
1079. 117Q. 1278. 

6 81. 7'H. 881). 
4 76 • 576. 675. 

31'!. 13~. 237. 
o. I:, 7. 16 7. 
) . 0. 'l l • 

T !' r p .Ot '-IWUF S 
:; 6 7 

'5 79. 677. 777. 
39i:;. £93. "'0"' ,,,, '-. 

222. 319. 419. 
155. 253. 353. 
22. 119. 219. 
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• Jl?.5 pass-hrs for nermal operations on Naw Design reflects a 

oiwlge mad• in Time Slic• Z. O., = 104-. Normal opein.tiene travel 

time used 1n Chapter 5 = 3192 so that the travel tilne saTings 

equals 164,58-3192 • 13266 pass-hrs. 



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 0-D 

tables as hourly passenger flow rates.) 

b. Bus Origin - Destination Pattern for each 15 minute time 

interval during the peak period. (To be entered in 0-D 

tables as hourly flow rates - buses/hr.) 

c. Vehicle Occupancy 

l. Average bus occupancy for each 15 minutf time interval 

during the peak period. 

2. Auto occupancy distribution for each 15 minute time 

interval (expressed as% cars with l, 2 1 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 9r 1 on-ramps, 0 or 1 off-ramps, etc. 

l. Distance between Ramp Noses (feet) 

2. Subsection Lengths 

3. Presence of left hand or two lane on- and off-ramps 

b. 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). 

3. 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 MAW.AL CHECKS AND S.AMPIE CALCUIATIOBS 
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APPENDIX G 
EXAMPLE 4. 1 SAMPLE CALCUIA TION FOR TIME SLICE 1 

A. Volume Calculations 

Original demands are assumed to instantaneously propagate down

stream of the freeway. (Bus demands at on and off ramps are multiplied 

by the bus equivalency EBN and added to the car volumes. Under reserved 

lane operations, buses in the reserved lanes 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 equivalent vehicle volume can be read from the computer output , 
summary in Table 12{in main body). 

B. Weaving Effect Calculation 

The effect of weaving on the capacity of a subsection is .estimated 

by finding the weaving influence factor k from Fig. 7.4 of the Highway 

Ca'paci ty Manual • The weaving factor k is a function of the total 

weaving volume and the length of the weaving section. The weaving 

volume for each weaving movement 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 = 124 
8 (2) + 1020 = 1,036 

EQUIVALENT VEHICLES 1,460 

FACTOR k = 2.0 

EFFECT= (k - 1.0) X smaller weaving volume 

= (2.0 1.0) X (424 - 0) = 424 vph 

~he result of the manual calculation is the same as those made 

by the computer. 

After weaving analysis is performed, PRIFRE 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 and nonpriority vehicles. 
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(Gla) AVERAGE OCCUPANCY = 
IN A SUBSECTION 
OF A NORMAL SECTION 

Bus Passengers 

[ (
No. of\ / Bus \ ] 
Buses).\occupancy/ 

Car Passengers 

+ r (No. of\ 
L Cars J 

( Car \] 
\occupancy I 

Number of Vehicles 

[No. of Buses+ No. of Cars] 

FIGURE GI 

AVERAGE OCCUPANCY FORMULAS 
(FOR EACH SUBSECTION) 



I,:) 

--l 
--l 

(Glb) AVERAGE OCCUPANCY 

(Glc) 

IN THE PRIORITY = 
LANE OF A RESERVED 
SECTION 

AVERAGE OCCUPANCY 
IN A SUBSECTION 
OF AN UNRESERVED 
SECTION 

Bus Passengers Priority Car Passengers 

--- --- ........ 
Average* 

r(No. of\ • ( Bus \7 + [/No. of \. L Buses ) Occupancy)J \priority Cars J 
(Occupancy of \ 7 
\priority Cars )j 

Number of Vehicles 

[No. 
-- ,,..-..., ......... 
of B•:.:ses + No. of Priority Cars J 

Car Passengers 
from On-ramps in 
the Unreserved Section 

Bus Passengers 

Car Passengers from 
The Normal Sections - ,.,,,,,.,.., ......__ ,.. ........ ....... 

r(No. of\ 
L Buses/· 

Average* Average Occu-

( 
Bus )] +[/No. of Non- \ . /Occupancy of 

Occupancy \priority Cars ) \Non-priority 
\ + /Cars from'( . (p~ncy f~r the\] 

Cars/ \on-RamEs ) Time Slice ) 

Number of vehicles 
.- ....... 

No. of Buses+ No. cf Non-priority Cars+ No. of Cars from 
On-Ramps in the . 
Unreserved Section 

FIGURE Gl (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 
rt.) 

1 -0. 10. 15. z 
H 
c., 2 -0. 10. 10. 
H 

3 -0. -0. 8. J::r:: 
0 

4 -0. -0. 5. 

NON-BUS ORIGIN - DESTINATION TABLE 

AVE. OCC. = 1.40 PERSONS/VEHICLE 

DESTINATIONS 

0 1 2 3 
r/1 1 71. 214. 2143. z 

2 57. 150. 400. H 
c., 

3 o. 20. 1000. H 
er: 
0 4 o. o. 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 
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EXAMPLE 4.1 (cont.) 

SAMPLE CALCULATION FOR TIME $fulCE 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: 

Nonpriority 
status 

Priority 
status 

1 passenger= 71% 

2 passenger= 21% 

3 

4 

5+ 

6% 

1% 

1% 

Average occupancy 
(all cars) 

= 71 (1) + 21 (2) + 6 (3) + l (4) + l (5) = 1.40 pass/car 
71 + 21 + 6 + l + l 

Average occupancy 
(Nonpriority cars) 

71 (1) + 21 (2) 
71 + 21 

Average occupancy 
(priority cars) 

= 
6 (3) + 1 (4) + 1 (5) 

6 + 1 + l 

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 + l + l = 
{2907) X (. 08) = 233; 

8% 

No. of Nonpriority cars = {2907 - 233) 
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= 1. 23 pass/car 

= 3.37 pass/car 

+ 128 = 2802 



EXAMPLE 4 .1 (cont.) 

