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CHAPTER I 

INTRODUCTION 

Urban street intersections determine the capacity of 

urban streets, due to the interruption in vehicle free flow. 

Hence, vehicle delay at intersections has been a major prob­

lem of highway departments and traffic engineers for years. 

As the frequency and severity of intersection conflicts and 

congestion increase, traffic regulation and control becomes 

more necessary. Many types of intersection control devices 

are employed to prevent or reduce accidents, and to increase 

intersection capacity. Even though these traffic control 

devices have been utilized for more than SO years, there is 

still a need for evaluation and improvement in their effi­

ciency. 

Since the cost of fuel is increasing and the installa­

tion of traffic signals is becoming more expensive, traffic 

engineers are seeking for other effective traffic control 

methods for regulating and controlling traffic at intersec­

tions. Four-way stop control, one of the appropriate and 

efficient intersection controls, has been widely used since 

the 1920's. However, studies of this control method are 

limited. Previous studies were concerned with the time 
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vehicles spent traversing the intersection, relative safety, 

and cost. A few comparative studies of traffic control de­

vices were also performed in which most of the motorists 

favored the four·way stop control. However, a need was 

found for quantitative data to evaluate the effectiveness of 

the four-way stop control devices. Wholly empirical studies 

of traffic behavior have tended to be expensive, time con­

suming, and difficult to evaluate. 

To date, with the rapid development of high speed com­

puters, most of the problems associated with time analysis 

of traffic are solved by using a computer simulation pro­

gram. Traffic simulation is becoming an important tool for 

traffic engineers and transportation planners for several 

reasons. It enables the study of a complex traffic problem 

in the laboratory rather than in the field. Traffic simula­

tion experiments are comparatively economical and quick, 

and their results arc valuable in making decisions. 

The primary objective of this research is to develop a 

computer simulation program that will be utilized to eval­

uate the efficiency of the single intersection controlled 

by a four-way stop control device. The intersection in this 

study has a two-way four-lane street crossing a two-way 

two-lane street without separate turning lanes. 

The first stage of this research concerns the develop­

ment of the computer simulation program, written in the 

GPSS (General Purpose Simulation System) language and exe­

cuted on the IBM 370/168 computer. The GPSS language is 
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able to generate random vehicles throughout the intersec­

tion system, and is easy to understand because of its simple 

language. The outputs of the computer -program consists of clock 

time, block, facility, and tabulated statistics. The fre­

quency tables showing number of entries, mean values, stan­

dard deviation, and frequency classes indicate all required 

traffic statistics such as the queue length and vehicle 

travel time through the intersection system. Statistical 

output in graphical form can also be presented by this com­

puter simulation program. 

The second stage of this research consists of traffic 

field studies. Traffic data are observed and collected 

from a studied intersection by employing the time-lapse 

photography method. In those instances where greater accu­

racy is required than is possible with time-lapse photogra­

phy, such as stop-waiting time and intersection travel time, 

stop watches and tape recorders are utilized. All traffic 

statistics are carefully observed and precisely analyzed 

for use as input information for the computer simulation 

program. 

The third and final stage is the comparison between 

field observations and the computer simulation results. 

Extension of this research into additional areas is dis­

cussed and recommended. 



CHAPTER II 

REVIEW OF RELATED LITERATURE 

AND STUDIES 

Studies of traffic delay at at-grade intersections have 

been carried out since the 1920's (1). However, a detailed 

study of traffic flow at four-way stop intersections has 

never been presented. The earliest intersection studies 

were conducted to compare traffic delay at stop controlled 

and signalized intersections (2, 6, 10). Many methods were 

utilized to observe traffic behavior and collect traffic 

data at intersections (2, 5, 10). Since World War II, the 

use of the computer to solve problems associated with vehi­

cle movement has increased. Various computer languages, in­

cluding GPSS language, have been used to construct models 

simulating traffic behavior. 

The first part of this chapter will describe previous 

field studies and study methods related to at-grade inter­

sections controlled by stop signs. The second part will be 

the development of computer simulation models to solve 

traffic problems occurring at at-grade intersections. 
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Previous Studies of Stop-Sign 

Controlled Intersections 

In the 1930's, the first two papers describing the 

study of stop-sign controlled devices at urban intersections 

were presented. Morrison (1) observed traffic behavior at 

stop-sign controlled intersections and studied the degree 

of obedience to stop signs. He also studied accident ex-

perience at intersections at which signals were installed, 

replacing stop signs. Brown (2) used E. P. Goodrich's for-

mula* for determining maximum theoretical capacity of a 

four-way stop intersection. He concluded that the delay or 

loss of time at four-way stop intersections was less than 

with signals. 

There were also two papers on the study of four-way 

stop controlled intersections in the 1940's. Harrison (3) 

concluded that more than 90 percent of motorists favored 

four-~ay stop control to traffic signals. In the same year, 

McEachern (4) surveyed the use of four-way stop control in 

many cities. His investigations indicated that in some 

where 

*E. P. Goodrich's formula is expressed as: 

5280V 
n = c + b + 21 

V = Average 'velocity of vehicles crossing the intersec-
tion; ,. 

c = Clearance allowance; 
b = Width of traffic lane; 
L = Vehicle length in feet; 
n = Average number of vehicles per lane per hour. 



instances four-way stops had been used to replace fixed­

time signals. 

6 

By the 1950's, there had been an increase in the use of 

vehicle .transportation on urban streets which accentuated 

the problem of traffic delay at intersections. Many delay 

studies were conducted in this decade, including Raff's 

study (5). He used the Esterline-Angus Graphic Time Record­

er to collect traffic data at two-way stop-sign controlled 

intersections. This equipment was also used to record and 

compare traffic delay caused by different traffic control 

devices at an intersection in the urban area by Hall (7). 

At his studied intersection, a traffic signal was replaced 

by four-way stop signs. Hall showed that the average inter­

section delay with stop sign control was less than the av­

erage delay with signalization. Wilkie (8) presented a 

paper describing vehicle performance at the stop-line of 

stop-sign controlled intersections. Hanson (9) presented 

his paper on the advantages of four-way stop control de­

vices. The warrants for four-way stop signs were presented 

in a paper written by Marks (10). Minimum and maximum vol­

umes required at four-way stop intersections were given. 

Marks also described advantages and disadvantages of four­

way stop control devices. 

A paper describing capacities, and lag and gap accep­

tances at stop controlled intersections was presented by 

Hebert (11) in 1963. He determined the basic and practical 

capacities of four-way stop intersections under various 
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geometric and traffic conditions. Three years later, Sol­

berg and Oppenlander (12) studied lag and gap acceptance at 

intersections at which minor streets were controlled by stop­

signs. Vodrazka et al. (13) studied traffic delay and war­

rants for intersection control devices in 1971. Vodrazka 

observed the total delay and traffic split at four-way stop 

intersections, and recommended volume warrants for this in­

tersection control device. 

Development of Computer Simulation 

Models for Traffic Studies 

There has been an increasing use of computers to simu­

late traffic behavior since 1949 (14). However, no publish­

ed paper discussing possible techniques has been presented, 

and no documented traffic simulation actually run on a com­

puter until 1954 (15). Most of the studies were concerned 

with how to formulate traffic simulations. The first paper 

describing the utilization of modern high~speed automatic 

computers to simulate traffic flow was presented by Mathew­

son et al. (16) in 1954. Mathewson developed a computer 

model £or simulation of traffic flow at a simple intersec­

tion by means of a general purpose discrete-variable compu­

ter. The first traffic simulation model run on a general 

purpose digital computer was presented by Goode et al. (18). 

This study was limited in scope to intersection problems 

in which all vehicles entered the intersection system with­

in a single lane and at uniform speeds. In the same year, 
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Gerlough (17) simulated freeway traffic by the general pur­

pose digital computer. His paper described simulation of 

the movement of vehicles on highways where traffic moved in 

several parallel lanes and at widely varying speeds, Wong 

(19) also presented a computer model simulating traffic 

flow on a 12-lane boulevard by the digital computer. 

Another Gerlough paper (20) describing traffic inputs 

for a simulation model was presented in 1959. He presented 

some methods for accomplishing the artificial generation of 

traffic. The statistical distributions used in his study 

were: Poisson, exponential, shifted exponential, and compo­

site exponential. One year later, Perchonok (21) and Wohl 

(22) utilized the digital computer to study the problem of 

freeway on-ramp traffic operations. Glickstein et al. (23) 

also applied computer simulation techniques to on and off­

ramp problems at interchanges. 

In 1962, two traffic simulation models using digital 

computers were reported (24, 25). Kell (24) developed a 

simulation model, coded for an IBM 701 computer, for the 

intersection of two two-lane two-way streets, with the minor 

street being controlled by stop signs. One year later, he· 

utilized his computer simulation model for determining traf­

fic delay at an intersection under stop sign control and 

under fixed-time signal control (25). He found that the 

total intersection delay was increased by the installation 

of a traffic signal. 

Lewis et al. (26) has presented a computer simulation 
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model for an intersection of a·four-lane two-way street and 

a two-lane two-way street, controlled by two-way stop-signs 

and by semi-traffic actuated signals. His simulation was 

based on a uniform headway distribution and similar decelera­

tion for every entering vehicle; however, in a second paper 

(27) he proposed a modified binomial distribution employing 

two different levels of probability, for traffic simulation 

models. In the same year, 1963, Worrall (28) employed the 

Monte Carlo method to generate simulated traffic in his sim­

ulation model. Constantine (29) presented another traffic 

simulation model using negative exponential distribution to 

generate simulated traffic. Grecco and Sword (30) also 

modified Schuhl's headway distribution for a traffic simula­

tion model. 

In recent years, Lee (38) has developed the TEXAS model 

for intersection traffic. He presented a procedure for 

applying this computer simulation model in evaluating the 

capacity and level of service of single unsignalized inter­

sections. Ferrara (39) has also presented two simulation 

models in FORTRAN language to analyze the delay to bicycles 

and vehicles at crossings and intersections controlled by 

two-way stop signs and signals. 

Since development of the General Purpose Simulation 

System (GPSS) in 1961 (36), engineers and planners have de­

veloped computer simulation models written in GPSS language 

to solve problems in business, industrial, and complex pro­

jects (34, 35). The first traffic simulation model written 
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in GPSS II and FAP language for the IBM 7090/94 systems was 

developed by Blum (31, 33). Recently in 1976 Jarernswan 

(37) has developed a computer simulation program, written 

in GPSS and run on the IBM 360/65 computer. He utilized 

his simulation model to evaluate the efficiency of a traffic 

signal control system at an intersection with a separate 

left-turn lane on each approach. 



CHAPTER III 

TRAFFIC PERFORMANCE AT FOUR-WAY 

STOP INTERSECTIONS 

Traffic behavior at four-way stop-sign controlled in­

tersections is different from that at signalized intersec­

tions. Almost all vehicles approaching a four-way stop 

controlled intersection will reduce their speeds when reach­

ing the point where the stream of traffic is influenced by 

the stop-sign at the intersection. This point, usually 

several hundred feet from the intersection, is called the 

intersection system entrance, as shown in Figure 1. Outside 

the intersection system entrance, all vehicles are moving 

independently at their own speeds, modified only by the pre­

vailing speed limit. Their characteristics are not yet 

affected by the intersection congestion. Their arrival 

times will generally be considered random, making the dis­

tribution of successive time space between vehicles (inter­

arrival time) an exponential relationship (32). 

When passing the intersection system entrance, the 

driver will begin to decelerate and observe the changing 

pattern of the preceeding vehicles. He will decelerate un­

til joining the build-up of a queue of stopped vehicles or 

other decelerating vehicles. If there is no vehicle ahead, 

11 
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Figure 1. Illustration of Traffic Behavior at a Typical Four-lVay Stop Controlled 
Intersection h.l 
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the driver will decelerate until stopping at the stop-line. 

The driver will check if the intersection is available for 

his entrance. He will then start accelerating and enter the 

intersection, moving either straight ahead or performing a 

truning movement. At the intersection exit, drivers will 

increase speed as desired. 

To develop the traffic simulation model, it is neces­

sary to observe all of the movements, pauses and delays 

necessitated by the roadway, the four-way stop signs, and 

other vehicles. 

Vehicle Arrivals at Intersection 

System Entrances 

At any point where vehicles are moving without con­

straint, vehicle arrivals are random and continuous (24). 

Many mathematical distributions and methods of securing 

random numbers have been applied to describe the traffic 

flow at intersections. The first application of the Pois­

son distribution to traffic problems was discussed by Kin­

zer (40) in 1933. Green~hields et al. (41) showed that the 

vehicle distributions at intersections, with low to mode­

rate flow and with a sufficient number of approach lanes, 

follow the Poisson distribution. Following Greenshields, 

Gerlough (43) has proposed the shifted negative exponential 

distribution in his study of traffic problems. 

At the intersection system entrance, vehicles are 

starting to decelerate so that they cannot pass and some 
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minimum non-zero headways between successive vehicles will 

occur. It is possible to apply the shifted negative expo-

nential distribution to describe vehicle arrivals at four-

way stop controlled intersections .. This distribution can 

be derived from the Poisson distribution and the negative 

exponential distribution (41, 43). The Poisson distribu-

tion is generally expressed as: 

where 

x -m m e P(x) = 
x! 

m = mean of observed values; 

x =number of occurrences O, 1, 2, ..... n; 

P(x) = the probability of exactly x occurrences. 

( 3. 1) 

If the mean number of arrivals in time t is replaced 

by qt, the form of distribution becomes: 

where 

P(x) = (qt)xe-qt 
x! 

q = the mean flow rate in vehicles per unit time; 

t = the time between vehicle arrivals. 

( 3. 2) 

The probahility of no arrivals x = 0 in time t becomes: 

p (o) = -qt e (3.3) 

But to have no arrivals in an interval t, there must 

be a headway or gap greater than or equal to t: 

p (h_:.t) = e -qt 
( 3. 4) 

where 
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h = time headway or gap between two vehicles. 

Correspondingly, the probability that the headway h is 

less than t is: 

P(h<t) = 1 - e-qt ( 3. 5) 

Further, it will be observed that the mean flow rate q 

is equal to l/T (the reciprocal of the mean headway). 
1 

Substituting q =~into Eq. (3.5): 

t 
P(h<t) = 1 - e-T 

where 

T = mean of vehicle headways. 

( 3. 6) 

Equation (3.6) represents the negative exponential dis-

tribution as shown in Figure 2, an appropriate model for 

headways in low, free-flowing traffic volumes. 

The headways or vehicle arrivals predicted by the nega­

tive exponential distribution differ greatly from observa­

tions of high traffic volumes. Vehicles possess length and 

obviously cannot follow at an infinitesimal headway, as the 

distribution predicts. In order to achieve a more realistic 

modeling of high volume conditions, the shifted negative 

exponential distribution was developed (43). 

In the shifted negative exponential distribution, a 

minimum observed headway, (1), is specified. This has the 

effect of simply translating the negative exponential dis-

tribution to the right by an amount equal to the minimum 

observed headway 1 (see Figure 3) such that: 

P(h<t) = 1 - e-(t-t)/(T-T) ( 3. 7) 
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Other distributions applied to traffic probleNs are 

the Erlang distribution (42) and the composite negative 

exponential distribution (43). 

Deceleration of Approach Vehicles 

After entering the intersection system entrance, the 

driver will reduce his speed preparing to join a queue if 

18 

the preceding vehicles are stopped or slowing to enter the 

intersection. When no preceding vehicle is waiting at the 

stop-line, the driver is able to decelerate to a stop at 

the stop-line. The deceleration zone of any approach lane 

is variable in length from the intersection system entrance 

to the queueing zone or to the stop-line (see Figure 1). 

The deceleration rates of vehicles at four-way stop 

intersections can be evaluated from the laws of motion (46). 

For vehicles that move directly to stop-lines, the formula 

of straight line motion is applied: 

For uniformly decelerated motion: 

v = v - dt 
0 

(3.8) 

and 

s = V0 t - 1 <lt 2 
I (3.9) 

and 

vz v2 
0 

- 2dS (3.10) 

where 

Vo = initial velocity, ft/sec; 

v = final velocity, ft/sec; 

s = distance in feet; 
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t = time in seconds; 

d =deceleration, ft/sec 2 . 

The deceleration rates of vehicles approaching four­

way stop intersections are dependent on approach speeds and 

the distance from the intersection system entrance to queue-

ing vehicles or to stop-lines. For vehicles decelerating to 

a stop, previously conducted tests have shown that the maxi­

mum deceleration rate of vehicles varies from 19 to 22 ft/ 

sec 2 (44). The National Safety Council has adopted a deccle­

ra t ion rate of 17 ft/ sec 2 as the maximum for cornf ort ( 4 5), 

but a better target deceleration is 8 ft/sec 2 (56). 

Vehicle Queueing at Intersection 

Approaches 

After entering the intersection system entrance and 

decelerating, the driver will join the line of queueing 

vehicles if the preceding vehicles are still in the queue 

waiting to enter the intersection. Then, the driver is a 

member of the queue. Queueing time for any vehicle is the 

length of time from the first stop behind previously queued 

vehicles to the last stop at the stop-line. The vehicle 

having zero queueing time is the one that decelerates and 

stops at the stop-line. In this case, the headway between 

the stopping vehicle and the preceding vehicle is great, 

since the preceding vehicle has already left the stop-line. 

Queue length and queueing time of vehicles in each 

approach lane are associated with both arrival rate and 
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departing rate (number of vehicles leaving the intersection 

system per unit of time). The behavior of queuing vehicles 

has been described by the application of queueing models 

(15, 46). In this study, the computer simulation model 

written in GPSS language will be utilized to describe the 

behavior of queueing vehicles at four-way stop controlled 

intersections. 

Vehicle Stopping Performance 

It is the intent of four-way stop control devices that 

every vehicle in each approach lane must stop completely 

at the stop-line and prepare to accelerate across the inter­

section. Waiting times of approach vehicles vary and depend 

directly on how busy the intersection is. The waiting ve­

hicle will spend less time at the stop-line if the driver is 

able to enter the intersection immediately. The crossing 

vehicles moving in the intersection will extend waiting 

times of those vehicles waiting at stop-lines. Morrison (1) 

and Wilkie (8) concluded that there were four characteristic 

behaviors of vehicles at such intersections, including volun­

tary stops, involuntary, rolling, and no stops. Another 

type of stop occurring at the four-way stop controlled in­

tersection is stopping behind another stopped vehicle in a 

queue at the intersection. 
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Vehicle Accelerating Across 

the Intersection 

When the intersection is not busy (crossing vehicles 

are leaving the intersection), the driver of the first 

stop-waiting* vehicle starts accelerating across the inter-

section, either turning or traveling directly across. The 

opposite vehicle at stop-line is also able to enter the in-

tersection simultaneously if they are not pursuing conflict-

ing paths. The law of motion again can be applied to eval­

uate the relationship of vehicular operating characteristics 

including initial speed, speed at the system exit, travel 

distance, and acceleration (46). 

where 

For uniformly accelerated motion: 

V = V + at 
0 

and 

s = v t + lat 2 
0 2 

V2= vz + 2aS 
0 

v = initial velocity, ft/sec; 
0 

v = final velocity, ft/sec; 

s = travel distance in feet; 

t = time in seconds; 

a = acceleration, ft/sec 2 . 

