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This Guide presents information required to use TWOPAS, a microscopic computer
simulation model of traffic on two-lane, two-way highways. The TWOPAS model sizu-
. lates traffic operations on two-lane highways by reviewing the position, speed, a
acceleration of each individual vehicle on a simulated roadway and advancing ¢
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vehicles along the roadway in a realistic manner.
simulate both conventional two-lane highways and two-lane highways with added pass-

This Guide documents the input formats for geometric, traffic, and ve-

ing lanes.
~hicle data needed to run the TWOPAS model and the tvpes of cutput obtained from the
model. The TWOPAS model is written in FORTRAN and is intended to run on an IBM main-
' frame computer.
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I. INTRODUCTION

A. Organization of Guide

This volume is the User's Guide for the computer program TWOPAS,
a microscopic simulation model of uninterrupted traffic flow on two-lane
two~way highways with and without added passing lanes. This Introduction
describes the need for the model, its history, the program approach, and
features of interest to the user. Section II describes the input data for
the TWOPAS model including the data items, formats, and program limitatl?ns.
Section III describes the program output. A test case using the simulétlon
model is presented in Section IV. The computer requirements for running
the model on an IBM mainframe computer are described in Section V. A
companion volume, the TWOPAS Programmer's Guide,! provides more detailed
information on the program structure and operation that is not needed to
run the program but' is peeded to update or revise the model.

k4

B. Need for Model/Program

The traffic flows on two-lane two-way rural highways are known or
thought to be impacted by numerous variables associates with the highway
geometrics, traffic controls, the vehicle population, and the driver popu-
lation. Data from the field are essential to the study of these variables
and their correlates. However, field data collection is expensive, 1is
nearly always incomplete relative to some variables, and offers no oppor-
tunity to examine the traffic operational effects of systematic variations
in traffic controls, geometrics, flow rates, vehicle mixes, and vehicle

characteristics.

An analytical microscopic simulation model that contains a real-
istic account of geometrics, traffic controls, driver behavior, and vehicle
characteristics can be used to study the impact of these variables under
controlled conditions and without hazard or capital investment. Microscopic
models can be very accurate and realistic because they trace through time
the movements of individual vehicles and the decisions of individual driv-
ers. Providing this realism requires extensive logic and computations.

Consequently, the model is computerized to be practical.

The TWOPAS model may be used to simulate existing and projected
future traffic operations on a highway section and to examine the traffic
operational effects of proposed improvements to the highway including re-
alignment, cross-sectional improvements, and addition of passing lanes in
level and rolling terrain. These aspects of the model have been validated
against traffic operational field data. The model also has the capability
to simulate added climbing lanes on long, steep grades, but this capability

has not been field validated.



C. Program History and Application

The following discussion reviews the history of the TWOPAS com-
puter program and its major applications since its original development in
the 1970's. The initial version of the computer program was developed by
Midwest Research Institute (MRI) between 1971 and 1974 as part of the NCHRP,
Project 3-19; the results of this study are presented in NCHRP Report 185,
"Grade Effects on Traffic Flow Stability and Capacity."? The program, then
known as TWOWAF, was originally developed to run on a Control Data Corpora-
tion (CDC) computer and was later modified to be compatible with an IBM com-
piler and operating system by Mr. Harry B. Skinner and Mr. John Penzien of

the FHWA.

The original TWOWAF program was extensively modified and supple-
mented to include the capability for climbing lanes (one lane added on the
right). This work was performed at the Institute of Transportation Stud-
ies at the University of California-Berkeley, as part of thesproject,
"A Decision-Making Framework for Evaluation of Climbing Lanes on Two-Lane
Two-Way Rural Roads." The project was conducted by Professor Adolf D. May
for the California Department of Transportation, and its results have been

reported in the literature by Botha.3

The original TWOWAF program was also modified and applied by MRI
in Contract No. DOT-FH-11-9434, "Implications of Light-Weight, Low-Powered
Future Vehicles in the Traffic Stream."* Dr. Samuel C. Tignor was the FHWA
technical monitor. The modified program was documented in 1981 under the
contract in the volume, "Combined Users, Operations, and Program Maintenance
Manual for TWOWAF, a Program for Microscopic Simulation of Two-Lane Two-Way
Traffic."® Several major additions were made to the model at this time in-
cluding an expansion in the number of individual vehicle types and the num-
ber of levels of desired speeds considered by the program. Another major
addition made at this time was a capability for output of packed fuel deter-
minate data for postprocessing in a fuel consumption model program also de-
veloped under the contract. The fuel model program was documented in 1983
in one volume as "Combined Users, Operations, and Program Maintenance Manual
for a Computerized Model of Highway Vehicle Fuel Consumption.'®

The revised TWOWAF model as modified above was employed by Texas
Transportation Institute and KLD Associates in NCHRP Project 3-284, "Two-
Lane, Two-Way Rural Highway Capacity," with Mr. Robert E. Spicher as the
NCHRP project engineer. TTI and KLD made further modifications. Several
major additions were made to the model at this time including an expansion
in the number of individual vehicle types and the number of levels of de-
sired speeds considered by the program. However, no formal documentation
is available. Pertinent information is contained in two working papers pre-
pared during NCHRP Project 3-28A: ‘"Analytical Framework for Evaluating
Capacity and Level of Service for Two-Lane, Two-Way Rural Roads, Task 2 -
Working Paper,"? and "Calibration and Validation of TWOWAF, Two-Lige, Two-

1A .

Way Rural Road Computer Simulation Model, Task 3 - Working Paper.

The TWOPAS model is an updated version of TWOWAX that incorporates
the modifications and additions made in NCHRP Project 3-28A. There are four



major additioms: (a) capability to simulate passing and climbing lane sec-
tions; (b) entering traffic streams with user-specifiable percent of traffic
platooned; (c) platoon leaders that are rationally selected to reflect the
consequences of upstream geometrics; and (d) user-specifiable stations and
subsections where spot data and overall data are collected. The ability of
the model to simulate traffic operations in passing lane sections has been
validated. This validation is presented in the FHWA report, 'Operational

Effectiveness of Passing Lanes."®

D. Program Approach and Features

The TWOPAS model simulates traffic operations on two-lane high-
ways by reviewing the position, speed, and acceleration of each individual
vehicle on a simulated roadway at l-sec intervals and advancing those
vehicles along the :roadway in a realistic manner. The mode. takes into
account the effects on traffic operations of road geometrics, traffic con-
trol, driver preferences, vehicle size and performance characteristics, and
the oncoming and same direction vehicles that are in sight at any given
time. The model incorporates realistic passing and pass abort decisions by
drivers in two-lane highway passing zones. The model can also simulate
traffic operations in added passing and climbing lanes on two-lane high-
ways including the operation of the lane addition and lane drop transition
areas and lane changing within the passing or climbing lane section. Spot
data, space data, vehicle interaction data, and overall travel data are
accumulated and processed, and various statistical summaries are printed.

In order to achieve realistic results, the program incorporates

the major features listed below:
Geometrics

Grades

. Horizontal curves
Lane width, shoulder width, and pavement quality

Passing sight distance
: Passing and climbing lanes

Traffic Control

. Passing and no-passing Zones
y Speed limits

Vehicle Characteristics

Vehicle acceleration and speed capabilities
. Vehicle lengths

Driver Characteristics and Preferences

. Desired speeds
. Preferred acceleration levels



: Limitations on sustained use of maximum power

Passing and pass-abort decisions
. Realistic behavior in passing and climbing lanes

Entering Traffic

. Flow rates

. Vehicle mix

. Platooning

. Immediate upstream alignment

The characterization and application of each feature in the simulation model
is described in Table 1. Further details about employing these features are

given in the remainder of this volume.



Features
GEOMETRICS

Grades

Horizontal curves

Lane width,
shoulder width,
and pavement
quality

Passing sight
distance

TABLE 1

FEATURES OF THE TWOPAS SIMULATION MODEL

Characterization

in Simulation Model

Linear functions
of position in
user-specified
sections.

Radius, supereleva-
tion and degrees of
alignment change.

Indirectly through

user-specified
distribution of
desired speeds

Separately in each
direction as
linear functions
of position in
user-specified
sections.

Application in Simulation Model

Directly affect the maximum accelera-
tion and speed maintenance capabilities

of cars, RVs, and trucks.

Indirectly (through other user input)
provide crawl speeds for trucks on

steep sustained downgrades.

Indirectly (through other user input)
influence the passing sight distances.

Directly - may reduce speeds desired
by vehicles in curve and its approach
if radius and superelevation are suf-

ficiently small.

Directly - will reduce passing oppor-
tunity acceptances in approach to
curvature to the right.

Indirectly - may reduce passing sight
distance (through other user input).

Directly - vehicles will attempt to
travel at their desired speeds and,
when free in most alignments, will

exhibit the distribution associated

with free speeds.

Directly - oncoming vehicles are
"seen'" and affect the passing and
pass abort decisions only if within
the locally defined passing sight
distance.

Directly - the downstream end of a
passing zone is "seen" and affects

pass/abort decisioms only if it is
within sight.



Features
GEOMETRICS (cont'd)

Passing and
climbing lanes

TRAFFIC CONTROL

Passing & no-
passing zones on
a conventional
two~-lane high-
way

Passing and no-
passing zones
in the opposing
direction to a
passing or
climbing lane

Speed limit

TARLE 1 (Continued)

Characterization
in Simulation Model

Specific locations of
lane addition and
lane drop. Specified
geometrics of lane
addition and lane
drop.

Specific locations
of zones by direction
of travel.

Specified by
location and
direction.

Indirectly through

the user-specified
distribution of
desired speeds.

Application in Simulation Model

Directly - initial lane choice of each
entering vehicle based on: traffic
ahead, vehicle category, state (free ve-
hicle, platoon leader, platoon member),
performance capability, desired speed,
and effect of lane favored by local
geometrics and markings. Subsequent
lane choices described below under
Driver Characteristics and Preferences.

Directly - drivers do not start passes
in no-passing zones. They attempt to

avoid initiating a pass that will ex-
tend into the no-passing zone if that
boundary is in sight.

Directly - When the driver is not com-
mitted to complete a pass, the pass will
be aborted if the projected pass indi-
cates that the end of the zome will be
overrun. When driver is committed to
complete a pass, the driver will attempt
to avoid or minimize overrunning the end

of the passing zone.

Directly - impeded vehicles are moti-
vated to examine pass opportunities
when passing zone is first entered.

Directly - drivers observe the same con-
straints as above. They see opposing

vehicles in either oncoming lane as po-
tential conflicts.

See lane width, etc.



TABLE 1 (Continued)

Characterization

Features in Simulation Model

VEHICLE CHARACTERISTICS

Acceleration and Individual capabili-

speed capabili- ties assignable to

ties 13 vehicle types
(four trucks, four
RVs, and five cars/
light trucks).

Assignable for each

Lengths
of 13 vehicle types.

DRIVER CHARACTERISTICS AND PREFERENCES

Assigned stochasti-
cally from a trun-
cated normal dis-
tribution with user-
specified mean and
standard deviation.

Desired speeds

Application in Simulation Model

Directly - maximum acceleration and
speed capability depends on vehicle
type and local grade.

Directly - maximum acceleration and
speed capability is always a potentially
limiting constraint.

Directly - drivers have an approximate
concept of vehicle capability and use
it as part of the projection of passing
maneuvers and their outcomes.

Directly - lack of a threshold accelera-
tion or speed capability eliminates

interest in passing.

Directly - vehicles "follow" the rear
of an impeder.

Directly - in passing an impeder, the
passing vehicle must '"clear," taking
its own length intec account.

Directly - each vehicle attempts to
travel at its desired speed. It is
also the basis for determining re-
duced speeds that may be preferred
in horizontal curves and (for trucks)

on downgrades.

Directly - the desired speed is in-
creased for vehicles during passing
maneuvers.

Directly - the difference between
desired speed and impeder speed is
one factor that helps determine how
an impeded vehicle will "follow"
and consider whether to pass.



Features

TABLE 1

Characterizaticon
in Simulation Model

CLsnt s

ipplication in Simulation Model

DRIVER CHARACTERISTICS AND PREFERENCES fccnt 4°

Preferred
acceleration
levels

Sustained use of
maximum power
performance

Examination of
passing possibil-
ities (vehicle in
direction of
travel with only
one lane)

Acceptance/rejec-
tion of passing
opportunities (ve-
hicle in direc~-
tion of travel
with only one
lane)

Extend pass io
progress to ad-
ditional impeder
(vehicle in direc-

tion of travel with

only one lane)

Incorporated in
program logic.

Behavior of cars and
RVs is controlled

by ipnput and program
logic.

Program logic plus
user-specified
probability.

Built-in tables of
acceptance probabili-
ties are dependent on
leader speed, type,
and measure of con-
straint (i.e., sight
distance or oncoming
vehicle in sight),
position in platoon,
horizontal curvature,
and location within
passing zone.

Incorporated in
program logic.

Directty - unless otherwise restrained,
vehicles ase accelerations that are
partly dJependent on the difference
between their current and desired
speeds.

Directly - If current speed exceeds
desired speed, the deceleration used
is dependent on the traffic situation.

Directly - vehicles will use maximum
power performance if required in a
pass or for acceleration toward a
desired speed. However, for sus-
tained periods, cars and RVs will use
only a fraction (usually 70%) of maxi-
mum power, if user so designates.

Directly - Impeded vehicles examine
passing possibilities and become moti-
vated to pass only when they have first
overtaken an impeder, entered a pass-
ing zone, cleared oncoming vehicles,

and possess adequate vehicle performance

capability to pass.

Directly - passing opportunities are re-
jected if: projected time safety margin

too small, truck already passing impeder,
two other leaders already passing impeder
leader aborting pass of same impeder,
follower(s) in pass(es) that may

produce conflict, pass maneuver time
projected to be too long, or insuf-
ficient gap in front of impeder.
Otherwise, acceptance based on

stochastic decision and probabiliy

tables.

Directly - dependent on distance to
next impeder, projected time to com-
plete extended pass, gap in froant of
next impeder, and stochastic decision
based on projected time safety margin.



TABLE 1

Characterization

Features in Simulation Model

{(Concluded)

Application in Simulation Model

DRIVER CHARACTERISTICS AND PREFERENCES (cont'd)

Incorporated in
program logic.

Behavior while
being passed (ve-
hicle in direc-
tion of travel with
only one lane)

Incorporated in
program logic.

Behavior in pass-
ing and climbing
lane sections

%

- w -

ENTERING TRAFFIC

Program logic creates
entering traffic
stream in response to
user-specified flow
rate.

Flow rates

Program logic responds
to user-specified pro-
portion of individual
vehicle types by
direction.

Vehicle mix

Program logic responds
to user-specified per-
centage of traffic
platooned by direc-
tion, and the upstream
aligpment in which
platoons formed.

Platconing in
entering traffic
stream

User-specified maximum
entrance speeds by
direction for each
vehicle type.

Immediate up-
stream alignment

Unless otherwise more constrained, a
vehicle being passed will use only
limited acceleration

There are no arbitrary assignments of
preferred lanes. Drivers use foresight
and attempt to avoid being trapped be-
hind an impeding vehicle in the right
lane or being trapped in the closed lane
at a lane drop. Drivers are increas-
ingly motivated to move to the right
lane of two unidirectional lanes when
they will not be delayed in the near
term by right lane vehicles, when their
acceleration capability is small or
negative and their speed is slow, and
when they are impeding other vehicles.
Trucks are slightly biased to move to
the right lane. RVs have a lesser bias
and cars have none.

Flow rate in entering traffic stream 1is
near user-specified value.

Vehicle mix in entering traffic stream
is near user-specified distribution.

Percentage of traffic platooned in en-
tering traffic stream is near user-
specified value, with platoon leaders
chosen logically on the basis of vehicle
performance, driver desired speed, and
user-specified upstream alignment.

User-specified maximums are imposed at
entrances when they are a limiting
constraint.






IT. INPUT

This section of the User's Guide describes the input data needed
to run the TWOPAS model. The input data items are identified and briefly
discussed and the input deck organization and format is documented. A sam-
ple input deck is presented with the test case presented in Section IV of

the Guide.

A. The Position Coordinate System

The TWOPAS model simulates traffic in both directions of travel
on a two-lane highway. These two directions of travel are referred to as
the No. 1 and No. 2 Directions in the program documentation and the printed

output.

The input data are entered into the model in the form that traffic
engineers using the model are most likely to have available. In particular,
it is anticipated that the program user will have a unidirectional coordi-
nate system in mileposts or stations from highway plans or from a roadway
inventory for the roadway section to be simulated. This unidirection coor-
dinate system should be expressed in feet for use in the model. The No. 1
Direction in the simulation model should correspond to the direction of
increasing values in the available coordinate system. All input data use
the No. 1 Direction coordinate value to define positions. Note, however,
that the coordinate system used in the input data must be zero at the end
of the simulation road where No. 1 Direction traffic enters.

B. Overall Deck Configuration

The data deck consists of the following compounents:

1. Mandatory deck (in prescribed order).
a. Comment cards, minimum of two.
b. Remainder of mandatory deck, 10 cards in prescribed

order.

Z. Optional deck (no prescribed order except that Station Loca-
tion (SL) cards must come last).

3. Blank card signals end of data for onme simulation run.

&. First card of next deck.

The details of the individual cards used in the input deck are
presented below. However, three aspects of these compoments require ex-
planation. First, the optional deck includes the data for the size and
performance characteristics of individual vehicle types. In the current
program version, default values are not provided for these vehicle charac-
teristics, so user specification is actually mandatory.

11



Second, at least two Station Locatuicn vards are required for each
to defipe the beginnine a4nd end ("start lipne” and
collection section. The start line and
ta3 s3ct iirection of travel.

direction of travel
"finish line") of the overall iata
finish line may have different locatious

The third aspect that rzquires explanatiou s the significance of
the first card of the next decx. [t this .5 the fi.rst comment card of
another data set, the data will be read ind apother simulation run performed.
In this way, any number of separate simulaf:ion runs may be processed in suc-
cession without returning control to the sperating svstem. Caution is sug-
gested with regard to the way output lipe (imits are counted and also the
safeguarding of completed runs should any run after the first return control
to the operating system in an abnormal e..it.

A single card in place of the first card of the pext deck may also
be used to control program operation at the end of an input file. If a
negative integer is placed in the first field (Columms 1 to 4) of this card,

one of the following paths will be taken:

1. If the simulation run just completed included the specifica-
tion of extra output (see Section II-D), the file on Unit 4
will be rewound and extra output data from all the preceding,
sequentially performed simulations will be processed and

printed. A normal exit follows.