1. Average occupancy-reserved lanes= (Formula from Fig. Glb) 

= (45) • (50) + (233) · (3.37) = 
45 + 233' 

10.9 pass/vehicle 

2. Average occupancy-unreserved lanes= (Formula from Fig. Glc) 

= (0) • (50) + (2,674) · (1.23) + 128 (1.40) = 
0 + 2,674 + 128 
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1.24 pass/vehicle 



'able 
:olumn 

EXAMPLE 4.2 

SAMPLE CALCULATION FOR TIME SLICE 1 
SUBSECTION 2 

~umber (See Table 11) 

(1) Length= l mile 

(2) Volume= 45 buses+ 3,035 cars= 3,080 veh/hr 

(3) Equivalent volume = 45(2) + 3,035 = 3,125 veh/hr 

(4) Weaving effect: None 

(5) Capacity= 8,000 - weaving effect= 8,000 vph 

(6) 
3125 

v/c = (3)/(5) = 
8000 

= .39 

(7) Operating speed: From Fig. 9.1 of 

Highway Capacity Manual 

For v /c = . 39 .. , 8-lane freeway, DS = 70 mph 

Operating speed = 61 mph 

(8) Average speed = operating speed - Desig~O Speed (l - v/c) 

(9) 

(10) 

(11) 

= 61 ~~ (1 - ,39) = 57 mph 

_ Subsection Length 
Single Trip Travel Time - Average Speed 

1 m 
= 57 mph= .0172 hrs 

Single Trip Travel Time= .0172 X 60 = 1.05 min. 

Average occupancy= 45 (SO) + 3o35 (l. 4 ) = 2 11 
45 + 3035 ' 

(Using Equation of average occupancy in a 
normal section) 

(12) Travel Time= Number of vehicles in 15-minute time period X 
(veh~hrs) single trip travel time 

=¼hr (3080 vhe:) (,0172 hrs) = 13.50 veh-hrs. 
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EXAMPLE 4.2 (cont.) 

(13) Travel Time= veh-hrs x average occupancy 
(pass. -hrs) 

= 13.50 x 2.11 = 28 pass. hrs·. 

(14) Travel Distance = Number of vehicles in 15-minute 
(veh-mi) x subsection length 

= 1/4 hr (3080 veh) (1 mile) = 770 hr 

(15) Travel Distance = veh-miles X average occupancy 
(pass-miles) 

= 770 X 2 .11 = .1624.7 pass-miles 

time period 

veh-miles 



TIME SLICE 2 QUEUE INC REAS ING 

ALL VALUES IN VEHICLES PER HOUR 

BUS ORIGIN - DESTINATION TABLE 

BUS OCCUPANCY 50.0 

DESTINATIONS 

0 1 2 3 
(/.) 1 200. 200. 4600. 
z 

2 200. 100. 500. 1--1 
0 3 o. 30. 1500. 1--1 
p:, 

4 o. o. 800. 0 

NON-BUS ORIGIN - DESTINATION TABLE 

AVE. occ. = 1.40 PERSONS/VEHICLE 

DESTINATIONS 

0 1 2 3 
CQ 1 -0. 15. 35. z 

2 -0. 15. 15. 1--1 
I:!; 

3 -o. -0. 10. 1--1 
~ 
0 4 -0. -0. 5. 

NON-BUS OCCUPANCY DISTRIBUTION 

occ. ONE = 71. PCT 

occ. 'IWO = 21. PCT 

occ. THREE ::= 6. PCT 

occ. FOUR= 1. PCT 

occ. 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=½ 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 

= origin equivalent vol. - Merging Queue= 

= 7970 - 100* = 7870 EQ vph 

adjusted volume under capacity constraint at subsection 6 

= 7870 - RA = 7870 - 177 

= 7693 

(3) weaving = 307 EQ vph (Similar to calculation in Example 4.1 

in Time Slice 1) 

(4) capacity= original capacity - weaving effect 

(5) 

(6) 

* 

= 8000 - 307 = 9693 

V /c = ((24)) :::: 7693 = 1 00 
7693 . 

From Fig. 9.1 H.C.M. 

For v/c = 1.00, 8 lane freeway DS = 70 

Operating ~peed= 36 mph 

100-see Fig. 14d in Chapter 4 main body, and merging calculation 
in Table G2. 
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(7) Average speed= operating speed - ~~ (1 - v/c) 

(8) 

70 ' 
= 36 · - lO (1 - 1) = 36 mph 

individual travel time= 

= 

subsecti, _, length 
Avg. speed 

½ mi 
36 = .Ol,39 hr 

mph 

(9) individual travel time= .0139 X 60 = .83 min. 

(10) adjusted volume (actual veh. per hr.) 
__ original actual vo_l. (vph) X 

(11) Avg. C)CC. = 
95(50) + 7780 (1.4) 

95 + 7780 

original volume(eq. vph) 

adjusted vol. (EQ. VPH) (2) 

7875 
= 

7970 
X 7693 = 7548 vph 

= 1.99 pass/veh 

(12) Travel Time (veh-hrs) 

Number of veh. in 15 minutes time period x single 

Trip Travel Time = ¼ hr(7875 veh) (.0139 hrs) 
hr 

= 26.41 veh-hrs 

(13) Travel Time = (12) X (11) 
(pass-hr.) 

= 26.41 x 1.99 = 52,56 pass-hr 

(14) Travel Distance (veh-miles) = • 

=no.of veh. in 15 min. time period X 

subsection length= 

= ¼ hr(7875 :e:) (.5 mile) = 950 veh-mile 

(15) Travel Distance (pass-miles) = (veh-miles) x (avg. occ.) 

= (14) X (11) = 950 X 1. 99 

= 1890 pass-miles 
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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 vph 

c) Adj. Volume for Merging= 7160 - 100 = 7060 vph 
Capacity Constraint 

(4) Excess Demand (RA
5

) = 0 because 0
6 

< c
5 

and there is no 

queue 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. 