(3.11) 

(3.12) 

(3.13) 

*The term "stop-waiting vehicle" is used to differenti­
ate a vehicle waiting at the stop~line from one waiting in 
queue. 
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Although the actual rates of acceleration are not uni-

form, a previous study (25) has assumed a uniform rate of 

speed change as an adequate approximation to the real case, 

in the computer simulation model. The maximum acceleration 

obtained from previous studies was 14.67 ft/sec 2 (56), but 

the comfortable acceleration is believed to be about lq ft/ 
2 sec (44). At four-way stop controlled intersections, the 

drivers are free to select a rate of acceleration to accel-

erate from stop-lines to the intersection exits or to the 

points that vehicles start moving at constant speed. 

Vehicle Turning Performance 

At four-way stop controlled intersections, all approach 

vehicles are required to stop at stop-lines before entering 

the intersection. Turning vehicles generally show their 

proposed turning directions by turn indicators. Maximum 

turning speed is related to turning radius and side friction 

(46). By equating the components of centrifugal force and 

centripetal force, we obtain the equation: 

v2 
- = f gR 

where 

Solving for V: 

v = ltgR max 

V = maximum turning speed, in ft/sec; max 

f = coefficient of side friction; 

2 g = acceleration of gravity, 32.2 ft/sec ; 

(3.14) 

(3.15) 



R = turning radius, in feet. 

For a 90 degree turn, the minimum turning radius for 

passenger vehicles is 24 feet (47). In the case of left 

turn vehicles, the turning radius is always greater than 

the turning radius of right turn vehicles. 
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At a four-way stop intersection, a left-turning vehicle 

poised to enter the intersection has potential conflict 

only with a vehicle from the opposite direction traveling 

straight across the intersection. Unlike a free, or a sig­

nalized intersection, there is no need to wait for a suc­

cession of opposing vehicles. A right-turning vehicle 

driver is free to make his move as soon as a vehicle travel­

ing from his left to his right has cleared the intersection. 

Speeds of Vehicles Approaching 

the Intersection System 

Speed is a primary factor in all modes of transporta­

tion, and it is a basic measure of traffic performance. In 

studying traffic delay, it is necessary to recognize that 

speeds of vehicles entering an intersection system are like­

wise the most important factor affecting vehicle delay at 

intersections. 

All free flowing vehicles are moving at fairly constant 

speeds until they enter the intersection system entrances. 

At these entrances, vehicle speeds are considered in this 

study to be constant, under speed limits. There are no ve­

hicles accelerating and overtaking the preceeding vehicle. 



Data required for the speed study of vehicles approaching 

four-way stop controlled intersections can be collected 
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at the system entrances. To study the speeds of vehicles 

entering the intersection system, many methods based on mea­

surement of time and distance have been employed (47). The 

Stop Watch method and the Time-Lapse Photography method are 

the most commonly used. Both of these methods are employed 

in this investigation. 



CHAPTER IV 

FIELD OBSERVATIONS AND STUDIES 

Traffic Data Collection 

The object]ves of the reported field studies were to 

observe traffic behavior and to collect traffic data at an 

at-grade intersection controlled by four-way stop signs. 

Before developing a traffic simulation model to evaluate the 

efficiency of four-way stop control devices, it is important 

to study and observe the real traffic behavior at the stud­

ied intersection. This empirical study, involving collec­

tion and analysis of field data, was conducted to provide an 

objective basis for the decision-making processes and the 

quantitative input traffic data for the traffic simulation 

model. There are many traffic variables associated with 

characteristics of vehicles, some with characteristics of 

the roadway, and others with characteristics of drivers. 

Nearly all of these variables are of a statistical nature. 

In reported intersection delay studies in which a com­

parison was made between traffic simulation models and actu­

al field observations (25, 26) satisfactory correlation was 

obtained at roughly one-half of the intersections. Recently 

Jarernswan (37) has shown that actual field data collected 

25 
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for input to the traffic simulation program, if avail~ble, 

is more authentic than the assumed values and leads to more 

realistic results. The simulation results in his study agree 

with the field observations. 

To prepare traffic data for input to the computer simu­

lation program, there is a need for observing and recording 

all variables associated with traffic flow at the selected 

four-way stop controlled intersection, including: 

1. Location of the intersection system entrance at 

each approach. 

2. Vehicle speeds before entering the intersection 

system. 

3. Arrival times of vehicles at intersection system 

entrances. 

4. Inter-arrival times of vehicles at intersection 

system entrances. 

5. Arrival rates at intersection system entrances. 

6. Deceleration times of vehicles after entering the 

intersection system. 

7. Queueing times of vehicles in each approach lane. 

8. Vehicle arrival times at stop-lines. 

9. Vehicle stop-waiting times at stop-lines. 

10. Time of vehicle entry into the intersection. 

11. Intersection travel time for each vehicle. 

12. Time of vehi~le departure from the intersection. 

13. Departure rates-of-speed at intersection system 

exits. 



14. Maximum number of queueing vehicles in each ap­

proach lane. 

15. Percent and direction of turning vehicles. 

16. Total travel times of vehicles in the intersec­

tion system. 
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17. Number of vehicles entering the intersection sys-

tern. 

In addition to the traffic variables mentioned above, 

the geometry of the selected four-way stop controlled inter­

section, e.g., lane width and intersection length, also 

affects traffic delay.and capacity of the intersection. 

Methods for Intersection Field Studies 

Increasing volumes of traffic in recent years have ac­

centuated the problem of traffic delay at intersections. 

As a result, numerous methods for investigating delay have 

been proposed and applied (48, 49, SO, 51, 52, 53, 54, 55). 

Among these methods and techniques, the time-lapse photo­

graphy method has become popular in studying traffic prob~ 

lems both at intersections and elsewhere. One early effort 

to quantify traffic behavior on the roadway was reported by 

Greenshields (48) in 1934. His employment of a 16-milli~ 

meter camera to capture vehicle flow for subsequent speed 

analysis in the laboratory made this early work particular­

ly note worthy. Greenshields also used time-motion pictures 

in his study of traffic performance at urban intersections 

(41) in 1947. Dart (32) reported that the time-lapse 
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16-millimeter filming technique was found to be the most 

satisfactory and economical procedure for his intersection 

study. Diewald et al. (52) utilized a compact 35-millimet­

er camera with a 200-foot film magazine to collect field 

data for his intersection study. Jarernswan (37) also 

found that with the capability of the time lapse camera, 

precise and quantitative traffic data regarding volume, 

turning movements, vehicle arrival distributions, and other 

variables associated with signalized intersections could be 

recorded on film. He analyzed his time-lapse film and used 

collected data for input to his computer simulation model. 

Another paper describing time-lapse technique for measuring 

delay at intersections was presented by Reilly (55). 

In this research, the time-lapse photography method 

was considered the most effective method to gather necessary 

data required for the study of four-way stop control at a 

selected intersection. For more precise and accurate results, 

stop watches were used to obtain these traffic data such as 

the exact time a vehicle passed the speed checki;1g points, 

and intersection travel times. Tape recorders were also 

used to record observed times for checking vehicle speeds 

and intersection travel intervals. 

Time-Lapse Equipment and Filming Procedure 

In order to obtain field data by the time-lapse photo­

graphy method, the time-lapse camera, Nizo S-80 Schneider 

Verigan, as shown in Figure 4, was employed. This camera 
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Figure 4. Time-Lapse Movie Camera 
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can take automatically exposed pictures at any required rate 

from one frame per minute to 54 frames per second. The 

filming process is operated by six 1.5 volt batteries (AA 

cells). Super-8 film cartridges, SO feet in length, are re­

quired for this time-lapse camera. One advantage of this 

camera is its power zooming ability of from 10 to 80 milli­

meters. The camera can be mounted at a considerable dis­

tance from the intersection and still obtain close-up pic­

tures. 

To apply the time-lapse photography method for gather­

ing field data, it is important to consider the placement 

of the time-lapse camera. Ideally the camera should be in­

stalled vertically above the selected intersection and at 

sufficient height to get a picture showing all four ap­

proaches back to the intersection system entrances. Due to 

lack of such an aerial platform, or even tall buildings or 

towers near the selected intersection, the time-lapse cam-

era was mounted on an aerial bucket truck parked 500-600 

feet away from the intersection. The position of the camera 

was about 40-50 feet above the ground level. Only a portion 

of the intersection was visible from one such position. 

In order to get the desired speed of the filming pro­

cess, the time-lapse controller dial, used for setting the 

single frame exposure, required calibration. To perform 

this calibration, the controller dial was set and checked 

with a stop watch prior to the field observation period. It 

was very difficult to set exactly the desired rate of 
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filming time for each single frame. During the film analy­

sis it was necessary, therefore, to carefully check the 

time intervals between frames. In this study, the single 

frame dial was set about 0.5 second intervals. The time for 

each filming period was also checked by stop watches to de­

termine the actual time of the single frame. 

The movie film employed in the field study was Kodak 

Ektachrome Gl60 in super-8 cartridges. This color film en­

ables the analyst to observe and recognize vehicle movement 

conveniently and easily. The initial stops of vehicles and 

turning directions can also be observed.from the color film. 

With the filming rate of 0.5 second per frame, one film car­

tridge is able to record field data for half an hour. 

To analyze traffic data from developed films, both the 

Kodak ~nd Ektagraphic MFS-8 projector and the Minette-Viewer 

Editor 55, as illustrated in Figure S, were used. The ad­

v~ntage of this movie projector· is its still mode for a sin­

gle frame analysis. Like the Minette-Viewer Editor 55, it 

also can be operated at various speeds and reversed to check 

prcvio11s events in the movie films. 

With the technique of time-lapse photography, all traf­

fic data from the selected four-way stop controlled inter­

section were permanently recorded and were available for 

study in the lahoratory at any time. 

Measuring Time by Stop Watch Method 

There is a need for measuring accurately the times of 



Figure 5. Stop-Action Movie Projector 
and Viewer 
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events occurring at the four-way stop intersection. These 

events include the time intervals of vehicles passing over 

a measured distance for speed study and time intervals re­

quired for crossing the intersection. The Heuer Microsplit 

LCD stop watch and Seiko Alarm-Chronograph used in this 

study are able to indicate the time precisely and accurate­

ly, reading to one-hundredth of a second with a six-digit 

readout. In addition, the Sony Micro Cassette-Corder M-102 

was used for recording observed times. Use of this tape 

recorder makes it possible to later analyze traffic data 

from the studied intersection. 

To record the time of each vehicle passing the measured 

distance in the observed lane and vehicle travel time cross­

ing the intersection, three observers, with stop watches and 

tape recorders,located themselves near the studied sections 

and recorded times without interrupting traffic movement. 

Each observer studied a different vehicle. By this proce~ 

dure, all statistics of vehicle speeds and intersection 

travel times during the studied period were recorded. 



CHAPTER V 

INTERSECTION FIELD STUDY 

The selected site for this research was the intersec­

tion at North Washington Street and McElroy Street in Still­

water, Oklahoma. Washington Street is a two-way four-lane 

street running north and south and, McElroy Street is the 

two-way two-lane street with a down J1ill slope on the west 

approach. 

Field observations were conducted during morning and 

evening peak hours in April, 1979. Peak hours at the select­

ed intersection are 7:30 - 8:30 a.m. and 4:30 - 5:30 p.m. 

During the morning peak, the heaviest traffic flows are 

southbound on North Washington Street and westbound on Mc­

Elroy Street. In the evening, heavy traffic exists from 

the directions opposite to those in the morning peak hours. 

Because of the difficulty in mounting the time-lapse camera 

directly above the studied intersection and at sufficient 

height to collect traffic data from all approaches, data 

were collected during the peak half hour for each approach 

twice on different days. The camera was mounted on a city­

owned bucket truck parked about 500 - 600 feet away from the 

intersection and 40 - 50 feet above the ground surface. 

Before collecting traffic data, the intersection 

34 
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entrance line for each approach was defined, based on obser­

vation of vehicle behavior. This is the point at which most 

vehicles start decelerating from their normal travel speed. 

Intersection approach lengths obtained from preliminary ob­

servation are listed in Table I. 

Intersection Approach Speeds 

The purpose of studying vehicle speeds uninhibited by 

the intersection control system was to compare them with the 

reduced speeds within the zone of influence of the intersec­

tion controls, and to utilize these speeds as input for the 

computer simulation model in determining delays at the 

studied intersection. Speeds of vehicles entering each in­

tersection system entrance were analyzed by observing free 

flowing vehicles moving over a distance of 100 feet beyond 

the entrance. By the stop watch method, speeds of vehicles 

were determined by dividing the distance by the recorded 

times. From the time-lapse movie, vehicle speeds were also 

obtained by dividing the 100 foot distance by the total time 

determined from the number of frames needed for a vehicle 

to traverse the distance. Appendix A shows cumulative speed 

distribution of vehicles for each approach lane in feet per 

second. 

Observed speeds of vehicles in each approach lane were 

approximately equal to the speed limits, except for the 

eastbound vehicles, for which the median speed was about 

31.5 feet per second. The reason for the lower speed of 



TABLE I 

INTERSECTION APPROACH LENGTHS 

Street 

McElroy St. 

N. Washington St. 

Direction of 
Traffic 

Eastbound 

Westbound 

Northbound 

Southbound 

Lane 

outside 

inside 

outside 

inside 

36 

Approach Length 
(feet) 

550 

400 

500 

500 

400 

400 
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these vehicles was the five percent down hill approach slope, 

requiring vehicles to use low speeds in order to stop in 

queue or at the stop-line. The median speeds of all vehi­

cles entering the intersection system are shown in Table II. 

Vehicle Arrival Times at Intersection 

System Entrances 

Arrival times of vehicles in each approach lane at in­

tersection system entrances were determined by analyzing the 

single frames of the recorded time-lapse movie. The time 

represented between single frames is 0. 5 - 0. 6 second. Arri -

val time of each vehicle was recorded when its front wheeels 

crossed the reference line. Inter-arrival time or headway 

between two successive vehicles was also determined from the 

time-lapse movie. The minimum headways of vehicles in each 

approach lane, shown in Table III, vary between 1.1 and 1.8 

second. The headway distributions of vehicles agree with 

the shifted negative exponential distribution expressed in 

formula 3.7 (Chapter III). The mean and minimum headway for 

each approach lane obtained from Table III are used in this 

equation to evaluate the inter-arrival time distributions 

in this study. All results of headway distributions are 

presented in Appendix B. 

Travel Time Across the Intersection 

At a four-way stop intersection, the rate of accelera­

tion of vehicles entering the intersection will affect the 



Direction of 
Traffic 

Eastbound 

Westbound 

Northbound 

Southbound 
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TABLE II 

MEDIAN SPEEDS OF OBSERVED VEHICLES 

Median Speed 
Lane Ft/sec MPH 

31. 5 21. 5 

41. 5 28.3 

outside 41. 7 28.4 

inside 42.3 28.8 

outside 42.5 29.0 

inside 45.2 30.8 



Direction 
of 

Traffic 

Eastbound 

Westbound 

Northbound 

South hound 
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TABLE III 

MEAN AND MINIMUM VEHICLE HEADWAYS . 
(SECONDS) 

Lane 

outside 

inside 

outside 

inside 

Number of 
Observed 
Vehicles 

201 

182 

164 

149 

151 

105 

Vehicle Headway 
Mean Minimum 

8.95 1. 40 

9.94 1. 20 

10.97 1. 30 

12.08 1.10 

11.92 1 . 2 () 

17.14 1. 80 
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stop-waiting times of crossing vehicles at stop-lines. The 

longer the time used for a vehicle to travel through the in­

tersection, the more delay the crossing vehicle has at the 

stop-line. From field observation of the intersection under 

study, average intersection travel times of westbound vehic­

les (including those turning left or right) are greater than 

the average intersection travel times for other approaches. 

The steep grade at the stop-line of the westbound approach 

causes vehicle delays in starting across the intersection. 

East and westbound vehicles also have a greater intersection 

travel length, since they must cross four lanes of traffic. 

Table IV shows the details of intersection travel times for 

vehicles from each approach. These observed intersection 

travel times were employed in the computer simulation model. 

Turning Traffic 

There were high percentages of left-turn vehicles in 

all intersection approaches. It was noticed that the numbers 

of right-turn vehicles were also high in the north and south 

approaches, but very low in the east and west approaches. 

The observations of turning traffic in each approach lane 

are summarized in Table V. 

Vehicle Travel Time Through the 

Intersection System 

At a four-way stop intersection, the travel time of 

each vehicle passing through the intersection system is 



TABLE IV 

AVERAGE INTERSECTION TRA\~L TI.ME OF 
VEHICLES IN EACH APPROACH 

(SECONDS) 

Intersection Approach 
Traffic -~-~- -NCirtlioouiicf Southbound 

Direction Eastbound Westbound Outside Lane Inside Lane Outside Lane Inside Lane 

Right-turn 3.38 3.87 3.07 - 3.52 

Through 

Left-turn 

4.58 

4.56 

4.93 

5.04 

3.97 3.98 3.79 

4.60 

4.16 

5.00 

...,. 
I-' 



Traffic 
Direction 

Eastbound 

Westbound 

Northbound 

Southbound 

Lane 

-

-

outside 

inside 

outside 

inside 

TABLE V 

PERCENTAGE OF TURNING T~~FFIC 

Approach 
Volume 

191 

181 

164 

146 

151 

105 

Right-turn Vehicles 
Volume Percentage 

12 6.3 

5 2.8 

78 47.5 

- -

44 29.1 

- -

Left-turn Vehicles 
Volume ~---Percentage 

62 31. 9 

65 35.9 

34 23.3 

13 12.4 

..,. 
N 
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considered to be the time interval from when it enters the 

intersection system entrance until it exits the intersection. 

Travel times of vehicles are obtained by analyzing the time­

lapse movies frame by frame. The vehicle travel time is 

also evaluated by summing the deceleration time, queueing 

time, and intersection travel time of each vehicle. Appen­

dix C shows the vehicle travel times of through traffic, 

right-turn traffic, and left-turn traffic in each approach 

lane. 

Vehicle Turning Characteristics 

According to the basic rule of the four-way stop con­

trol device, the first vehicle and the opposing vehicle at 

stop-lines are able to enter the intersection simultaneous­

ly. If the first vehicle makes a le~t-turn, the opposing 

vehicle must wait until the first one crosses the intersec­

tion exit. If both vehicles are turning left, they are both 

able to enter the intersection and make the left turn at the 

same time. All left-turn characteristics of vehicles at the 

studied intersection are shown in Figure 6. It is obvious 

that at the four-way stop controlled intersection, the first 

vehicle has an opportunity to turn right quickly unless the 

crossing vehicle from the left side is still moving in the 

intersection. 



\ 

Both Vehicles Cro•• the Intersection 

1:00 ~~ 
\ 

\ 

Left· Turn Vehicle Leads, Through Vehicle Lags 

Through Vehicle Leads, Left-Turn Vehicle Lags 

i:igurc (). Lr'rt Tnrninr: Vehicle Charactcrjstics 



CHAPTER VI 

THE TRAFFIC SIMULATION MODEL 

The simulation model· for the delay study at a four-way 

stop controlled intersection was developed using the General 

Purpose Simulatjon System (GPSS). This traffic simulation 

was performed on the IBM 370, model 168 computer. The GPSS 

language wa~ employed because it provides efficient random 

number generation techniques for running stochastic models 

on the computer. It was designed to be used by analysts who 

were not specialists in computer programming. The use of 

flowcharts to describe a system is well-known, hence GPSS 

was structured as a block-oriented language. Its powerful 

program statements can represent the entire behavior of the 

project or system from which it was developed. This lang­

uage also provides simple procedures for the analyst to spe­

cify and gather data of specific importance to the current 

mo<lel. GPSS language, therefore, is particularly well suit­

ed to traffic pro~ems, because it accepts random and queue­

ing vehicles. 