2. If the simulation rum just completed did not include the
specification of extra output, a normal exit will be exe-
cuted. (Recognize that, if extra output was specified in
sequential simulations prior to the last, the data will be
left on Unit 4 and may be lost in the absence of suitable

job control.)

C. Mandatory Deck

The mandatory deck consists of comment cards and 10 data cards.
They must be present and must be correctly sequenced in the order presented.
Individual card formats and contents are described as follows:

Comment Cards (minimum of two required)

Columns 1-4 5-76

Format I4 1844

Content RUR No. Alphanumeric title for run
identification

For all but the last comment card, the Columns 1-4 must contain a
positive integer. On the final comment card, the Columns 1-4 must be blank.

12



The remainder of

below:

Card No. 1

Columns 1
Format I1
Content 1

where: ISNAP

NSNAP

TTES

DELT

TSP

IFUEL

Note that the card number appears in Column 1.

2

Blank

3-6
I4
ISNAP

the mandatory deck consists of 10 cards described

7=-10 11-20  21-30 31-40  41-50  51-60
I4 F10.0 F10.0 F10.0 F10.0 F10.0
NSNAP TWRM TTES DELT TSP FUEL

= Number of seconds between sets of snapshot output.
= Number of successive snapshots outputs in each set.

= Length of warmup period (time simulation is to run before

o

data wollection begius), min.

1]

1]

Length of review interval, sec; NOTE:

Length of test period (time simulation is to run while data
are collected), min; total time = TWRM + TTES.

the simulation has

been run only with DELT = 1.

= Measure of pass suppressing influence upstream of a curve
to the right, sec; the distance equivalent is equal to

2. *TSP*VEAN, where VEAN is the mean desired speed; the
value TSP = 5 has been used in testing the model.

Control code for fuel consumption data; IFUEL 2 0 causes
fuel coosumption data to be written on a file on Unit 10;
the number of records written is printed on the output.
IFUEL < 0 prevents output of fuel consumption data, and

a corresponding message 1S printed.

This field is not

read but is used to assist in keeping the deck sequenced correctly.

Card No. 2

Columns 1
Format I3
Content 2
where: RL
SMIN
SNOH

2-10 11-20
F10.0
Blank RL

21-30 31-40  41-50 51-60  61-70
F10.0 F10.0 F10.0 F10.0 F10.0
XMS1 MS2 SMIN SNOM PREC

= Total simulation road length, ft.

= Minimum passing sight distance, ft.

= Nominal passing sight distance, ft.

13



Card No.

Columns 1
Format I1
Content 3

where:

XMS1

XMS2 =

3

2

Blank

of travel.

rection of travel ('start line'").
direction of travel defines the location at which data col-

lection ends ("finish line™).
before the location on the first SL card and after the lo-
cation,on’ the ¥ast SL card are buffer areas at either end

of the simulated roadway where traffic operations are simu-

lated but no data are collected.

Probability thatv simulation driver will reconsider starting
a pass during one review period; the value 0.2 has been
used with l-sec review periods, indicating the drivers wil!l
reconsider passing opportunities once every 5 sec. (Note:
drivers are always motivated to consider a pass when they
enter a passing zone or when they clear an opposing vehicle
The number of Station Location (SL) cards for the No. 1
Direction contained in the optional deck

NOTE: At least two SL cards must appear for each direction

The first SL card defines the location at which

traffic data collection by the program begins in that di-
The last SL card in that

The portions of the roadway

The number of Station Location (SL) cards for the No. 2

Direction contained in the optional deck.

3-8 9-14 15-20 21-26 27-32 33-38 39-44

Fé.4 F6.4 F6.4 F6.4 F6.4 F6.4 F6.4

SFLO(1)

XPPL(1)

NUPG(1)

SFLO(

5
P4

3
/

SFLO(1) XPPL(1) NUPG(l) SFLO(2) XPPL(2) NUPG(3) RE

Specified flow rate in No. | Direction, veh/hr.

H

i

No. 1 Direction.

NOTE: If this field is left empty, TWOPAS will select a
default value for percent platooned.

Type of upstream alignment specified for No. 1 Direction;

the codes are:

it

1 = Level, tangent alignment
2 = Level with sharp curves
3 = Steep grade

NOTE: In each entering platoon, the vehicle with the
slowest speed in the specified upstream alignoment is

placed as the platoon leader.

= Specified flow rate in No. 2 Direction, veh/hr.
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Card No.

Columns
Format
Content

XPPL(2) = Specified percentage of entering traffic following in
platoons in No. 2 Direction.

NUPG(2) = Type of upstream alignment specified for No. 2 Direction.

RE = Control for encounter workload; any negative number will
cause logic to not apply the encounter workload; a blank
field will cause logic to use encounter workload.

RP = Control for passing workload, defined similarly to RE.

4

1 2 3-80
I1 II 13F6.4
4 1 % FRC(1,KVT),KVT = 1,13

where: FRC(1,KVT) = Specified fraction of vehicle type KVT in No. 1
Direction flow.

Card No. 5

Columns 1 2 3-80

Format Il I1 13F6.4

Content 5 2 FRC(2,KVT) ,KVT = 1,13

where: FRC(2,KVT) = Specified fraction of vehocle type KVI in No. 2
Direction flow.

Card No. 6

Columns 1 2 3-8 9-14 15-20 21-26 27-32 33-38

Format I1 F6.4 F6.4 F6.4 F6.4 F6.4 F6.4

Content 6 Blank  VEAN VSIG VBI(1) VBI(2) VBI(3)  SIGSHM

Columns 39-44  45-50  51-56

Format F6.4 F6.4 F6.4

Content SIGBG  FPO FP1

where: VEAN = Specified mean desired speed, ft/sec.

VSIG = Standard deviation of desired speeds, ft/sec.

VBI(1) = Bias to be added algebraically to desired speeds for trucks
(KVT = 1-4), ft/sec.

VBI(2) = Bias to be added algebraically to desired speeds for recre-
ational vehicles (KVT = 5-8), ft/sec.
15



VBI(3) Bias for passenger vehyolss AVT ¢ 9-13}, ftr/sec.

i

i

Lower limit of desired spesd tor sample used in operating
speed calculation; value [z /v standard deviatioms, VSIG,

from the unbiased mean, ‘EAN

SIGSH

Upper limit of desired speed for sample usad to calculate
operating speed; value is in standard deviations, VSIG,
from the unbiased mean, VEAN.

1]

SIGBG

fi

Factor to be used on maximum acceieration to account for
the horsepower restraint; the value used should be 0.73
for 70% power; a blank field will cause the default value

1.0 to be used.

FPO

Factor to be used on maximum, zero-grade speed to account
for horsepower restraint; the value used shou.d be 0.90
for .70% power; a blank field will cause the default value
1.0 to be used; the fractional power restraint is applied
to passenger cars and recreational vehicles. (Note:
field data collected on sustained grades do indicate that
restraint is used when high power is required for long

time periods.)

it

FP1

Card No. 7

Columns 2 3-80
Format 11 I1 13F6.4
Content 7 1 VENTR(1,KVT) ,KVT=1,13

where: VENTR(1,KVT) = An upper bound on the speed (ft/sec) with which any
vehicle of type KVT can enter the simulated roadway

traveling in the No. 1 Direction.

Card No. 8

Columns 1 2 3-80
Format I1 I1 13F6.4
Content 8 2 VENTR(2,KVT) ,KVT=1,13

where: VENTR(2,KVT) = An upper bound on the speed (ft/sec) with which any
vehicle of type KVT can enter the simulated road-

way traveling in the Ho. 2 Direction.
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Card No. 9

Columns 1 2 3-8 9-14 15-20  21-26  27-32  33-38

Format I1 16 16 16 16 16 16
Content 9 Blank IPOPYR IPOPTP  IGEOM  IVMIX ISFLO  ISPLIT

where: IPOPYR = The year which corresponds to the vehicle population for
the run (i.e., 1978, 1981, 1985, 1995).

The type of vehicle population for the run (i.e., there may

IPOPTP =
be more than one set of vehicle characteristics used for
a particular year).
IGEOM = Code representing the geometrics of the roadway studied.
IVMIX = Code representing the vehicle mix for run. -
ISFLO = Code representing the level of traffic volume (No. 1 Direc-
tion plus No. 2 Direction) for the run.
ISPLIT = Code representing the directional split of traffic (the

percentage of specified flow in No. 1 Direction).

Note that Card No. 9 is used only to supply data used as header information
in the output file for fuel consumption written on on Unit 10; the values
are not used in the simulation program. Card No. 9 is mandatory even if the
fuel consumption output is suppressed with IFUEL < 0. In this case, how-
ever, a blank card could be used for Card No. 9.

Card No. 10

Columns 1-2 3-8 9~68
Format 12 F6.3 10F6.3
Content 10 ZKCOR  BKPM(KDT),KDT=1,10

1]

where: ZKCOR Car-following sensitivity factor.

Stochastic driver type factor for driver type KDT.

i

BKPM(KDT)

Card No. 10 defines the risk-taking characteristics of each of 10 driver
types. The values recommended for these parameters in NCHRP Project 3-284
are 0.8 for ZKCOR and 0.43, 0.51, 0.57, 0.65, 0.76, 0.91, 1.13, 1.34, 1.58,

and 2.12 for BKPM(1) through BKPM(10).
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D. Optional Data Cards

The following optiomal cards may be in any order, except that the
Station Location (SL) cards must appear last. The card type is determined
by the computer program using the letter entered in Column 2.

1. Random number seeds (RN)

Columns 1-2 3-20 21-70

Format A2 4110
Content RN Blank NSRAND(N),N=1,5

Seed for random number generation used to select enter-
ing headways and vehicle types in the No. 1 Direction.

i

where: NSRAND(1)

Seed for random number generation used to select enter-

NSRAND(2) =
ing headways and vehicle types in the No. .2 Directionr
NSRAND(3) = Seed for random number generation used to select desired
speeds for entering vehicles in No. 1 Direction.
NSRAND(4) = Seed for random number generation used during priming
to select desired speeds, and then used subsequently
(without reset) to make stochastic decisions on pass
initiation and pass extension during simulation.
NSRAND(5) = Seed for random number generation used to select desired

speeds for entering vehicles in No. 2 Direction.

The random number seeds should generally be arbitrary 8-digit

Note the same random number seeds are used in two runs with the
then the identical traffic

On the other hand,

numbers.
same traffic inputs but different geometrics,

stream will be simulated for each geometric condition.
if the random number seed is varied without changing the geometric or traf-
fic inputs, then replicate runs can be made with random variations in traf-

fic stream composition while maintairing approximately the same flow rate
and vehicle mix.
Each GD card presents the vertical aligoment for

2. Grades (GD):
a specified length of roadway, referred to as a grade region.

Columns 1-2 3=5 6-10 11-20 21«60

Format A2 I3 15 4F10.0
Content GD J MJIGD(1) Empty XGDN(J),G0(J),G1(J),X(J)
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= The sequence number of this grade region counting in the
No. 1 Direction.

where: J

MIGD(1) = The total number of grade regions (dimensioned for a maxi-
mum of 30 grade regions in one direction).

XGDN(J) = The position coordinate of the beginning of this grade
region (ft) measured in the No. 1 Direction.

The percent grade at XGDN(J) for traffic traveling in the

GO(J) =
No. 1 Direction.

G1(J) = The percent grade at X(J) for traffic traveling in the
No. 1 Direction.

X(J) = The position coordinate of the end of this ~rade region

vt (ft) measured in the No. 1 Direction.

The grade data are entered only for the No. 1 Direction. Program
logic supplies the data for the No. 2 Direction. Positive grades represent
upgrades in the No. 1 Direction; negative grades represent downgrades in
the No. 1 Direction. Straight grades can be entered with grade discontinu-
ities between adjacent regions; or, vertical curves can be specified through
the difference in GO(J) and G1(J) values for a particular grade region. If
grade data are entered, they must be supplied for the entire simulation road
length of zero to RL. If no grade data are entered, a default value of zero
is used and the entire road is considered to be level.

3. Passing zomes, no-passing zones, and passing lanes (PS): Each
PS card defines the beginning of a passing zone, a no-passing zone or an
added passing or climbing lane on the simulated rcadway. The zone defined
by each PS card continues in effect to the beginning of next zone, defined
on the pext PS card, or to the end of the simulated roadway in the appro-

priate direction of travel.

Colummns 1-2 3-5 6=-10 11-15 16-20 21-30 31-40 41-50

Format A2 I3 IS I5 I5 F10.0 110 I10
Content PS JD MLP(1) MLP(2) KPZ XPZO(KPZ) JPS(KPZ) LFAV(KPZ)

Direction of travel for this zone, 1 or 2.

i

where: JD

Total number of zones in the No. 1 Direction.

MLE(1) =
MLP(2) = Total number of zones in the No. 2 Direction.
KPZ = Sequence number of this zone, counting in the appro-

priate direction of travel, from the appropriate end
of the road.
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Position coordinate of begiuning of this zone (ft),

XPZ0(KPZ) =
whers the beginning 13 based on the appropriate di-
rection of travel, but the position is expressed in
No. 1 Direction coordinates.

JPS(KPZ) = Code identify:ing the type of zoue; the codes used are:

-1 No-passing zoune (with either one or two lanes in

the opposing direction)
0 Passing zone in opposing direction to a passing
or climbing lane
Passing zone on conventional two-lane highway
2 Passing or climbing lane with right lane dropped
at downstream end
3 Passing or climbing lane with léft lane dropped

at downstream end

-y

LFAV(KPZ) = Lane favored by drivers at lane addition at upstream end
of a passing lane; this code should be specified only

for PS cards representing the beginning of a passing
lane (i.e., PS cards with JPS(KPZ) equal to 2 or 3).

The codes used are:

1 Left lane preference
2 No lane preference
3 Right lane preference

If passing and no-passing data are entered, they must be speci-
fied for the entire road in both directions. If data are not entered, the
default is used as 100% passing zones in both directions.

4. Horizontal curves (CV): Each CV card describes one horizontal
curve on the simulated roadway.

Columns 1=2 3=5 6-10 11-15 16=20 21-30 31-40

Format A2 I5 15 F10.0 F10.0

Content  CV Blank  MJCV(1) Empty  KCV XCVN(KCV) RCUR(KCV)

Columns 41-50 51-60

Format F10.0 F10.0

Content SCUR({KCV) ACUR{KCV)

where: MJCV(1) = Total number of horizontal curves (counted in one
direction of travel).

KCV = Sequence number of this curve counted in the No. 1

Direction. '

20



Position coordinate where this curve begins (ft) for

XCYN(KCV) =
traffic in No. 1 Direction, expressed in No. 1l Di-
rection coordinates.

RCUR(KCV) = Radius of this curve, ft.

SCUR(KCV) = Superelevation.

ACUR(KCV) = Angular change in alignment in curve, deg; the change in

alignment is specified as a position number for a
curve that turns to the right in the No. 1 Direction,
and as a negative number for a curve turning to the

left.

Horizontal curve data are entered only for the No. 1 Direction and

only for the nontangent sections. The program logic assigns an _approach
section to each curve for each direction of travel if the curve will affect
speeds. The program logic reduces (but does not eliminate) passing on hori-
zontal curves and on the approach sections of curves that turn to the right.
Very small changes in alignment should not be entered as curve data to avoid
spurious reduction of passing in one direction of travel.

The computer program is dimensioned for a total of 60 regions
associated with horizontal curves. Each curve has the potential of using
up to three regions in each direction, for a total of six per curve. In
one direction, the regions would be: (1) an uninfluenced region upstream,
(2) an approach region, and (3) the curve itself. Therefore, the maximum
number of horizontal curves normally admissable will be nine or ten. The
program logic determines the locations of these regions based on the input
data, which describes the location and geometrics curves in the No. 1 Di-

rection.
5. Crawl regions (CW): C(Crawl regions are sections of the simu-

lated roadway where trucks use crawl speeds on steep downgrades. Each CW
card presents data for one crawl region.

Columns 1-2 3-5 6-10 11-15 16=20 21-30 31-40 41-50
Format A2 I3 I5 15 i5 F10.0 F10.0 F10.0
Content CW JD MICW(1) MICW(1l) KCW XCWN (KCW) CW2(KCW) CSO(KCW)
Columns 51-60

Format F10.0

Content SCWL(KCW)

i

Direction of travel in which this crawl region is lo-
cated, 1 or 2

where: JD

Total number of crawl regions in No. 1 Direction.

1

MICW(1)
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Total numbrer of craw- +zions .. xo. 2 Direction.

it

MICW(2)

KCW = Sequence number of (h*~ <raw! region in its particular

direction of travel.

i

Beginning of the crawl regicn, tne beginning of the
crawl region is defined iao its particular direction of
travel, but the location [s expressed in No. 1 Direc-

tion coordinates, ft.

XCWN(KCW)

End of the crawl region; the end of the crawl region 1is
defined in its particular direction of travel, but the
location is expressed in No. 1 Direction coordinates,

ft.

CW2 (KCW)

Mean crawl speed in this region, ft/sec.

it

CWO (KCW)

SCWL(KCW) = Standard {gviatjon of crawl speeds in this regiag,
« ft/sec. -

The input data supplied by the user specifies only the regions in
which steady crawl speeds are used by trucks (and recreational vehicles if
specified elsewhere). The program logic adds approach regions and unin-
fluenced regions, as required. A maximum of 12 crawl regions may be spe-

cified in input.
If no data are entered, the cefault roadway contains no crawl
regions.

6. Passing sight distance (ST): Each ST card contains passing
sight distance data for ome sight distance region in a particular direction

of travel.

Columns -2 3-5  6=10 11-15 16-20  21-30 31-40

Format A2 I3 IS Is I5 F10.0 F10.0

Content ST JD MLS(1)  MLS(2) KSG XSG(KSG) SGTO(KSG)

Columns 41-50 51-60

Format F10.0 F10.0

Content SGTF (KSG) XSGF (KSG)

where: JD = Direction of travel for this sight region, 1 or 2.
MLS(1) = Number of sight distance regions for No. 1 Direction.
MLS(2) = Number of sight distance regions for No. 2 Direction
KSG = Sequence number of this sight distance region, counting

in its particular direction of travel.
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XSGO(KSG) = Location where this sight distance region begins; the
beginning of the sight distance region is identified
in its particular direction of travel, but the loca-
tion is expressed in the No. 1 Direction coordinate,

ft.

SGTO(KSG) = Passing sight distance at beginning of sight distance
region, XSFO(KSG), ft.

SGTF(KSG) = Passing sight distance at end of sight distance region,
XSGF (KSG), ft.