(7) 

b) Average speed 

v/c = 0.88, Operating Speed = 46 mph 

DS 
= op. speed -

10 
(1 - v/c) 

70 
= 46 - lO (1 - .88) = 45 mph 

Non-queueing density 
= Volume _ (3) 

Average speed - (6b) 

7060 vph 
= ----- = 156. 9 vpm 

45 mph 

(8) Adjusted Volume = Volume - RA
6 

= (3) - (4) 
6 

= 7060 - 177 

= 6883 equiv. vph 
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(9) 
6883 

v/c for queueing (8)/(2) = 
8000 

= 0.86 

(10) Queueing Speed s2 = v/c . (20 v/c + 8) 

s2 = .86 . (20 . .86 + 8) 

s2 = 21, 7 mph 

(11) Queueing Density (8) / (10) 
6883 vph 

= = 21. 7 mph 

= 317.l vpm 

(12) Shock Wave Speed, r: 

r =------317. 1 - 156. 9 
177 

= 1.1 mph 

(13) t' = time shock wave 

travels in subsection 5 = 0.25 hrs. 

(14) Queue Length = r x t 1 = 1.1 mph x O .25 hrs 

= 0.275 mi= 1452 feet 

(15) Travel time for non-queueing period= 

Length x non-queueing density x min.[t 1 or 0.25] 

L X d X min . [ t I or O • 2 5] 

1 mix 156.9 vpm x 0.25 hrs-39.2 equiv. veh-hrs 

(16) Travel time for transition period= 

(Queueing density - non-queueing density) 

2 x (time shock wave travels through subsection 5) X shock 

wave speed x ½ = 

(d 
1 

- d) X (t 1 ) 
2 

X r X ½ = 
2 2 

(317.1-156.9) vpm x (0.25) hrs X 1.1 mph x ½ = 

= 5.5 equiv. veh. - hrs. 
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(17) Travel Time for Queueing Period= 

1 
I I 

L X d X (0. 25 - t ) = 

1 mi X 317.1 vpm x (0.25 0.25) hrs=~ equiv. veh-hrs. 

(18) Total Travel Time= (15) + (16) + (17) 

39.2 + 5.5 + 0 = 44.7 equiv. veh-hrs. 

(19) Total Travel Time= (18) · ratio 

:::: 44. 7 X 
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7070 
7160 

original actual volume 
original equiv. volume 

= 44.1 veh-hrs. 



1:-.:> 
00 
tO 

TABLE Gl QUEUE INCREASI!l:i CALCUIATIONS FOR TIME SLICE 2 

A - QUEUE LENGTH CALCUI.ATION 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) 

Speed Non- Shock 
No. of Volume Excess Non-Queueing Queueing Adjusted v/c for Queueing Queueing Wave t' 

Sub- Length Capacity (equiv- Demand v/c Oper. Avg. Density Volume Queueing Speed Density Speed (1) Queue 
Section (feet) (uph) veh) RA (a) (b) VPM (3)-(4) (8) /(2) (mph)* (vpm) (vpm) ~) Length 

Queue forms at the junction of * 
6 2640 7693 7693 +177 1.00 36 36 213.7 -- (12)X (13) 

subsections 6 and 5 

* .275 mile= 5 5280 8000 7060 0 ,88 46 45 156.9 6883 .86 21.7* 317.1 1.1 .25 
1452 feet 

B - TOTAL TRAVEL TIME CALCUIATION 

(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) +(16) +(17} 

Section 
if I 

L X d X min. (t , .25) (d 1 
- d) X (t 1 )

2 X r X i L X d 1 X(.250 - t') equiv. veh-hr veh-hr 

5 1 X 156,9 X .25 = 39.2 (317.1-156.9) (.25) 2 (1.1)½ =5.5 1 x317.l(.25-.25)=0 44.7 7Cil70 
44.7 X 

7160 
= 44.l 

* 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 l 2 3 

~ l -0. 5. 10. 
1-f 2 -0. 10. 5. 
C.!:> 
H 3 -0. -0. 8. a:: 
0 4 -0. -0. 2. 

NON-BUS ORIGIN - DESTINATION TABLE 

AVE OCC. = 1. 40 PERSONS/VEHICLES 

DESTINATIONS 

0 l 2 3 
00 1 100. 200. 5412. z 
H 2 so. 120. 300. 
C.!:> 
1-f 3 o. 15. 1300. p;; 
0 4 o. o. 400. 

NON-BUS OCCUPANCY DISTRIBUTION 

occ. ONE = 71. PCT 

occ. 1WO = 21. ,.PCT 

occ. THREE = 6. PCT 

occ. FOUR= 1. PCT 

occ. FIVE == 1. PCT 
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I.\:) 

c.o 
I-' 

No. of 
Sub-
Sectior 

5 

No. of 
Sub-

Section 

5 

(1) (2) (3) 

Previous 
Queue 
Length Capacity Volume 
(feet) (uph) (uph) 

7423 
1396 8000 + 84 

7507 

(1) 

Travel Time for 
Non-Queuein~ Period 

L X d X (.250-Tl) 

1 X 168.87 X .25 

TABLE G2 QUEUE DECREASING CALCUIATIONS FOR TIME SLICE 3 

A - QUP:UE LENGTH CALCUIATION 

(4) (5) (6) (7) (8) (9) (10) (11) (12) (13) 
Excess v/c for Non- Queueing Shock-
Demand Non- Queueing Non- Volume v/c Queueing wave t 

RA. Queueing Speed Queueing (3)- (4) Queueing Speed Queueing speed (hrs) Tl 
(uph) Flow (mph) Density (vph) flow (mph) Density (mph) 

-89 .938 44.5 168.67 7595 .949 25.6 296.7 • ,95 .1745 --
--

QUEUE LENGTH = 1396 X .695 X .25 X 5280 = 477 feet 

B. TOTAL TRA.VEL TIME CALCUlATION 

(2) (3) (1) +(2) +(3): Equiv• vph 

Travel Time for Transition Period Travel Time for Total Travel Time 
Queueing Period 

t 
(d - d) X t X (H - 2 X r) L X d 1 XJl (vph) 

G396 174 ~ 
(296.7-168.67)X .174 X Tso-TX (-.695), 1 X 296,7 X ,O= ,0 49.55 



l) 

2) 

3) 

4) 

5) 

Length of 

Length of 

Speed in 

Speed in 

EXAMPLE 4. 5 

CALCULATION OF AVERAGE SPEED 
QUEUEING SITUATION - SS 5 

(See Table 15 - Column 7 - SS5) 

Section =- ~ ,280 feet 

Queue = 1,396 feet 

non-queueing part of subsection 5 = 44 mph 

queueing part of subsection 5 = 21. 7 mph 

= 21. 7 
1396 5280 - 1396 

Avg. speed mph X 5280 + 44 mph X 5280 

= 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 

queues 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 G3A. The effect of the merge queue (100 vph) is 

distributed downstream according to the destination pattern as shown 

in Table G3B. The effect of the freeway queue js distributed down

stream as shown in Table G3C. See Chapter 4, Figs. 14c and 14f, for 

a pictorial representation of these distributed queues. 