The General Purpose Simulation 

System Language 

The General Purpose Simulation System (GPSS) was 

45 



46 

originally developed in conjunction with network analysis 

being performed by Geoffrey Gordon at the Bell Telephone La­

boratories during the late 1950's (36). The original ver­

sion was then further developed and generalized by Gordon,. 

Barbieri, and Efron, and first made available in 1961. At 

that time, the language was titled GPS (General Purpose Sys­

tem Simulator). In 1963, a second version, GPSS II, was in­

troduced as an extension and improvement of GPS. GPSS III 

was initiated in 1966 for use on the larger second-genera­

tion IBM computers. GPSS III is substantially different 

from GPSS II; it has more features, runs faster, and is eas­

ier to use. In 1967, the General Purpose Simulation System 

(GPSS/360) language was introduced and became available in 

1968. 

The GPSS design is based upon the premise that most sys­

tems can be adequately simulated through the use of only a 

few types of entities: dynamic entities (transactions), 

equipment entitjes (facilities and storages), statistical 

entities (queues and tables), and operational entities 

(blocks). The operational entities or blocks, like the 

blocks of a diagram, provide the logic of a system, instruct­

ing the transactions where to go and what to do next. These 

blocks, in conjunction with the other entities identified 

above, constitute the language of GPSS/360 used in this 

study. 
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Constructing a GPSS Model 

In order to develop a traffic simulation program. it is 

necessary to translate the studied problem into a GPSS pro­

gram. The four-way stop controlled intersection system must 

be defined and analyzed so that its elements and their in­

teractions and functions are clearly understood. The acqui­

sition of relevant empirical data and the preparation of the 

intersection system flow diagram are usually important parts 

of this translating process. 

Intersection System Description 

The simulation model used in this research represents 

the traffic operation at a four-way stop controlled inter­

section. The selected intersection has a two-way four-lane 

street intersecting a two-way two-lane street as shown in 

Figure 7. Approach vehicles are influenced by the intersec­

tion system when they enter the intersection system entran­

ces, stop at stop-lines, and leave the intersection exits, 

the points at which all vehicles are able to regain their 

desired speeds. The intersection system consists of the 

following elements: 

1. Lanes. All approach lanes are assigned different 

numbers and symbols as below: 

L1 or LANEB, denoting eastbound lane. 

L2 or LANWB, denoting westbound lane. 

L31 or LANNO, denoting northbound outside lane. 



Mc Elroy Street 

Right-turn Exit 

The Intersection System 
Entrance 

N. Washington Street 

L41 I L42 I I I 

Left-turn Exit 
I~ I 
• 

Cs I C6.,,LY1 I Ca I L2 

, -- - C3T~ -----· C2 
I 
I I '-Through Traffic Exit 

' 
L32 L31 

- - - ,... Vehicle Path 

Figure 7 .. An Intersection Module and Traffic Paths 

t 
N 

I 

.p. 
::0 
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L32 or LANNI, denoting northbound inside lane. 

L41 or LANSO, denoting southbound outside lane. 

L4z or LANSI, denoting southbound inside lane. 

2. Intersection cells. The intersection is divided 

into a "checkerboard" arrangement of cells of similar size. 

The boundaries of each cell are determined by the region 

formed by pairs of intersecting lanes in the intersection. 

The cell is the minimum area that may be occupied by any 

vehicle when attempting to cross the intersection. In Fig­

ure 7 each cell is numbered in a designated sequence, shown 

as c1 , c2, c3 and so on. Typical vehicle paths in the three 

directions are also shown. 

Simulation of Vehicle Flow ---·----·------

At the selected intersections, there are three differ-

ent vehicle flow types as shown in Figure 8 to Figure 10. 

The vehicle flow charts are constructed undei real condi-

tions and behavjor of approach vehicles in each lane. East-

bound and westbound vehicles, on the two-way two-lane street, 

will move through the approach lane with no separate left­

turn or right-turn lane. For northbound and southbound ap-

preaches, on the two-way four-lane street, turning vehicles 

can make right-turns from the outside lane, and make left­

turns from the jnside lane (Figure 1). 

A vehicle enters the intersection sy~tem when it crosses 

the system entrance 400 - 550 feet away from the intersec­

tion. It will decelerate and join a vehicle queue if 



Figure 8. 
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preceding vehicles are waiting for intersection entrance. 

If there is no queue, the arriving vehicle will slow down 

until stopping at the stop-line. The vehicle driver will 

check his priority at the stop-line, and check if the in­

tersection is available. The vehicle will then cross the 

intersection and leave the intersection system in the desir­

ed direction. 

~ c r_9 t i o !:l__~l_!b_c; _ _'_l' r.Q_f: f i c 

Simulation Model 

The GPSS computer model is constructed to follow the 

details of the vehicle flow charts. This computer language 

allows the analyst to submit a model to the computer in the 

form of a network of blocks, connected in the same order as 

a sequence of events. In this study, the computer model 

simulates vehicle movements from all approach lanes from the 

time they enter the intersection system entrances until they 

leave the system. Traffic in each lane is programmed inde­

pendently for realistic simulation of the traffic stream. 

Vehicles in the :-;ystem are represented by transactions mov­

ing through the block diagram under control of the blocks 

and are created and terminated as required. 

Vehicles entering the intersection system are created 

by the GENERATE hlock, and sent into the system at random 

intervals as specified by the observed headway distribution 

of traffic in ench approach lane. All observed traffic sta­

tistical distributions are listed in the FUNCTION entities 
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and are selected randomly during the simulation run. Simu·­

lation begins by setting the simulated clock time within the 

program to zero. The simulated time unit in the model is 

equivalent to one-tenth of a second for each second of ac­

tual time. The first vehicle in each lane can be created 

at any time after simulation starts by the offset time spe­

cified by the GT~NERATE block. 

The transaction or vehicle then joins its group in each 

lane by the JOIN block~ and forms a queue by means of the 

QUEUE block. In the computer program, stop-lines and each 

intersection block (formed by intersecting lanes) are repre­

sented by faciljty entities, SEIZE and ENTER blocks, When 

the vehicle arrjves at the stop~line, it is said to "seize" 

the stop-line facility. The vehicle direction through the 

intersection was assigned randomly by the TRANSFER block and 

the FUNCTION entity. 

To simulate the real vehicle waiting to enter the inter­

section at each stop-line, a 11User chain" :LS used to control 

any number of transactions and allow only the leading vehi­

cle, linked to the chain, to "seize'' the stop-line. The 

"user chain" is also employed to assign proper speeds to 

vehicles entering the speed checking points. At stop-lines, 

vehicle priority is checked~ along with appropriate condi­

tions to enter the intersection, by the use of TEST blocks 

and Boolean variables, BVARIABLE. If they meet all require­

ments, they are able to progress to the following blocks 

or the intersection in the real system. 
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It is noted that a transaction will move through the 

system in zero clock time until it encounters a block that 

blocks or delays it. The ADVANCE block is the only GPSS 

block that can delay a transaction for a specified period 

of time. In this traffic model, the ADVANCE blocks were 

used to specify deceleration, acceleration, queueing, and 

travel times of vehicles in the system. 

All statistical information is accumulated automatical­

ly by the GPSS program whenever a transaction enters a 

TABULATE block with a TABLE card. At the end of the pro­

gram, the transaction in each lane is eliminated from the 

system by the TERMINATE block. 



CHAPTER VII 

TRAFFIC SIMULATION RESULTS 

One important reason the GPSS language was employed to 

develop the computer simulation model in this research stems 

:from its poweT to accumuL1 te results in the form of s ta tis -

tical distributions. It is possible not only to accumulate 

queue statistics, but also other statistics such as speed 

distributions and headway distributions and have them print­

ed out in the form of fre~uency tables. It automatically 

provides a complete output of system statistics without the 

need for instructions pertaining to the accumulation or for­

mating of these statistics. The normal standard output pro­

duced by the simulation model in this investigation consjsts 

of the following: clock ti.mes, block counts, facility sta­

tistics, storage statistjcs, queue statistics, and frequency 

tables. Those statistics are collected and computed contin­

uously as the run pToceed>;. 

Standard Sinrulation Output 

The simulation output obtained from this investigation 

as shown in Appendices D to 0 presents clock and block en­

ti tics, vehicle queue statistics, and all traffic statisti­

cal frequency tables. The computer results include the 
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distribution of headway, speed, queue length, travel time, 

arrival and departure rate, and delay of vehicles in each 

approach lane. 

Appendix D shows block entities, including relative 

and absolute clock time, and a list of block counts. In 

this program, both relative and absolute elapsed clock time 

are 18,000 clock units (exactly one-half hour of simulation) 

corresponding to the periods of field observation. The cur­

rent counts show a number of transactions at each block when 

the run ends, and the total counts reflect the number of 

transactions entering each block since the beginning of a 

run. These are useful for checking the movement and number 

of vehicles at any part of the intersec~ion system. 

The statistics for queueing vehicles in each approach 

lane are shown in Appendix E. In these queue statistics, 

maximum contents mean the maximum number of transactions in 

each queue at any time during the simulation run. Total 

entries show the number of transactions entering into each 

queue. 

Appendices P through 0 contain the frequency table 

statistics of vehicle behavior from the moment of entering 

the intersection system entrance until leaving the system. 

These frequency tables show the total number of transactions, 

average elupsed time for various transactions, standard de­

viation, frequehcy classes, and cumulative percentage of 

total entries that fell into that frequency class or lower 

classes. 
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Generation of Random Variables 

In this GPSS simulation model, transactions or vehicles 

are created at the GENERATE block and are input to the sys­

tem at random intervals as specified by the FUNCTION cards. 

Vehicles entering the system in each approach lane are gen­

erated simultaneously by different sets of the observed 

headway distributions. Appendix B shows the comparison be­

tween observed headway distributions of vehicles at the in­

tersection system entrances and computer random generated 

values. The computer results agree very well with the field 

observations and fit the shifted negative exponential dis­

tribution. The distributions of vehicle speeds at the in­

tersection system entrances, observed from the studied site, 

also agree well with the simulation values (see Appendix A). 

The sequential flow of transactions can be randomly al­

tered by the use of TRANSFER statements. In this simulation 

model, turning vehicles were generated randomly by the TRANS­

FER blocks. For left-turning and right-turning vehicles 

from the same approach lane, the TRANSFER block was utiliz­

ed to generate transactions as specified by the FUNCTION 

statements. The comparison of percentage of turning vehi­

cles between the computer values and field observed values 

is shown in Table VI. The greatest difference is 4.09 per­

cent for the westbound, left-turn traffic, while the small­

est difference is 0.0 percent for the same approach, right­

turn traffic. Overall the percentage of turning vehicles 

from computer results are very close to field values. 



Traffic 
Direction 

Eastbound 

Westbound 

Northbound 

Southbound 

TABLE VI 

COMPARISON OF PERCENTAGE OF 
TURNING VEHICLES 

Type of Percent Turn in 
Turn imulate 

Right-turn 6.28 6.73 

Left-turn 31.94 30.57 

Rjght-turn 2.77 2.77 

Left-turn 35.91 40.00 

Right-turn 24.92 24.67 

Left-turn 10.86 14.67 

Right-turn 17.25 18.25 

Left-turn 5.10 5. 5 5 
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Vehicles 
Di f erences 

+0.45 

-1. 3 7 

0. 0 

+4.09 

- 0. 2 5 

+3.81 

+1.00 

+0.45 
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Simulation Statistical Outputs 

All of the traffic statistical frequency tables obtain­

ed from the computer output are shown in Appendices D to 0. 

These frequency tables are concerned with the arrival times, 

deceleration times, stop-waiting times, and acceleration 

times of vehicles in each approach lane. The frequency 

table consists of number of entries during a run, the mean 

value, standard deviation, frequency intervals, observed 

frequency, and cumul at:i.ve percentage. The important traffic 

statistics shown in these frequency tables are the vehicle 

travel time and vehicle queueing statistics. 

The vehicle travel time of straight through, right-turn 

and left-turn vehicles passing through the intersection sys­

tem are shown in Appendices I through K. The computer re­

sults show the maximum travel times are associated with 

eastbound traffic. The average travel times of the east­

bound straight through, right-turn, left-turn traffic are 

85.48, 92.23, and 95.17 seconds respectively. The south­

bound traffic spent the least travel time through the jnter­

section; 24.35, 19.87, 23.32, and 20.07 seconds for outside 

lane-through traffic, inside lane-through traffic, right­

turn traffic, and left-turn traffic respectively. 

Appendix H includes the queue length distribution of 

vehicles in each approach lane. Eastbound traffic has the 

highest average qt1eue length at the intersection, 8.482. 

The lowest average value is 0.241 vehicles (southbound 
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inside lane, traffic). 

The delay of vehicles at the studied intersection is 

presented in Appendices L through 0. Delay times are com­

puted by subtracting from system vehicle travel times the 

amount of travel time that would be required for an undelay­

c<l vehicle. From this investigation, the eastbound traffic 

has the maximum average delay times; 66.67, 74.92, and 

76.79 seconds for through, right-turn and left-turn traffic 

respectively. 

The comparison of vehicle travel times in each lane 

between field observed values and the computer values is 

shown in Appendix C. The results from computer outputs 

agree well with field observed values but the computer trav­

el times arc slightly less than the actual values. It ob­

viously shows that the computer assumes perfect drivers for 

the simulation model. The drivers in the real system usual­

ly spend more time at stop-lines than the drivers in the 

computer simulation model. The average stop-waiting times 

obtained from the computer results are included in Appen­

dix b. 

From the computer outputs, the number of arriving and 

departing vehicles can he summarized and compared with the 

field observed values. Table VII shows good agreement, 

i.n comparing the number of turning vehicles, between the 

computer results nn<l the~ field observed values. 



Vehicle 
Direction Lane 

Eastbom.d -

Westbomd -

outside 
Northbm.md 

inside 

outside 
Southbound 

inside 

TABLE VII 

COMPARISON OF THE NUMBER OF ARRIVAL AND 
DEPARTURE VEHICLES 

Arrival Vehicles ]);;Earture Vehicles 
Total Right-tu.m Vehicles Observed Simulated Observed Simulated Observed Simulated 

201 199 191 193 12 13 

182 182 181 180 5 5 

164 159 164 153 78 74 

149 152 146 147 - -

151 157 151 154 44 46 

105 100 104 98 - -

Left-tum Vehicles 
Observed Simulated 

61 59 

65 72 

34 44 

13 14 

°' N 



CHAPTER VIII 

CONCLUSIONS AND RECOMMENDATIONS 

Conclusions 

This research has been concerned with the development 

of a traffic simulati.on model to evaluate the efficiency of 

four-way stop controlled intersections. The computer lang­

uage utilize<l in this investigation is GPSS (General Purpose 

Simulation System) language. 

The traffic simulation model gives the traffic engineer 

an effective tool by which he can make quantitative deci­

sions toward the improvement of the capacity of similar 

intersections. Employing the GPSS computer language and the 

capabilities of a large capacity computer system, it is 

possible to simulate the random traffic movement at a com­

plex four-way stop controlled intersection sjstem. It is 

also a useful alternative to empirical studies which tend to 

be costly and time consuming. A realistic simulation model 

can be constructed which incorporates the actual traffic 

behavior and variables observed from a studied intersection. 

Based upon the results of this traffic simulation, the 

following conclusions may be drawn: 

1. To obtain field data for input of the computer 
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simulation model, a time-lapse photography method with a 

one-half second exposure interval, as applied in this inves­

tigation, appears to be an economical method for collecting 

traffic data such as headways, travel times, queueing times, 

turning percentages, and the number of vehicles entering and 

and leaving the intersection system. For more precise data, 

when required, an accurate stop watch may be employed to 

study vehicle speeds, stop-waiting times, and intersection 

travel times. All traffic data collected, both by the time­

lapse and stop watch techniques were used as input to the 

computer simulation model. 

2. The GPSS computer simulation model developed in 

this research is found to be a powerful tool for analysis 

of the four-way stop controlled intersection. The simula­

tion results agree well with the field observations except 

for a slight difference in percent of turning vehicles en­

tering the intersection. This difference is caused by deci­

mal truncation in the computer, and by the small number of 

vehicles left within the system at termination. 

3. It is ohvious that the actual traffic headway dis~ 

tributions agree well with the shifted negative exponential 

distribution. Therefore, in a traffic simulation model the 

shifted negative exponential distribution can be recommended 

for random traffic generation to obtain a realistic simula­

tion model. 

4. It appears that the combination of lane widths, 

the number of lanes, vehicle speeds, and approach gradient 
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produced a relative constant intersection system entrance 

distance. Vehicle approach speed appears to reduce direct­

ly proportional to the increase in approach gradient. In­

creased number of lanes increases the vehicle approach speed. 

Additional research should be conducted to more accurately 

define the relationship of the intersection system entrance 

distance, vehicle speed, the number of lanes, lane width 

and terrain. 

5. The results of field observations ·and the simula­

tion model indicate that the four-way stop sign control is 

an appropriate control device for the studied intersection. 

The total observed approach volume for the peak half hour 

was 937 vehicles, while the computed value was 925 vehicles. 

The GPSS computer simulation program developed for 

this research is a useful program which can be extended to 

other intersection operations such as intersections control­

led by two-way stop signs, and uncontrolled intersections. 

Recommendations 

An interesting extension of the subject study of delay 

at four-way stop intersections would be to simulate an in­

tersection similar to that studied except that it has sepa­

rate left-turn lanes for the minor (two-lane) roadway. The 

simulation model developed in this research could be appli­

ed directly to this situation. 

Future studies are needed to evaluate the efficiency 

of other types of four-way stop controlled intersections 
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than the four-lane major street crossing the two-lane minor 

street as selected for this research. The following are 

some of the intersection types for investigation in order to 

extend the scope of the application of this GPSS computer 

simulation model: 

1. A four-way stop controlled intersection of a two­

lane street crossing a two-lane street. 

2. A four-way stop controlled intersection of a four­

lane street crossing a four-lane street without separate 

turning lanes. 

3. A four-way stop controlled intersection of a four­

lane street crossing a four-lane street with separate left­

turn lanes. 