XSGF(KSG) = Location where this sight region ends; the end of the

sight distance region is identified in its particular
direction of travel, but the location is based on the
No. 1 Direction coordinates, ft.

-l

Sight distance data need be entered only for regions where sight
distances differ from the nominal value, SNOM, which is input om Card 2 in
the mandatory deck. Program logic assigns regions of nominal value where
input is lacking. Also, simulation logic selects the minimum sight distance,
SMIN, on Card 2, whenever the specified sight distance on an ST card is less.
A maximum of 60 sight distance regions are permitted for both directions of
travel combined, considering both input sight distance regions and regions

assigned by the program.

7. Vehicle characteristics for trucks and buses (VC): Vehicle
characteristics for trucks and buses are defined on VC cards for vehicle
types 1 through 4. It is recommended that vehicles be coded so that the
lowest performance type is 1, next higher performance is 2, etc. All ve-
hicle types for which a fraction of the flow is specified for either direc-

tion of travel (Cards & or 5) must be defined.

Columns 1-2 3-5  6-20 21-30 31-40 41-50 51-60

Format A2 I3 F10.0 F10.0 F10.0 F10.0

Content VC KCT Blank  WOHP(KVT) WOA(KVT) FLG(KVT) CPE(KVT)

Columns 61-70

Format F10.0

Content CDE

where: KVT = Code number for vehicle type; KVI = 1, 2, 3, and 4 for

trucks and buses.

WOHP (KVT) = Weight/net horsepower ratio for vehicle type KVT, 1b/NHP.
WOA(KVT) = Weight/projected frontal area ratio for vehicle type KVT.

lb/ft2.
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FLG(KVT) = Meraii lengter . ven oo voe avT, ft.

CPE(KVT) = Factor correcriag horsepower tc iocal elevation for
vehicle tvpe XVT (normally . O .

CDE = Factor correcring izecodynamic drag to local elevation

‘normally 0.957 .

8. Vehicle characteristics for recreational vehicles and passenger
cars (VC): Vehicle characteristics for recreational vehicles are specified
on VC cards for Vehicle Types 5 through 8 and for passenger cars on VC cards
for Vehicle Types 9 through 13. It is recommended that vehicles be coded so
that the lowest performance type is 5 for recreational vehicles and suc-
cessively higher performance types are 6 through 8. The lowest performance
passenger vehicle should be type 9. Successively higher performance types
should be 10 through 13. All vehic.e types for which a fraction of the
flow is specified for either direction of travel (Cards 4 and 5) must be

defined.

Columns -2 3-5 6-15 16-20  21-30 31-40 41-50
Format A2 I3 I5 F10.0 F10.0 F10.0
Content VC KVT  Blank KCWLF  PO(KVT) SP1(KVT) FLG(KVT)

Code number for vehicle type; Vehicle Types 5 through 8
are for recreational vehicles or Vehicle Types 9

through 13 are for passenger cars.

it

where: KVT

Control number; if set 2 0, the vehicle types up to and
including KVT will use downgrade crawl regions and will
deter multiple passing; if field is blank for all recre-
ational vehicles and passenger cars, then only trucks
and buses will respond to downgrade crawl zonmes and in-

fluence multiple passes.

KCWLF

Maximum acceleration using maximum available horsepower

PO(RVT)
for vehicle type KVT, ft/sec?.

Pseudo-maximum speed on zero grade using maximum avail-
able horsepower for vehicle type KVI, ft/sec.

]

SP1(KVT)
FLG(KVT) = Overall length for vehicle type KVT, ft.

9. Extra final output (EO): The EO card specifies that extra
final output are to be generated at defined intervals throughout the simu-
lation time. The extra final output ure written to a file on Unit %, which
may be saved by appropriate Job Control Language and processed subsequently.
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Columns 1-2 3-20 21-80
Format A2 6F10.0
Content  EO Blank  TO(N),N=1,6

where TO(N) = specification for simulated time (min) after test data collec-
tion begins when data are to be summarized. Specified values must increase
for each incremental increase of N. Extra final output can be requested for
a maximum of six specified times. If extra final output is requested, the
simulation results are analyzed only for the entire simulat.on test time,
and no data will be wricten to Unit 4. It should be noted that the extra
final output feature of TWOPAS has not been updated from TWOWAF and, there-
tore, does not contain any output data for passing or climbing lanes. The
use of this feature is not recommended for any run in which the simulated

roadway contains an added passing or climbing lane.

10. Station locatiogs (S[): A new capability has been incgrpo-
rated in TWOPAS that allows the us®r to specify stations or spot locations
on the simulated roadway at which spot speed and platooning data are col-
lected during the simulation run. The data obtained are equivalent to what
would be obtained from a field study of volume, speeds, and platooning at
that spot location. The user can also specify subsections of the road
length in either direction of travel, between adjacent pairs of statioms or
for a series of stations, where section travel time and platooning data are

collected. The format of the SL cards is:

Columns 1-2  3-5 6-10 11-15  16-20 21-30 41-80
Format A2 IS IS I5 F10.0 10A4
Content SL  Empty ISTA  JDD JCDA(KTAB)  XSTA(KTAB)  PTDES(I,KTAB)

where: ISTA = The sequence number of the station in the specified
direction of travel; station sequence numbers are
consecutive integers that increase in the order
they are encountered by vehicles in each direction
of travel (i.e., in order of increasing coordi-
nates for the No. 1 Direction and in order of
descending coordinates for the No. 2 Direction);
the magximum number of stations that can be speci-
fied in either direction of travel is 20.

The specified direction of travel for the station,
1 or 2.

i

JDD

The sequence number of the specified subsection of
which the road length downstream from the station
location is part; a maximum of 20 subsections is
permitted in either direction; use 0 if the- road
length downstream of the station location is not

part of any subsection.

8

JCDA(KTAB)
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XSTA(KTAB) = The location of the stac.-n specified in feet 1in
Direction | -ocrdinates
PTDES(I,KTAB) Text descript.on of the stat:icn location; maximum of
40 characters

i

The printed output provided for user-speciiied stations and sub-
sections is illustrated in Section [Ii of this Sulde.

o
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ITI. OUTPUT

This section of the User's Guide describes the output available
from the TWOPAS model including the data available on the output report and

the interpretation of those data.

The output from the TWOPAS model includes both a printed report
and, optionally, one or two output data files. Both the printed report and

the output data files are discussed below.

A. Printed Output

Output is printed by the TWOPAS model at four times. First, the
input data are vorinted as they are read. Second, data are printed while
they are being prepared for application in the simulation. Third, the
status of vehicles can be printed during simulation processing in snapshots
at user-specified intervals as a method to monitor the simulation operation.
Fourth, the simulation results are summarized after the simulation run is‘
completed. Each aspect of the printed output is described in more detail in

the following sections.

1. Reflection of input data: The input data supplied on cards
are printed in expanded card format as shown in Figure 1. This is the first
printed output provided by the program. The run number in Columns 1-4 on
the first card is retained and printed, together with the alphanumeric data

on all comment cards, at the top of the first page of output.

The mandatory cards follow on the printed output. Since input

data are not required in each field, some zeros that appear in printed out-
put correspond to blank fields in input and have no data connotation.
The optional cards are all read and printed in one format. Zeros
with no data connotation may also appear in these lines to represent blank
fields. Although sequencing of these cards is not mandatory, it is helpful
to arrange the optional input deck in a logical order as shown in Figure 2.

The output illustrated in Figure 1 is the data set for the test
case presented in Section IV of this manual.

2. Summary of specified times, flow rates, speeds, and vehicle
characteristics: This second set of output, shown in Figure 2, is a summary
of the user-specified times, flow rates, speeds, and vehicle characteris-
tics. The heading on this page is the first comment card. The simulation
times, warmup, test, and total are printed, followed by the value of PREC,

the probability that a simulation driver will reconsider a pass opportunity

during a given review period.

The specified flow rates are given for each direction and for gach
vehicle type by direction in vehicles per hour and as fractions of the di-

rectional flows.
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Input Data in Printed Output
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.00400 500.0000 35400.0000
-g00¢ 500.0000 39400.06000
.0000 500.0000 43000.0000
.0000 500.0000 42900.0000
.0000 500.0000 3%9000.0000
-0000 506.0000 35000.0000
-0000 500.0000 31000.0000
-0000 500.0000 27000.0000
-8000 500.0000 23000.0000
.0000 500.0000 19000.0000
.0000 300.0000 15000.0000
. 0008 500.0000 11060.0000
.0000 500.00060 7000.0000
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Figure 1 (Concluded)
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RUN HO. 190 BASE COMDITION - SLIGHTLY ROLLING TERRAIK

WARM TIME= §.000 MINUTES TEST TIME= 50.000 MINUTES TOTAL TIME= 35.000 MINUTES PREC=0.200
VEH. DIRECTION 1 DIRECTION 2
TYPE SPECIFIED FLOW RATES
400. VPH 4008. YPH TOTAL= 800. vPH
RATIO(1)Y/ (2= 1.060
FRACTIOH FLOW(YPH) FRACTION FLOWCYPH)
1 G.0060 2.400 0.0060 2.400
2 6.0128 5.12¢0 6.0128 5.120
3 8.0176 6.800 6.0170 6.800
4 6.01642 5.680 0.0142 5.680
) 6.0005 0.200 0.0005 08.200
& 6.0200 §.000 0.0200 §.000
7 4.0200 8.000 0.0200 8§.000
& 4.06005 9.20¢0 0.0005 2.200 ..
g 6.0900 36.0060 6.0900 36.000
10 B.1350 56 .u00 0.1350 564.000
i1 H.1800 72.000 0.1800 72.000
2 G.2250 30.000 0.2250 90.000
13 8.2700 108.000 0.2700 108.000
SPECIFIED SPEEDS
MAX DESIRED MAX
ENTRY MIN AVE MAX ENTRY
1 150.00 86.76 86.50 118.2 150.00
2 150.00 54.76 86.50 118.24 150.00
% 150.00 56.76 86.50 118.24 150.00
A 150.430 54.76 86.50 118.26 156.00
5 150.00 54.06 85.80 117.54 150.00
I3 15¢.00 54.06 85.80 117.54 150.00
7 150.00 54.06 85.80 117.54 156.00
8 150.00 54.06 85.80 117.56 150.00
[ 156.00 56.26 88.00 119.74 150.00
10 150.00 56 .26 88 .00 119.74 1506.00
X 1506.00 56.26 88 .00 119.74 150.00
§12 150.00 56 .26 88.00 119.76 150.00
13 150.08 56 .26 88.00 119.74 150.00
VEHIEEEFCHARACTERISTICS
. LENGTH MAX. SPEED HWT/NHP WT/AREA
CH CG OR PO Ct OR Pt c2 Cc3 (FY/SEC) E
| 0.5694E402 -0.2445E+00 -0.46000E-03 -0.3241E-064 0.5293E+02 0.6500E+02 96.8968 C.2660E+03 0.4200E+03
2 0.7727E+02 -0.2445E+00 -0.4000E-03 -0.4785E-04 0.7184E+02 0.6500£+02 160.5492 0.1960E+03 0.42¢0E+03
{ 072103403 -0 34436100 0 4DBOE-03 S0 1375k 0% o iseeriey O 4I00ET0Z 10715218 011280Er0l 0 Ssebers)
G.2103E+03 ~0.2445E+ ~&. - ~G. - . + . 1.8% 0.7200E+0 8.1580E+
2 0.8220E+01 O0.1044E+00 36.0000 78.7000 z 1380E+03
I3 0.8640E+01 0.9632E-0% 28.0000 89.7900
7 0.8750E+061 0.9115E-01 21.0000 96 .0000
8 G.8760E+01 0.8988E-01 3z.0000 97 .5000
] 0.9277E+01 0.8500E-0¢ 13.0000 109.1400
10 0.9766E+01 0.8500E-01% 14.0000 116.3900
11 0.1009E+02 0.8500E-01¢ 16.0000 118.6900
12 0.1063E+02 0.8500F-01¢ 17.0000 122.6900
13 0.1120E+02 0.8500E-0¢ 18.0000 131.7800
KC= 3 , TYPE CODE KC AND LESS OBSERVE CRAWLZONES, AND DETER MULTIPLE PASSERS

Figure 2 - Summary of Specified Simulation Times, Flow Rates,

Speeds,
and Vehicle Characteristics



Specified mean and extremal desired speeds (ft/sec) are shown for
each vehicle type. Maximum entry speeds are shown by vehicle type and di-
rection. In the example, the terrain in both directions is relatively
level, so the maximum entry speeds for all vehicle types are relatively
high (150 veh/hr). On steeper grades, lower maximum entry speeds could be

used to limit the initial speeds for vehicle categories such as trucks and
RVs.

Vehicle characteristics listed for trucks (vehicle types 1-4) in-
clude the coefficients calculated by the program that will be used to repre-
sent the accel:ration capabilities of vehicles (CO, C1, C2, and C3), as well
as length, and the weight-to-power and weight-to-frontal-area ratios used by
program logic to compute performance coefficients. The maximum speed shown

on the printed output is for zero grade and zero wind.

For RVs (vehicle types 5-8) and passenger cars (vehicle types
9-13), PO is thne maximum acceleration capability (ft/sec?) o. the vehicle
at zero speed on zero grade and Pl is the rate at which maximum acceleration
decreases with speed:(ft/secz)/(ft/sec) on zero grade. The maximum speeds
shown on the printed output are for maximum power (without restraint) on

zero grade.

The last line provides the value of KC, the maximum subscript for
vehicle types that are influenced by downgrade crawl regions.

3. Road characteristics that influence traffic operations: The
third set of printed data, illustrated by the example in Figure 3, summar-
izes the roadway characteristics that influence traffic operations in the
These data are equivalent to a roadway inventory listing
arranged in descending order of the No. 1 Direction coordinate system. The
grade and rate of change of grade, applicable to No. 1 Direction, appear in
the center columns. The remainder of the data is arranged with mirror sym-
metry; data on the left are for the No. 2 Direction, and data on the right
are for the No. 1 Direction. The headings (read down or up) indicate the

succession of features as seen by simulation drivers.

simulation model.

At each region boundary of any characteristic, in either direction
of travel, two lines are printed. One line shows the value from the termi-
nating region and the second provides the value from the region just entered.
A single line is printed where the minimum sight distance becomes applicable.

Regions with suppressed speeds due to downgrade crawl regions and
horizontal curves are also identified on the printed output. These regions
are identified by the applicable speed for the region. C(rawl speeds out-
side of downgrade crawl regions are identified by the default speed value
of 201 ft/sec. Tangent sections and horizontal curves where speeds are not
suppressed are identified by the default speed value of 202 ft/sec. A nega-
tive sign attached to the speed on a horizontal curve or a curve approach
indicates that the curve turns to the right and the acceptance of passing

opportunities will be reduced.
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JIRECTION & (READ 08}

CRAML CURYE SIQOMT  PASS COCATION
FT/SEC FY/sSEC FEET -anO FEET
281 202. 300, -1 3.
291 182. 148 -1 i-LE
281 292, 20408 1 160,
231 202. 2240. ! 680
201 202. 2000 ' 400
201 2. 2000 t 10068,
231 202. 2008. 1 2990,
20t 202, 20408 t MILN
23t 202. 500 - 5409,
291 202. 509 -t 3640,
201 202. sgo -1 3640,
281 202. 306 -1 <209,
231 202. 2000, t 4800,
N 282 2600 t Q4.
23t 202. 2008 1 %09,
201 2. 200 ' 5400,
201t 282, 2040 890,
20t 202. 2048 ' 7440,
204 282. §s0 -t *630
201 202. 109 -t 7383
24 i3, 830 ~t 7583
281 37, s08 -1 T649.
201 57. 590 -t Te08.
291 87 500 -1 7649
201 87 s34 -1 7400
24t 87. soe -1 8660
281 87. 2008 t 809¢.
gt 87, 2940 t 12048
201 292. 2008, t 320@
281 282, 2900, 1 8217
28 292. 26098 ! s217?
201 202. 208e t 8684 .
291 292, 2908 1 1630
281 2. 29408, t 14088
201 202. 2900. t 196040
201 202, 2889, < 1 11668,
28t . 20Z. goe. ¢ -1 “t1689.
201, 2092. 568, -t 11583,
281 . -84 198, -1 11585,
201 -87. te6. -t 1408,
23t -87 soe. -1 t1668
201 -47. 598, -t 11488
201 -87. 188, -t t1608.
28t -37. s8¢ -1 t29ee
281 -47 2908 t 12909
201 -47 2900 ' 12280
29t M-I 2000 ! 12208
i 202. 2098, ' 12217
29t 202. 20 ¢ $2217
2 02 20449 t 12609
i3] 292, zga¢ i 126400
39t 292, 2800 ' 14869 .
i3] 202. 2800 ! 16386 .
291 232, 2046 1 14808
201 232, 20800 14008,
281, 202. Q8. ! 13448
281, 92, 111 -t 13480
281 . 282, 496, - 13583
201 i8. 508, -t 15543,
281 £7. 194, -1 15406
201 57, 3q9. -t 13400
201 &7 448 -1 15600
2et . 17. 206, -1 14640
281, 8’ 1e6. -t 16429
201 £7. P11 f 14408
281 a7 nee t 162038
201 202. 586 1 15208
26t 202. uea 1 16217
281 262. 2046 1 16217
81 M 2608 ¢ (66088
201 292, zee0 t 16689 .
261 2e2. 2oee t 18408 .
291 l82. 2908 ‘ 1§89@
28y 292, 2608 . 19488
281, 292. §69. “t 19668
28t l02. ¢ag. =1 19983
291 -88. 866 - 12983
281 . -8t gea. -t 19668
2Bt =47, £69, -t IRLT L
2et. -47. 508, -t 19649
14: 0N -7 468€. -t (9664
269 . -47 586, -t 28888,
20t -47 28686, ! zg6ee.
MR -47 2966 1 20286
231 232, 28498 f 29298
M3 20Z. i1 1} t 20217
28t 232, ML f 28217
201 i92. 2800 t 286 0¢
i 282, 2888 t 28640
iuy 232, 2008. M 22060
B 3] 192, 2066 ' 22808
M i32. 2g0€. t 23686
3t Is2. 184, -t 25648
-] REN 188 <t 233838,
291 i8. i68 -t 25588
Iat i7. 568 -t 23668
28t 4 s08 -t 23608
M 17 346 -t 23668
3t 37 g8 - ML
284 87 see -t 25882
gt s¥ soe -t 23888
3 57 108 - 26488
13t 134 ee ' 24888
8% 17 868 f ze2ae8
L) 732, 2u6¢ . MT4L
231 282, zuge ¢ M TARS
19t 2. ige0 ¢ 18217
28t a2 MT : 24648,
19t i1z, lsee 1 16600
241 212, I30e : T
lut NS M1 1 ¢ 15868
284 242, ssee ' l6208
19t tvz. llge ! 25200
23t 232, le8e. NAXLE
1 292, i3 -t Irede