Similarly, Table 04 shows the distribution of decreasing merge 

and freeway queues for time slice 3. See Chapter 4, Figs. 15d and 

15e, for a pictorial representation of these distributed queues. 
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TABLE G3 DISTRIBUTION OF QUEUES FOR TIME SLICE 2 

A - MERCHNG CAPACITY ANALYSIS 

Composition % Traffic Demand 
of Demand in Lane 

Traffic Flow (vph) Lane 1 (vph) 

Through * 
Traffic 

5560 9+ 500 

On:_Ramp o3 1600 100 1600* 

Off-Ramp D2 NON- INFLUENCING 

! 
Tr 1:al 2100 

arP-e Quer .. _100 - 2000 :;:: ioo vph 
---

* Fr;,· nble 8.3 From H.C.M. 

B - DESTINATION PATTERN CALCULATION 
FOR MERGE QUEUE 

"Cl 
A 
al 
I= 
(l) 
A 

Q 
0 

I 
(.1$ A 
A A i--1 

·r-1 0 (l) 
+-> ·r-1 +-> 
m +> +:i 
Q) al 
A p.. 

"Cl 
A 
0$ = (l) . 
Q 

Q 

0 

CG A 
A A f.-t 

•r-1 0 (l) 
+-> •r-1 +-> 
00 "") +> 
w ro 

Q i:i.. 

~ 
END 

D2 D3 

(vph) (vph) p 

('11 230 4670 

(' 130 530 

TOTAL 360 5200 
RATlO .0648 .9352 

MERGING 
6 94 

QUEUE 

C - DESTINATION PATTERN CALCULATION 
FOR FREEWAY QUEUE 

~~ D2 D3 
(vph) (vph) p 

01 230 -4670 

02 130 530 

03 30 1570 

TOTAL 390 6770 
RATIO .055 . 945 

FREEWAY 10 167 
QUEUE 
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in 
1 

TOTAL 

5560 
1.00 

100 

TOTAL 

7160 
1.00 

177 



't1 
s::: 
a:t = 
~ 
Cl 
0 

s::: 
0 
•n s::: .,.., ~ 
CG (l) 
s:::.,.., 

,,-j .,.., 

+" CG 
{I} i:i. 
(!) 
Cl 

TABLE G4 DESTINATION PATTERN CALCULATION FOR 

MERGE & FREEWAY QUEUE - TS3 - SS5 

~ Ra tp D2 D3 

03 365 7462 

ss 5 

Demand Ratio .046 • 954 

Merge Queue 4 80 

Freeway Queue 4 85 
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TOTAL 

' 
7827 

1.00 

84 

89 



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). 

TS2 TS3 TS4 
w 
::::) 
w 
::::) 

0 
z 
v) 25 w 

lie ..., 
~ C'o., 
J: 

e,.,>, 
w 100 > 4 :25 Veh, 
.... 
0 

0 ( A2) z 

. 25 Hr. . 25 Hr . .25 Hr . 

Time 

Figure G2 Merge Queue 
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MERGE DELAY: 

TS2: 

DELAY = Area A
2 

= ¼ hr. Merge Queue (vph) x Time De.layed (T. Slice period) /2 

= (¼ hr.(100 vph) x ¼ hr.)/2 = 3.13 veh-hrs 

Avg. occ. = 2,02 pass/veh; (3.13) (2.02) = 6.22 pass-hrs 

TS3: 

DELAY = Area A
3 

= ( 25 + 4. 75) 
2 

.25 = 3.79 veh. hr. 

= 3.79 x 1.65* = 6.25 pass-hr. 

TS4: 

* 

DELAY = Area A
4 

= 4.75 x .25 x ½ = .59 veh-hrs 

= . 59 x 2 = 128 pass-hrs 

Avg. occ. of subsect. 5 
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APPENDIX H 
l'\' .. Car Occupancy Shi.t't Calculation Program 

t I ~1 P;Jr ,n:. ! rr1 t i·~, r .. r.,r")~~r:: = i P';:) 
( (,,\•re ,T• ( c;) •Te': ( :C, \ 

I : L- Ji j l ; r l I C' JI ,.\ I 1 -: '\' f") r:, i) ~ ') ;\ ► 4 l) r:. V l: I ,-, r [ D 

Tr i1 
T, ic :.: 

f·_/\() 1 1V'i:./ 1 ~([l,T .::.) 
1 0,11. t· ,,~.il<'.i/\ T ( ,-,r. ~ • ~) 

"':.111.r n. 
t,"'~ 'A()("l(I ,J=:! 4'/',-!::, 

),IF'T ='-dH'-1 + ,h/ 1} ). 

T =n • 
110 1-:::.,:., 

, F . , P ( T l = ., r- r ( l ,, , n • •)! ::- L r, , ( r ) 
1 r; ;\ = T + T · ·.r· ( r ) 

TJD.:::T _, 
!-)•\1 D-::-:n • 

'):) 1 I ·" T ::: 1 • r 1 , ' 
1·· ,. Tr i' ( T 

"., ,, T=T·:: 
f' ~., _; = ,• ,-J + T c: • 

--:,H ::: ,·;.•.;D u-T 

rir; ! .. ,< n 1 ~ ! T t) 

1-<rU T;~•,P( T )~r==-•;t··)( I)~.~-{,.+ 1r;::r; ) 
r: ,·: 1 .r1 T :::: , ._ 

1 r., () T ~- . P ( l ) = Tc:· . !-, ( I ) / ;_- !_ · , ' T ( 7 l 
-.. T=G • 

1F,O T•T TtcT.+.[c'' (T 

T ').:: r, • 
:',.., 17r. T 1, 
T ,.- "LJ ( r l ;;;; r · i' ( T ) I T r- T 

T r . ( i ) = T •:- '' r, ( , } ;: - l_ r. _11 r ( T l 

>I .. T '.1",/": .((J,1c:-1rl, '1rl(Tll.T::::1,~l 
,"'"1 () 0 . ·, '· \"· .'\ T ( T r-: ., ·:- .r _,, • /~ • / ) 