It is also recommended that a study be made on the quan­

tity of fuel consumption while vehicles are delayed at four­

way stop intersections. 
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STATISTICS OF VEHICLES IN QUEUES 

QUEUE MAXI MU~ AVE::?AGE TOTAL ZERO 
CONTENTS C0NTE'4TS ENTRIES ENTRIES 

SY SEE 16 9o7J;3 19Y 
OUEEE 111 7.9119 198 5 
SYS•• 9 3.•35 182 
QlJEIOf 7 le700 113 2 31 
SYS~O 8 3.950 159 
QUE NO 6 2.393 157 33 
SYSNI 9 •.210 152 
QUEr>J 7 2.680 150 2• 
SYS SO 1 :2.108 157 
QUE SO 5 .657 156 •0 
SYS SI • 1·109 100 
QUESJ 2 .11• 98 •1 

$AVERAGE TlME,TRANS • AVERAGE TIME/TRANS EXCLUDING 

PERCENT AVERAGE 
ZEROS TIME/TR.UIS 

.o 883· 170 
2.5 722.656 
.o 3J9. 769 

l7e0 168.2111 
.o .\47. 2E2 

21.0 274.•13 
.o 498.6411 

15·9 321.693 
.o 2111.726 

25.6 11.010 
.o 199.769 

4 1.8 320091 
ZERO ENTRIES 

$AVEPAGE 
T Ii'IE /TRANS 

883.170 
741.378 
339.769 
202.7•8 
••1· 282 
3•7.1143 . 
498.6•• 
382.968 
241.726 
103. 646 
199.769 

55el75 

TABLE 
NUMBER 

65 
19 
66 
20 
67 
21 
68 
22 
69 
23 
70 
24 

CURRENT 
COhlENTS 

1 
5 
2 
2 
8 

• 
5 
3 
5 
2 
2 

i-' 
i-' 
l'.l 



•YERAGE STGP-w•ITING Tl~E 

FACILITY NUMBER 
EOITRIES 

S TPO l 13 
STP02 l .< 1 
STP03 59 
STP04 5 
STP'l5 103 
STP06 72 
STP07 7• 
STPOa 79 
STPOS 103 
STP10 4• 
STPll •6 
STP12 108 
STP1J e• 
STP14 14 
IffETl 121 
INET 2 121 
INET J 121 
INET• 121 
lN•T 1 103 
INllT 2 103 
1>111T .'! 103 
ll'f•T4 103 
JNOT 1 79 
IPCOT2 79 
IPfITl 103 
INIT2 103 
ISOT 1 107 
lSOT 2 · 106 
IS IT 1 84 
IS IT 2 a• 
I NEL 1 59 
INEL 2 59 
lNEL 3 59 
I'llll l 72 
IN11l2 72 
l'llofl 3 72 
IN IL 1 ~4 

l'IIL <O •4 
I'l IL 3 .... 
IS ll 1 14 
ISIL2 14 
ISIL3 t• 

ANO INTERSECTION TRAVEL TIME OF VEHICLES IN EACH LANE lSECONOI 

-AVERAGE UTILIZATION OURilllG-
AVE'1AGE TOT AL AV AIL• UhAVAILo CURRENT PERCENT 
TIME/TR•N TII<£ TIME TIME STATUS AllAILABILITT 

22. 6 92 .C16 100.c 
25 •Sil• .174 1oo.0 
27. 4 56 0090 100.0 
19 0 fl 00 0005 lOOoO 
2&.039 .14 q lOOoO 
23 0 5 83 .094 100.0 
2& .595 .109 10000 
25.5 57 .112 10000 
1!'06 93 oll3 100.0 
19.182 0046 100.0 
23.391 0059 lO'loO 
2• 06•8 ol•7 lOOoO 
21. 7 38 0101 10000 
24 0429 0019 100.0 
270162 .182 lOOoO 

• o l 24 .021 lOOoO 
•·000 0026 100.0 
80868 0 059 10000 

28 o a aJ ol65 lOOoO 
4 o l 64 0023 lOOoO 
... 0 10 0022 10000 
9.942 .056 10000 

25 0 7 65 oll3 lOOoO 
100671 .o•& lOOoO 
26 0 J 20 .1 so lOOoO 
11. 0 00 0062 lOOoO 
2~. 8 69 ·1•7 100.0 
10. 2 36 .060 10000 
28.131 0131 lOOoO 
llo357 0053 100.0 
30025- 0099 lOOoO 

30000 0009 100 oO 
. 9. 7 63 .032 10000 
35. 2 92 • 14 1 100.0 

3 0028 0012 lOOoO 
100903 0 c .. 3 10000 
2!;.366 0069 100.0 
3. 0 45 0007 10000 

12.159 0029 1000 0 
30. 4 29 0023 100.0 
J3o214 o0~5 10000 
1•·071 0010 10000 

TRANSACTION NU"BER 
SEIZihG PREENPTIAG 

61 

53 

34 

3 

I-' 
I-' 
V-1 
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USER CHAIN STATISTICS 

USER CHAIN T:JT l>L 
EIHRIES 

ETHll 22 
ELTll 1 
SPDEE 1 
11TH31 15 
1<l T 31 4 

SPCl<il 6 
N.R T2 l 11 
JIH07 1 
NTH21 12 
SPONO ~ 

NTh22 12 
SPDNl. 1 
SllT41 2 
INT 11 J 
STH41 2'1 
SPllSO 2 
STH•2 10 
SLT'l:il 1 
SPOSl 2 

A VE!'; AGE CURil ENT 
T Il'!El'TRAl<S CONTENTS 

12·'i54 
50.285 

40571 
200666 
115.500 
7.666 

15.818 
13.000 
15.416 

6e199 
17.'333 

40428 
3,500 

10.000 
2'1e000 1 
J.ooo 

180199 
8.ooo 
1.000 

AllERAGE 
CONTENTS 

.015 
0019 
.001 
.011 
·003 
.002 
.009 
.oos 
.010 
.001 
.011 
.001 
.ooo 
.oco 
.031 
.ooo 
.010 
.ooo 
.ooo 

14AXI14UI! 
CONTENTS 

2 
2 
1 
1 
1 
l 
2 
l 
2 
1 
2 
1 
l 
1 
2 
1 
2 
1 
1 

f--' 
f--' 
U1 
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EASTeOUND lRAFFIC HEAOllAY OISTRiaUTION -- LANE Ll 

TABLE 1 
Et.TRIES IN TAELE !!El:. .l.RGUl"ErtT 

196 900474 

UPPER CH SERVED PER CENT 
Ll"'lT FREQUENCY OF TOTAL 

0 0 oOQ 
20 12 6006 
40 •5 22072 
60 36 18018 
60 23 11. 61 

100 2• 12.12 
120 15 1.57 
140 6 3.03 
HO 9 "· 5• 
lSO l .so 
200 7 3.53 
220 7 3053 
240 l .so 
260 3 1. 51 
280 1 050 
300 2 loOl 
320 l .so 
340 2 1.01 
360 2 1001 
380 0 .oo 
400 0 .oo 
420 l .so 

REMAihl~G FRE,UENCIES ARE ALL ZERO 

ITENTH OF SECONOI 

STANDARD DEVIATION 
75 0 25 0 

CUMULATIVE CU!1ULATIVE 
PERCE.NT A GE REPIAINOER 

oO 10000 
600 9Jo9 

28o7 71.2 
46.9 53.0 
58.5 41 •• 
10.1 29.2 
78.2 21.1 
6lo3 18.6 
as.a 14.1 
86.3 13 .;; 
89.8 10.1 
93.4 605 
93.9 6.0 
S5e4 ... s 
95o9 ... o 
96.9 3.0 
97.4 2.5 
99.4 lo5 
99.4 ,5 
99.4 .5 
99o4 .5 

100.0 .o 

SUM OF ARGUMENTS 
17914 oOOO 

MULTIPLE 
OF MEAN 

-oOOO 
0221 
.442 
0663 
0864 

1.105 
1.326 
10547 
1.768 
l 0989 
2.210 
20431 
20652 
2. 873 
30094 
30315 
30536 
3. 757 
30979 
4.200 
40421 
4. 6•2 

NON-llEIGHTEO 

DEVIATION 
FROM HEAN 

-10202 
-0936 
-. 670 

• -· •O-
-.139 

.126 
• 392 
0658 
0923 

1.169 
1. 45 5 
lo 121 
1. 9 e1 
2.252 
2. 518 
2· 784 
'lo 050 
30315 
30561 
30847 
... 11 3 
.... 379 

f-l . ....., 
-...] 



•EST BOUND TRAFFIC HEAD WAT OISTRIBUTION -- LANF. L2 (TENTH OF SECOND I 

TABLE 2 
ENTRIES IN TABLE "'E4N ARGU,.ENT STA'IDARG DEVIATION SUH.OF ARGU>IENTS 

181 9 a. 049 129.562 17747.000 NON-11EIGHTED 

UPPER OBSERVED PER CE'IT CUMULATIVE CUMULATIVE NUL TIPLE DEVIATION 
LJIHT FREQUE.'CC'f OF TOTAL PERCENTAGE REMAINDER OF lllEAN FROPI MEAN 

t) 0 .oo .o 100.0 -.ooo -.756 
cO 29 16. 02 16.0 93.g • 203 -·602 
40 63 34.80 50.8 4 9 .1 .407 -.448 
60 10 16.57 67.4 32a5 .611 -.293 
BC 5 2.76 70.1 29.8 .815 -·139 

1CO 10 5.52 75.6 24.3 1.019 .015 
120 3 l a6S 77.3 22.& 1.221 

. al69 
uo .. 2.20 79.5 20 ... 1·•27 .323 
160 .. 2.20 81a7 18.2 1.631 • 418 
180 2 1.10 82a8 11.1 1.835 .632 
200 2 1.10 83.S 16.0 2.039 • 7 86 
220 l • 55 84a5 15 ... 2. 243 • 941 
240 3 1.65 86.1 1 J .8 2. 447 1.095 
260 1 .55 86.7 13.2 2·651 1· 249 
2e0 4 2.20 88.9 11.0 2.855 1. 4 C4 
300 () .oo 88.9 11.0 3.059 I• 558 
320 3 1a65 90.6 9.3 3.263 1.113 
340 3 la65 92.2 1.1 3.467 1. 1167 
JfiO 2 1.10 93.3 6.6 3.671 2.021 
HO 1 .55 93 .9 6.0 3.875 2. 176 
400 2 1.10 95.0 4a9 4.079 2. 330 
420 0 .oo 95.0 4a9 ... 283 2. 4 a 4 
440 1 a55 95 .5 4. 'I ... 487 2. 639 
460 1 a55 96 .1 3.e ... 691 2.1s1 
480 1 a55 96.6 3.3 40895 2a947 
500 2 la10 97.7 2.2 5.099 3o l 02 
521) 2 1. 10 98.8 1. 1 5a303 3.256 
540 0 .oo 98a8 1.1 5.507 3. 4 11 
560 1 .55 9Sa4 .5 5, 711 30565 
580 0 .oo 99.4 .5 s.915 3,71q 
601) () .oo 99. 4 .s 6a119 3. 874 
'. <o 1' • 55 100.0 .o 6.323 ... 026 

RE~AI~IhG FR~QUENCIES ARE ALL ZERO 

....... 

....... 
::0 



NORT"80VNO OUTSIDE LANE TRAFFIC HEAOoUT DISTRl8VTION -- LANE L31 CTENTH OF SECOND> 

TAllLE 3 
ENTRIES Ih T A~LE "Eti. ARGU'°ENT STANDARD DEVIATION SUI! OF ARGUMENTS 

158 1130 689 1030562 179630000 

UPPER 06SERV!:D PER cei;r CUl'!ULATIYE CUMULATIVE MULTIPLE 
LIN IT FREQUENCY OF TOTAL PERCENTAGE REl'IAlNDER OF "EAN 

0 0 oOO oO 10000 -.ooo 
20 15 9,49 9,4 90·5 0175 
40 36 24.05 33 .s 66 ,4 0351 
60 15 9o 49 43o0 56o9 0527 
80 21 13029 56o3 4306 0 703 

100 1 ··•3 60·. 7 39.2 0879 
120 7 4o4l 65ol J•.a 1.055 
140 6 3.79 68.9 31.0 le231 
160 7 4. 43 73,4 26o5 le407 
180 .. 2.53 75,9 24o0 lo 5S3 
200 4 2o53 78o4 21.5 1.759 
220 6 3o79 112.2 17.7· 1.935 
240 6 3,79 86.0 1 lo9 2.111 
260 2 1.26 87.3 12~6 2.286 
250 " 2o53 89·8 10.1 20462 
JOO " 2o53 92 ... 1.5 20636 
320 2 le26 9306 603 2o!ll4 
340 5 lol6 9606 3ol 2.990 
360 1 • ·&3 97o4 2.5 3ol65 
lf:O 0 oOO 97,4 2o5 3. 342 
•CO l e63 98.1 108 3. 518 
420 2 1.26 99. 3 .6 3.694 
440 0 .oo 99o3 06 3.870 
460 1 063 100.0 .o "o0•6 

RENAI~IhG FREQUENCIES ARE ALL ZERO 

NON-•EIGHTEO 

DEVI AT ION 
FROH MEAN 

-10097 
-. 904 
-0711 
-0518 
-0325 
-·132 . 0060 

0254 
• 44 7 

.640 
• 833 

1.026 
1. 219 
le 412 
lo 605 
1.199 
lo992 
20185 
2o 378 
2.s11 
2.764 
2.957 
3, 150 
3,3"3 

;­
..... 



t.CRTHBOU"C Jl\SIDE L"•E TR•FFlC HEADMAY DISTRIBUTION ••LANE L32 !TENTH OF SECOr.01 

TABLE " EltTRIES I" TABLE .'<EAN ARuU>IEl\IT STANDARD DEVIATION SUM OF ARGUKENTS 
151 118.258 97 o 687 17~S7.000 

UPPER Cfl SER WED PER CENT CUMULATIVE CU,.ULAT I VE l!UL T IPL'E 
LI•IT FREQUE1'CY OF TOTAL PE.RCENTAGE REIUHIOER IJF KEA!> 

0 0 .oo oO lOOoO •oOOO 
20 6 3o97 3o9 96o0 ol69 
.110 25 16055 20.s 79.4 • 338 
60 23 15.23 35o7 64.2 0507 
eo ti> 11.92 4706 52o3 0616. 

100 18 11.92 5906 40.3 .845 
120 10 6062 66.2 33o7 lo014 
140 • 2o64 68.8 31o1 1.183 
160 9 5o96 74. 6 25ol lo352 
180 4 2.64 77,4 22.5 lo522 
200 6 3,97 81.4 1805 1·691 
220 " 2. 64 84. l 1508 lo860 
240 3 lo98 86.0 13o9 20029 
260 7 4o63 90o7 9o2 20198 
260 0 oOO 90o7 9o2 2.367 
300 3 lo98 92o7 1.2 2o 536 
3:<0 ·1 0 66 93o3 606 20705 
340 6 3 0 97 97 o3 206 2.875 
360 l .66 93.0 lo9 3.044 
380 l .66 98.6 1.3 30213 
4CO 0 .oo 9806 lo3 3o 382 
•20 0 .oo 98.6 1.3 3,551 

••O 0 .oo 9806 1.3 3. 7 20 
•60 0 .oo 98e6 lo3 30869 
480 l .66 99o3 ·6 40058 
500 0 .oo 99,3 06 40228 
520 l .66 ioo.o oO 4,397 

RE~AlNING FREQUENCIES AkE ALL ZERO 

NOP.-llEIGHTED 

OEVIAT ION 
FROM llE AN 

- lo 210 
-10005 

-o 6()1 
-o5S6 
-0391 
-0186 

' 
.011 
• 222 
.427 
.632 
0636 

lo 041 
J.246 
lo 450 
lo 655 
lo 8€ 0 
2.065 
2.269 
Zo 4 7• 
2. 679 
2. se" 
30088 
3.293 
3•498 
3. 703 
3.907 
".112 

....... 
~...) 

8 



SOUTHBGU~O OUTSIDE LANE TRAFFIC HEAD~kY DISTRIBUTION -- LANE L•l CTE'fTH OF SECONDI 

TABLE 5 
Er.TRIES IN TAeLE l'.EAN ARGUMENT STANDARD DEVIATION SUM OF ARGU"'E'HS 

156 11 •· 9• 11 130.000 17932.000 NO'f-•EIGHTEO 

UPPER 08 SERllE 0 PER CENT CUl'IULATivE CUl'IULATI VE MULTIPLE DEVIATION 
LIMIT FREQUEltCY DF TOTAL PERCENTAGE REMAI'fOER OF l'IEAN FROM MEAN 

0 0 .oo .o 100.0 -. 000 -.ee• 
20 17 10. 139 10.8 8'hl .113 -· 7 30 
40 30 19 • .23 300 l 69.8 • 347 -· "i 76 
60 38 24.35 s._ •• 45.5 .s21 -o•22 
60 10 6041 60.8 390 l 0695 -.;!68 

lCO 11 1005 67o9 J2.0 • 869 . -oll• 
120 2 1·28 69o2 30. 7 1.043 •.038 
140 5 3a20 12 •• 21.5 la217 • 192 
160 3 la92 1•· 3 25.6 lol91 el46 
180 4 2o56 76.9 23.0 la565 • 500 
200 8 s.12 82.0 17.9 1.739 a654 
22' 1 .6• 82.6 17.3 le913 • 608 
240 9 5a76 88·• 11.s 2a087 • 961 
260 l .64 89.l 10.a 2.261 la 115 
zeo 0 .co 89.1 10.8 2.•35 1.269 
300 0 .oo 89.1 10.8 2a609 1.•23 
320 1 • 6• 89a7 10.2 2. 783 1. 577 
340 1 .6. 90.3 9.6 2. 957 1.131 
360 3 1.92 92.3 7.6 3.131 1.865 
360 2 1.28 93.5 6·• 3a305 2.038 
•CO 5 3.20 96.7 3.2 3·•79 2· 1s2 
420 0 .oo 96.7 3.2 3.653 2.3116 
440 0 .oo 96.7 3.2 3.827 2. 500 
•60 0 .oo 96.7 3.2 ... 001 2·654 
480 1 064 97 •• 2.s 4.175 2.aos 
500 0 oOO 97 a" 2.5 4,349 20961 
520 1 • 6• 98.0 1.9 •• 523 3. 115 
540 0 oOO 98.0 lo9 4.697 30269 
560 0 .oo 98.0 1.9 40871 30423 
580 1 a64 98o7 i.2 5.045 3.577 
600 0 oOO 98.7 1.2 5a219 3.731 
620 0 .oo 98o7 lo2 5.393 3a885 
640 l .64 99o3 .6 50567 4. 038 
660 1 • 6• 100.0 .o 5·7'11 'I• 1S2 

REMAINI~G FREQUE~CIES ARE ALL ZERO 

. 
I-' 
N 
....... 