Figure 3 - Summary of Road Characteristics th

oAl CHARACTERISTICS
eERCENT

GRADE

the Simulation Model

e~ G bR

SRADE
W7

PERCENT/ET
1.30080
7.36040
3.0000
2.3000
§4.2000
3.3000
3.430400
g.3000
3.q000
3.4000
3.3000
3.30600
3.30088
3.3004
1.00040
6.30080
3.3000
3.0000
3.3400
g.3000
g.o008
¢.0000
3.2008
§.0600
§¢.04d09
9.00608
d.008¢
9.0008

1.4088
1.888¢
3.3008
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JIRECTION t (KEAD UPY

LJCATION 7433 SICHT SURYE CRAR
FRET  -euQ EET ST/SEC T/ SEC
43000, -t 346 292, 281
<2900 -t 108 202 201
42908 -1 1400. 202 2at
424408 -f 500, 292 289
w240 ! 2000, 282 2
41000 ! 2008 282 F4:2)
41006, { 2008 282 291
13608 1 2040¢ 292, 281
39400 ! z9ae 202. 201
39440 1 2000, 202 201
39400 -t 189. 202 291
59008 -1 00 2 209
i9q0a. -t a0 282 291
18400 -t §00. 292 291
33409 i za09 202 281
37008 f 2900 262 20t
37088 ! 2060 202 201t
156400 1 2009. 282 0
556040 ! 2998 202 pa: A
55417 ' 2088 a2 261
35417 1 29490 292 29t
15460 t 29496, 202. 2t
55408 i 28448 ~&7 20t
s5400 1 20048, =47 201
3448, -t s08. ~87 291
55008 -t 530 -87 281
j3qe4. -t 14898, ~-87 20t
je800 -t sa8. -47 b4 1}
;4888 -t 308, -§7 281
34783, -t 808 . -84 . 29t
564783, -t 598, 292 261
146060, -f 10€ 202 20t
T L t b4 11 202 20t
$3608. ! zq0e. 202 et
33008 1 laeg 202 P4 Al
51649 f 20068, rar 28 o
j160¢ t 2q0¢ wo b 28
jtas7 ! 890 282 24
$1417 ¢ 2844 262 281
514660 t 2gae 202 23t
31689, § 2308 &7 28t
MALLE i z00e §7 3
$14469. =1 100, 87 zar
31000, -t 530, 57 201
JraQe. -t s04a. (34 20t
50808 -t 480. 37 88
10800 -t 300 134 M
MIAED -t j08. 18. 29t
arey. -t 104, 202, P}
ML N -t 199, 282. 291
30680 ‘ 2906, 202 281
19008 ' 2060, 202 cat
29488 1 1308, 232 -
AL 1L 200¢. a2 o8t
19008 ' M1 N 2 28t
7608 t 2866. 282 281
27608, 1 2608, 202 291
21617 N 20499, 202 20t
27417 N 2¢00. 202 et
27408 ! 2094, 22 8t
27488 t 2080, -7 28t
274498 1 2008, ~-87. 20t
z7448. =1 64, -87 281
27606, -t §08. -7 26t
zrace. -t 889 . -§7. a3t
26808 -t £66. -§7 . cat.
26808, -t 44840 -&7. 28t
26785 -1 880. ~68. 281 .
26783, -t §ao. 282. P2 I
264808 . -1 §a€. 282 28t
26486, i 2860 . 282 at
256408 ‘ 2068 . 202 281
2504 ! 2886 282 281
23608 f 008, 282 P41
23608 1 290¢. 202 269
23817 ' 2466 . 262 261
25687 1 2884 . 282. i 3
13%08. £ 2696 . 282, 261
is40@ 1 2uge. (24 a8t
23408, | 2666 . &7 . 28 .
paLl L “i §66¢. 87 26t .
13566 wt 848, &7 . 261
2ig6e. =t a8, &7 28t
22888, -t 868 . &7 . 28t
z2888. - 868 . &7 291
22783%. -t &£80. £8. 281
22783, -1 08, 282, 28
22408. -1 166 . 282, 298¢ .
22¢8@ f P11} 282 281
iioee, ' 2088 262 281
Zig08 t 2068 282 281
1968¢ t dnae 262 F4- 3]
149408 t 2908 282 281
g7 ¢ zeg8 8z, M-
IR 238, t Jaed 28 281
9668 f 2666 52 81
RITI S t 2868 -67 26t
‘9608 t b1 ] -&7 2%t
16486 . .t t86. =47 . 281,
162488, «3 za8 &7 28
142086 .t 568, -&7 28t
1ega8 . ¥ §68. -§F 28t
1eqee. ¢ &08. ~47. 28t
(B2 11 -t 566 . ~6¥ gt
RITLE -1 s6e. -47 19t
18785, -t 108, ~48. I8y
‘B783 . -t 398 . 82 gt
18680, “t 5§66, sz, P 21
146G6 ' 1606 . 192 M3
17288 N lgaa¢ 34 9%
rreee . zuGe 192 W1
16808 ruee 132 P Al
‘6800 g N1 62 %1
T5600 : lgee. 13z, N
" 5684 ‘ 1366 . Mo 4N M

at Influence Traffic Operations in
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the nominal value o:

The passing sight distaaces 1adicate that
1n tae

2,000 ft applies except where a lesser value (800 ft) was specified
regions input data on ST cards.

The passing zone, no-passing zone, and passing lane regions in
are derived entirely fro.a input data and the location coordinates

Figure 3
1 and No. 2 Directions. The codes for these

are provided for both the No.
zones include:

-1 = No-passing zone (with either one or two lanes in the opposing

directiony.

0 = Passing zone in opposing direction to a passing lane.

1 = Passing zone on a conventional two-lane highway (only one op-

posing lane).

2 = Passing lane with right lane dropped at downstream end.
3 = Passing lane with left lane dropped at downstream end.

4. Representative desired speeds, and reference overall speeds
and travel times: This fourth set of output summarizes the desired speeds
for each vehicle type, as well as reference overall speeds and travel times,
and is illustrated with the example shown in Figure 4. The heading on this

page is the first comment card.

The next three lines list: seven unbiased desired speeds repre-

senting the distribution of desired speeds; the weight factor to be applied

to each, and the user-specified biases for the desired speeds of trucks,

RVs, and passenger cars.

The remainder of the output lists overall travel times (sec/mile)
and overall average speeds for each vehicle type traveling alone on the
specified alignment. The vehicle type code is not printed but is 1 for the
far left-hand column and increases to 13 at the far right-hand column. The
first line of the printed output lists the results for the first desired
speed, the second line for second desired speed, etc., through seven desired

speeds. The eighth line lists the weighted averages.

This set of printed output is the last before the program starts
processing the simulation logic.

During the simulation, the traf-

5. Traffic status (spapshots):
This format 1is

fic status can be printed in the format shown by Figure 5.
known as a spapshot because it displays the status of all vehicles at a
single point in time. The times at which snapshots are printed are speci-
fied by the user through ISNAP and NSNAP on the first of the 10 mandatory
input cards following the comment cards. Although the snapshot feature was
originally developed for program debugging purposes, it can also be used to
track individual simulation vehicles for short periods of time.

[ )
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RUN NO. 190 BASE COMDITION - SLIGHTLY ROLLING TERRAIN
ZERG TRAFFIC

DESIRED SPEED 67 .37 76 .57 81.65 83.00 94.35

HEIGHTING FACTOR 6.07 .15 .18 6.20 0.18

VEHICLE CATEGORY BIAS -§.50 -2.20 g.00

DIRECTION 1 TRUCKS REC. VEH

(SEC/KILE) 8§0.55 80.20 80.20 80.20 81.06 81.06 81.06
72.27 70.40 70.38 70.38 75.11 71.85 71.05
68.41 66.67 65.96¢ 65.94 74.23 467.95 66.51%
66.17 62.62 61.10 61.10 74.16 65.23 63.07
60.65 59.18 57.35 56.93 74.09 64.89 60.66
58.29 5%6.83 55.00 53.98 764.04 64.82 60.52
56 .77 54.57 51.55 50.08 73.92 64.73 60.40
65.28 63.72 62.46 62.13 74.76 67.57 65.17

(FT/SEC) 65.55 65.83 65.83 65.83 65.13 65.13 65.13
13.06 75.00 75.062 75.02 70.30 74.32 76.32
77.18 79.206 30.08 80.08 71.13 77.70 79.38
82.28 84.31 86.41 86.42 71.20 80.95 83.71
87 .65 89.21 92.06 92.7% 71.27 81.37 87.05
90.58 92.91 96.00 97.81 71.31 81.46 B87.24
93.060 96.75 102.42 105.43 71.43 81.57 87.42

81.65 83.73 85.69 86.30

=~
(-]
o
o
~t
[ ]
-
b
o
-
wr
L]

DIRECTION 2 TRUCKS REC. VEH
(SEC/MILE) 80.38 80.20 80.20 80.20 81.06 81.06 81.06
71.46 70.38 70.38 70.38 74.07 71.05 71.0%
67 .36 66.36 5£5.94 65.94 73.06 47.53% 66.5¢%
62.85 61.96 61.10 61.10 72.92 64.25 62.63
38.98 S58.2%5 57.15 56.93 72.82 63.87 59.76
856.26 55.6% 54.58 53.98 72.73 63.80 59.62
364.03 52.49 50.72 49.81% 72.61 63.67 59.47
63.89 63.03 62.30 62.11% 73.63 66.89 64.72
(FT/SEC) 63,68 65.83 65.83 65.83 63.13 65.13 65.13
73.89 75.082 75.02 75.902 71.29 74.32 74.32
78.41 79.59 80.08 80.08 72.28 78.19 79.38
84 .01 85%5.22 86.41 86.41% 72.40 82.18 84.31%
89.52 90.65 92.38 92.75 72.51 82.67 88.35%
93.864 94.88 94.75 97.8% 72.60 82.75 88.57
97.72 100.58 104.10 106.01 72.72 B82.92 88.78

£83.62 84.81 85.98 86.34

~d
-

76 79.29 82.24

Figure 4 - Representative Desired Speeds and
Speeds and Travel Times

TRAVEL TIMES AND SPEEDS FOR VEHICLE TYPE AND DESIRED SPEED

99.43 108.63
8.15 8.07

PASSENGER CARS

81.06 78.42 78.42 7s.
71.05 69.01 69.01 49.

66 .51 64.72 64.72 ¢4

62.67 60.06 60.06 40,
60.15 56.50 56.02 56.
59.58 54.65 53.56 53,
59.46 «» 53.05 50.59 43.

64.79 61.60 461.19 41,

65.13 67.33 67.33 47,
76.32 76.51 76.51 74.
79.38 81.58 81.58 a1,
84 .25 87.91 87.91 g7,
87.78 93.66 94.24 94.
88.62 96.61 983.58 99,
. 88.380 99.54 104.15 105.

82.13 86.72 87.49 g7

81.06 78.42 78.42 78,
71.05 69.01 69.01 49,
66.51 664.72 64.72 4.
62.33 60.06 60.06 40,
39.37 56.32 56.02 s,
58.70 54.19 53.41 53,
58.54 52.30 50.08 49.

64.38 61.45 61.12 61,

65.13 67.33 .67.33 7.
74.32 76.51 76.51 76.
79.38 81.58 81.58 1.
84.71 87.91 87.91 s7.
88.93 93.75 96.26¢ 94,
89.95 97.44 98.87 99.
90.20 1:0.96 105.42 106.

82.73 87 .00 87.62 87.

Reference Overall

.71

87.
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SYSTEM SNAPSHOT AT TIME
DIRECTION 2

POS

43050.
43050
41415.
41065.
40625 .
39921.
38469.

38425.
375435,
36225.
35519,
36076
364029 .
32620.

51829.
30514,
29679 .
2963534 .
28226 .
274633

26997 .
26735.
26322
23878.

SPD

LT

38 .
88.
89.
87 .
86 .
86 .
86 .

86 .
89.
86.
0.
85.
86 .
9@.

86 .
86 .
85.
86 .
86 .
89.

86 .
36 .
79.
81.

SPD

L I < N - N - T -]

® 0 o 8w e

&S e D B @

§.00
(MOVING DOWN)
D S5PD ACEL
THAR
88 .09q00 0.g¢0
§8.0000 .00
90.0000 1.42
87 .0000 ~-1.00
67 .G000 ~-1.28
&4.0000 -1.20
&8.0000 -1.93
§0.0000 -t.2¢
91.0000 1.52
764.0000 ~1.28
$5.0000 1.96
47 .00040 ~2.18
b6 .0000 -1.20
96 .0000 2.06
86 .0000 -1.28Q
86.0000 ~1.20
67 .0000 ~5.02
77.0000 -1.20
82.0000 -1.20
%0.0000 1.42
77.0000 ~1.20
74.0000 -1.20
76.0000 -1.20
74.0000 -1.20

ac

YEH

13
13
13
12
i1
10
13

12

13
12
10
13

11
12
13

i0
Pt

12
i3

IKDX
Mp

907
919
929
§36
906

941
218
928
305
317
935
204

927
216
903
940
934
926

%15
962
963
942

STATE
STAGE

DIRECTION

POsS

436400.
43400.
42638 .
41934,
40612,
39734,
39687 .

38238.
37533,
37094.
36742,
33842.
3357s8.
33137.

32347 .
30942.
30897 .
30066.
29802.
28743.
27952.

276476 .
26547 .
26501 .
25052.

i

SPD

LT

38.
83.
90.
89.
86 .
90.
85.

89.
89 .
90.
89.
89.
89.
86 .

90.
86 .
85.
90.
78.

90
90

84.
38.
83.
90Q.

(HOVING up)
D SPD ACEL VEH

3PD THAR ac

838.0000 g.o0¢0 13
83.0000 0.00 13
160.0000 2.50 13
94.0000 1.85% i1
82.0000 -1.20 12

o B o o O

1 96 .0040 2.06 9
3 85.0000 ~2.40 13

7 93.0000 1.74 g
0 89.0000 1.90 1y
2 97.0000 2.17 2
8 94.0000 1.85 13
¢ 89.%000 1.00 i3
8  964.0000 1.85 42
8 78.0000 -1.20 14
5 100.0000 2.5 1g
8§  67.0000 -1.20 o
5 71.0000 -2.55 13
5 105.0000 2.47 42
5  82.0000 -0.07 >

.1 98.0000 2.13 1t
.5  100.0000 2.50 13

72.0000 -1.20 4
88.p000 08.00 10
92.%000 -5.83 12
182.0000 2.7% 13

- -

Figure 5 - Traffic Status Snapshot Available in Printed Output
at User-Specified Times

INDX
iwp
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974
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991
948

984
975
963
3499
950
964
976
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992
951
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1000
977
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998
986
966
953

STATE
STAGE

6000
6000
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The example shown in Figure 5 depicts conditions at the end »5¢
1 sec of simulation time. The time shown on the spapshot output is counted

from the beginning of the warmup time.

The headings indicate the data items which are printed for each
vehicle in the spatially sequenced format. A basic set of data about each
vehicle is printed on one line. A second line of data is printed only when
the vehicle is involved in a pass or is aborting a pass. In the first line
for each vehicle are:

POS

SPD

DSPD

ACEL
VEH
INDX

STATE

STATE is printed in either single-digit and four-digit forms.

Position, in No. 1 Direction coordinates, for vehicles
in both directions of travel. (The same coordinate sys-
tem is used to facilitate estimates of distances to on-
comers. )

Speed (ft/sec). Speed is flagged with a minus sign if

" vehicle was passed (by a vehicle traveling in the same

direction) during last review in a section with one uni-
directional lane.

Normal desired speed (ft/sec) unadjusted for local curve
or crawl region.

Average acceleration in last review period (ft/sec?).
Vehicle type, 1 through 13.
Vehicle number.

State at end of review period.

The

four-digit form is used to convey additional information in a packed form.
The interpretation of the state variable is described below:

Single-digit form with range 1 through 4 means that the ve-

hicle is in a section with one lane available for its direc-
tion of travel. The single digit is a code representing the
platooning status of the vehicle:

1
2

3
A

i

[T ]

Vehicle traveling freely.

Vehicle overtaking leader, but speed still 8 ft/sec or
more above leader's speed.

Vehicle following leader.

Vehicle following leader closely, with both the poten-
tial desire and the performance capability to pass.

Four-digit form with range 5000 to 6999 means that the ve-

hicle is in a section with one lane for its direction of
travel, and:

39



First digit = 5, vehicie 13 engases 1u a pass.
= 6, vehicle is aborting a pass.

The last three 4igits of the packea form are extra data for
passes and aborts that are slso printed in a more convenient

form on next line of output,

Four-digit form with range 1110 through 4223 means that the
vehicle is in 2 section with two upidirectional lames for its
direction of travel (i.e., a passiang or climbing lane). The
first digit, in the approximately sagle from 1 to &4 denotes
the platooning status as defined 1o the single-digit form

above.

The second digit is a code that identifies which lane the
vehicle is in; Code 1 represents the left lane and 2 repre-

sents the right lane.

The third digit, 1 or 2, is a code that identifies target
lane to which the vehicle is trying to change. (If the
third digit is equal to the second digit, the vehicle is not
motivated to change lanes; if third is not equal to the
second digit, the vehicle is trying to change lanes.)

The fourth digit is a code in the range from 0 through 9,
where:

Code 1 means that vehicle is motivated to change lanes to
avoid the lane drop at the end of a passing lane, provided
that the second and third digits are not equal. This lane
change can be in either direction (left to right or right
to left) depending on which lane is being dropped.

Codes 1 through 3 when the second and third digits are equal
means that the vehicle has completed a lane change within
last three review intervals; this vehicle will not examine
lane change motivations except to avoid lane drop.

Codes 2 through 5 means that the vehicle is attempting to
change lanes to left to avoid delay, providing the secoand and
third digits are 21. This code is reduced by onme during each
review interval. (If the fourth digit is reduced to 2 with-
out a lane change taking place, the motivation to change
lanes will be reviewed again.)

Codes 6 through 9 means that the vehicle is attempting to
change lanes to the right. This code is reduced by one dur-
ing each review interval. (If the fourth digit is reduced
to 6, the motivation to change lanes will be reviewed again.)