T" 1T L.. (;r'lt; ( r, L.4r.T. T t; rP} 

1, .') 0 G - :1 T ( r·. '.', , 3 ~ , • , 1, X , t ? , / / l 
"<')I"\() ['>';, T I":' 

C LL "XTT 
.S TJ,:;; 
C f'\ 

T" riC::1:) CA1__(ill_/\Tf TriE ,1,-I,' 

1~1Tt" D'?l""\D[TY T/\TII'.::, (A,,C, 

fl I FT 

D 

• • '1 7 

(Priority- status Cutott-2, 18 shifts, S'li each shirt) 
(Initial Occupancy- Distribution) 
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APPENDIX I 

S2296• KHOSROW OVAICI 
RUN. 

USTING FOR PROGRAM 11LCHANGE 11 

LGO. 

* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

PROGRAM LQiANGE(INPUT,OUTPUT) ITTF 
*DETERMINATIN OF ACCEPTABLE GAP ITTE 
*SYMBOLS ARE ITTE 
~VR =VOLUME IN RESERVED LANE(VEH/HR.) ITTE 
*VN :VOLUME IN NORMAL LANE (VEH.IHR.> ITTE 
•SUNR ~SPEED IN UNRESERVED LANE(MILE/HR.> ITTE 
*VUNR :VOLUME IN UNRESERVED LANE ( MILEIHR•l ITTE 
*SN cSPEEO IN NORMAL LANE (VEH./HR.> ITTE 
*SR ~ . SPEED IN RESE~VED LANE ( MI LE/HR. l I TTE 
*N =NUMBER OF LANE ITTE 
•FXXX :RELATIVE SPEED FACTOR ITTE 
*HM :MINIMUM HEAD WAY ITTE 
*XP :PROBABILITY OF CHANGING LANE ITTE 
•AH :AVERAGE HEADWAY ITTE 
*GA =ACCEPTABLE GAP ITTE 
*OUReUR=REQUIRE DISTANCE FOR CHANGING LANE FROM UNRESERVED LANE TO JTTE 
* . UNRE2ERVEDLANE (WITH XP PROBABILITY> ITTE 
•DUR•R =•REQUIRE DISTANCE FOR CHANGING LANE FROM UNRESERVED LANE ToITTE 
* RESERVED LANE (WITH XP PROBABILITY) ITTE 
*DR• UR:REQUIRE DISTANCE FOR CHANGING LANE FROM RESERVED LANE To ITTE 
* UNRE2ERVED LANE (WITH Xp PROBABILITY) ITTE 
* BEGINNING OFTHE PRIORITY LANE. ITTE 
*DP•OFFaREOolRE DISTANCE FROM THE END oF THE PRIORITY LANE To THE FITTE 
* OFF-RAMP AFTER PRIORITY LANE. ITTf 

5 READ 10,VNtVRtVUNRtSN,SRtSUNRtGAR,GAUNRtHM,XP,N ITTE 
10 FORMAT(3F,•*' 6F~•2 ,F5.4,I1> ITTE 
60 IF(N•EQ•Ol STOP ITTE 

·suNR1=.80*SUNR TTTF. 
CALL OIST(SUNR1 ,SUNRtVUNR,HM,GAUNR,XP,DURUR) ITTE 
SNl= 0•80*SN TTTF 
CALL DIST( SN1,SN,VN,HM,GAUNR,XP,DNN> ITTE 
DONP=(N-l)*DNN TTTF 
DPOFF:DONP ITTE 
CALL DIST(SUNR,SR,VR,HM,GAR,XP,DURRJ ITTE 
CALL DIST(SR,SUNR,VUNR,HM,GAUNR,XP,DRUR) ITTE 
D0NPM=(N-2l*OURUR+DURR TTTF 
DP0FFM=(N-2>*DURUR+DRUR TTTF 
PRINT 1234 TTTF 

1234 FORMAT( lHt * INSTITUTE oF TRANSPORTATION AND TRAFFIC ENGINEERINGITTE 
C*/* UNIVERSITY OF CALIFORNIA•/* BERKELEY CALIFORNIA *l ITTE 

PRINT 101 !TTF 
101 FORMAT( II* INPUT DATA *II) ITTE 

PRINT 12•VN,VR,VUNR,SN,SR,SUNR,GAR,GAUNR,HM,XP,N ITTE 
12 FORMAT(//* VN =*,F5.0//* VR =*,F5.0//* VUNR ITTE 

C =*tF5.0//* SN =*,F5.7.//* SR ~*,F~.7.//* SUNR ITTE 
C •*,F5•21I* GAR :*,F5•?I~* GAUNR =*tF5•?II* HM ITTE 
C =*tF5•2//* Xp =*'F5.4//* N =*tlJ///) ITTE 

PRINT 102 ITTE 
102 FoRMAT( ///* our pUT CALCULATION ARE *'*························•ITTE 

C•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••*' ITTE 
PRINT 1111 

1111 FORMAT(///*** ALL 
PRINT 1000,DNN 

TH~ FOLLOWING VALUES ARE IN FEET***> 
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JTTE 
TTTF 



• 

1000 FORMAT(///* DNN •* ,F10.o* REQUIRE DISTANCE FoR CHANGING ITTE ~, 
CLANE FROM NORMAL LANE To ADJACENT NORMAL LANE *l JTTE ~~ 

PRINT 900tOURUR ITTF ~~ 
qOO FORMAT(///* DUR•UR •* ,F10•0* REQUIRE DISTANCE FOR CHANGING ITTE ~7 

CLANE FROM UNRESERVED LANE To ADJACENT UNRESERVED LANE*) ITTE ~~ 
PRINT 700,DURR ITTF ~q 

700 FORMAT(///* DUR•R =* ,FtOeO* REQUIRE DISTANCE FOR CHANGING ITTE AO 
CLANE FROM UNRESERVED LANE To ADJACENT RESERVED LANE*' ITTE ~, 

PRINT 800,DRUR ITTF A? 
aOO FORMAT(///* 0 R•UR •* ,F10.o* REQUIRE DISTANCE FoR CHANGING ITTE A~ 

CLANE FROM RESERVED LANE To ADJACENT UNRESERVED LANE*) ITTE ~4 
PRINT400,D0NP JTTE 6~ 

400 FORMAT( ///+ DOM•P •*•F10.o * REQUIRE LANE CHANGING DISTANCE ITTE ~A 
CFROM ONRA~P To THE ENTRANCE OF THE PRIORITY LANE*) ITTE ~? 