SOUTHBOUlllD I Ill SIDE LA"'E TRAFFIC HEAOnAY DISTRIBUTION --LANE L42 I TENTH OF SECONDI 

HBLE 6 
EliTRIES U TABLE HEAN ARGU,.ENT STANDARD DEVIATION SUH OF ARGUMENTS 

99 1810292 1660250 179""o000 hON-liEIGHTED 

UPPER 08SERVE<l PER CE"T CUMULATIVE CUHULATI~E PIULTIPLE DEVIATION 
L II• IT FREQUENCY OF TOTAL PERCENTAGE REIUINDER Of MEAN FROM ,.EAN 

0 0 .oo .o 100 .o -.DOO -1.090 
20 " • ·1'• 4e0 95o9 • 11 () -.970 

"o i·2 12.12 lo•l 8308 .220 -. 6"9 
60 10 10.10 26o2 73,7 • 330 -.729 
eo 7 7 .07 33o3 66.6 ·-•l -.609 

100 8 a.oa 41.4 se.5 • 551 -0"88 . 
120 8 8ooa "9·" 50·5 .661 -· 368 
140 8 Booe 57.5 "2 ·" • 772 -·248 
160 5 5o05 62.6 37.3 .ea2 -.128 
1 !10 3 3.oJ 65.6 J". 3 • 992 -0007 
2CO 3 3e03 6806 31.3 10103 .112 
220 " ". 04 72.7 21.2 1.213 0232 
240 2 2o02 7.\o 7 25.2 l o.323 0353 
260 0 .oo 7 •. 1 25.2 lo" 3• • •73 
280 3 3o03 77o7 22o2 lo 5"" • 553 
JOO 0 oOO 11o1 22.2 1.654 •Tl" 
320 3 3o03 aooe 19ol lo 71j5 0 83• 
3•0 1 loOl 81.8 18 .1 lo875 • 954 
360 1 1.01 a2.a 11.1 1. 965 lo 0 7• 
380 1 lo 01 eJ.a 160 l 2e096 lol95 
400 1 1.01 a .... a 15·1 20206 lo 315 
420 3 J.03 87.8 12.1 20316 1. "35 
HO 3 3.03 90o9 9.0 2·•27 lo 556 
460 3 3o 03 93.s 6.0 2.537 1.676 

"eo 1 loOl 94 0 9 5o0 2.6"7 lo 796 
500 0 .oo 9'1.9 5.0 20757 1 .917 
520 0 .oo 94. 9 s.o 2o il68 2.037 
5 40 l 1•01 95o9 ~oo 2. '>7 a 2. 1~7 
560 0 oOO 95. 9 "0 0 3. 086 2.211 

560 0 .oo 95.9 "oO 3, 199 20398 
?00 0 .oo 95.9 ". () 3.309 2.51~ 

620 0 oOO 95,9 4. 0 3 0" 19 2o 6 3 8 
640 1 1.01 96o9 3o0 30530 2.759 
660 1 loOl 97.9 2o0 lo640 2.879 
660 0 .oo 97.9 2.0 30750 2.999 
7C.O 1 loOl 9ilo9 l.o 3.661 3, 120 
7'0 1 lo01 10000 oO 30971 3·2•0 

REMAINING FREQUENCIES ARE ALL ZERO 

}-I 

N 
N 
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E.aSTBOUNO TRAFFIC SPEED DISTRIBVT ION-- LANE Ll 

TA!ILE 13 
EliiTI' IES Ill TABLE "EA"i ARGVl'IENT 

192 36o0"1 

UFPEI! OBSERVED PER CENT 
LIMIT f REQUEltCV OF TOTAL 

0 0 oOO 
2 0 oOO .. 0 oOO 
6 0 oOO 
8 0 oOO 

10 0 oOO 
12 0 • 00 
14 0 .oo 
16 0 .oo 
18 0 oOO 
20 0 .oo 
22 0 oOO 
24 1 052 
:26 5 2o60 
:2~ 23 11097 
30 18 9o37 
32 21 10 0 93 
3• 25 13002 
36 19 9o IJ9 
38 31 16014 
40 10 5020 
u 7 3o64 
4• 8 .. 0 11; 
46 1 052 
48 8 .. 0 16 
so 3 1.56 
52 2 lo 04 
54 0 oOO 
56 2 lo 0 4 
58 8 "o 16 

REMAINING Fl• QUENCIES ARE ALL ZER.0 

(FT,SECI 

STANDARD DEVIATION 
70695 

CUMULATIVE CUMUL4TIVE 
PERCEllTAGE REIUINDER 

oO lOOoO 
oO lOOoO 
oO 100.0 
oO lOOoO 
oO 10000 
oO 100 .o 
.o 10000 
.o 100.0 
oO IOOoO 
oO 100.0 
.o 100.0 
oO 10000 
.s 99 ... 

3ol 9608 
15 .1 8408 
2•·• 75,5 
35 o4 64.5 
46.• 5lo5 
58o3 4106 
74 ... 25o5 
7906 20o3 
83o3 1606 
87o4 1205 
8SoO llo9 
92ol 708 
93o7 602 
94t 0 7 5o2 
94 o7 5o2 
9508 4ol 

lOOoO oO 

SUit OF ARGUMENTS 
69200000 

MIA.TIPLE 
OF MEAN 

-oOOO 
0055 
0 110 
o 166 
0 221 
0277 
0332 
0368 
0 ""3 
0 499 
0554 
0610 
0665 
.121 
o17b 
0 832 
• 887 
,943 
0998 

lo054 
lol09 
lo 165 
10220 
10276 
lo.331 
lo31l7 
lo" •2 
lo49B 
10553 
lo609 

NON-lllEIGHTED 

OEVIAT ION 
FROM MEAN 

-4o &el 
-"0423 
-4ol63 
-30903 
-Jo6"3 . -J 0 3 84 
-J.1~-

-2.864 
-2o6C4 
-2.344 
-20084 
-lo824 
-1.564 
-10304 
-1 o o .. s 

-o 765 
-.s~s 

-0265 
-0005 

• 254 
o5 1• 
0 774 

lo034 
lo 294 
lo553 
lo 813 
20073 
20333 
20593 
20853 

N ..,. 



•ESTBOUNO TRAFFIC SPEEO OISTRTBUTIOH-- LANE L2 ( FT.l'SECl 

T .. BLE l• 
EHR I ES u TABLE MC:AN ARGUMEl;T STANDARD DEVIATION 

179 "3. "l !I 60589 

UP PEP oa SERVE CJ PER CEltT CUftUL AT l VE CUfllULATI\IE 
Ll!lllIT FREQUENCY OF TOTAL PERCEltTAGE REllAlltOER 

0 0 .oo .o 100·0 
.2 0 .oo .o 100.0 

" 0 .oo .o ioo.o 
6 0 • 00 •O 100.0 
8 0 .oo .o 100.0 

10 0 .oo .o 100.0 
12 0 .oo .o 100.0 
H 0 .oo .o 100.0 
16 0 .oo .o 100.0 
18 0 .oo .o 100 .o 
20 0 .oo .o ·100.0 
;:2 0 .oo .o 100.0 
24 0 .oo .o 100.0 
26 c .oo .o ioo.o 
28 0 .oo .o 100.0 
~o 0 .oo .o 100.0 
32 9 5.02 5.0 94o9 
34 13 7o26 12.2 87.7 
36 J lo67 l3o9 8600 
3!1 18 10. o·s 2".o 75.9 
40 9 5.02 29.0 10.9 
"2 28 15.6" ""·6 55.3 

"" 20 11•17 55.8 ""·1 
46 25 13.96 6908 30ol 
48 16 8.93 78.7 21.2 
~o 9 5o02 BJ.7 16.2 
52 16 8.93 92.7 1.2 

5" 0 .oo 92o7 1.2 
56 5 2.79 95,5 ",4 
58 8 "· "6 100.0. .o 

REMAINING FR~~UENCIES ARE ALL ZERO 

SUM OF ARGUMENTS 
777.2.000 

MULTIPLE 
OF l'IEA" 

-.ooo 
·0"6 
.092 
.138 
.18• 
o2JO 
·276 
·J22 
.J68 
·•l• 
·"60 
0506 
0552 
• 598 
• &•• 
.690 
.737 
.783 
.829 
• 875 
.921 
0967 

loOlJ 
1.059 
lol05 
lo 151 
1.197 
lo 243 
lo289 
10335 

NON-WEIGHTED 

DEVIATION 
FROM PIEllN 

-6.588 
-6.285 
-5.981 
-'5.671 
.-s. 374 
-5.071 

--· 767 
--· "64 -•·160 
-3.857 
-3.553 
-3·2~0 
-2.946 
-2. 643 
-2.339 
-2.036 
-1. 7 32 
-1. 429 
-1·125 

-.e22 
-.518 
-.215 
.088 
• 391 
• 695 
• 9<;B· 

lo302 
1. 605 
lo 909 
2.212 

f-' 
N 
Vl 



NORTr<BOUNO OUTSIDE LANE TIUFFIC 

T•BLE 15 
EhTRIES U TABLE •EA" 

151 

UPPEI< O&SEilVED 
LUIIT FREQUENCY ., 0 

2 0 

" 0 
6 0 
8 0 

10 0 
12 0 
1" 0 
16 0 
18 0 
20 0 
22 0 
24 0 
26 0 
28 0 
30 0 
32 0 
34 3 
36 5 
38 11 
"0 18 
•2 22 
44 20 
46 32 
48 23 
50 6 
52 " 5• 0 
56 3 
58 ~ 

RE"AINING FREQUENCIES ARE ALL 

SPEED OISTRIBUTION LANE L31 IFT/SECI 

&RGt>MENT STANDARD OEYIATION 
"3. 695 'h 839 

PE'R CENT· CUMULATIVE CUMULATIVE 
OF TOTAL PERCENTllGE REMAIIWER 

.oo .o 100.0 
0 00 .o 100 .o 
.oo .o 100.0 
.oo .o 100.0 
.oo .o 100.0 
oOO .o lOOoO 
.oo • i; lOOoO 
oOO .o 100.0 
.oo .o lOOoO 
.oo .o 100.0 
.oo .o ioo.o 
.oo .o ioo.o 
.oo .o 100.0 
.oo oO 100.0 
.oo .o 100.0 
.oo .o 100·0 
·• 00 .o 100 .o 

lo98 1.9 98.0 
3. 31 5.2 940 7 
7o28 12.5 87 •• 

llo92 2•.5 75·" 
1•.'56 39.0 60o9 
13.24 52o3 .\706 
21019 73.5 26o4 
l5o23 88.7 11.2 

3o 97 92o7 1.2 
2.64 95o3 .\ob 

oOO 95o3 406 
lo98 97.3 206 
200~ ioooo .o 

ZERO 

SUM OF ARGUMENTS 
659 a. ooo 

l'IUL T IPLE 
OF 14EAN 

-.ooo 
·0•5 
0091 
0137 
0183 
0228 
027" 
.320 
0366 
• 4 11 
·•57 
• 503 
0549 
0595 
·6•0 
0686 
• 73 2 
0 776 
• 823 
• 869 
0915 
0961 

lo006 
lo052 
10098 
lol44 
lo 190 
10235 
lo281 
10327 

NOll-llEIGttTED 

DEVI AT ION 
FROM 14EllN 

-9.028 
-8.615 
-9.201 

,-7.7.88 
-7.375 
-6.962 
-6.5•8 
-6.135 
-s.122 
-5.309 
-•.895 
- .... 82 
-4.069 
-3.656 
-J.242 
-2.829 
-2·416 
-2.003 
-1.sso 
-1. 1 76 

-0 763 
-.350 

0062 
0476 
0889 

lo302 
10715 
2ol29 
2. 5•2 
20955 

,_. 
N 
~ 



NORTHBOUND INSIDE LANE TRAFFIC 

TAllLE 16 
EllTIUES Ill TABLE "'EA~ 

147 

UPPER OBSERVED 
LIMIT FREQUENCY 

0 0 
2 0 
4 0 
6 0 
8 0 

10 0 
12 0 
H 0 
16 0 
16 0 
;oo 0 
:02 0 
2'1 0 
26 0 
28 0 

30 0 
32 0 
3'1 5 
36 21 
38 10 
40 9 
42 10 

"4'1 19 
46 31 
.. a 20 
50 5 
52 2 
54 0 
% 4 
58 5 

REMAINING FR~wUENCIES ARE ALL 

SPEED DISTRIBUTION L•NE L32 lfT,SECI 

•RGUl'!ENT STANDARD DEVIATION 
.. 3. 102 50710 

PER CENT CUMULATIVE CUl'!ULATIVE 
OF TOTAL PERCENTAGE REIUINOER 

.oo .o 100.0 
oOO . (, 100.0 
oOO .o ioooo 
.oo .o 100.0 
.oo .o 100.0 
oOO .o ioo.o 
.oo .o ioo.o 
.oo .o 100.0 
.oo .o ioooo 
.oo .o ioo.o 
.oo .o ioo.o 
.oo .o 100.0 
oOO .o lOOoO 
oOO .o 100.0 
oOO .o ioo.o 
.oo .o 100 .o 
oOO oO ioo.o 

3o40 3 ... 96o5 
1 ... 28 17.6 82. 3 
6·80 24." 75.5 
6.12 30.6 69.3 
6e80 37 •• 62o5 

12.92 50.3 .. 9.6 
25.17 75,5 24 ... 
13 • &O 69 .1 10.a 
3. 40 92.5 7 0 4 
1 e36 93.8 6.1 

.oo 93.8 6el 
2.12 96o5 3 ... 
3. 40 100·0 .o 

ZERO 

SUM OF AllGU><£NTS 
6336.000 

llUL TIPLE 
Of MfAll 

-.ooo 
0046 
.092 
e 139 
0185 
0 232 
a278 
0324 
0371 
0 •17 
o Hi<I 
0510 
• 556 
0603 
0649 
0696 
.1 .. 2 
.788 
0 835 
• 881 
.928 
.97• 

le020 
1. 0 67 
le 11 J 
le160 
lo206 
1. 252 
la299 
1. 345 

NOl'<-ltEIGHTED 

DEVIATICflf 
FROM MEAN 

-7o5'17 
-7.197 
-6.846 
-6.'196 
r6el'l6 
-5. 7 96 
-5. 4•6 
-5.095 
-4.7•5 
-4o~95 
_,,o 045 
-3.695 
-3.3~4 

-20 99'1 
-20 6 4 .. 
-2.29'1 
-t.943 
-1.593 
-lo243 

-.893 
-·5•3 
-.192 

• 157 
• 507 
• 85 7 

1.201 
1.558 
le 90 B 
2e256 
2a6C8 

..... 
N 
--.J 



SOUTHBOUliiD OUTSIDE LANE TRAFFIC SPEED DlSTRlBUTION LANE L41 IFT/SECI 

TABLE 17 
ElifRIES Ih TABLE •EAN ARGU!<ENT STANDARD DEVIATION 

151 ""·761 "·890 

UPPER oe SERVED PER CENT CUMULATIVE CUMULATIVE 
LlMJT FREOUENCY OF TOTAL PERCENTAGE RENAINOER 

0 0 oOO .o 100.0 
2 0 .oo .o lOOoO 

" 0 .oo .o 100.0 
6 0 oOO .o lOOoO 
8 0 • 00 oO 100.0 

10 0 .oo .o 100.0 
12 0 .oo .o 100.0 
H () .oo .o 100.0 
16 0 .oo .o 100.0 
18 0 .oo .o 100.0 
20 0 .oo .o 100.0 
22 0 .oo .o 100.0 
24 0 .oo .o 100.0 
26 0 oOO .o 10000 
28 () .oo .o 100·0 
30 0 oOO oO lOOoO 
32 0 oOO .o 100.0 

'" 1 066 .6 99.3 
36 0 oOO .6 99o3 
JI! 10 6062 7o2 92.7 
"0 10 6062 13o9 ~6.0 

42 30 19086 33.7 6602 

"" 29 19020 52o9 47.0 
46 20 13o2" 6C.o2 33.7 
48 19 12osa 7808 21.1 
50 10 6062 es.• 14.5 
~2 13 8060 9" 0 0 5.9 
s .. 0 .oo 94. (• 5o9 
56 6 3o97 98. 0 1.9 
58 3 1.98 100.0 oO 

RE~AINING FR~'UENCIES Ai<E ALL ZERO 

SUM OF ARGUMENTS 
67590000 

"UL TtPLE 
OF l!E AN 

-.ooo 
0 04" 
.089 
• 13" 
0178 
• 223 
• 268 
• 312 
• 3'57 
.402 
• 446 
• "91 
0 536 
oseo 
.625 
0670 
o 714 
0 75·9 
• 804 
0 6"8 
0893 
·936 
0 982 

1o027 
10072 
1 o 11 7 
1.161 
1. 2vo 
102s1 
le295 

NON• ilEIGHTEO 

DEVIATION 
FROM MEA'I 

-9.152 
-80743 
-a.33" 
-70925 
-7.516 
,-1.1c1 
-6.698 
-6.289 
-s. seo 
-s. 4 72 
-s.o6J 
--0654 
-4·2"5 
-3.836 
-3o .. 27 
•3o016 
-20609 
-2.200 
-lo 791 
-1.362 
-.973 
-· 56 4 
•ol55 

0253 
06€2 

1. 0 71 
1." BO 
lo889 
2. 297 
20706 

........ 
t...l 
:0 



SOUTHBOUND INSIDE LANE TRAFFIC SPEED DISTRIBUTION LANE L42 I FT I SEC I 

TA!!LE 18 
EliTRIES Ih T A&LE MEAN ARGUMENT STANDARD DEVIATION 

98 48.571 50527 

UPPER OBSERVED PER CENT CU11ULA TI VE CUMULAThE 
LIMIT FREQUENCY OF TOTAL PERCENTAGE REMAINDER 

0 0 .oo oO 10000 
2 Q oOO oO 100.0 .. 0 .oo oO 100.0 
6 0 oOO oO lOOoO 
8 0 oOO oO 10000 

10 0 oOO .o lOOoO 
12 0 oOO .o 10.0o 0 
14 0 oOO .o 100.0 
16 0 .oo .o 100.0 
1& 0 oOO .o 100.0 
20 0 .oo oO lOOoO 
22 0 oOO .o 100.0 
24 0 oOO .o 100.0 
26 0 .oo oO 10000 
28 0 oOO .o ioo.o 
30 0 .oo oO 10000 
32 0 oOO oO 100.0 
3• 0 oOO oO 100 .o 
36 I) .oo oO 100.0 
3tl l lo02 loO 98.9 
40 5 5 .10 6ol 93,a 
42 2 2.0 4 s.1 9108 

•• 18 1Bo36 2bo5 730• 
•6 12 l~.2· 38o7 61o2 
•6 13 13026 52 .o 4 7 o9 
50 H l•o28 6603 3306 
52 13 13026 79,5 20 •• 
54 0 oOO 79o5 20o• 
~6 7 7ol• 8607 13o2 
58 13 13o2& 10000 oO 

RE~AINING F~ OUENCIES Al<E l.1.L ZERO 

SUM OF ARGUMENTS 
•'7600 000 

MULTIPLE 
OF MEAN 

-.ooo 
0041 
0082 
0 123 
0164 
• 205 
0 2 47 
0288 
• 329 
0 370 
0 411 
0452 
• 494 

• 535 
0576 
0617 
.658 
0699 
• 7• 1 
o 1e2 
• 623 
o8&4 
0905 
o !H7 
o98S 

1.029 
lo070. 
lolll 
101s2 
lo 194 

NON-,.EIGHTEO 

0 EV I AT TOOi 
FRO"' ME AN 

-!10787 
-~·•25 

-80063 
-1.101 

,-7.340 
-6.978 
-6.616 
-6025• 
-5.892 
-5.530 
-50169 

-·· 807 -•••45 
-•·083 
-3, 721 
-3,359 
-2o9'l8 
-2.6~6 

-20 274 
-1.912 
-1.550 
-lol88 
-. ~n 
-0465 
-0103 

0258 
.620 
• 9e2 

103•3 
lo705 

"""' N 
<.::>. 
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ElST80UND TRAFFIC QUEUE LENGTH -- LANE L 1 

TABLE 2~ 
fhTRJES u. T AeLE ME AN ARGUMENT 

29 8e462 

UPPER 08 SERVED PER COIT 
LHIJ T FREQVEhCY OF TOTAi. 

0 0 .oo 
1 0 .oo 
2 0 .oo 
3 0 .oo 
4 0 .oo 
5 J 10.J4 
6 3 10.34 
7 6 20.68 
8 3 10.34 
9 4 13.79 

10 4 13a79 
11 3 10.34 
12 1 3.,,. 
u 2 6.89 

REMAINlhG FREQUENCIES ARE ALL ZERO 

WEST60UND TRAFFIC OUEUE LENGTH -- LANE L2 

. TA6LE 26 
E~TRIES 1~ TABLE 

29 

UPPER 
LHllT 

0 
l 
2 
3 
4 
5 
6 

REMAINING FREQUENCIES 

MEAN ARGUMENT 
1.931 

OBSERVED PER CENT 
FREQUENCY OF TOTAi. 