The second line for a vehicle is printed in the snmapshot output
only when the vehicle is engaged in a pass or pass abort involving use ot

the opposing direction lane(s). The data on the second line are:

LTSPD During a pass, LTSPD is the maximum speed (ft/sec) that
will be used by a driver, as limited by driver speed
preferences. During a pass abort, LTSPD is the distance
behind the leader-to-be that the aborting vehicle will
begin its return to normal lane (ft).

THAR During a pass, TMAR is the most recently estimated time
safety margin (sec). During a pass abort, TMAR is the
time remaining before the aborting veéhicle can begin
the return to the normal lane (sec).

oc The vehiclg number of the next oncoming vehicle.w
-

IMP For a vehicle in pass, IMP is the vehicle number of the

impeding vehicle being passed. For vehicle in a pass
abort, IMP is the vehicle number of the leader-to-be

after abort,.

ISTG State of the pass or abort mapeuver, where:
Maneuver ISTG Meaning
Pass 1 Not committed to complete pass.
(state 5)
2 Committed to complete pass (i.e., would pull ahead of
other vehicle even 1f large deceleration were used.)

3 Ahead of impeder (measured nose to nose).
& Clear of impeder and making decision about passing

another vehicle, if any.

5 Clear of impeder, not extending pass, and has two re-
view periods before vacating the opposing direction
lane.

6 Clear of impeder and has one review before vacating

the opposing direction lane.

Acquiring relative position to begin return to

Aborting 1
single, normal direction lane.

pass

(state 6) 2,3,4 Not used.

5 Clear of impeder and has two review periods before
vacating the opposing direction lane.



6 Clear of impeder and has one period before vacating
the opposing direction lane.

The furthest upstream and downstream vehicles in each direction of
travel are the eight '"dummy vehicles" used to facilitate computer program
operation and control. The dummy vehicles are positioned off the ends of
the simulated highway by 50 ft at the upstream end and by 400 ft at the
downstream end. These dummy vehicles have vehicle numbers in the range
from 1 to 8; they appear on every snapshot but are not processed by the

simulation logic.

Snapshots are the only output normally printed by the program dur-
ing simulation processing. The remaining output, described below, is
printed after completion of the simulation run.

6. Space-averaged data and operating speeds: Space~-avegaged
data and operating spe®ds are presented=in printed output on a page labeled
Page 1. An example of this page is shown in Figure 6. The header on this
page includes the contents of the first comment card and the simulation
"test time'" during which the basic data were collected.

The flow rates measured at the finish line in each direction (i.e.,
the most downstream spot data station) are given prior to the space data

results.

The space-averaged data for vehicle types and categories by direc-
tion include: vehicle miles traveled, space mean speeds, measured flow
rates, specified flow rates and the difference between the specified and
measured flow rate. The flow rates are also given in fractions for each

direction of flow.

The flow rates here are based on space data which are collectad
for every vehicle during each review period it spends in the test length
during test time. This measure provides the best estimate of flow rates
and vehicle mixes for correlation with other traffic characteristics.

Page 1 concludes with the operating speed measures. These are a
special type of overall speed measure which represents the speeds of vehicles
traveling as fast as possible under prevailing geometric and traffic condi-
tions. The operating speed is estimated from the average overall travel
speed of a sample of the fastest passenger cars selected to meet the follow-
ing criteria:

Had a vehicle type of 12 or 13; i.e., one of the two highest
performance passenger cars.

Had a normal desired speed in the range indicated on the
printout (94.66 to 105.24 ft/sec in the example). ‘

The centroid (not the center) of the desired speed range is at the

85th percentile. Therefore, the operating speed is calculated here as the



RUN NO. 190 BASE CONDITION - SLIGHTLY ROLLING TERRAIN

ALYZED FOR 30.00 MINUTES FLOW RATES AT FINISH LINES DIRECTION 1 404, yp
fE?ﬁ”gﬁzé“ég'E """"""""""""""""""""""" TOTAL FLOW RATE  820. VYPH H  DIRECTION 2 4i16. VPH
DATA FROM SPACE MEASUREMENTS

DIRECTION ORKE

30.00 MIN. PAGE 1§

DIRECTION Two

PE  VEHICLE AVE. FLOH RATE TYPE VEMICLE AVE. FLOK
ke URILesT  spees CVPH) OR  MILES  sPEED Cuer>
CAT. (FT/SEC)  MEAS. SPECIFIED  DIFF. CAT. (FT/SEC)  MEAS. SPECIFIED  DIFF
1 4.54  68.03 1.13 2.40 -1.27 1 6.00 .00 0.00 2.40 -2.40
2 50,71 72.87 12.45 5.12 7.33 2 11.00 75.20 2.73 512 -2.39
3 16.14 73.80 4.0 6.80 -2.79 3 8.02 74.30 1.99 6.80 -4 .81
4 16.07 73.47 3.99 5.68 -1.69 4 8.02 74.99., 1.99 5 68 -39
TRUCKS 86 .86 72.88 21.59 20.00 1.59 TRUCKS 27.04 74.87 6.72 20.00 -13.28
5 .00 0.60 8.00 ¢.20 -8.20 5 000 0.00 8.00 0 20 -0.20
6 25.22 77 .10 5.77 8.00 -2.23 6 21.91 76.62 5.45 8.00 -2.55
7 46.34 71.97 11.02 8.00 3.02 7 1426 75.69 3.54 2.00 -4 ag
H 0.00 0.00 0.00 8.20 -0.20 8 0.00 0.00 0.00 0.20 -0.20
REC v 67 .56 73.66 16.79 16.40 8.39 REC.V. 36.18 76.25 3.99 16.40 -7 41
3 195.89 73,96 48.68 36.00 12.68 3 180.90 75.24 44.96 36.00 8.96
i 22031 75.33% 56.75 56.00 0.75 10 218 .02 73.84 56.18 56.00 018
11 26496 74.25% 60.88 72.00 ~11.12 11 284.49 75.28 76.70 72.00 -1.30
12 35546 75.49 88.34 90.00 -1.66 12 47944 73.90 119.15 90.00 2915
13 458.13 74.65 115.86 108.00 5.86 13 41516 74.44 103,18 108.00 <4.82
PASS . 1474.75 76.79 366 .52 360.00 6.52 PASS. 157802 76.43 392.18 360.00 32.18
ALl 1629 .18 76.64 404.90 396.60 .50 ALl 16641.26 76.48 407.90 396 .40 11.50
FRACTIGONS FRACT
: 8.0028 6.6061  ~0.0033 1 0.0000 0.052?3 ~0.0g61
2 0.0308 8.0129 2.0178 2 0.0067 0.0129  -p.0p62
3 8.0099 0.0172  -0.0072 3 0.0049 0.0172  -g.gt23
b 0.009% 6.01643  -0.0045 4 0.0049 0.0143  -0.0094
TRUCKS 0.0533 0.0505 0.0029 TRUCKS 0.0165 0.0505% -0.0340
H 9.0000 6.0005 -0.0005 5 0.0000 ¢.0005 -0.0005
4 8.6143 6.6202 -0.0059 6 0.0134 6.0202 -0.0068
H ¢ 0272 0. 6202 6.0076 7 0.0037 8.0202  -0.p115
A 0.0000 6.80065 -0.0005 ] 0.0000 0.0005 -0.0005
REC .V 60415 8.0414 0.0001 REC.V. .0220 6.0614  -0.0193
3 81202 0.6908 6.0294 9 8.1102 5.0908 8.0194
19 8.1352 0.1362  -0.0016 10 0.1328 8.1362  -0.0034
I 8.1504 0.1816  -0.0313 11 0.1733 6.18316 -0.0083
12 0.2182 6.2270 ~0.0089 12 0.2921 8.2270 0.0651
i3 §.2812 6.2725 6.0088 13 0.2530 8.2725  -0.0195
PASS . 6.5052 6.9882  -0.0030 PASS. 0.9615 0.5082 0.0533

TOTAL MEASURED FLOW RATE = 812.79 FROM SPACE DATA

OPERATING SPEEDS BASED ON DESIRED SPEEDS FROM  94.66 TO 105.24 FT/SEC
DIRECTION ONE DIRECTION THWO conameg7
18
AMPLE SIZE 19
gPERAYING SPD (FT/SEC) 80.19 7;.?2 7Z'§g
STD DEVIATION 6.18 gi 12 55 a2
MAX VALUE 89 85 : :
MIN VALUE 64.78 67 .11 64 18

Figure 6 - Space-fveraged Flow Rate and Operating Speed Data on
Page 1 of Printed Output



arithmetic mean of overall speeds for high pertfornan 2 cars that attempted
to travel with a meau desired space at the 3%-h re.rentile desired (freej

speed.

7. Overall and desired speeds: Page ¢ .t rie printed output pre-
sents the overall and desired speed measures hese data, illustrated in
Figure 7, are broken down by vehicle type, by vehicle category, and for all
vehicles combined for each direction separately

The data include: sample sizes, specified ind measured; average
desired speeds, specified, measured, and differenced; two reference speeds;

and overall speed statistics.

Both reference speeds are based on calculations with a set of rep-
resentative desired speeds in conjunction with vehicle, driver, and align-
ment characteristics. The reference speeds headed '"ldeal Geometry' are
based on the speeds of isolated vehicles on straight and level alignment;
the "Zero Traffic" measures are for isolated vehicles on the user-specified
aligonment of the simulated roadway. The reference speed averages for indi-
vidual vehicle categories and for all vehicles combined are based on the
specified rather than the measured proportions of each vehicle type.

The measured overall average speeds for individual vehicle types
are arithmetic means, not the sum of distances traveled divided by the sum
of travel times. The measured averages for vehicle categories and all ve-
hicles are arithmetic means with equal weight for each measured overall ve-

hicle speed.

8. Travel times and delays: The actual and reference speeds
printed on Page 2 are used on Page 3 to determine overall travel time and
delay measures. This page of printed output is illustrated in Figure 8.
The average delay to motorists represents the difference between their
actual speeds and their desired speeds. The reference speeds printed on
Page 2 are used to apportion this delay to roadway geometrics that limit
vehicle speeds and to traffic delay. All of the travel time and delay
output are presented in units of sec/vehicle mile.

The data presented on Page 3 are in many respects similar to the
data on overall speeds on Page 2. Sample sizes are printed, and reference
times are provided together with measured times.

The reference times are based on the same factors described in
the preceding section. The user-specified proportions of vehicle types 1in
the traffic stream are used to combine the vehicle types into summary re-
sults for individual vehicle categories and for all vehicles combined.
Note that the average of travel times (sec/veh-mi) can be inverted as
5,280/ (sec/veh~mi) to provide a speed (ft/sec) which is the sum of distances
traveled divided by the total of travel times. Normally, this space-mean
speed will be slightly lower than the arithmetic average of speeds.



RUN NO. 190 BASE CONDITION - SLIGHTLY ROLLING TERRAIN

36.00 MIN. FA
SPEEDS, OVERALL AND DESIRED (FT/SEC) GE 2
DIRECTION ONE
VEH SAMPLE SIZE AVE. DESIRED REFERENCE AVERAGES MEASURED OVERALL
L ZERO
CAT. SPECIFIED MEAS. SPEC. MEAS . DIFF. GEOM.  TRAFFIC  AVERAGE ne&}ff;on MAX
. MIN
1 1.20 8.00 86.50 6.00 g.00 85.61 81
2 2.56 6.00 86 .50 8988 3.38 86.02 83 ?? 7212? g.?g 0.00
3 3,40 2.00 86 .50 81.09 -5.41 86.50 85.69 7385 319 7713 69
4 2. 84 2.00 86 .50 87.59 1.09 86 .50 86 .30 73%.64 5. 76.52 73
TRUCKS 10.00 10.00 86 .50 87 .67 117 86.27 86.88 73.60, z‘3§ ;;-;g 70
‘ : . 69
5 6.10 0.00 85.80 0.00 0.00 70.42
6 4.00 3.00 85.80 89.73 3.93 78.43 7843 ,8-00 .00 0.00
7 4 00 3.00 85.80 80.08 -5.72 a1.71 81.59 5 ; HH 81.16 73
& 0.10 6.00 85.80 0.00 0.00 82.25 82.13 0.00 3.92 76 .65 64
REC.V. 820 600 8580 8491 089 79 98 7992 73 88 - 5000
) . 64
9 1400 22.00 88.00 87.98 -9.02 87 .47
10 27 .00 25.00 88 .00 8840 0.40 87.62 37 45 7633 a8l 83 .66 63
11 36 .00 25.00 88 .00 8§ .52 8.52 87.87 87.71% 75.24 5'59 86 .27 66
12 45.00 3800 88.00 90 .82 2.82 88.00 87 .81 76.53 ier 9002 67
13 56.00 47.00 88.00 . 85.66 -2.34 88.00 87.51 7524 3 89.85 63
PASS. 1806.00  157.00 88.00 88.12 0.12 87.82 87 .46 75.59 6.14 50 83 5
: se
& ALL 198.20 173.00 87.83 47.98 6.15 87.42 87.20 75.42 6.00 90.02 58
DIRECTION THO ‘
vEH SAMPLE SIZE AVE. DESIRED REFERENCE AVERAGES MEASURED OVERALL
L ZERO
CAT. SPECIFIED MEAS. SPEC. MEAS . DIFF GEOM.  TRAFFIC  AVERAGE DEVIATION MAX HIN
1 1.20 a.00 86 .50 .00 0.00 85.61 83.62 '
2 2.56 1.00 86.50 97 00 10.50 86.02 8481 72.59 2.08 0.00
3 3.40 1.00 86 .50 97.03 10.53 86.50 85.98 76.32 8.00 72.59 72
4 2.84 1.00 86.50 75.05  -11.45 86 .50 86.34 74.99 Rt 74.32 74
TRUCKS  10.00 5,00 86.50 8969 319 8627 8550  73.97 126 1e 99 14
5 g.10 0.00 55.80 8.00 6.00 70.42 71.76
6 4.00 1.00 85.80 31 .14 5.34 78.43 79.29 72192 g-gg g.00
7 4.00 2.00 85.80 100.58 14.78 81.71 82.24 75.59 .. 76.76 74
8 .10 6.00 85.80 00 0.00 82.25 82.73 0.00 N 83.66 67
REC.V. 8.20 3.00 85.80 97 .43 11.63 79.98 80.68 75.31 .08 2y 6s 67
9 18.00 22.00 88.00 88.89 0.89 87.07 87.00 75
10 27.00 25.00 88 . 0« 87 .88 -0.12 87.62 87.62 74:?3 2;‘2 35'86 67
i1 36.00 31.00 88.00 87 .83 -6.17 87.87 87.77 75.74 s 36 .22 65
12 45.00 50.00 88.00 36 .86 -1.14 88.00 37 .84 73.75 38 87.40 64
13 5600 50.00 88.00 87 64 -0.36 88 .00 87 .91 74 44 3es 34.16 57
PASS. 180.00 178 .00 88.00 87 .64 -0.36 87.82 87.73 74.57 4.90 87 en 8
ALL 198.20 186.00 87.83 87 .83 0.00 87.42 87.33 76.5§ 4.89 87 .60 57

Figure 7 - Overall and Desired Speeds on Page 2 of Printed Output



RUN NO. 190 BASE CONDITION - SLIGHTLY ROLLING TERRAIN

TRAVEL TIMES AND DELAYS (SEC/MILE)

DIRECTION OWNE

VEH SAMPLE SIZE
TYPE
CAT. SPECIFIED MEAS.

i .20 d.00

2 2.56 6.00

3 3.60 2.00

G 2.56 2.00
TRUCKS 10.00 10.00
5 6.10 6.00

& 4.00 3.00

7 6. 00 3.00

8 6.10 0.00
REC.¥. 5.20 6.00
g 18.00 22.00
10 27.00 25.00
11 36 .00 25.00
¥4 45.00 318.00
13 56.00 47 .00

PASS. 180.00 157 .00
ALL 198.20 173.00
DIRECTION TRO

VEH SAMPLE SIZE

TYPE
CAT. SPECIFIED MEAS.

§ 1.20 .60
2 2.56 {.00
3 3.40 i.00
& 2.84 1.00
TRUCKS 10.00 3.00
5 0.10 .00
& .00 1.00
7 %.00 2.00
& 8.10 0.00
REC.¥ 8.20 5.00
9 18.00 22.00
10 27 .00 25.00
£ 36 .00 31.00
P2 45.00 506.00
13 56.00 50.00
PASS. 180.00 178.00
ALL 198.20 184 .00

Figure 8 - Travel Times and Delays on Page 3 of p
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Three measures of delay are provided in the output ou Page 3.
geometric delay is the difference between zero-traffic travel time and the
ideal travel time. The purpose of this measure is to represent the delay
to a vehicle when it travels along ou the specified alignment rather than

on ideal (straight and level® alignment.

The average traffic delay is the difference between the measured
travel time (in the simulation results) and the zero-traffic time. In a
large sample, this difference would normally be a positive number that
represents delay and can be attributed to traffic interactions on the
simulated roadway. In the small samples for trucks and RVs, the influences
of a small number of atypical desired speeds can sometimes cause the traffic
delay to be a negative number. Negative values for traffic delay can be
taken as an indicator that the sample size is too small to be meaningful.

The total delay is the algebraic sum of geometric and traffic de-
lays. It is also the difference between the measured travel time and the

ideal travel time (sec/veh-mi).

) It should be noted that the travel time in ideal alignment is the
base for calculating all the delays provided in this output. Consequently,
a vehicle can be performance limited on ideal alignment, experience longer
than desired travel times on the ideal alignment as a result, and yet not
have this penalty appear directly in the printed delays. The type of delay
described is intrinsic and is performance induced; it can be seen in the
example, Figure 8, where the lowest performance RV, vehicle type 5, requires
75.01 sec/mile "ideal time." The high performance cars can attain all de-
sired speeds on level terrain and require only 60.92 sec/mile as do the
highest performance trucks. Other low performance types also exhibit small
intrinsic delays due to their performance limitations. The intrinsic, per-

formance induced delay can be calculated as:

Ideal time - [(weight factcr)i (5,280/representative speedi))

B LI S BN ]

H

ith representative desired speed (see

where: Representative speed
Figure 4).

sm by Qt'h‘ re

Weight factor to be applied with I
sentative desired speed (see Figure

i

Weight factor

-1

i~



In the example, the numerics are:

Ideal time - (0.07)(5,280/67.37)
(0.15)(5,280/76.57)
(0.18)(5,280/81.65)
(0.20)(5,280/88.00)
(0.18)(5,280/94.35)
- (0.15)(5,280/99.43)
- (0.07)(5,280/108.63)

H

= Ideal time -60.91

The highest performance vehicles are seen to have essentially no
intrinsic, performance-induced delay. This is usually the case.