PRINT 500,DPOFF ITTE ~R 

~00 FORMAT('''* Dp.oFF •* ,F,o.o * REQUIRE LANE CHANGING DISTA~CEITTE ~o 
CFROM EXIT oF THE PRIORITY LANE To THE RIGHT HAND SIDE oFF RAMP*) ITTE 70 

PRINT300,DONPM tTT~ 71 
~00 FoRMAT( Ill* DON•P•M =*•F10.o * REQUIRE LANE CHANGING DISTANCE ITTE 7? 

CFROM ONRAMP To THE MIDDLE OF THE PRIORITY LANE*> JTTE 1i 
PRINT600,DPOFFM ITTE 7A 

600 FoRMAT( Ill* Dp.oFF•M =* ,F10.o * REQUIRE LANE CHANGING DISTANCEITTE 75 
CFROM MIDDLE oF THE PRIORITY LANE To THE RIGHT HAND SIDE oFF RAMP*)ITlE 7A 

1112 FORMAT( Ill* END QF ABOVE SI~ULATioN *) JTTE 77 

PRINT 1112 ITTF 7~ 
70 GO TO 5 ITTF 70 

END ITTE RO 
SUBROUTINE DIST(S1,s2,v2,TA,GA,XP,D) ITTE R1 

TM =3600IV2 ITTE R? 
XN=(ALOGIOCJ-Xp))/(ALOGJO((l- EXP ((TA-GA)/(TM-TA))I) ITTE R~ 
FS=(Sl-S211(52 ) JTTF. R4 
D:(Sl*XN-SJ)/~FS*V2> ITTE R5 
D:ABS(5280*D) ITTE A~ 

RETURN ITT~ R7 
END ITTE RR 

1550• 800•1800•44•0050•0035•00 3•50 ?•50 .5Q.q5 4 
.50.00 4 
•50•75 4 

1550• 800•1800•44•0050•0035•00 1•50 ,.50 
1550• 800•1800•44•0050•0035•00 1•50 ,.so 
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Example inp11t fer LCH!JGE 

FORMAT 

VN VR VUNR SN SR SUNR GAR l'GAUNR HM XP 
1 12 I 3 l 41 5 I 61 7 I 8 l 9 I IOI II I 12l13 l14ll5 l16l 17 I 18l 19l20l21122l23l24l25l26l27l28l29130l31 l32l33l34l35l36l37l38139140l41l42143l44l45l46l47l48l49l5 

F5.0 F5.0 

15 5 0 • 8 0 0 • 
.... 

L...,.,-

F5.0 

18 0 0 • 4 
I 

F5.2 

4 .o 0 5 

F5.2 F5.2 F5.2 

I 

Inpttt values: 
I 

1.With .,.95 probabil.\t;y 
l 

ol.lolo 3 5 • lo 0 3 
I 

2 .WI. th • 90 probability 

• 5 

,,,-•- ..--· y- -•··-~r -.....-

1 l8IOIOl .14141. IOIOl5 IOI. IOIOl3151. IOIO 

3.Wlth .75 probability 

I 1515101. I 1s10101.111a10101. t414l. lOIOl5 IOI. IOIOl3l51. IOIOI 13 •• 

-F5.2 F5.2 F5.4 

0 2 • 5 lo lo • 5 0 • 9 s1ol4l I \ 
I i 

~~ 

21.15101 IOI .1510 

01.1510 



w 
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LCHANGE -- LANE C~ANGING MJOfl 
FECE:RAL ~IC~WAY ACMIMISTRATION 
CEFAPT~ENT CF TRANSPORTATION 

If\PUT CJIT t, ................................................. 
Vt-. 

SR 

HM 

= l '= 50. 

= 50 .oc 

= 0 .50 

'JR 

Slt\R 

~p 

OUTPUT C~LCULATIOr-.JS (ALL VALUES IN FEEl) ................................................. 

Example output of WHANGE 

= 800. 

=3 5. 00 

=.9500 

VUNR 

GAR 

"' 

l'lOO. 

: < .-50 

=4 

DN~J 3823. REJUIRF DISTANCE FCR CHAt\Glt\G LAt\E FPC~ N0RMAL L~~E TO ADJACENT NORMAL LANE 

~UR.U~ = 'l6 lC. RF\JUIRE lJI STANCF FCR CHAii.GI NG Lht\f FRCt-1 UNRE<,EPVfC LbNf- TO t,rff,\CE/..iT UNl:\tSEriVFO lANE 

DUR. 283€. ,{fQUIRE OISTANCE FCR CHAI\GU\G LIii\~ FRCt' UN'<ESERVEC LANE TO AOJACENT RESERVf:O LANf. 

OR.U 3008. RE~UIRE DISTANCE F[k CHAI\GING LANE FRCI" RESERVED LAI\[ TO ACJACENT U~~ESERVEO LANE 

DCN.P 11469. RE 1:JUIRE LANETHANGII\G DISTAI\CE FRCt' Cl\ RA'1P re (HE ENTiU•NCf- :]F TW: PREJRiTY LANE 

SN 

G--i\T.t\R 

OP.OFF ll4t<;. REQUI~E LANE CHAI\Gll\G DlSTAI\CE FRGM EXIT OF THE PRICRITY LANE TO THE RIGHT HiNn SIDE CFF RA~P 

OCN.P.M 10058. REQUIRE LANE CHANGII\G DlST/\t\CE F-RO' Cl\ RA~P TC TrE M"iCDLE 'lF THE PRIORITY LA'H: 

OP.nFi-- .:--1 10228. REQUIRf LANE CHANGII\G DI ST/IIIC£: FRC,.- l"ICDLE CF THE. -PR:Jrj;ff(y LAl<JE-TtJ--fHE ii-fi;fir Ht.~ND SIDF 

EI\D or- AECVF SIMULATION 

PAGF N0. 