7 24.13 
6 20.66 
6 20068 
5 11.21t 
J 10·3• 
1 3o44 
l 3. "" 

ARE ALI. ZERO 

STANDARD DEVIATION 
2.320 

CUMULATIVE CUl'IULATIVE 
PERCEllTAGE 

.o 

.o 

.o 

.o 

.o 
10. 3 
20.6 
4le3 
5la7 
65.5 
79o3 
89·6 
93.l 

100.0 

STANDARD OEVlATlON 
l o6•U 

REl'IAlNDER 
100.0 
100.0 
100.0 
100.0 
100.0 
69.6 
79.3 
58e6 
48.2 
34.4 
20e6 
10.3 
6.a 

.o 

CUMULATIVE CUMULATIVE 
PERCENTAGE REMAINDER 

24el 1s.a 
44 .a 55.1 
65.5 34. 4 
82.7 11.2 
93.1 608 
96.5 3e4 

100.0 .o 

SUM OF ARGUMENTS 
246.000 

MULTIPLE 
OF If f UI 

-.ooo 
• 117 
• 235 
.353 
... 71 

.589 
• 707 
• i125 
o9o\3 

le060 
le 178 
lo296 
1." 14 
1a532 

SUM OF ARGU~ENTS 

560000 

MULTIPLE 
OF "EAN 

-.ooo 
.5t7 

1. 035 
1.553 
2.011 
2e589 
3a107 

NON-llEIGHTEO 

DEVIATION 
FROM HEAN 

-3.655 
- 3. 2 2" 
-2.793 
-2.362 

,-1.931 
-1.500 
- 1. 0 7 0 

-.639 
-.206 

.222 
e653 

1.oe" 
le515 
1·9"6 

NON-WEIGHTED 

DEVIATION 
FROM ME AN 

-1.174 
-·566 

• Oo\1 
.6'50 

1.2sa 
1.866 
2. 474 

"""' vi ,__. 



NORTHBOUND OUTSIDE LANE TRAFFIC QUEU€ LENGTH -- LAhE L31 

T ll!LE 27 
E"TIHES l" TAeLE MEAN ARGUMENT STANDARD DEVIATION 

29 2·"82 10296 

UPPER 06 SfilVED PER CENT CU"ULATIVE CUMULATIVE 
LIMIT FRE QUE,. CY . OF TOTAL PERCENTAGE REMAINDER 

0 1 3. "" 3o" 96o5 
l 6 20068 2" o 1 75.8 
2 9 3lo03 sso1 ""•a 
3 6 20.6& 1s.a 2• .1 

" 5 17.24 93ol 6·8 
5 2 6089 100.0 .o 

REMAlNih~ FRE,UENCIES ARE ALL ZERO 

AORTH80UhC INSIDE LANE TRAFFIC QUEUE LENGTH -- LANE L32 

TABLE 28 
ENTRIES U. TABLE MEAN ARGUMENT STANDARD DEVIATION 

29 30000 l ·•60 

UPPER OBSERVED PER CENT CUMULATIVE CU'IULAT 1 VE 
Lli'IIT FREOUENCV OF TOTAL PERCENTAGE REMAINDER 

0 1 3 0 "" 3." 96 .s 
1 .. 13.79 17 .2 82.7 
2 6 2() 0 68 37 0 9 62.0 
3 b 20068 58.6 41 o 3 

" 8 21.sa 86.2 13o7 
5 3 10034 96o5 3.4 
6 1 3 .... 100.0 .o 

REl'IAil>I~G FREC:UENC IES ARE Al.l ZERO 

SUM OF ARGU'IENTS 
720000 

"ULTIPLE 
OF "'EAN 

-oOOO 
o•02 
.aos 

1.208 
. 1.611 
2.01.J 

SUM OF ARGUMENTS 
8fo000 

MUL TIPi.,E 
OF i'IE.4~ 

-.ooo 
0333 
.666 

1.000 
1.333 
10666 
2.000 

NO"-•EIGHTED 

DEVI AT ION 
FROl'I "'EAN 

-lo 914 
-1o1•3 
-.372 

• 39e 
1.169 
1. 94 l 

NON-llElGltTED 

DEVIATIGl'I 
FROM ME AN 

-2.0~3 

-10368 
-.68• 
-.ooo 
.6e" 

1. 368 
2.053 

• .. .i 
l-.1 



SOUTH~OU~D CUTSIDE LANE TRAFF[C QUEUE LENGTH -- LANE L•l 

TABLE 29 
ENTRIES Ih TABLE MEAN ARGUMENT STANDARD DEVIATION 

29 • 65.5 0768 

UPPER 06SER\/ED PER CENT CU!IULATIVE CUJl!ULAT I VE 
L ll•IT FREQUENCY OF TOTAL PERCENTAGE REMAINDER 

0 1• 4!1.27 •e.2 5le7 
1 12 •1.37 119.6 10.3 
2 2 6ell9 96.5 .3.• 
3 1 3·•• 100.0 .o 

REMAINING FREQUENCIES ARE All ZERO 

SOUTHBOUND INSIDE LANE TRAFFIC QUEUE LENGTH -- LANE l42 

TABLE 30 
EllTRIES HI TABLE MEAN ARGUMENT STANDARD DEVIATION 

29 • 241 ·•35 

UPPER OB SERI/ED PER CElllT CUMULATIVE CUMULATIVE 
L 1''11T FREQUENCY OF TOTAL PERCEIHAGE REIUINDER 

0 22 75.66 75.e 2•·1 
1 7 24013 ioo.o .o 

REMAINING FREQUENCIES ARE ALL ZERO 

SUM OF ARGU~ENTS 
19.0CO 

MULTIPLE 
OF MEAll 

-.ooo 
1.526 
3.052 
•·5711 

SUM OF ARGUMENTS 
7.000 

MULTIPLE 
OF MEAN 

-.ooo 
•• 1•2 

NOll-ilEIGHTED 

DEVIATION 
FROM. MEAN 

-.8~2 

• ••8 
1.1.9 
3. 0•9 

NON-1roEIGHTED 

DEVI AT ION 
FROM MEIN 

-·55• 
1.1 .. 2 

I--' 
'.Jl 
'..1-1 



APPENDIX I 
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EASTBOUND THROUGH TRAFFIC TRAVEL T lME I SECOND I 

TABLE ll 
ENTRIES II\ TAeLE "EAP< AIHiUME"T STANDARD OfVIATlON SUll OF ARG\J'IEIHS 

120 8 5. "83 39e562 1G256e000 NON-ICEIGHTED 

UPPER OBSERVED PER CE!IT CUMULATIVE CUflULATlVE IWLTIPLE DEVIATIC~ 

LIMIT FREQUENCY OF TOTAL PERCENTAGE l!EflAINOER OF '"f At. FROM Ml;;A"' 

0 0 .oo .o 100.0 -.ooo -2.160 

" 0 • 00 .o 100 .o .046 -2.059 
6 0 .oo • 0 100.0 .093 -1. 958 

12 0 .oo .o 100.0 • l 40 --1. 8~ 7 

16 4 3,33 3,3 96 eb • l 87 -1.756 
20 3 2. •9 5,5 9• .1 .233 -1.655 
2• z 1.66 7." 92w5 • 280 -t.55• 
~6 0 .oo 7,4 92.5 • 327 -1.452 
32 3 2 • .\9 9,9 90.0 ,374 -1.351 
36 2 1.6& llo6 86.J • 421 -1. 2!00 
40 3 2o.\9 14 .1 65.6 .467 -l.149 

"" 2 1.66 15.8 !14. 1 • 51• -1.048 
48 5 •· 16 19.9 so.o .561 -,•H7 
52 4 3,33 23.3 7 606 e608 -.SH> 

56 5 4.16 27.4 72.5 .655 -· 7 45 

60 " 3. 33 30.8 69ol • 701 -. 6"4 
E4 5 "· 16 340 9 65·0 .748 -.543 
68 2 1066 36.6 63.J .795 -. 4"1 
72 " 3,33 39o9 60o0 0842 -• l•O 
76 2 1066 "1·6 58·3 • 6,9 -.239 
60 2 lo 66 •lo J 56e6 • 935 -.138 

e• 6 4,99 48.3 51.6 • 982 -.031 
86 " 3,33 5106 •6 .J 1.0l9 .Q63 

92 6 4e99 5606 "3. 3 1.076 • 164 
96 5 •· 16 60.S 39.1 1.123 • 265 

100 3 2.49 63.3 J6.6 1.169 0366 
10• 7 5o83 69.1 30.8 1.216 • •66 

106 3 2.49 71 .6 28.l le263 •. 569 

112 6 •o99 76.6 23.3 1. 310 • 670 

116 J 2. '19 79ol 20.a 1.356 0771 
\20 2 1.66 8006 19.1 l • •O 3 • 872 
12• l o ll3 81.6 18e3 le450 0973 
128 2 1.66 83.J 1&.6 1. "97 lo 0 7'1 
1~2 l 1.66 84e9 1s.o 1. 5 "" 1.175 
136 1 .83 85. 6 1•.1 le590 1.276 

140 2 1.6& 87 ... 12. 5 le637 l. 3 77 

1"4 J 2.49 69. 9 10.0 lo684 . 1. "79 
1•11 3 2.49 92o4 7,5 1. 7 31 1. 580 

152 1 ,93 9J.J 6.6 1.778 1. 6 81 

156 2 1. 66 94. 9 5o0 le824 1. 782 
16Q .. 3.3 3 98.3 1.6 1.871 le883 
164 2 1.66 100.0 .o le918 i. 9e• 

RE!o!AINING Fl<E 'U ENCIES ARE Al.L ZERO I-' 
:_,.i 

'.J1 



•ESTBOUNO THROUGH TRAFFIC TRAYEl TI l4E I SECOND! 

TABLE 32 
Er.TRIES J" TAfLE MEAN ARGUMENT STANDARD DEVIATION SU" OF ARGUO!ENTS 

103 34.291 16 .9 37 J5J2.ooo NON-i!EIGliTEO 

UPPER 08 SERVED PER CENT CUNULATlVE CU l'IULAT I ~E llUL TIPLE DEYIATICll 

Lii! IT FREQUEr.CY OF TOTAL PERCENTAGE REMAll'fOER OF '"EA'I FROM MEUI 

0 0 .oo .o 100.0 -.ooo -2.024 
4 0 .oo .o lOO.o • 116 -1. 7t!8 
8 0 .oo .o 100.0 0 23 3 -1. 5!:2 

12 0 .oo .o 10000 ·3•9 -1·316 
16 10 9.10 9.7 90.2 0466 -lo079 
20 19 18 .4 .. 2a.1 7 l o8 • 583 -.S43 
;;:4 9 "· 73 3608 63.l .699 -.6C7 
28 12 11.65 48.5 5lo4 .816 -0371 
32 6 7.76 56.3 4J.6 • 933 -.135 
36 4 J.88 60.1 39.a l 0049 .100 
41) 5 .... 85 65.0 34.9 lol66 .3~7 

44 7 6079 7108 2e.1 1.283 .573 
48 8 7.76 79.6 20.3 1.399 0 809 
52 5 4·85 84.4 15 .s lo516 1. 045 
56 .. 3.as 88.3 11. 6 lo6J3 l. 2!! 1 
60 3 2.91 s1.2 llo 7 1. 749 10517 
64 3 2.91 94 0 l 5.8 10866 10754 
68 2 1·9• 96.1 308 lo983 1.990 
72 0 .oo 96.1 308 20099 20226 
76 l 097 9700 2o9 2.216 2. 462 
110 2 1.94 99o0 .9 20332 20698 
64 1 .97 10000 oO 20449 20934 

REMAINING FREQUENCIES ARE ALL ZERO 

:_,~ 

(;;'\ 



NORTHBOUND OUTSIDE LANE THROUGH TRAFFIC TRAVEL T I,.E C SEC OHO I 

TABLE 33 
EllTRIES Ill TAELE .. EAN ARGUl'IE"iT STANDARD DEVIATION SUfl OF ARGU,.EIHS 

79 .. "· 3• 1 28.•37 35030000 NON-llEIGHTEO 

UPPER OB SERVED PER CENT CU .. ULATIVE CUMULAT lYE ICUL T IPLE DEVIATION 
LI,.IT FREllOENCT OF TOTAL PERCENTAGE REMAINDER OF MEAfi FROM l!EAlll 

0 0 .oo .o 1oc.o -.ooo -1.559 

" 0 .oo .o loo.o .090 -1.•1& 

8 0 .oo .o li>OoO .1 !10 -1.277 
12 1 1.26 1.2 911.7 0 270 -1.137 

16 • 5o06 603 9306 0360 -0996 

20 15 111· 98 25o3 7•o6 0451 -.855 
24 9 llo39 36.7 63o2 0 541 -·715 

:<8 8 10.12 •6·11 53.1 0631 -057• 
32 2 2o53 49e3 5006 0721 -.433 
36 • 5o06 54." •5·5 0811 -.293 

•O 1 lo26 5506 •4o3 0902 -.152 

•4 3 3o79 590 4 40o5 • 992 -.012 
48 3 3o79 63o2 36.7 1.082 ol28 

52 " 5o06 6803 3106 lo 172 0 269 
56 0 .oo 6803 3106 10262 ·"09 
to 1 lo26 6906 30.3 lo353 0550 
E4 2 2o53 72ol 2708 lo ""3 • 6S 1 
68 .. ~.06 77o2 22.1 lo5J3 • 831 

72 3 3o79 81o0 1809 10623 0972 
76 0 oOO 8100 1809 lo 71 J loll3 

80 2 2.53 83.5 16·" lo804 lo 2 S 3 
84 l lo26 e• o a 15ol lo894 lo 3 94 

86 2 2.53 87o3 1206 lo 98• lo535 
92 5 6032 9306 603 2.01• 10675 

96 0 oOO 9306 6.3 2o l65 1o 816 

10.0 2 2,53 96.2 3o7 20255 10957 

lC4 0 .oo 96o2 J.7 2o3•5 20097 

1C8 2 2o53 98o7 1.2 2 •• 35 2.238 

112 0 .oo 98.7 1.2 20525 2. 3 79 

116 1 lo26 100.0 .o 20616 20519 
REl'IAilllihG FRE~UENCIES ARE ALL ZERO 

~·· 
-~ 



NORTHBOUNO JNSIOE LANE THROUGH TRAFFIC TRAVEL TIME 

TABLE l• 
ENTRIES IN TABLE MEUI ARG\JMEl'H 

1()3 • 1. 563 

UPPER O&SEllYED PER CENT 
LIMIT FREQUENCT OF TOTAL 

0 0 oOO 
4 0 .oo 
!I 0 .oo 

12 0 oOO 
16 3 2o9 l 
<'0 16 15053 
2• t• 13.59 
28 7 6.79 
32 5 •.es 
36 • 3.88 
40 3 2.91 
44 3 2.91 
48 2 1.94 
52 :l 1.94 
56 2 t.94 
t:O 3 2.91 
64 5 4o85 
68 6 s.112 
72 5 ".es 
76 3 2.91 
!10 .. 3088 
84 4 3.e8 
88 3 2.91 
92 3 2o91 
96 3 2o91 

100 3 2o91· 
RE~AINING FREQUENCIES ARE ALL ZERO 

lSECOMDt 

STANDARD DEVIATION 
26.562 

CUMUl.AT IVE CUll!ULATIYE 
PERCENTAGE RE"AINDER 

oO 100.0 
oO 100.0 
.o 100.0 
oO 10000 

2o9 91.0 
18 ... 11105 
32.0 67.9 
J!l .8 61.1 
43.6 56•3 
47.5 52·• 
50o4 49.5 
53.3 '116.6 
55.3 44.6 
51.2 42.7 
59.2 40.7 
62.1 37.8 
66.9 33.0 
12.e 27ol 
77.6 22.3 
aoos 19.4 
!14.4 15o5 
8803 11·6 
91.2 807 
94.t 508 
97.0 2o9 

10000 .o 

SUM OF ARGUMENTS 
•!1990000 

MULTIPLE 
OF llEAN 

-oOOO 
oO!I .. 
.168 
0252 
oJ36 
0420 
·504 
0588 
.672 
0756 
• !140 
.925 

lo009 
1.093 
1.177 
1.261 
1. 345 
lo 429 
lo5 l3 
1.597 
lo681 
lo766 
lo 850 
lo934 
2.01e 
20102 

'ION-•EIGHTED 

DEVIATION 
FROl'I MEAN 

-1.790 
-1. 640 
-l.489 
-1.338 
-1. 18!1 
-1.037 

-o 8!17 
-·736 
-.5e5 
-.435 
-·284 
-·13'1 

.016 
• lt: 7 
.317 
.468 
• 61!1 
0 76<1 
.919 

lo070 
1.221 
1.371 
lo522 
t.672 
lo 1123 
lo 974 

;--I 

V.J 
00 



SOUTHBOUND OUTSIDE LA,.E THROUGH TRAFFIC TRAVEL TIME I SECOND I 

TABLE 35 
ENTRIES IN TABLE l!EAN AllGV!'<EJiT STANDARD ~EVIATION 

106 2 ... 349 e.226 

UPPER OBSERVED PEP CENT CUMULATIVE - CUMULATI'VE 
LIMIT FREQUENCY OF TOTAL PERCENTAGE REIUINDER 

0 0 .oo .o 100 .o 
4 0 .oo .o 100.0 
8 0 .oo .o 100.0 

12 0 .oo .o 10000 
16 l& 15009 1s-.o 84o9 
2~ 26 24.52 3906 60.J 
c4 20 16086 58·• 41o5 
26 16 16098 75.4 24 .5 
32 11 10.:n 6506 14.1 
31) 6 5.66 9lo5 11•4 
40 2 1. 116 93.3 606 
44 5 •• 71 96ol 1.a 
46 1 .94 99.0 o9 
52 0 .oo 99o0 .9 
56 1 • 94 100.0 .o 

REMAINING FAE,UENCIES Al'IE ALL ZERO 

SUM OF ARGUl!ENTS 
2581.000 

MULTIPLE 
OF MEAN 

-.ooo 
• 164 
·328 
• 492 
0657. 
.e21 
• 965 

1. 1•9 
1. 314 
i.4711 
lo 6.42 
1.1101 
1.971 
2.135 
2.299 

NON-WEIGHTED 

DEVIUION 
FROM ME Al'I 

-2. 959 
-2. 4 7 3 
-1.987 
-1.501 
-1.014 . -.528 

-0042 
• 4•3· 
.930 

i. 416 
lo 902 
2.3ee 
2.674 
3o 361 
3. 847 

f--' 
VI 
\.=:l 



SOUTHBOUND lNSIOE LAHE TnROUGH T~liFFIC TRAVEL TlfllE ( SECONOI 

T,t;BLE 36 
EhTRIES 1111 TABLE "'E&i; llRGllMENT STANDARD DEVIATION SU,. OF ARGU"IENTS 

84 19. 869 3ea9e 1669·000 NOll-•EIGHTED 

UPPER OOSE!'!VED PER CENT CUMULATIVE CU,..ULllTIVE .. ULTIPLE DEVlATION 

LIMIT FREQUENCY OF TOTAL PERCENTAGE REMAINDER OF "'EAN FRO"' ME At; 

0 () .oo .o ioo.o -.ooo -5.096 .. 0 • 00 .a ioo.o .201 -.11.010 
6 0 .oo .o 100.0 ·•02 -J. 044 

12 0 .oo .o 100.0 .603 -2.01a 
lb 19 22.61 22.6 77.J .805 -. 992 . ;:o 32 36e09 60. 7 J9o2 le006 e033 
2'1 23 27.38 ea.o 11.9 le207 1. 059 
28 8 9.52 97.6 2.J le409 2.oas 
J2 1 1.19 98.8 1.1 1e610 3.111 
36 1 1.19 lOOeO .o 1. 811 ... 137 

REMAINING FREQUENCIES AiiE ALL ZEPO 

..::.. 
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EASTeOUlllO ~JGHT-TURlll TR•FFIC Tl<AVfL THIE l SECOND I 