9. Overall speed histograms: Page 4 of the printed output pre-
sents overall speed histograms for each direction of travel. .nis page of
the printed output is illustrated in Figure 9. The output which appears on
two pages is well defined by headings. Figure 9 illustrates the separate
speed histograms for the No. 1 and No. 2 directions. The speed histogram
for both directions combined is presented on a second page not illustrated
in the figure. The sample of vehicles used to compute the overall speed
histograms consist of all vehicles which qualify as follows:

. Vehicles that were not primed onto road before simulation
began;

Vehicles that crossed the ''start line' either before or dur-
ing the test time; and

Vehicles that crossed the '""finish line" during the test time.

10. Time margins in passes and pass aborts: Page 5 presents a

printed summary of the time margins to oncoming vehicles in passes and pass
aborts. An example of this output is shown in Figure 10.

The time margins in passes are the projected times beyond pass
completion (return to normal lane) when the pertinent critical event should
occur. Potentially there are three kinds of critical events. They can be

distinguished and described as follows:

If the oncoming vehicle is in sight, the time margino is based
on the projected time until the oncomer will be met.

If the onceming vehicle is not in sight, but the end of the
passing zone is, the margin is based on projected time to
reach the end of the passing zone.

If neither the oncoming vehicle or end of passing zone is in
sight, the margin is based on the projected time to reach the

end of the then current passing sight distance.

48



PAGE ¢

30.00 MIN.

BASE CONDITION - SULIGHTLY ROLLING TERRAIN

190

RUN NO.

OVERALL SPEED HISTOGRAMS

ONE

DIRECTION
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Figure 9 - Overall Speed Histograms on Page & of Printed Out
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RUN MO. 190 BASE CONDITION - SLIGHTLY ROLLING TERRAINW

30.00 MIN. PAGE 5
TIME MARGINS (SEC.) IN PASSES AND ABORTS
MARGIN PASSES ABORTS BOTH
DIRECTION  (SEC) NUM x % SuM NUM x X SUM NUM % % SUM

OME LT 0 0. 0.00 0.00 2s. 0.00 0.00
o LT ¢ 0. 0.00 6.00 6. 0.00 0.00 23 500 .00
1 LT 2 0. 6.00 0.00 6. 0.00 .00 ‘ 5-00 .00
210713 2. 6.00 0.00 0. 0.00 0.00 2 6.00 0.00
3LY & 3. 0.00 g.00 0. 0.00 0.00. 3 6.00 0.00
4 LT 5 4. 0.00 2.00 0. 9.00 9.00 4 6.00 0.00
5 LT 4 3. 6.00 6.00 1. 0.00 0.00 4 .00 8.00
6 LT 7 3. .00 0.00 0. 0.00 0.00 3 6.00 2.00
7 LT 8 3. 0.06 0.00 0. 0.00 0.00 3 5-00 0.00
5 LT » 10. 0.00 0.00 2. 0.00 0.00 i3 T 0.00

THO LT 0 0. 0.00 0.00 23. 0.00 6.00 23
0 LT § 0. 0.00 0.00 5 0.00 ¢.00 5 2:00 200
1 LT 2 1. 0.00 .00 17. 0.00 0.00 13 0.00 0-00
2113 4. .00 0.00 0. 0.00 0.00 4 0. 00 3 o8
30T 4 4. 0.00 0.00 0. 0.00 0.00 4 0.00 0.00
G LT § 4. 0.00 .00 0. 0.00 6.00 4 0 00 0.00
5 LT & 4. 0.00 0.00 0. 0.00 0.00 G 0.00 0.00
6§ LT 7 2. 0.00 0.00 0. 0.00 .00 2 0.00 0.00
7 LT & 2. 0.00 G.00 1. 0.00 6.00 3 0 00 T
B LT ¥ 27 6.00 0.00 i 0.00 ¢.00 28 S-be 0.00

BOTH LT o 0. 0.00 0.00 8. 0.00 0.00 48 )
6 LT i 0. 6.00 6.00 11 0.00 0.00 11 2.00 R
1 LT 2 i. 6.00 0.00 23. 0.00 0.00 24 0.00 0.00
2 L7 3 6. .90 0.00 0. 0.00 0.00 "6 0 00 T
3LT & 7. 0.00 0.00 0. 0.00 0.00 7 0.00 .00
4 LT 5 8. 0.00 0.00 0. 0.00 0.00 8 0.00 0.00
S LT 6 7. 0.00 8.00 1 0.00 0.00 8 0.00 0.00
6§ LT 7 5. ¢.00 0.00 0. 0.00 0.00 5 8.00 8.00
7 LT 8 5. 0.00 .00 1. 000 0.00 6 0.00 0.00
8 LT ® 37. 0.00 0.00 3. 0.60 0.00 40 0.00 0.00

Figure 10 - Time Margins in Passes and Pass Aborts on Page 5
of Printed OQutput
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For pass aborts, the data printed 1s the pass margin at ¢

the abort maneuver is Initiated.

11. Data on passing and pass abort rates, platoon leaders, and
percent of time unimpeded: Summarv statistics on passing and abort rates,
platoon leaders, and the percent of time unimpeded are printed on Page ©
This page of output is illustrated in Figure 11.

of the output.

The passing and pass abort rates are presented as events per

veh-mi, which is the exposure measure seen by the driver; and as events per
lane or road mi-hr, which is the exposure measure per unit highway length.

The meaning of the number of passes started and aborted is self
explanatory. Extensions refer to the situations where a pass being com-
pleted around one impeder is extended to pass the next impeder without first

returning to the nermal line. Leap frog passes are those i. which tb

passer returns to the normal lane between two vehicles in the same platoon.
1n

The data under Vehicle Passed are the number of vehicles passed by those in
the indicated category; i.e., the vehicle category is associated with the

passer.

Program users may find that some algebraic summations do not bal-
For example, (passes started)-(aborts) + (extensions)

ance as anticipated.
It is necessary to recognize that

may or may not equal vehicles passed.
some counts may be truncated in time or space.

The data on platoon leaders is provided to indicate the categories
of vehicles that are impeding flows near the finish lines. These data do

not include vehicles traveling alone.

The percent of time unimpeded is a measure of service provided to
vehicle categories in the simulated traffic and alignment envircnment. The
complement of percent of time unimpeded is known as the percent time delay;
this measure, generated by an earlier version of TWOPAS is the level of
service criterion for two-lane highway used in Chapter 8 of the 1985

Highway Capacity Manual.!©

Headway and platoon data are

12. Headway and platoon data:
This page of output 1is

printed in summary form on Page 7 of the output.
illustrated by the example in Figure 12.

The histograms of headways measured at start and finish lines in-
dicate some characteristics of the traffic rlows and the changes in those

characteristics in travel from start to finish lines.

The platoon sizes shown in the printed output include the leader;
platoons of one vehicle are included to complete the table, although the
vehicles traveling alone are not uormally considered platoons.

5
i

13. Overtaking event data classified by speed differences: ‘
summary of overtaking events classified by speed differences is presented
on Page 8 of the printed output, and is illustrated in Figure 13.

51



RUN NO. 190 BASE COMDITION - SLIGHTLY ROLLING TERRAIN

30.00 MIN. PAGE 6
PASSES AND ABORTS
STARTED ABORTED EXTENSIONS y
VEH. NUM <VEH  /LANE NUM /VEH /LANE NUM /VEH /LANE NUM SGEH | oLANE NUM " ohEhASSED
CAT. MILE  M.HR MILE  HM.HR MILE H.HR MILE  HM.HR WICE  moRRC
apigscrion e
1] 1. .81 2.25 { 6.01 6.25 0 6.00 0.00 1]
REC.V. 0. 0.00  0.00 0. 0.00 000 0. 000 000 0o oo 2,00 2 2 00 200
PASS. 66. D04 16.40 59. 0.03 9.9 0. 0.00 0100 4 0.00 099 28 o S o8
ALL - 67. 0.04 16.645 40. 0.02 9.9 0. 000 0.00 4 0.00 099 33 02 & 9
DIRECTION  ThO
TRUCKS 0. .00 000 0. 000 0.00 0. 0.00 0.00 0. g.00°
REC.V. 1. 0.05  0.25 1. 003 025 0. 000 0.00 0. 000 g g o 2 60 0700
PASS. 94. 0.06 23.36 4. 0.03 11.43 g 0.00 0.00 14. 0.0 348 48, 003 1193
ALL 95.  0.06 23.61 &7. 0.03 11638 o 0.00 0.00 14. Q.01 3.48 48.  0.03 11.93
DIRECTIONS ONE PLUS THO
R0aD/ RoAD/ ROAD/ ROAD/ ROAD/
M. HR. M. HR. M. HR. M. HR. : M. HR
TRUCKS 1.  0.01 8.25 1. 9.01 .25 6. 0.00 .00 6. g.00 ¢.00 o 0.00 0. 00
REC.V. 1. ©.01 ¢.25 1.  g.01 0.25 0. 0.00 .00 0. 0.00 .00 0 a.00 0.00
o PASS. 160. 0.05 39.76 85. 0.03 21.12 0. 0.00 6.00 8. 0.0 6.47 76. 0.02 1£.89
NS ALL 162, 0.05 406.26 &7 .83 21.62 6. 0.00 8.00 18. g.0% 4.47 76. 0.02 18.&9
PLATOON LEADERS AT FINISH LINES
DIRECTION ONE DIRECTION THO CaMBIN
CAT.  HUM % % SuM M X X SUM HUM 5° % SUM
TRUCKS 2. 3.09 9.09 . 3.13 5.13 3. 5.56 5. 56
TATN I T N 1 O S - B 1
: : : . 31, 96.88  100.00 . . :
PAS 155 e 30. 92.59  100.00
PERCENT OF TIME UNIMPEDED
DIRECTION
CAT. ONE THO BOTH
TRUCKS 59.83 64.29 60.87
REC.V. 48.09 42.12 46 .05
PASS. 36.43 32.78 34.54
ALL 38.20 33.50 35.84

Figure 11 - Data on Passing and Pass Abort Rates, Platoon Leaders, and Percent
of Time Unimpeded on Page 6 of Printed Output



RUN NO. 190 BASE CONDITION - SUIGHTLY ROLLING TERRAIN 50,00 MIN. PAGE 7
HEADWAYS AND PLATOONS

HEADWAYS AT START LINES

HEADKWAYS DIRECTION ONE DIRECTION TwO BOTH DIR
{3EC) HUM % X SUM NUM X % SUM NUM zx ECT[GZSSUM
g LT 1 0. .00 0.00 5. .29 1.29 " 0.65 8.65
T LY 2 40 . 17.24 17.24 50 21.55% 22.84 9¢ 19 .40 20.04
2 LT 3 50. 21.55 38.79 54 23.28 66 .12 104 22 44 42 .46
3T 4 27. 11.66 50.43 19 8.19 54.31 46 9.91 52.37
4 LT 5 6 . 2.59 53.02 5 2.16 56.47 1t 2.37 56.74
LT 10 43, 18.53 71.55 25 ig.78 67 .24 68 14 .66 69 .40
16 L7 15 20 . 8.62 80.17 28 12.07 79.31 48 10.34 79.74
15 LT 20 20 . §.62 88.79 12 5.17 86.48 32. 6.90 86 .64
20 LT 99 26 . 11.21 100 .00 36 . 15.52 100.00 62. 13.36 100.00
ALL 232. 232. 464 .
HEADWAYS AT FINISH LINES )
g LT 10. 4% .98 4. 98 12 5.80 5.80 22 5.39 5.39
LT 2 90 . 46 .78 49 .75 91 43 .96 49 .76 181 46 .36 49.75%5
2 LY 3 47 . 23.38 7313 34 16 .43 66 .18 81 19 85 69 .61
3 OLT 4 18 8.96 82.09 26 12.56 78.74 44 10.78 80 .39
& LT 5§ 2. .00 83 .08 1 0.48 79.23 3 0.74 81.13
5 LT 10 3. 1.49 84 .58 3 1.45 80.6% [ 1.47 82.60
10 LT 15 5. 2.49 87 .06 8 5.86 84 .54 13 5.19 85.78
18 LT 20 1. 0.50 87 .56 3 1.45 §5.99 4 0.98 86.76
20 LT 99 25. 12.44 100.00 29 14.01 100.00 54 15.24 100.00
ALL 201, 207 408
PLATOONS AT  FINISH LINES
DIRECTION ONE DIRECTION TWO BOTH DIRECTIONS
SIZE ] % X SUM NUM % X SuM NUM % X SUM
1 12. 35.29 35.29 i3, 29 .55 29.55 25. 32.05 32.0%
2 4, 11.76 47 .06 9. 20.45 50.00 13. 16 .67 48 .72
3 G . 11.76 58 .82 % . 3.09 59.09 8 10.26 58.97
G g. 0.00 58 .82 4. 9.09 68.18 % 5.13 64.10
§~6 1. 2.94 61.76 7. 15.91 34.09 8 10.26 74,36
7-8 5. §.82 70.59 1. 2.27 86 .34 4 5.13% 79 .49
8-10 & . 17.65 88 .24 1. 2.27 88.64 7 8.97 88.46
1145 . 2.94 91.18 i 2.27 90.91 2 2.56 31.03
1628 t. 2.94 96.12 4. .09 100.00 5 6.61 97 .44
21-%0 2. 5.88 100.00 g. 0.00 1060.00 2 2.56 100.00
31~ 0. 0.00 1006.00 a. 0.00 100.0¢0 0 G.00 100.00
ALL 34 . G4 .

Figure 12 - Headway and Platooning bata on Page 7 of
Printed Output



RUN HO. 190 BASE CONDITION -~ SLIGHTLY ROLLING TERRAIN

30.00 MIN. PAGE &
OVERTAKING EVENTS CLASSIFIED OM SPEED DIFFERENCE HUMBER OF EVENTS IM 36.00 MINUTES

DIRECTION ONE

SPEE?F!T}U;EC) 1 NUMBER IN PLATOON
’ 3 4 5 -9 10 14 15 -
0 LT 16 559, 213 122° 108 204, 37. 5. "? GI. ' szg%L
6 LT 20 107 17 6. 1. 9. 0. i 0. 140 .
20 LT 30 49 3 1. o, 0. 0. 0. o ‘;‘;
30 LT 40 21 2 1. i, 9. 0. 0. g, 25"
40 LT 50 9 o 0. 0. 0. 0. (0. 0 3
S8 LT 60 t 0 0. g. 0. 0. 0. 0. 1.
60 LT 70 0 o 0. 6. 0. 0. 0 5. 9.
70 L7999 1 0 0. 0. 0. 0. 0. 0. .
ALL 747 235 130, 110, 213 37. 14. 4. 1490 .
DIRECTION THO
SPEE?F?I§§C) . HUMBER I N PLATOQOON
p 2 3 5 -9 10 -14 15 -19
0 LY 18 375, 227 168 . 137. 273, 58 20 Gg " xzéztsL
10 LT 20 51. 14, 1 4. 6. 1 §0 0. 87.
20 LT 38 7. 7. 3. 1. a. 0 0 0. 28
30 LT 48 7. 0. 0. 0. 0. 0 0 0. 7.
40 LT 50 2. 0. 0. 0. 0. ] § o g z.
S0 LT 60 1. 0. 0. 0. 0. 0 §o 0. 1.
606 LT 70 0. a. 9. 0. 0. 0 0 0. 0.
70 LT999 a. 0. 0. a. 0. a 0 0. 0.
ALL 455, 248 . 182, 142, 279. 59 2¢ 0. 1383,
BOTH DIRECTIONS
spﬁs?axgsc) ‘ , HUMBER IN PLATOON
FTSE 3 5 -9 10 ~14 15 ~-19 GT 19
0 LT 10 934. 440 290 245, 477, 95. 34. 5. zs?sl
10 LT 20 15§, 31, i7. 5. 15, 1. 0. 0. 227.
20 LT 38 66 . 10. 4. 1. 0. 0. 0. 0. 81,
30 LT 40 28. 2. 1. i 0. 8. 0. 9. 32.
48 LT 50 1. . 0. o, 9. 0. 0. 0. '
50 LT 60 2. 0. 0. 0. g. 0. 0. g, 2.
60 LT 70 G. o. a. o, o, 9. 9. a. 9.
70 LT9%9 1. 0. 0. 0. 0 a. 0. 0. t.
ALL 1200. 483, 312, 252. 492. 96 . 34. 4. 2873,
OVERTAKING EVENT RATES
DIRECTION /VEH MILE  /LANE MILE HQUR
ONE 0.914573  370.3083
THO 0.842655 343.7157
DIRECTION /VEH MILE  /ROAD MILE HOUR
BOTH 0.878481  714.0240
§

Figure 13 - Overtaking Event Summary Classified by Speed Differences

on Page 8 of Printed Outpur
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An overtaking event occurs when a vehicle approaches another
hicle from the rear and first responds to its new leader. The first re-
sponse occurs when the intervening distance, follower-to-leader, grows smal.l
enough for the leader to become a factor in the follower's choice of accele-

ration.

The overtaking event data are stratified by the initial speed dif-
ference between follower and leader. The potential hazard associated with
an overtaking event is thought to increase with speed difference and with
the number of vehicles in the overtaking platoon. The output supplies these

factors.

The overtaking event rates are given in events per veh-mi and
events per lane or road mi-hr.

Spurious counts may be included on rare occasions.

14. Overtaking events classified by initial acceleration and sum-
mary of acceleration noise: Page 9 of the printed output, illustrated in
Figure 14, presents summary data on overtaking events classified by initial
acceleration and a summary of acceleration noise statistics by direction.
The overtaking events considered here are the same events quantified on

However, the severities of events are indicated here by the initial
(Note that the negative signs

Page 8.
acceleration used by the overtaking vehicles.

for acceleration denote decelerations.)

The acceleration noise results are based on all vehicle review pe-
riods within the test time and test section.

15. Summary output for user-selected stations: Summary data col-
lected during test time are printed for each station specified in input.
These data represent traffic flow conditions in one direction of travel at
the specified location. An example of the output printed for a station at
a single-lane location is shown in Figure 15; an example of the output

printed for a station in a passing lane section is shown in Figure 16.

The station number and direction number appear on the first two
lines together with a description of the station supplied by the user in in-
All data are provided by vehicle category and for all categories com=-

Where there are two lanes in the specified direction of travel,
For stations with

put.

bined.
data are provided by lane and for both lanes combined.
only one lane in the specified direction of travel, the data are printed

under the combined lane headings.