:.:.4. 00 

= 2. s·o 



~ 
"' 

LCHANGE -- L~NE CtANGING ~OOEL 
FECERAL tlGtWAY ACMIMlSTRATION 
CEPARTMENT OF TRANSPORTATION 

INPUT CATA ................................................. 
VN =1550. 

SR ;50.0C 

HM = a.so 

IIR 

Sll\R 

)(p 

OUTPUT ULCULATIONS (ALL VALUES IN FEEl) 

················································· 

"'800. 

:)5.00 

=.9000 

VUNR 

GAR 

N 

=1800. 

= 3 .50 

=4 

DNN 28CO. REQUIRE DISTANCE FCR CHAI\GI I\G LM,E FR[,.. NORMAL LANE TO ACJACfNT NOR'1l1L LANF 

·-·-----·-. REQUIRE oTs·i.iNCE FCR CHANGI I\G LAI\E FRC'1 Uf\RESERV!:C LANE TO ADJACENT UNRESE 0.VEO LA~'E DUR .UR = 2680. 

DUR.R = 2003. RE.JUIRE DISTANCE FCR CHAI\Glr>.G LAI\E FRCf,I UNRESERVf:C LANF. TO ADJACENT RESERVFO LAN£ 

----

OR.UR = 2233. REQUIRE DISTANCE FCR CHAI\GIII.G LANE FRC~ RESERVEO LAII.E Tn ACJACFNT UNRESERVED LANE 

OCN.P : 8399. ~EQUIRE LANE CHANGII\G DISTA~CE FRCI" c~ RAMP TC THE ENTRANCE nr THE pq1nRITY LA~E 

S"J 

GAUNR 

DP.OFF 839 Ii• REQUIRE LANE CHAN<,II\G DISTANCE FROM EXIT oc Tf-'E PRIORITY LANF TO THE RIGHT HA!IJ'J SIDE CFF RA/'IP 

OON.P.M 7363. REQUIRE LANE CHANGII\G D[STA~CE FRCI" [~ RA,.,P re T~E MICDLE OF THE PRIORITY LA~E 

PAGE ~C. 

=,~,.. ()0 

= • 5 Q 

OP.OFF."! 7593. REQUIRE LANE CHAII.GHG DI STU.CE FRC'1 '1ICOLE OF THE PRIORITY LANE fO TH[:' R IG>-lT Hl\NO S10E r::i= R~~p 

E~O CF AEOV~ SIMULATION 

2 



g: 
t<,) 

LCHII\CE -- LANF C ► ANGING MUOEL 
FECFRAL ~ICbWAY AC~lM!STRATIUN 
CEPARTMENT CF TR•NSPijRTATl □N 

I I\ PUT C !\T /J 

VI\ 

SR 

i-,~ 

·= l '5 50. 

= ':>O. 0 C 

= C.5C 

\/R 

SLI\R 

)(P 

aoc. 

=35. 00 

=· 7500 

VUNR 

GAR 

I\ 

=1800. 

= J. 50 

=4 

CUT PUT UL CUL.OT ltlNS I All VALUES IN FH 1 I .... .; ........................................... . 

CNN 1447. REQUIRF DlSlAI\CF ~CR CHAI\G11\G LAI\E r;;,o, NCRMAL lllNF TO ADJACl:NT N,JRMAL LANE 

CU h' oJ 1450. ~EQUIR[ DISTANCE FCR CHAI\Gll\G l~I\E "RCfv UI\R!:SERVED LAl\lf TJ ADJl'.CF.:NT U'\IRES"'-<VEl 1.J!';f 

CUR• 900. ,{f)UIRE: DISTAf\Cf rcr, Cl!At>Gll\G LAI\[ FRO, UNQESERVEC LA"IE TD ADJ4CENT RFSERVtf) L•,NE 

[)R. U-< 1208. REQUIRE DISTANCE FCR Ci~A!l:Glr\G LANt FR(r,1 RESERVED LAr..E TO !\OJACfNT u"nESF"V':I) U\l\1E' 

OCN.P 4 341 • REQU!KE LANE CHl\/\,GH\C, DI ST'\I\CE FR(fv (II, P!\r,AP T[ TH EI\JTR/\NCE ·JF ft->E Pno•u TY L:.N( 

SN 

G,\ ll\R 

OP .CF• 4341. RE~UIRE LANE CHAI\GI~G Dl~TAI\Cc FACM FXIT CF ThE PR(CRITY LANE TU THE q(GHT HANn SIOE □FF RA~P 

8CN.F.M 3 79'1. REJUIRF LANE CHA~Gl~G DISTAI\CE c~Cfv [~ AA,P TC ThE MICDLE OF THE PkIOR!TY LANF 

PP,G[ I\C. 

:L..4. 00 

= 2. 5 0 

CP.Of'F.'~"' 4108. REQUI~F LANE CHAI\GII\G DlSTAI\CE FRC~ JvlCULE CF TH~ PRIOQJTY LA~E TO THE RIGHT HAND SIDE OFF RA~P 

EI\D CF OECVE SI~ULATION 

3 



w 
~ 

LCrA!\GE -- LANE CrANGING MODEL 
FECEFlAL rIGHiAY ACMIMI~TRATION 
CEPARTMENT CF TRINSPORTATION 

I~PUT CAff 

VN 

SR 

HM 

: 15 50. 

-= 50 .oo 

= o.so 

\/R 

'Sl!\R 

XP 

BOC. 