TABLE J7 
ENTRIES J" TABLE MEAN ARGUMENT STANDARD DEVIATION SUP! OF ARGU~ENTS 

13 s 2. 230 37.750 1199.000 llOh-WEIGHTEO 

UPPER OBSERVEO PER CENT CUMULATIVE CUMULATIVE PIULTIPLE DEVIATION 
Ll"IT FREQUENC'f OF TOTAL PERCENTAGE REMAINDER OF "EAN FROll MEIN 

0 0 • 00 .o 100.0 -.ooo -2·4•3 
4 (I .oo .o lOOoO ·0•3 -2.337 
8 0 oOO oO 100.0 0086 -2.2~1 

12 0 oOO oO 10000 o l 30 -2ol25 
16 0 • 00 • 0 10000 .173 -20019 
;o l 7o69 706 92.3 0216 • -lo913 
24 0 oOO 706 92o3 0260 -1.907 
28 0 oOO 706 92o3 0303 -1. 7 01 
32 0 .oo 7.6 92o3 o3•6 -10595 
36 0 .oo 706 92o3 ,390 -1o•e9 
40 0 .oo 7.6 92o3 o•33 -10383 
44 1 7o69 15o3 8406 ,477 -1. 217 
48 0 oOO 15o3 &•·6 0520 -1.111 
52 0 oOO 15,3 8406 0 563 -10065 
56 0 oOO 15 0 3 8406 0607 -.959 
60 0 oOO 15.3 8406 .650 -0853 
64 0 oOO 15o3 8406 0693 -0747 
68 1 7o69 23o0 76.9 0737 -0641 
12 0 oOO 23.0 76o9 0780 -0535 
76 1 7.69 30o7 69.2 • 82• -·•29 
80 0 o.00 30o7 69.2 .867 -0323 
84 1 7o69 38o4 6lo5 .910 -.218 
86 0 oOO 38o4 6lo5 0954 -.112 
92 2 15038 5308 46·1 0 997 -.oc6 
% 0 oOO 5308 46ol lo040 0099 

100 0 oOO 5308 46.l 1. 084 0205 

1c• 1 7o69 61o5 3 s •• 1.121 olll 
106 1 7o69 69o2 30.7 .1.110 0•17 
112 0 oOO 69o2 30o7 1.21• 0523 
116 0 • 00 69o2 30o7 lo257 .6~9 

1~0 0 • 00 69 0 .. 30·7 1. 301 • 7 35 

124 2 15 0 3 8 84 .6 15o3 10344 • 84 l 
1n 1 7o69 92o3 7.6 loJB7 0947 

132 0 oOO 92·3 706 10431 t.053 
lJ6 0 .oo 92oJ 706 lo474 1. i eg 
140 0 oOO 92o3 706 l o5 l 7 lo265 
144 0 .oo 92o3 706 lo561 lo 3 71 

148 0 oOO 92o3 706 lo604 1.477 
152 0 • 0 0 92o3 706 lo648 i.5e3 
156 0 .oo 92o3 7.6 lo691 10689 
160 1 7o69 10000 .o lo734 lo 795 

RE~AINING FREQUENCIES ARE ALL ZERO ,..._.. 

.+::> 
N 



llESTeOUl'iO IOIGHT-TURN TRAFFIC TIHVEL THIE tSECOlllO I 

TABLE 31 
ENTRIES IN TABLE 

5 

UPPER 
LIMIT 

0 
4 

e 
12 
16 
20 
24 
28 
32 
36 
40 

REMAINING FREQUENCIE5 

ME AN AR\iUMENT 
2 5o 199 

Oii SERVED PER CEIH 
FREQUENCY OF TOTAL 

0 oOO 
:> oOO 
ii oOO 
0 .oo 
1 19.99 
0 • 00 
2 39.99 
0 .oo 
1 19.99 
\) • 00 
1 19.99 

ARE ALL ZERO 

STANDARD DEVIATION 
9e390 

CUMULATIVE CUMULATIVE 
PERCENTAGE REltAINDER 

oO 100.0 
oO 10000 
oO 100.0 
.o 100.0 

19o9 eooo 
l9o9 llOoO 
59.9 40o0 
59o9 40 .o 
79o9 20o0 
79.9 20o0 

10000 oO 

SUN OF ARGUMENTS 
126.0DD 

MULTIPLE 
OF MEAN 

-.ooo 
.156 
·317 
.476 
0634 
.793 
• 952 

lolll 
lo269 
lo428 
lo587 

NON-llEIGHTED 

DEVIATION 
FROM MEAN 

-2o6e3 
-20257 
-1.831 
.-10 405 

-0979 
-.553 
-0127 

0298 
.724 

lo l!lO 
1. 576 

...... 
+:> 
'...N 



NORTHBOUND RIGHT-TURN TRA,FIC TRAVEL TI"'E ISECONDI 

TABLE 39 
ENTRIES IN TAELE MEAN ARGUMENT 

72 45.777 

UPPER OBSERVED PEP. CE~T 

LU'llT FREQUENCY OF TOTAL 
0 0 0 00 
4 0 .oo 
8 0 .oo 

12 0 oOO 
16 9 12oso 
20 8 11. 11 
24 7 9.72 
28 a 11.11 
32 5 60 94 
36 2 2o77 
40 l 4 o 16 
4• 3 •• 16 
48 3 ... 16 
52 0 .oo 
56 0 .oo 
EO 0 .oo 
6" l 4ol6 
68 J "0 16 
72 3 ". 16 
76 2 2.11 
eo 0 oOO 
E4 0 .oo 
e~ 1 1038 
92 1 1038 
96 2 2o77 

100 4 5.55 
lC' 3 4o 16 
108 1 lol8 
112 1 lo38 

REMAINING FREQUENCIES ARE All ZERO 

STANDARD DEVIATION 
30.562 

CUllULATIVE CUllULATIVE 
PERCENTAGE REllAINDER 

oO .LOO.O 
.o 100.0 
.o lOOoO 
.o 100.0 

12o5 87o5 
2306 76o3 
33o3 6606 

•••• 55.5 
51.3 ..s 06 
54ol 4508 
58o3 "1 06 
62.• 37.5 
6606 33.3 
6606 33o3 
6606 JJ.3 
66.6 JJ.J 
10.e 29ol 
74.9 25o0 
79ol 20.e 
81.9 16.Q 
8lo9 18·0 
Ill o 9 1e.o 
83o3 1606 
84 o7 1s.2 
87." 12os 
93o0 609 
97o2 2.7 
98 06 1.3 

10000 oO 

SUM OF ARGUMENTS 
3296 •. ooo 

MULTIPLE 
OF PIEAN 

-oOOO 
·087 
o l 74 
• 262 
0349 
... 36 
• 524 
.611 
0699 
0 786 
08 73 
0961 

10048 
lo135 
10223 
lollO 
lo 3'38 
lo 41!5 
1.572 
1.660 
lo 747 
lo834 
10922 
2.009 
20097 
2.18• 
2.211 
2. 359 
2. 446 

NOlt-•EIGHTED 

DEVIATION 
FROI'! l'!E.lh 

-1.497 
-1.J66 
-1.236 
-1.1os 

-o 97'1 
-o8"l 
-.112 
-.se1 
-0450 
-0319 
-.189 
-· 056 

.012 

.203 
oll'I 
0465 
o'SS6 
0727 
0857 
0986 

lo 119 
lo250 
lo 381 
1. '512 
lo643 
lo 774 
lo905 
2.035 
2. 166 

....... 
+:> .... 



SOUTH80Uk0 RIGHT-TURN TRAFFIC TRAVEL TIME ISECONOI 

t,iBLE 40 
ENTRIES Ik TAeLE 

46 

UPPEI! 
l ll!lT 

0 
4 
II 

12 
16 
20 
24 
28 
32 
36 
40 

"" REMAINING FREQUENCIES 

lill!EAN ARGUMENT 
2 J.326 

OBSEl!VED PER CEl'iT 
FREQUENCY OF TOTAL 

0 .oo 
0 .oo 
0 oOO 
0 oOO 

13 28026 
8 17 0 39 
6 13004 
a 17039 
3 6052 
3 6052 
4 8069 
1 2o17 

ARE Al.I. ZERO 

STANDARD DEVIATION 
llo316 

CUMULATIVE CUMULAT111E 
PERCENTAGE REMAUIOER 

.o 100.0 

.o 100.0 
oO lOCoO 
.o lOOoO 

2ao2 7lo7 
4506 54.3 
5806 41 eJ 
76.0 23o9 
8206 17o3 
89ol 10.8 
9708 2ol 

10000 .o 

SUM OF ARGU~ENTS 

107J.OOO 

MULTIPLE 
OF ME AN 

-.oco 
.111 
0342 
.514 
.&as 
0857 

10028 
1.200 
1.371 
lo543 
lo 71• 
10886 

NON-•EIGHTEO 

DEVIATION 
FROM MEAN 

-2.804 
-20 32 3 
-t.842 
-1.361 
-.aeo 
-.399 

• oa 1 
0562 

1.0•'2 
lo523 
2.004 
20485 

,__. _.,. 
U1 
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EASTBOUND LEFT-TURN TRAFF IC TRA\/EL TIME I SECOND> 

TAeLE 41 
ENTRIES Ih TABLE l'IC::AN ARGUl<E>H ST.UtOARO OEVIAT ION SUM OF ARGU"'ENTS 

59 95.169 .o.ooo 56150000 NON-loElGHTEO 

UPPER OBSERVED PER CE'IT CUlllULATIVE CUMULATIVE llULTIPLE OEVUTIGN 

LHIIT FREQUENCY OF TOT AL PERCE NTlC.E REMAINDER OF MEAN FRO" 'IEAN 

0 0 .oo oO 100.0 -oOOO -20379 
4 0 oOO oO lOOoO 0042 -20279 
8 0 oOO oO 10000 .084 -20179 

12 0 .oo oO 100.0 o 126 -20079 
16 1 lo69 106 9Bo3 e 168 -10979 
20 0 .oo 1.6 9a.3 0210 -10879 
24 0 oOC lo6 98o3 0252 -10779 
28 0 oOO lo6 99o3 0 294 -1. 6 79 
32 0 oOO 106 9So3 • 336 -1.579 
36 0 oOO 1.6 9Bo3 .378 -1.479 
40 2 3o38 5o0 94o9 0420 -10379 
44 1 lo69 607 93o2 0462 -10279 

·~ 1 lo 69 Bo 4 9lo5 0504 -lo 1 79 
52 5 Bo•7 16.9 83o0 .546 -10079 
56 2 3o38 20o3 7906 0588 -0979 
60 2 3,35 23o7 76o2 0 630 -.879 
64 5 80•7 32o2 67o.7 a672 -. 779 
68 1 1.69 3308 6601 • 714 -0679 
72 2 3o38 31.2 62.7 • 756 -0579 
76 2 3.39 •0.6 59.3 .796 -.479 
60 0 .oo 40. 6 59.3 oe•o -· 379 
84 2 3,39 

""· 0 
55.9 • 882 -· 279 

88 3 5e08 •9 .1 so.a a92• -·179 
92 1 1.69 so.a "9 .1 0966 -0079 
96 2 3.39 54. 2 45. 7 1.ooa .020 

100 3 5.08 59o3 4006 1. 050 0 120 
104 l t.69 61o0 38o9 10092 .220 
108 2 3.38 640• 3S.s la 13• • 3:10 
112 l 1.69 66.1 3308 lol76 • 420 
116 2 3o38 690• 30 .5 10218 .5~0 

120 0 .oo 690" 30.s 1.260 0620 
12" 3 5.00 74 0 5 2S·• 10302 • 7~0 
1 ~I! 0 oOO 74,5 25." 1 o 3 Ii Ii .a~o 

U2 0 .oo 7• o5 25 o• 1. 3 86 .9~0 

136 0 .oo 74.S 2s •• 1.429 lo 020 
lliO 5 8.47 R3o0 16.9 lo 471 10120 
l 4" 2 3o38 8604 l3eS lo 513 lo 2 :20 
148 1 lo69 86.1 11.S 1,555 lo320 
152 l lo69 8908 10ol loS97 lo 4 20 
156 2 3o38 93o:I 607 lo639 lo520 
160 1 lo69 94.9 5.0 10681 1.620 
164 2 Jo 38 98o3 106 10723 1.120 
168 0 .oo 96.3 1.6 lo765 le820 
172 0 oOO 98.3 1.6 lo607 10920 
176 0 oOO 96o3 1.6 lo849 2. o<eo 

I-" 
180 1 lo69 10000 .o le891 2.120 

~ 
AE,.Ail.Ii.<. fREQUl:NCIES ARE ALL ZERJ -..i 



•ESTBOUND LEFT-TURM TRAFFIC TRAVEL THIE I SECOi.D I 

TAl!LE 42 
EllTRIES H TAeLE l'lfA'< ARGUl'JENT 

72 3J.Jl3 

UPPER OS SERVED PER CENT 
L1'1IT FREQUE,,CY OF TOTAL 

0 Ci .oo 
4 D .oo 
8 0 .oo 

12 2 2o77 
16 4 5o55 
4:0 12 16 066 

"'" 12 16066 
28 9 12.so 
32 6 l!oJJ 
36 0 .oo 
"0 4 5o55 
44 5 60 94 
"8 2 2.11 
52 7 9,72 
56 3 4ol6 
60 1 lo38 
6" 0 oOO 
68 l lo38 
72 0 .oo 
76 2 2o77 
eo 2 2o77 

REMAl"ING FREQUENCIES ARE llLL ZERO 

STANDARD DEVIATION 
160750 

CUMULATIVJ;: CUl'IULATI \E 
PERCENTAGE REMAINDER 

.o 100.0 

.o 100 .o 
oO lOOoO 

2o7 97o2 
8oJ 9106 

2•· 9 75,0 
"lo6 58o3 
5" .1 4508 
62 ... 37,5 
62·" 37o5 
68.0 Jlo9 
74o9 25o0 
11o1 22.2 
8 7." l2o5 
91.6 803 
93o0 609 
93. 0 609 
94o4 5o5 
94o4 5,5 
97o2 2o7 

100.0 .o 

SUI! OF ARGV14ENTS 
2"00.000 

l'IULTIPLE 
OF "E llN 

·-0000 
.120 
0 2'10 
0360 
·•60 
0600 
0720 
0 8"0 
0960 

lo079 
lo199 
1.319 
lo439 
lo559 
1.679 
1oaoo 
lo920 
2.039 
2.159 
20279 
20399 

NOM-•EIGHTEO 

DEVIATION 
FROl'I MEAN 

-lo990 
-1.751 
-1.s12 
-10273 
-loOJ4 

-0796 

-· 5~1 
-.318 
-0079 

0159 
0 398 
.6J6 
0875 

lo 114 
10353 
t.552 
1. 830 
2.069 
2o 308 
20547 
20786 

,..... 
~ 
00 



NORTH80UN0 LEFT-TURN TRAFFIC TR AV EL TIME fSECONOI 

TABLE 43 
ENTRIES Ill TAeLE "f.U; ARGU,.El<l STANDARD DEVIATION SUM OF ARGUMENTS 

44 5 60 022 300125 24650000 NOh-llElGHTED 

UPPER OBSERVED PER CENT CUl!ULATIYE CUNULITIYE l!ULTIPLE DEVIATION 
LIN IT FREQUENCY Of TOTAL PERCENUGE REMAINDER OF fl!EAN FROM HF.AN 

0 0 oOO oO lOOoO -oOOO -1o859 
4 0 .oo oO lOOoO 0 0 71 -10726 
8 0 • <tD oO 100.0 ol42 -lo594 

12 0 oOO .o lOOoO 0214 -le461 
16 J. 2.21 2o2 97o7 .285 -10328 
20 6 13063 15o9 84o0 0356 ,-lo 195 
24 2 4o54 20 o4 79.5 0428 -10062 
28 5 llo36 3108 6801 0499 -o 930 
32 2 4o54 36o3 6306 0 S71 -01s1 
36 2 4o54 40.9 59o0 0642 -.664 
40 0 oOO 40o9 59o0 0713 -o 531 

"" 3 6061 47 o 7 s2.2 .785 -o 399 
48 1 2o27 49o9 50o0 0 856 -0266 
~2 0 oOO 49o9 50o0 0928 -0133 
56 0 oOO 49o9 SOoO 0 999 -oOOO 
60 0 oOO 49 o9 50o0 10070 0132 
64 0 0 00 "9o9 so.o lo142 0 264 
68 2 4o54 54 o5 45o4 lo213 0397 
72 2 4o54 59o0 .. o.9 1.285 0 530 
76 l 2.21 61 o3 3806 lo356 o6E3 
80 2 "o 54 65o9 3 .. oO lo427 • 795 
114 2 4o 54 700 4 29.5 lo499 0926 
88 5 llo36 8108 18ol 10570 lo 061 
92 3 6081 8806 llo3 lo642 lol94 
96 4 9,09 97o7 2.2 10713 1. 327 

lCO 1 2.21 10000 oO lo 784 lo4~9 
REMAINING FRE,UENCIES ARE ALL ZERO 

..;,. 



SOUThBOUND LEFT-TURN TRAFFIC T~AVEL TIHE ISECONDI 

T•BLE •• 
ENTRlES IN TABLE 

l• 

UPPER 
LIMIT 

0 

• 
8 

12 
16 
:co 
2• 
28 

REl'IAIHING FREQUENCIES 

MEAN ARGUMENT 
2 o. 071 

OilSfRV~:> PER CENT 
FREQUENCY DF TOTAL 

0 .oo 
0 .oo 
0 .oo 
0 .oo 
2 l•o26 
7 so.oo 
3 21 o42 
2 l•o26 

ARE ALL ZERO 

STANDARD DEVIATION 
30769 

CUl'IULATIVE CUl'IULATIVE 
PERCENTAGE REllAIN DER 

.o lOOoO 

.o 100.0 

.o 100. 0 

.o 100.0 
1•.2 65.7 
6•.2 35.7 
65 o7 l•o2 

10000 oO 

SUI! OF ARGU14EllTS 
2e1.ooo 

l'IULTIPLE 
OF l'IElll 

-oOOO 
.199 
0398 
0597 
0797 
0 996 

10195 
l 0395 

NON-•EIGhTEO 

DEVI AT ICl'l 
FROM l'IE ll'l 

-5o3,. 
-•0263 
-3.202 
-2ol41 
-100&0 

-0 018 
lo042 
2ol03 

1--' 
Ul 
0 



APPENDIX L 

OUTPUT OF EASTBOUND TRAFFIC DELAY 
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EASTBOUICO THROUGH 1 RAFF IC DELAY I SECOltD I 

TABLE 51 
EICTRIES Iii TABLE f'IEA'i ARGUMf'tT STANDARD DEVIATION SUM OF ARGU"ENTS 

120 66a666 39a562 aooo.ooo NON-WEIGHTED 

UPPER 08 SERVED PER CE!H CUl'IULATIVE CUMULATIVE MULTIPLE DEVIATION 
LIMIT FREQUENC'I' OF TOTAL PERCENTAGE RE,..AINDER OF ~EAN FRO" "E AN 

0 6 ... 99 ".9 95.0 -. 000 -1. 6 es 

" 2 1.66 6.6 93.3 a060 -1.583 
8 2 l e66 8e3 9la6 .120 -1.1182 

12 1 • 83 9.1 90a8 .1110 -1. 3fl 
16 3 2. 49 11.6 8Ba3 .24 0 -1.2eo 
20 0 .oo 11.6 88.J • 300 ,-i.179 
24 5 4 .16 15.8 84a1 .360 -t.()78 
2, 5 4al6 19.9 ao.o .420 -.977 
32 2 1.66 21.6 H!al a480 -.1176 
36 7 5a83 27. 4 12.s • S•O -.775 
40 3 2a49 29.9 10.0 a600 -.674 
H 2 la66 Jl.6 6lla3 a660 -.572 
48 3 2.49 3•. 1 65at! .120 -·•71 
52 " 3.33 37 •• 62a5 .780 -.370 
56 " 3.33 •0·8 59.1 .s•o -.269 
60 4 3.33 44 .1 5s.a • 900 -· 161! 
h J 2a•9 •6.6 53.3 .960 -·067 
61! 5 ".16 so.a •9· 1 1.019 a033 
72 6 ... 99 55a8 ••·1 1.079 o 13• 
76 .. 3.33 59.1 •O•B 1.139 .... 35 
80 5 4a16 63.J 36e6 lo 199 • 337 
e• 3 2 ... 9 65.1! 3•o1 10259 ·•38 
ee 7 5.63 71.6 28a3 le319 .539 
92 1 .83 72 •• 27a5 1. 380 .6•0 
96 9 1. •9 79.9 20.0 1.439 • 741 

100 1 .83 80.6 19.1 1,500 .842 
104 2 1.66 820• 17a5 1.559 o94J 
108 1 083 83.3 1606 1.619 lo 0 44 
112 1 .83 84.1 1508 10679 lo 145 
116 2 1066 as.e 14el 1.739 1.246 
120 2 1066 87o4 12.5 1.800 1. 3" 8 
124 2 1.66 89ol 10.e 1.659 1.449 
128 2 1066 9008 g.1 1. 920 1osso 
132 1 083 91e6 e.J 10979 1. 6 ~ l 
136 5 4a16 95 .e "0 1 2.039 1. 752 
140 1 ,93 96.6 3,3 20099 lo853 
144 4 3,33 10000 - • 0 2·159 loQ54 . 