The flow rates, percent unimpeded, and percent at desired speed
are analogous to the spot data that would be collected by a traffic data re-
corder placed at the specified location on the roadway during the test time.
The average delay rates are formed from values calculated for each vehicle
delay rate = (5,280/spot speed) - (5,280/desired speed). The average

as:
The averages give equal weight to each

delay rate has units of sec/mi.
vehicle.

w
(Oa}



RUK NO. 190 BASE CONDITIOMN - SLIGHTLY ROLLING TERRAIN

30.00 MIN. PAGE 9
OVERTAKING EVENTS CLASSIFIED ON INITIAL ACCELERATION (FT/SEC SQR) NUMBER OF EVENTS 1N

30. 00OMINUTES
DIRECTION ONE

NUMBER IN PLATOGHN
ACCEL . 1 3 4 5 - 10 - 15 -
et o 459 . 138 94 72, 120, 22. ' ST eg ' 917"
0. -4.9%9 285, 97. 35, 38, 93, 13, ‘. 1 523‘
-8, -9.99 2. o a. 0. 0. 0. 0. 0. ;
-18.~16 .99 1. 0. ' 0. 0. 0. 0. o 3
-15.-19.99 8. 0. 0. 0. 0. o *g. 0. 2.
~20.-2%.99 g. 0. 0. 8. 0. 0. 0. 0. g'
ALL 747 235, 130 119, 213, 37. 14. 4. 1490,
DIRECTION THO
NUMBER IN PLATOG®GN
ACCEL . 5 2 3 4 5 -9 10 -14 s -
6T o 219. 162 126 - 98, 178. 45, 6 og " aﬁkl
0. -4.9% 232, 86 56 . 44 . 99 14. 4. 0. 535,
-5. -9.98 2. 0. 0. a. 2. 0. 0 0. 4.
-10.-14.99 0. 9. 0. g, 0. 0. a. 0. 0.
o -15.-19.99 0. 0 0 0. 0. 0. 0. 0. 0.
o -20.-26.99 0. 0 0. 0. 0. 0. dg. 0. 0.
ALL 453 248 182 142, 279. 59 . 20. 0. 1383,
BOTH DIRECTIONS
HMUMBER IN PLATOGORH
ACCEL . 1 F: 3 4 5-9 10 -14 15 -19 T
6T 0 678. 300. 224, 170. 298. 69. 2%. Gs.‘q ;72%L
0. ~4.99 517, 183 91 . 82. 192. 27. 1. § 1104 .
-5, -9.99 4. 0. 9. 0. 2. 0. 0 0. 6.
-10.-164.99 1 0. 1. 0. 9. 0 0. 0. z
~15.-19.99 ] 0. 0. 0. 9. o o 0. o
-20.-26.99 0. 9. 0. g, 0. 0 0. 9. g
ALL 1208. 483, 312, 252, %92, 96 34, 4. 2873,
ACCELERATION NOISE  (FT/SEC SQR)
AVE. ACCEL .
DIRECTION  ACCEL. HOISE
ONE -8.616 5.8300
THO -6.017 8.5006
BOTH -0.017 0.8154

Figure 14 - Overtaking Event Summary Classified on Initial Acceleration and

Acceleration Noise Summary on Page 9 of Printed Output



SUMMARY OQUTPUT FOR USER-SELECTED STATIONM
STATION NUMBER 8 MILEPOST 1.25

DIRECTION 1 NUMBER OF LANES IN SPECIFIED DIRECTION 1
) PERCENT AT AVE. DELAY RATE

FLOW RATE (VPH) PERCENT UNIMPEDED DESIRED SPEED (SEC/VEH MILE) ’

{EFT  RIGHT BOTH LEFT  RIGHT BOTH LEFT  RIGHT BOTH LEFT  RIGHT BOTH
TRUCKS 20. 80. 50. 9.9  TRUCKS
RVS 18. 67. 67. 3.3 RVS
CARS 358. 61. 62. § 6.5  CARS
Coms 396 . 62. 62. . 6.5 COMB
PLATOUNING SUMMARY §

———————————————— LEFT LANE----—-==r-====- srmmmmmmm s - - RIGHT LANE--~-ommmmm o oo eeem = -COMBINED LAHES-----=---

LEADERS MEMBERS LEADERS £ MEMBERS ‘ LEADERS MEMBERS

-------------- AVE . mms mmm oo memmeme——ems- AVE. e e AVE . i

1o . PERCENT LENGTH NG . PLRCENT NO . PERCENT LENGTH NO . PERCENT‘ NO . PERCENT LENGTH NG . PERCENT
TRUCKS i 2.5 2.00 1 11
RVS 3 7.5 G 33 10 10.8
CARS 36 90.0 3.28 82 88 .2
COMB 40 160.0 3.32 93 100.0
<pOT SPEEDS (FT/SEC) AND DISTRIBUTION TD LANE

.......... LEFT LANE--—==-—-==~ mm=--=--=-RIGHT LANE-----~=--- ~==~COMBINED LANES----

PERCENT PERCENT
MEAN  STD DEV MIN LEFT MEAN  STD DEV HMIN RIGHT MEAN  STD DEV MIN
75.8  13.02 $9.2  TRUCKS
ésgCKS 80.2 3.13 63.2 RVS
VS 80.3 12.27 58.3 CARS
CARS 80 .14 12.18 58.3 COMB
&
Figure 195 - Sumnmary of Trafiic Operations at a User-Specified Statfon with a

Single Lane in the Specitied Direction of Travel
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SUMMARY OUTPUT FOR USER-SELECTED STATION

STATION NUMBER 3 MILEPQST .25
DIRECTION H NUMBER OF LANES IN SPECIFIED DIRECTION 2
PERCENT AT AVE. DELAY RA

FLOW RATE (vPH) PERCENT UNIMPEDED DESIRED SPEED (SEC/VEH HILE)TE

LEFT RIGHT BOTH LEFT RIGHT BOTH LEFT RIGHT BOTH LEFT RIGHT BOTH
TRUCKS 2. 18, 20. 1400, 100. 100. 0. 44 . 40. 10.4 2.9 .7 T ‘
RVS 4. §2. 16. 100, 100.  tg0. 0. 50. 38. 4.7 4.9 2.9 ngcxs
CARS 112, 244. 356, 88 . 89. ITH 59 . 87. 78. 2.5 0.8 1.3 CARS
COMB 118 214 332. 48 . 90. 89 . 56 . 82. 74. 2.7 1.1 1.6 COMB

o A

PLATOONING SUMMARY

~~~~~~~~~~~~~~~ LEFT LANE-~=------uommm Tmmmm e oo - ~REIGHT LANE==-~-mm e mm e S COMBINED S

LEADERS AVE MEMBERS LEADERS MEMBERS LEADERS ¢ LANEMEMBERS

~~~~~~~~~~~~~~ AVE. T e T e —————— AVE. mT e ——— e e AVE . e e T

NO . PERCEMT LEHNGTH HO . PERCENT NGO . PERCENT LENGTH NO. PERCENT NO . PERCENT LENGTH NG . PERCENT
TRUCKS g 6.0 0.00 g 6.0 3 10.7 2.00 3 8.1 3 7.% 2.00
RVS { £.3  5.00 4 21 1 3.6 2.00 1 2.7 2 5.0 350 5 80
CARS 11 91.7 2.36 15 78 .9 24 85.7 2.38 53 89 .2 35 87.5 2.37 48 85.7
COMB 12 106.0 2.58 19 100.¢0 28 160.0 2.32 37 100.0‘ 40 100.¢ 2.40 56 100.0
SPOT SPEEDS (FT/SEC) AND DISTRIBUTION TO LANE

.......... LEFT LAME-===—mmmee- mmm e === RIGHT LANE--=-~mme e ~~-~COMBINED LANES----

PERCENT PERCENT

MEAN STD DEY MIN LEFTY MEAN STD DEV MIN RIGHT MEAN STD DEV MIN
TRUCKS 82.9 ¢.00 82.9 16.0 81.6 9.12 70.1 90.0 81.7 8.61 70.1 TRUCKS
g 86.9  06.32  80.64 25.0 75.9  6.70  63.2  15.0 7.2 6.1 65.2  RVS
CARS 29 .7 7.52 67 .3 31.5 84.4  10.03 59 .1 68.5 86 .1 9.62 59.1  CARS
COMB 89 .3 7.54 67 .1 361 83.9 9.98 59.1 69.9 85.5 9.63 59 .1 COMB

¢
Figure 16 - Summary of Traffie Operations at a User-Specified Station with a
Passing Lane in the Specified Direction of Travel



The platooning summary does not include free vehicles. Platocen
leaders are vehicles with one or more platoon members following. A platoon
member 1s a vehicle with a time headway at the station of 4.0 sec or less.
Platoon lengths include both the platoon leader and the platoon members.

Spot speed statistics and distributions to lane are presented 1in
the final data set for each station.

16. Summary data for user-specified subsections: The final pages
of the printed output for each run present space-averaged traffic data for
user-specified subsections of the simulated roadway. Each subsection for
which traffic data are printed represents a portion of the simulated roadway
in one direction of roadway for the entire test time. ©Each subsection is
bounded by a pair of user-specified stations, which are not necessarily

adjacent stations.

Figures 17 and 18 illustrate the printed output for user-specified
subsections with one and two lanes, respectively, in a particular direction
of travel. The first three lines of output identify the upstream and down-
stream stations that bound the subsection, the subsection length, the direc-
tion of travel, and number of lanes available within the subsection. The
number of lanes shown on the printed output is the maximum number of lanes
available at any point within the subsection. The number of lanes will be
printed as one only if there are no added lanes anywhere within the sub-

section.

The data for Overall Speeds are determined from data collected at
each vehicle review when a vehicle within the subsection is advanced by the
simulation program. Consequently, the mean speed printed 1s a space mean
speed. The minimum speed printed is a minimum over space and time. The
sample sizes shown on the printed output are the number of vehicle reviews

analyzed.

The data for Overall Travel Times and Delays include values based
on reference speeds of isolated vehicles shown on Page 2 of the output. The
travel time and delay data printed here are analogus to the overall travel
time and delay data printed on Page 3, but apply only to one particular
user-specified section of the simulated roadway. The ideal travel time 1is
the travel time in sec/mi by vehicle category if each vehicle traveled at
the average desired speed for the category. The travel time for the ideal
aligonment is travel time on straight, level alignment with zero wind. The
travel time for actual alignment is travel time of isolated vehicles on the
specified alignment when the effects of grades, horizontal curves, downgrade
crawl regions, vehicle performance limits, and driver acceleration speed
preferences are included. The mean travel time is based on the actual
travel times simulated by the model for vehicles which traveled the entire
subsection during the test time. The geometric delay is the difference of
two reference values: the travel time for actual alignment and for ideal
alignment. Note that the geometric delay can be negative when a section 1s
moderately downgraded so vehicles which are performance limited on level
alignment can achieve their desired speeds on the actual alignment.
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SUMMARY DATA FOR USER-SPECIFIED SECTION

FROM STATION 2 OPPOSING DIRN - MILEPOST 3.60
TO STATION 3 O0PPOSING DIRN - MILEPOST 2.00
DISTANCE (FEET) = 5280. DIRECTION 2 NUMBER OF LANES AVAILABLE 1

OVERALL SPEEDS (FT/SEC) eomee_ OVERALL TRAVEL TIMES AND DELAYS (SEC/MILE)

SAMPLE 1DEAL ACT EO. TRAFFIC  Tor A
CAT. MEAN  STD DEV  MIn. STZES IDEAL  ALIGN ALIGHN MEAN  DELAY e borAL
TRUCKS  70.91 5.21 60.79 298 61.04  62.13  62.70  74.43 0.57 11.75 12 30
RVS 73 16 466 64 84 238 61.56  66.39  66.13 1216 -9 9 6,03 5.77
CARS 72.94 7.65 50,06 14185 60,00  &1.01  61.21 75 38 0.20 11.14 11 36
ComMp 72.90 7.57 50,06 14771 59.58  60.74  £0.94 73 3% 0.20 11.45  11.45
ey 3
PERCENT OF TIME UNIMPEDED SAMPLE SIZES PERCENT OF TIME NEAR DESIRED SPEED

LEFT RIGHT CoMB (VEH SECONDS) LEFT RIGHT COMB
CAT LANE LANE LANES LEFT  RIGHT LANE LANE LANES
TRUCKS 5738 298. 25.84
RVS 23 61 288 0.00
CARS 2802 14185 - 28.04
COMB 28.52 16771 . 27 .45

PASSING DATA (CATEGORY = VEH. PASSING)

ONE UNIDIRECTIONAL LAME THO UNIDIRECTIONAL LANES
NUMBER~ NUMBER/
CAT. NUMBER VEH MILE NUMBER VEH MILE
TRUCKS ] 6.000 0 0.000
RVS ] §8.000 g 8.000
CARS 4 6.0820 0 6.000
COMB 4 0.020 ] 6.000

Figure 17 - Summary of Traffic Operations on a User-Specified Subsection of the

Simulated Roadway with a “ingle Lane in the Specified Direction
of Travel
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SUMMARY DATA FOR USER-SPECIFIED SECTION

FROM STATION 2
TO STATIGH &
DISTANCE (FEET) =

MP 0.00 - BEG OF PASSING LANE
MILEPOST 1.00 - END OF PASSING LANE

5230. DIRECTION 1 NUMBER OF LANES AVAILABLE 2

OVERALL SPEEDS (FT/SEC)

T OVERALL TRAVEL TIMES AND DELAYS (SEC/MILE)-m-- ... ..
) ) SAMPLE IDEAL ACT . GEOD. TRAFFIC T071AL
CAT. MEAN 31D DEV MIN. SIZES IDEAL ALIGN ALIGN MEAN DELAY DELAY DELAY
TRUCKS &1 . 39 3 .49 25.06 663 61 .04 62.15 63.08 64.79 0.95% 1.72 2.67
RVS 76 .05 8.23 25.85 535 61 54 66.39 66.59 67.57 0.20 0.98 to1a
CARS 35 .08 10.48 32 67 10922 60.00 &1 .01 60.78 61.89 -0.23 110 0 88
cong 84.57  10.45  23.06 {2100 3958 60,74 60.59  62.28 g 5% 1.69 1.54
"
PERCENT OF TIME UNIMPEDED SAMPLE SIZES PERCENT OF TIME NEAR DESIRED SPEED
LEFT RIGHT COMB (VEH SECONDS) LEFT RIGHT COMB
CAT LANE LANE LANES LEFT RIGHT LANE LANE . LANES
TRUCKS 85.81 94 .80 33.00 1Q5. 538. 43.81 64.1% 60 .81
RVS 88 .50 99 .29 37 .01 s, 422, 19.47 54.50 47 10
CARS 79.58 93.24 88 10 G116 6808 . 69 .13 91.79 8%.25
COMB 19.92 93 .68 88 .75 4332 7768, 67 .22 87 .85 80 .46
PASSING DATA (CATEGORY = VEN. PASSING)
ONE UNIDIRECTIONAL LANE THO UNIDIRECTIONAL LANES §
HUMBER/ NUMBER/
CAT . NUMBER VEH MILE NUMBER VEH MILE
TRUCKS ] g.00¢0 i} 0.000
RYS 0 6.0640 2 0.254
CARS g g.000 128 0.732
COMB Q g.000 130 6.675
LANE CHANGES
LANHE CHANGES BY MOTIVATION HISTOGRAMS FOR CHAHNGES TO AVOID LANE DROP
HUMBER
v WEH SECUNDS DISTANCE
HUMBER VEH MILES &XIT. 10 DROP HUMBER TO DROP (FT> HUMBER
AVOID DROP 150 0.8 1732 LT o 0 LT o 0
EVOID DELAY 35 2 QLT 1 0 LT 200 4
MOVE RIGHT 92 2.5 1 LT 2 2 200 LT 400 23
COMBINED 277 1.4 2 i7T 3 5 QOO'LT 400 22
3 LT 4 14 600 8 MORE 101
4 LT 5 [
5 & MORE 122
Filpure 18 Sutmnary of trattic Opcerations on a Hser Specitied Subsection o the Simulated

Koadway with o Passtog Lane in i)

e Specitied Ditection of Trave]



The traffic delay is the difference between the mean travel time and the
travel time on actual alignment. The total delay is the sum of the geo-

metric delay and the traffic delay.

It should be noted that the reference travel time values for iso-
lated vehicles are based on the specified traffic mix and on the expectation
that a full distribution of desired speeds will be represented in the sam-
ple. It is frequently the case that the specified vehicle mix and desired

speeds are not well represented in the truck and RV categories, because of

small sample sizes. The same problem may occur for passenger cars if short

test periods and low flows are simulated.

The Percent of Time Unimpeded printed on the output is the percent
of vehicle reviews during which the vehicle being processed is not impeded
by other vehicles. The sample sizes printed are numbers of vehicle reviews
analyzed. Normally, the Percent of Time Near Desired Speed printed on the
output will be lower than Bgrcent of Time Unimpeded. Failur- to be closew=to
desired speed may be due to performance limitations, the need to recover
speed following delay, and driver acceptance of small speed reductions with-

out becoming motivated to pass.

The passing data are categorized by number of lanes available for
each direction of travel. This provides a measure by which the passing
rates in passing lane sections can be compared with the passing rates on
normal two-lane highways. It should be noted that the passing rates for
passing lane sections simulated by the TWOPAS model have been found to be
extremely high in comparison to field data.® Therefore, passing rates simu-
lated for two-lane sections should be used cautiously.

Finally, the printed output presents lane change rates classified
by the reason for the lane change and summary data on lane changes made at
the lane drop of passing or climbing lane sections.

B. Output Data Files

Two data files are potentially available from the TWOPAS model --
a file containing extra finmal output and a file containing data needed for
fuel consumption calculations. These files are created on FORTRAN Units 4
and 10, respectively, and can be saved for subsequent processing if appro-

priate Job Control Language for these units is provided.

The extra final output file on Unit 4 was an origipnal feature of

the TWOWAF program to provide added output data at specified time intervals
within the test period. This feature has not been updated in TWOPAS for use

with passing or climbing lane sections, so its use is not recommended.

The fuel consumption data saved on Unit 10 consist of the vehicle
type, direction of travel, vehicle speed, vehicle acceleration, and local
grade for each vehicle within the test roadway at each review interval.

62



Exlsting programs are available fcr subsequent processing of these data
determine vehicle fuel consuamption.® It should be noted that there 1s
currently no capabilicy to determine fusl consumption for subsecticns of
simulated roadway such as i1ndividual passing or climbing lanes.