=35.00 

=.5000 

VLJNR ; l!-'00. 

l;AP. • '?O 

N :4 

OUTPUT UL CUL AT 1011S {All VALUES IN FEE 1J 

ONN = 424. REQUIRE DISTANCE FCR CHA!\Sl!\G LANE FR(W NORMAL LANE TO ADJACE~T NJij~AL LAN 

DUR ~UR 520. .REQUIRE DISTANCE FCR CHAI\GING LAfl.E Cf<Ci" !J!\RESf:RVEC LANt·rri i\OJt,CPH UMPC:SE"Vf:c) LIVI 

OUR.R 65. REQliIRE DISlANCf: FCR CHA!\Gl!\G LAI\E FRO, UJ\RESERVf:C UNI" Tl ArJJ.\CFNT-<- SFRV':') L/\NF 

OR.UR 'i33. REQUIRE DISTANCE FCR CHA!\Gl!\G L•Nf FQCW ~tSERVEJ LA!\c TD ICJACfNT UNR~SE~V~U LAN~ 

DCN.P = 1271. REQLi[RE LANE CHANGII\G DISTA!\Cf FP.CII' Cl\ RA/"P TC THE ENTRtiNCIC OF Thf PRIF~ITY UNI: 

5", 

1; .\ l.~:" 

DP.OFF = 1271. REQUIRE LANE CHAI\GII\G DISTAI\CE FRCM ~XIT □ c THE PRIORITY LANE TO THF IGHT NA~D SID~ oc= PAll'P 

DCN.P.M l l 04. REQUIRE LANE CHANGII\G OISTAI\CE CRCM CN l'IIMP TC ThE MI COLE <JF THF P IJ'< !TY LAN<= 

fJ;\·;[- I\C. 

:;;/,.,i.,,. • (h) 

;::. ';". r: .J 

CP.OFF.M 1472. REQUIRE LANE CHANGII\G DISTAI\CE CR(r ~ICDLE OF THE PRIORITY LANF T0 THC ~IGHT YANO SIDE OF~ P~~p 

END OF ~EOVE SIMULATION 

LCHANGE (lC/19/721 COMPLETED 



A. 

1. 

APPENDIXJ 

ANNOTATED BIBLIOGRAPHY 

Exclusive Lane Operations - Historical References 

Cherniack, Nathan, "Transportation - A New Dimension of 
Traffic Engineering,u 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 expressways. 

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,u 
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 
implementation of various exclusive bus lane 
schemes. Model is computerized. 
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5. Highway Research Board, Special Report 87, 1965 HIGHWAY 
CAPACITY MAN~AL, 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 Transport~tion 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 +ane 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 ~ifferent priority lane schemes are depicted 
and discussed. ~ttention 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.lj:EWAY OPERATIONS STUDY - FINAL REPORT - ANALYTICAL TECH
NIQUES FOR EVALUATING FREEWAY IMPROVEMENTS, PART I OF I I I, 
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 III: ON THE SAN FRANCISCO
OAKIAND 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 brjefly considered 
priority lane strategies, 

12. California Department of Public Works, uFeasibility 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 IANE 
OPERATIONS ON THE SAN FRANCISCO-OAKIAND BAY BRIDGE, 
Institute of Transportation and Traffic Engineering 
Special Report, University 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 apd Carpools on the 
San Francisco-Oaklapd Bay Bridge," Sacramento,. 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 pecember 1971 to 
try such a scheme. 

15. Voorhees, Alan M. and Associates, FEASIBILITY AND EVALUATION 
STUDY OF RESERVED I.ANES 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 I.ANES 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 Administratien 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 I FOR THE IMPROVEMENT OF ROUTE 
101 IN MARIN COUNTRY FOR TRAFFIC AND BUSES BE'IWEEN 
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 Lan.e Operations - Bus Priority Projects 

19. Port of New York Authority, PLAN FOR AN EXCLUSIVE BUS LANE 
ON I-495 FROM THE NEW JERSEY TURNPIKE TO THE LINCOLN 
TUNNEL. New York, 1967. 

Implementation of an exclusive bus lane on a 
2½ mile portion of I-495 during the morning rush 
hours involves the reversal of a median lane. Bus 
volumes in this corridor reach 500 per hour. 

20. Howard, Needles, Tammen, and Bergendoff, BUS FACILITY STUDY -
HENRY G. SHIRLEY MEMORIAL HIGHWAY IMPROVEMENT. 

21. 

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. 

II • H 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. 11 Reserved Lanes Shorten Commuting Time," METROFOLlTAN, 
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, 
D.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 Ga.te Highway and Transportation District, CONCEPTS 
AND ALTERNATIVES FOR TRANSPORTATION FACILITIES. 
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. In 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; SF-Oakland Bay Bridge, etc. 

26. Virginia Department of Highways, FEASIBILITY STUDY OF 
RESERVED !ANES 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. 11Bus Lane Expedites Commuters - New Jersey Turnpike, u 

FLEET OWNER, Feb. 1971. p. 9. 

29. 

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. 

Transit Exclusive Bus Lane By-Pass Lane- Peak-hour 
Traffic, 11 Transportation Research Forum PAPERS, 11th 
Forum, 1970. pp. 425-436. 

Description of the "Special Permit 0 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. 11Busway-Freeway Rapid Transit,u Automobile Manufacturers 
Association, Detroit, 1969. 

A case is made for bus rapid transit on free
ways by metering traffic at on ramps, g1v1ng 
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. 

34. 

Approximately 32 miles of exclusive bus road
ways are proposed for Metropolitan Atlanta, mostly 
using 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. 

. II 
Glennon, John C., Balanced Transportation Through 

Efficient Use of Existing Facilities, u 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 Lanes - 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 , 196 5 . 

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,u 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 

42. Texas Transportation Institute, GAP ACCEPTANCE AND 
TRAFFIC INTERACTION IN THE FREEWAY MERGING PROCESS. 
Bureau of Public Roads Research Project, completed 
Octooer 1970. D. R. Drew and J, H. Buhr were 
principal researchers. 

43. Baytheon Company, DEVELOPMENT OF MERGING CONTRO'• SYSTEMS. 
Bureau of Public Roads Research Project. 
T. White and D. Bushnell were the principal in
vestigators. 

44. ITTE, University of California, Los Angeles, EXIT 
RAMP EFFECTS ON FREEWAY SYSTEM OPERATION. 
Research project completed October 1970. Case, 
Mosher, and Weber were principal investigators. 

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,tt 
HIGHWAY RESEARCH RECORD No. 303, 1970. pp. 30-43. 

This paper describes a macroscopic a~alysis 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. Polytechnic 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. 
Bureau of Public Roads Research Project. 
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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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