Summary Cutput Utility

A utility program, TWOSUM, can be used to condense the extended output procduced
by the TWOPAS program (saved on disk or tape) 1into a one to two-page sunmary.
An example of the summary output informarion froam TWVOSUM is shown 1n Figure 17

TWOSUM 1input consists of the entire ocutput of a TWOPAS job, minus the systen-
produced header of banner information {(which should be deleted before running
TWOSUM) . TWOSUM scans each line of TWOPAS ocutput, searching for specific
phrases in the text. ® Occurrences of the specific strings are summarized as
TWOSUM output. It should alsc be noted that TWOSUM cannot detect or flag
errors 1n the original TWOPAS output; therefore the TWOPAS output should te

scanned for problems before executing TWOSUN.

Upon completion of a run, you »us
re ¥

go 4

TWOSUM reads from and writes to disk files.
either print the disk area, cr convert the JCL to have the listing

to the printer.

Pt



MAARR PRUGKAM TWOPAS: RURAL IRAFFIC SIMULATION; BUTPUT SuMMARY XK K %

TRUN NO. 3 SIMULATION CASE STUDY 4 PASSING LANES  SPLIT 70730 RUN 19

VOL = 800. 5 PCT TRUCKS, 15 PCT KVS
0 WARM TIME: 5. 000 MINUTES TEST TIME= 60.000 MINUTES TOTAL TIME= 65 000 MI' 11ie
OVERALL TRAVEL TIME=  70.9 SEC, 5. D.- 4.9 SEC

OVERALL % TIME DELAYED: DIRt= 57 % DIRZ- 44.8 COMB- 53 ¢

xxx SUMMARY SPOI CHARACTERISTICS xxx
SIN LOCATION DIRN WL FLOW

“UNIMP - %DESSP PSIZE NFOLL  SPTRK  spRry SPCAR  SPALL  2IMP piuid
I 500 FT UPSTREAM OF MP 0.0 CE 1 1 5%,.0 720 700 3728200 860 570 57 0 oy 8.0 w0 o
2 MP 0.0 (EB) T 1 55 .0 630 57 g 3.7 294.0 55, 56.8° 561 554 5,00 o
TONMP O1.25 CEBD Tl 520 310 30 g 1.3 400.0 49.8 498 51 4 .o . 69.0 71
& HMP 2 25 (EB) U1 %30 260 21.0 >:8 4470 4B.2 485 49 ., oy 5 740 794
> MP 275 (EB) - UPSTREAM OF P 1 1 561.0 230 920 0 6.1 455.0 48.3 488 49 .0  ax b 770 80
6 MP 3.25 (EBJ - IN PASS LANE Y2 %40 770 1.0 302960 532 532 5,6 wig 230 50y
70 MP 4.25 (EB) - DUWNSTREAM OF 1§ 5555 559 39 p 43 B0 STL G99 5y 7 o) 4 0o 60 .5
& MP 5.25 (LB) T 1 552.0  40.0 38.0 $7T 37640 511 5200 sp4  wos 60.0 678
9 MP 6 .00 (EB) Tt 555.8  34.8 280 23 398.0 49.4 489 50 2 4y 4 66 .0 71 7

10 MP 6.25 (EB) T 1 558.0 390 270 26 414.00 490 4911 496 g 4 700 4.0
PIOoMP6.50 (LE) - UPSTREAM OF P 1 1 559.g 359 24 p 2.8 422,00 47.3 485 488 oy LN B AN
12 MR 725 (EB) - IN PASSING LA 1 2 5630 750 62 0 3-10291.00 5205 532 57y woy o Lo 51.7
13 MP8.25 (EE) - DOWNSTREAM OF 1 1 55).g 49 .09 & o 5.0 373.0 477 509 525 o s 1.0 66 7
o 14 MP 9.25 (EB) T 1 %9.8 41.8 370 o6 35200 501 507 512 o) 9, 64 1
e 15 MP 10.60 (EB) booto566.0 329 29 ¢ 29 3970 49.0 498 500 498 .40 AN
21 500 FT UPSTREAM OF MP 10.00 21 2360 64.0 5§ 0 e 132,00 560 54,0 56.3 5y 4 3¢ 54w
S MP 10.08 (HB) 21 236.8 600 56 0 gd 1310529 5206 5408 504 400 oe .
55 MP 875 (WB) 2 1 25286 40.0 370 a8 16500 492 523 Sty 54 oo 65 5
24 MPO7.75 (WE) - UESTREAM OF P 2 1 2680 350 34 0 58 1680 483 517 514 513 (5g 67 7
25 MP 6.75 (MB) - IN PASSING LA 2 2 249.0 81.0 78 0 ¢.8 113.0 5.6 552 539 5,3 o0 45 4
26 MP 5.75 (WUB) - DOWNSTREAM OF 2 1 249.0 o2 o 60.0 3-8 127.0 543 540 548 547 130 51 g
57 MP 4.75 (HB) 2 1 2530 560 5g¢ 206 1310 550 535 5375 g3y o0 518
28 MNP 4. 2% (MB) 2 1 25.0  51.¢ 48 0 @l o1e40 542 539 525 .y o'y S50 7
29 MMP 375 (HB) - UPSIRLAM OF P 2 | 2550 470 44 g 50 1330 530 550 526 527 s3 g b0
300 MP2.75 (WB) - 1N PASSING LA 2 2 257.0 7.0 7199 2.9 102.0 55.2 525 57 % 56.6  15.0 197
S1MP 175 (MB) - DOWNSTREAM OF 2 1 262 0 69.0 &3 0 3-8 124,00 543 529 556 55, g0 w73
32 MP o150 (LiB) 2 b 261.8 69.0 68 0 34 1140 551 553 5.1 500 31 43 7
35 MP 0,75 (MB) 2 1 2%.0  62.0 59 g 303 116.0 52,5 564.4 549 548 150 4% .0
36 MNP 050 (HED 2 1 259.8  60G.0 58 0 3.3 115.0 531 53.8  54.8 o, 40.0 44 4
i5 MP 0,00 (UB) 2 1 2558 5.0 56 0 3.6 1250 5364 564.6 541 g4 44 8 490
36 500 FT DOWNSTRLAM GF MP 0.00 2 1 257.0 62.0 55 ¢ 3.6 124.0 536 538 8541 a4 8.0 48.2
AxE SUMMARY IHTERVAL INFORMATION xxx o bR2 VIIng

DIST SPEED  TTIME MIIME DELAY XUNIMP  %NDS R1 : NVEH

DIR? FR?” {2 52800, 50.8 394855.  71.0 9.0 427 54.9 0.6z 1.27  109.6 556 .

2 2 15 52800 53.1 170935, 67.9 5.9 552 50.2 0.01 0.89 4789 252.

Figure 19. Example of Summary Output from TWOSUN Utility Progran



IV. SIMULATION TEST CASE

section presents a test case that can be used to verify

This
This test case simulates

proper operation of the TWOPAS simulation model.
the following conditions:

An 8.1-mi (43,000 fr) two-lane highway
Nearly level terrain (*1.5 percent grades)

Nine horizontal curves

Approximately 25 percent no-passing zones

One 4-mi passing lane between coordinates 1000 and 6280 1o
the No. 1 Direction

Flow rates of 400 veh/hr in each direction

Fifty percent of the entering traffic stream traveling 12
platoons in each direction of travel

The input data set to simulate these conditions for 30 min of test time 1is
illustrated in Figure 20. This input data set follows the input formats

described in Section II of this Guide.

The printed output produced by this test case was used to illus-
trate the output formats in Section III of this Guide. The major portion
of the output printed by the test case will consist of the printed data
from Figures 1 through 14. Summary data will also be printed for 29 user-
specified stations and six user-specified sections; Figures 15 through 13

serve as examples of this output.
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SLIGHTLY ROLLING TERRAINM

{9 BASE CONDITION -
RUN HO. 19 USING 400 A8 THE FLOW RATE a0 “EW #5730 CARDS -i1.J0A
3400 hd 3.0 50.0 {0 5.0
43000, L7, 12. 360, 260G, s}
400. 30, 400, 50. 1
006 L0138 017 .0142 .C003 .ol .02 L3009 .09 L1335 .18
,004 .0138 .017 0142 .0093 .02 .02 .000% .09 L1335 .18
gg.o to.%8 -t.3 ~-2.2 9. .4293 1.58293 .81 .90
1s0. 1%0. 1S0. 180, (36. 1%0. 130. 150. 130. 150, 1%0.
1%0. 1%0. 1%0. 130. 1%0. %0, 130. 130. 150. 1s0. (50,
1981 1 3 3 4 50 o
.80 .43 .51 .57 .85 .74 L9t 1.13 (.34 1,38 .12
1 146, 520. 85, 1.0 .9%7
2 194. 420. 85, 1.0 .987
3 128, 284, 43. 1.0 .9%7
4 7. 158, 30. {.0 L9937
b1 3.2 78.7 34.
5 8.44 89.7 28,
b 4.7% 34.0 21,
] 3.74 97.% 2.
? 9.277 109.14 13,
1] ?.744 114.89 14,
11 10.089 118.69 16.
2 10,429 123.49 1.
13 3 t1.201 131.78 18.
9 1 2g00. 1910, .04 18.06
? 2 4800. 1910, .04 -18.00
? 3 10800, 1910, .04 18.00
1] ] 14800. 1910. .04 ~18.00
9 5 18800. 1910, .08 18.00
9 ) 22800, 1910, ,04 -18.00
. b4 24800. 1910, .04 18.00
] ‘ ] 30800, 1916, .04 ~18.00
9 9 34800, tr16. L0 18.00
t 11 1 1 2400. 500. 560. 3400.
t s Lt 2 5400. 500. 100. 7400.
t 1t 11 3 10400. 500. 500, 11400.
t Ly £t 4 14400, s00. 3500. 13400.
t 11 1t s 18400, 360, 500. 19400,
t t1 e 4 22400, s00. 500. 23400.
1 1 1t 7 24400, s00. s00. 17400,
t e 1t ] 30400. $00. 500. 31400,
! 11 11 ? 34400, 500. 500. 35400.
t Lt 11 10 33400. 3500. 500. 3v400.
t 11 it t1 42400, 500. 500. 43000.
pd [ 1t ( 43000, $00. 200. 42900.
2 11 1L 2 319600, 500. %00, 319000,
2 1 11 3 335500. 500. soo. 33600.
2 S 1t 4 31400, 300, $00. 31000,
2 tt 11 $ 1rs00. $00. %00. 317000,
2 11 11 $ 23400. 300. 500. 13000,
N it L1 be 17600, 500. 500. 19000.
2 1t t1 ] 135400, $00. 500, 15000,
2 1t 11 9 11500, $00. 500, 11000,
hd 11 It 1o 7400. S00. 500. 7000.
> I8 (1 It J400. £00. 500. 310606.
31742849, 99330755, 1120379, 41724931, 81500373,
t 30 . 1.8 1.3 1800,
2 36 21800. 1.8 -1.3 3200.
3 30 1206. -1.9 -1.5 4800,
4 (] 4800 . -1.9 t. 5 %360 .
g A 200, 1.8 .3 4806 .
5 l6 45800. t.9 B 7900 .
M 3o 73200, -1.9 -1.8 9800 .
] 10 8600 . 1. % 1.3 ?300.
¢ 30 9260, 1.3 1.3 10860,
10 30 10800, 1.3 ~1.9 11260,
1t AL 11200, -1.9 -1.% 12400,
12 30 {3806, -1.9 1.3 13200.
13 (- £3200. 1.9 (.9 14800.
16 36 14800, 1.8 -1.9 13200.
19 1s 13708, -1, “t.3 16800,
16 36 XYL -1.5 4.3 L7308,
17 30 17200, 1.3 1.3 18800,
18 10 1EB0O. 1.3 -1.3 19206,
19y 30 192006, -1.5 -1.9 21000,
20 30 21006, 1.9 1.9 23600,
pd 349 3jooq. -1.8 -1.3 29696,
a3 36 15600, 1.3 t. 5 370606,
a3 10 190606, -1.8 -1.% 319106,
24 10 29000, 1.9 L. 3 110060,
k1 16 j1000. -1.3 -1.9 13000,
2 36 33000, (.S 1.9 35660,

Figure 20 - ILnput Data

Set for

TWOPAS Test cCase

i

Al
s T
180, 1350,
130, 130,



[P PN

[FEIEY
B I PG EA I PRI PDPD G0 PR 6D 22 2403 R PI LD LIPS 8203 04 vm b pm po 0 b pm
el I I e N ] e O 0 W
- )
2

Jjo

~a

RIEIPIRI RS CI IR0 NI PN TS RI TS B Y

PI RS A RSP BB 03 FI B RS 0A I R P I L

+

+

g3 e 3 G BN AR B P

.t e

ISERZEE R NSRS N R PR PN PR Y
4 83 83 P2 B P P2 82 KD
AR5 B e3RIRII FI BRI R KI LI 2A P I FIMIEI ’)l; 82 ::

2rae
o ¥

PREX:

+

(5 Fd B3 bR Pd BE PR PE PR BE RD BD e s wm e e em em e s g e e e e e

—— - - b o O e e
QW P LA B G FA

¥

G Q@ P A e

4

QO(JDJ!JN‘QOO¢"QOQOOQOQAOMOQL\&)&J'JHOM"

v

VD P A B s P

35000,
37000,
19000,
41000.
2.
g00Q.
1000,
4280,
7400.
10400,
11400,
14400,
18400,
18400,
19400,
22400,
23400,
26400,
7400,
30400.
31400,
34400,
33400,
38400,
39400,
42400.
43000,
42900,
319500
39000.
313400.
15000,
J1400.
Ji1000.
27600,
27000,
23400,
23000,
19400.
19000.
15400,
15000,
11400,
11000,
7400,
7000.
4280,
4180,
J400.
30600.
1100,
1000 .
300.
1000
130,
3640,
494G .
6230
$780.
7400.
3920,
to240.
11346,
16840
22120,
2748G6.
J2480.
317940
4C990C.
42990G.
16846 .
11560,
1gd40.
8930
7609,
6280.
4980
J440.
I
1006,
300.

igure 20

LR LA LA R

[¥3

i72060.
19000,
41000
43000,

360 - BEOQINMING OF TEST rOAD
P 0.00 - BEQ OF PasSSING LANE

HILEPOST
HILEPQST
HILEPOSY
KILEPOSY

.23
1
.73
1.00

- ENB OF PASYING LANE

eno FY DOWNSTREAHR OF LANKE DROP

HILEPOST
HILEFOSTY
HILEFOSY
HILEPOST
HILEPOST
HILEPOSY
HiLEPOSY
HILEPOSY
HILEFUST
HILEPCOST
gPPOSINE
oPPOSING
gePOsING
QpPPOSING
gpPPOSING
GPFOSIKG
apP LARE
opPCYING
GPPOSING
opPPOSIKG
oPP LAHE
oPPOSING

(Concluded)

O

~d

1.23
1.30
1.79
3,00
3.00
4.00
3.00
6.00
7.8
.93
BIRK
BIRE
BEIRY
DIRK
praw
GIRN
peoe
DERN
piRK
DIRM
408
DIRH

« EMTRY PUINT

- HEILEPOSY 1.00
- BILEPOSY 2.00
- KILEPOSY 1.79
- HILEPQURY 1.30
- HILEPOSY (.19
-~ WILEPOSY 1.00
- HILEPGST ¢.73
-~ KILEPUSY 0.35¢
- HILEPOSY ¢.29
-~ WILEPOSY ¢.00
- EWUB OF ROAD






V. COMPUTER REQUIREMENTS

The TWOPAS model is written in FORTRAN and has been compiled on a

FORTRAN-77 compatible compiler. The model is intended to run on an IBM-
compatible mainframe computer under an IBM OS/MVS operating system. An ex-
ample of the Job Control Language required to execute the TWOPAS program

using a FORTRAN catalogued procedure is illustrated in Figure 21. Execution
of the test run presented in Section IV of this Guide required apprcximately

0.037 sec of CPU time for each l-sec of real time simulated.

The FORTRAN source program for TWOPAS is available from the Fed-
eral Highway Administration.

69



0L

//0IGTWOPA JOB (WBMI.408,C,300,20),CONLEY

ki JOB SUBMITTED BY 0IG USING HYLBUR 108 3671
ENNKEYHORD= % JESZ x
EEMROUTE PRINT HOLD % JES2 x
BANTITLE SRA TECHNOLOGIES % B JES2
KEMDISCOUNT % JESZ X
//STEPONE EXEC FORVCALL;NAME*'NBH!OIO.THOPAS.NOV.V'.LOAD'.DIS(‘FILEé!

Mim

E3 £ EXECUTE (v¥S FORTRAN) A LOAD MODULE FROM A PDS

LR e

M PAL - 3719784

LS 1

XX PROC CORE=1500K, REGION FOR THE GO STEP

XX HAME s, DSNAME OF pPDS

XX PROGRAM=MAIN, MEMBER NAME IN PDS

XX STORAGE=FILE, UNIT FOR PDS §

XX DISK= VOLUME FOR PDS

($ 34

XXGO EXEC PGH=&PROGRAM.REGIONz&CORE.CONDI(O.LE) '

IEF6531 SUBSTITUTION JCL - PGM=MAIN.REGION‘!SOOK,COND’(S.LE) 4

WK

XXFTQSF001 DD DDNAMESSYSINM

XXFT06F0QO1 DD aYSOUTaA.DCB=(RECFN=UA.BLKSIZE?!SS)

XXFTQ7F00t DD SYSOUT=B

XXFTE5FG01 DD SYSOUT=A, DCB=(RECFM=UA,BLKSIZE=133)

XXFT16F001 DD SYSOUT=B,DCB=(RECFM=F,BLKSIZE=80)

XXSTEPLIB DD DSNR&NAHE.UN!T*&STDRAGE.VOL=(PRXVATE,RETAIN.SER'&DISK),

IEF6531 SUBSTIngggNS;gL - DSN!HDHIOIG.THOPAS.NOV.V!.LOAD.UNIT*FIlE,VOL*(PRIVATE.RETAIN,SER*FILEé!).
XX =

//GQ.FT04F001 DD UNIT=35Y3DA, SPACE=(TRK, (100,10)),
<0 BISP=CHOH.DELETD)

<7G0.FT10FR0s DD UNIT-FILE,SPACE=(TRK,(100,25)),
/¢ VOLsSER®FILEGT,DISP=(MNEW, DELETE),

4 DSN=*HBMITXM.TWOPAS UNIT1G SEPT.RUNI®
#+Q0.SYSIN DD DSH='WBMIOI. [HOPAS.DATA .RUN19®,

/¢ UMIT=FILE,VOL-SER=FILE2S,DISP=(QLD, KEEP),

/¢ DCB=(RECFM=FB,LRECL=80,BLKSIZE=6320)

Figure 21 - Example of Job Control Language for Execution of TWOPAS

on IBM-Compatible Mainframe Computer