RE"AINIHG FREQUENCIES ARE ALL ZERO 

I-' -
Ul 
N 



EASTBOUND llIGHT-TURl'1 TRAFFIC OELAY ISECONDI 

Ti&l.E 57 
El<TR IES u TABLE "EAi< ARGUf<ENT STANDARD DEVIATIGN SUK OF ARGUNENTS 

13 74;923 380125 974.000 NON-WEIGHTED 

UPPER OBSERVED PER CENT CUMULATIVE CUllULAT hE llULTIPLE DEVUTI!JN 

L Il'IIT FREQUENCY OF TOTAL PERCENTAGE RENAlliDER OF MEAN FROM MEAN 

0 0 oOO oO ioooo -oOOO -10965 
4 1 7o69 706 92o3 .053 -10860 
8 0 .oo 7.6 92.3 .106 -1.155 

12 0 .oo 706 92o3 el60 -1.650 
16 0 .oo 7.6 92o3 .213 -l .545 
20 0 .oo 7.6 92.J 0266 -lo" 40 
24 1 7e69 15.3 84 06 ,320 -1.335 
28 0 oOO 15· 3 84.6 0373 -1.230 
32 0 oOO l5e3 84·6 0427 -1.125 
36 0 .oo 15,3 8406 0480 -1.020 
40 0 .oo 15.3 8406 .533 -.916 
44 1 7.69 23.0 76.9 0587 -. 'Jl 1 
48 0 .oo 23.0 76o9 0 6•0 -0706 
S2 0 oOO 23 oO 76.9 .694 -0601 
56 1 7o69 300 7 69.2 .747 -0496 
60 0 oOO 30o7 69.2 0 800 -0391 
64 0 oOO 30.7 69e2 0854 -.2€6 
6!1 1 7o69 J8e4 6 l o5 e907 -01e1 
72 1 7o69 46o1 5308 .960 -oO 76 
76 1 7.69 53.8 •6 .1 leOl• 0028 
80 0 .oo 5308 4 6. l lo 067 • 133 
84 0 .oo 53.e 46ol lo121 0236 
88 1 7.69 61o5 38o4 lo 17" 0343 
92 1 7.69 69o2 J0.7 lo227 .. _, 
96 0 oOO 69o2 30.7 102a1 .552 

lCO 0 .oo 69·2 30o7 lo334 .6!:7 
104 2 15 .JS 84 0 6 15.3 lo368 .7€2 
108 0 .oo 8406 15.3 lo441 .867 
112 0 oOO 8406 15o3 lo494 0972 
116 l 7o69 92.3 706 lo548 lo077 
120 Cl .oo 92.J 7 .6 10601 1o1 82 
124 0 .oo 92o3 706 lo 655 lo .2 87 
123 0 .oo 92. 3 7e6 10706 1. 39 2 
132 0 .oo 92.3 7.6 lo761 loit97 
136 0 .oo 92o3 7.6 1.815 lo61l2 
HO 1 7e69 100.0 •O 10868 1· 706 

RE~AINllllG FREQUENCIES ARE Al.L ZERO 

........ 
U1 
JI 



EASTBOUND LEFT-TURN T~AFFIC OEL•Y I SECOr.O I 

TABLE 61 
EllTRIES Iii T AeLE "EAN ARGUMENT STANDARD DEVIATION SU" OF ARGU"ENTS 

59 7 6. 796 390625 •SJl.000 NON-llEIGIHEO 

UP PEP OBSERVED PER CENT CUMULATIVE CUtlULATIVE MULTIPLE DEVIATION 
LlNIT FREQUENCY OF TOTAL PERCENTAGE REMAINDER OF MEAN FROM "EAN 

0 1 1o69 1.6 98o3 -oOOO -t.938 

" 0 .oo 106 98o3 0052 -lo837 
8 0 .oo 1.6 99.3 .10• -1o736 

12 0 oOO lo6 98o3 0156 -1. 6 35 
16 0 oOO 1.6 98o3 0208 -1.534 

20 1 lo69 3.3 96.6 0260 -1·•33 
2• 1 1.69 s.o 9•.9 o 312 -10332 
2!1 0 .oo s.o 9•.9 • 36• -1.231 
32 3 ·So08 10.l 89oll ·•16 -1.130 
36 3 5.011 1502 a•o7 0468 -1.029 
•O 5 e.•7 23o7 76o2 0 520 -·928 

•• 2 3o38 27ol 1;:.a 0 572 -.s.;;1 
0 3 5.oe 32o2 67o7 .625 -.726 
52 1 1.69 3308 6601 .677 -0625 
56 2 3o38 37. 2 62o7 • 729 -· 524 
fO 0 oDO 37 o 2 62o7 0781 -o•23 
f;• 2 3o38 40.6 59 o3 • 633 -.322 
611 4 6077 <\7e4 52o5 • 885 -.221 
72 2 3o38 so.a •9.1 0937 -.121 
76 2 3o38 54. 2 45,7 .989 -. o:<o 
eo 2 3. 36 57.6 •2.3 10041 ooeo 
e• 3 5o08 62o7 37o2 lo093 • 161 
86 0 .oo 62. 7 37.2 lol45 0282 

92 2 3o38 66 0 J 33.e Io 197 • 383 
S6 1 1o69 67o7 32o2 10250 • •e• 

100 2 3o36 11.1 28oe lo302 oses 
104 2 3o36 74o5 2s •• 1o35• .666 
108 0 .o 0 1•,5 25·• 1. •06 • 767 
112 0 oOO 7•.5 25.• lo456 o eee 
116 0 .oo 74.5 25·• 10510 ,999 
120 3 So OB 79.6 20.3 1·562 lo 090 
124 2 3o38 83.0 16 ,9 1. 61 "I 10191 
12& 4 6077 89.8 10. 1 lo 666 1. 292 
132 0 • 00 a9.e 10.1 lo718 1.393 
136 1 lo69 91.5 8." 10770 1o"9. 
140 2 lol8 94,9 5,0 1.a22 1.595 
lH 0 .oo 94,9 SoO lo 8 75 1.695 
148 1 lo69 96 0 6 3.3 1. i27 10796 
152 1 1.69 98.3 106 1.979 1 o B>7 

156 0 .oo 98·3 1.6. 2.031 10998 
160 1 lo69 lOOoO .o 2.093 20099 

REMAINING FREQUENCIES ARE ALL ZERO ....... 
'.J1 
-""' 



APPENDIX M 

OUTPUT OF WESTBOUND TRAFFIC DELAY 
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llESTBOUND THROUGH TRAFFIC DELAY 15ECO"DI 

Tol8LE 52 
EllTlltES U TAl!LE "EAN APuUllE"T STA1'10ARD DEVIATIOll SUM OF ARGU'IENTS 

10 3 2 2. 485 17. 312 2316.000 NO,.-•EIGHTEO 

UPPER OBSERVED PER CENT CUMULATIVE CUflllULAT IVE MULTIPLE DEVI AT IO" 
LlllllT FRE OUENCY OF TOTAL PERCEIHAuE REllAl1'1DER OF !!Ello FROI'! l!EH• 

0 1 e97 .9 99.0 -.ooo -1.298 

• 10 9.70 10.6 89.J e 177 -1.0(;7 
8 15 14.56 2s.2 74.7 .J55 -.836 

12 12 11.65 3608 6J.1 0533 -·6C5 
16 12 11.65 48.5 5le4 .111 -0374 
20 10 9o70 s8.2 •1.1 .889 . -0143 
24 2 lo94 60el 39·8 1.067 .oe1 
28 • 3088 64o0 35.9 lo 2•5 .318 
32 8 7.76 11.8 28ol 1.423 0549 
36 7 6079 78.& 21 o3 lo601 o 780 
40 5 •·85 83.4 16o5 lo778 1. 011 
44 5 •.es 1!8. 3 11.6 1. 956 lo 242 
48 () .oo 89o3 11.& 2o 134 1.473 
52 6 5.92 94. l 508 2. 312 1. 704 
56 2 lo94 560 l 3·8 20490 1.935 
60 0 .oo 96 .1 3.8 20668 2.166 
64 1 • 97 97o0 2.9 2.846 2.397 
68 2 1o94 99o0 o9 3.02• 2·628 
72 1 097 100.0 .o 30202 2. 860 

REMAINING FREQUENCIES ARE ALL ZERO 

.w.., 
~ 



•ESTeOUND ~IGHT-TURN TRAFFIC DELAY ISECONDI 

TA6LE. 58 
ENTRIES I~ TABLE 

5 

UPPER 
L 11"1T 

0 
4 
8 

12 
16 
20 
24 
28 

REMAINING FREQUENCIES 

HE AN ARG UllEN T 
14· 399 

OB SERVED PER CENT 
FREQUENCY' OF TOTAL 

0 .oo 
1 19.99 
0 • 00 
1 19099 
1 19099 
1· 19099 
0 • 00 
1 19099 

ARE ALL ZERO 

STANDARD DEVIATION 
llo44 l 

CUl'IULATIVE CUMULATIVE 
PERCENTAGE REMAINDER 

oO 100.0 
19.9 eo.o 
19.9 &ooo 
39.g 60o0 
59.9 40o0 
79 .9 20o0 
79.9 20.0 

100.0 .o 

SUit OF ARGUMENTS 
12.000 

MULTIPLE 
OF MEAlll 

-.ooo 
.211 
.555 
0833 

1.111 
lo3118 
1.666 
lo944 

NON-WEIGHTED 

DEVIATION 
FROll HE•N 

-1.105 
-1.232 
-.758 
-0284 

o 189 
.663 

lo 137 
1. 611 

f--l 
:_rt 

---1 



•ESTBOUIOO LEFT-TURN TRAFFIC DELAY I SECOIOD I 

TABLE 62 
EltTRIES Ill TAeLE MEAN ARGUll!;NT 

72 210638 

UPPER OBSERVED PER CENT 
Lll!IT FREQUENCY OF TOTAL 

0 0 oOO 
4 7 9o72 
8 10 13088 

12 11 15027 
16 12 16.66 
20 5 6094 
24 0 oOO 
28 3 4o 16 
32 5 6094 
36 3 4.16 
40 7 9o7.l 
•4 3 4ol6 
•II 1 lo38 
52 0 oOO 
56 1 1. 3!1 
60 1 1o38 
Ci4 1 lo38 
68 0 oOO 
72 2 2.11 

REllAINING FREQUENCIES ARE ALL ZERO 

STAlllOARO DEVIATIOlli 
170000 

CUl'IULATlVE CUllULlTlVE 
PERCENTAGE RE 110 NOE A 

.o lOOoo 
9o7 90.2 

2306 76o3 
3808 6lol 
55o5 "" o4 
r.2." 37o5 
620 4 37o5 
6606 33ol 
7306 26o3 
77o7 22.2 
87.4 1205 
9106 803 
SJ. 0 609 
93.0 6.9 
94o4 5o5 
9508 4ol 
97o2 2.1 
97o2 2.1 

100.0 .o 

SUI! OF ARGU~ElllTS 

15590000 

llUL T IPLE 
OF l'IEHI 

-oOOO 
0184 
0 369 
0 55• 
o7J9 
0924 

1.109 
lo29J 
10478 
10663 
lo848 
20033 
2o21!1 
2.403 
20587 
20772 
2o '.i57 
30142 
3.327 

1'0~-•ElGHTED 

OEVIUlON 
FAOll ME-N 

-1.212 
-lo037 

-0802 
-0566 
-.331 
-0096 

0138 
0374 
0609 
0 844 

lo 080 
lo 315 
10550 
1. 785 
20021 
2. 256 
2. 4s1 
2.121 
20962 

i-' 
:Ji 
:0 



APPENDIX N 

OUTPUT OF NORTHBOUND TRAFFIC DELAY 
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hQRTHeOVhD OUTSIDE LANE THROUGH TRAFFIC DELAY l SECOND I 

TA8LE 53 
EhTRIES Iii TABLE MEAN t.RGU"'El<T STANDARD DEVIATION 

79 3 Oo 898 280375 

UPPER OBSERVED PER CENT CVlllULATIVE CU"UL AT l YE 
LIOCIT FREQUENCY OF TuTAL PERCEhUGE REIUINDER 

0 1 lo26 lo2 980 7 
4 9 llo3S 1206 87ol 
e 15 18098 3106 6803 

12 6 7o59 39o2 60o7 
16 8 10ol2 49o3 so.6 
20 1 lo26 5006 490] 
24 3 ]o79 54o4 45o5 
28 1 1.26 55•6 "" .3 
32 " 5o06 60o7 39o2 
36 4 5o0!.J 6508 34o 1 
40 2 2.53 6803 ] 1 o6 .... 1 lo26 6906 30o3 
48 2 2.53 720 l 27.8 
52 0 .oo 72ol 2708 
56 4 5o06 11.2 22.7 
60 l 3.79 e100 18.9 
64 2 2o53 93,5 16 o4 
68 l 1.26 ll4o8 15ol 
72 1 le26 e6oO llo9 
76 5 6.32 92o4 7o5 
eo l 1.26 93.6 603 
84 2 2.53 96o2 3o7 
88 0 oOO S6o2 3.7 
92 1 1.2& 97 o" 2o5 
96 1 1026 98o7 lo2 

100 0 .oo 96o7 lo2 
104 1 1026 ioo.o .o 

AE"AI~ING FREQUENCIES ARE ALL ZERO 

SUM Of ARGUOCENTS 
24410000 

lllUL T IPLE 
OF lo!EAN 

-oOOO 
0129 
0258 
0398 
• 517 
• 647 
0116 
.906 

10035 
le165 
10294 
lo" 24 
10553 
10682 
1.1112 
10941 
20071 
20200 
20330 
20459 
2o5a9 
20716 
2o 848 
20977 
30106 
30236 
30365 

NON-llEI GHTEO 

DEVIATION 
FROM ltEAN 

-tooss 
-o94T 
-o 807 
-·6 f6 
-.5,5 . -o3e4 
-· 243 
-0102 

• 03'3 
• 179 
0320 
0 "61 
0602 
0 7 43 
.ee4 

lo025 
lo lb6 
10307 
lo .. 4 8 
10569 
lo 7 30 
lo 6 71 
2o0l2 
20153 
2.294 
20435 
2o 576 

...... 

" 



NORTHBOUND INSIDE Loll£ THROUGH TRolFFIC DELAY CSECONDI 

T.18LE 54 
ENTRIES IN T AeLE l'EAN J.RGUl'ENT STANDARD DEVIATION SUM OF ARGV"lENTS 

103 3 3. 805 
' 

26.687 3•62.000 NON-WEIGHTED 

UPPER 08SERV!:D PER CENT CUMULATIVE CUMULATIVE MIH..TIPLE DEVIATICN 
LUUT FREOUEllC Y OF TOTAL PERCENTAGE RE,.AINDER OF l'IEA'I FR011 ME.AN 

0 J 2.91 2.9 97.0 -.ooo -1·266 
4 6 5.62 s.1 91.2 ·118 -t.116 
8 15 14.56 2J.J 76.6 .236 -.966 

12 12 11.65 34.9 65.0 • 354 -.817 
16 6 5.62 40. 7 59.2 ·•73 -.667 
20 4 3.5a 

""· 6 
55.J .591 . -.517 

24 4 3068 48.5 51 ... .709 -.367 
2~ 3 2.91 51·" 4a.s ·628 -.211 
32 J 2.91 s ... J 45.6 .946 -.067 
36 2 1.94 56.3 43.6 1. 06• .os2 
40 2 1. 94 58·2 .. 1.1 1.183 ·232 ... 3 2.91 61.1 38. 8 10301 • 3e1 
48 • 3.88 65.0 34.9 1.•19 • 531 
52 .. 3.88 66.9 31.0 lo5J8 ·681 
56 5 4.85 73.7 26·2 1. 656 • 831 
60 6 5. 82 79.6 20.3 t.774 • 98 l 
64 .. 3.ss 53 .. , 16·5 1.893 1.131 
68 2 1.94 85. 4 14.5 2.011 1.2a1 
72 5 •.es 90.2 9.7 2.129 lo"~ 1 
76 3 2.91 93.2 6.7 2.248 1.s 81 
60 2 1.94 95ol ... 8 2·366 l• 730 
84 .. 3086 99.0 .9 2. 484 1.880 
88 1 .97 100.0 .o 2.603 2·030 

REMAINING FREQUENCIES ARE ALL ZERO 



NORT"80UhD RJG"T-TURH TRAFFIC OELAT ISECO>JDI 

TA ALE 59 
ENTRIES IN TABLE l!EAN ARGUl<ENT 

72 320986 

UPPER 08 SERVED PER C E'11T 
L 11'1T FREQUUIC'I' OF TC Till 

0 2 2o11 .. 6 8033 
8 ii 11.11 

12 11 15. 2.7 
16 5 6094 
20 5 6094 
24 3 4o.16 
211 • 5,55 
32 1 lo38 
36 3 •• 16 
40 0 oOO 
.\4 0 oOO 
48 0 oOO 
52 .. 5.55 
56 2 2.11 
60 3 .. o 16 
64 1 lo38 
68 1 lo 38 
72 0 oOO 
76 1 lo38 
eo 2 2e77 
84 2 2.11 
88 2 2o77 
S2 3 'le 16 
96 3 4o 16 

RE1<AlNING FREQUENCIES ARE ALL ZERO 

STANDAR:> DEVI ol TlON 
300625 

CUl!ULHIVE CUMULATIVE 
PERCENT AGE REMAINDER 

2o7 97o2 
11 o 1 6808 
22.2 11.1 

37·• 62.5 
••• 4 - 55o5 
5lo3 4806 
55.5 4 4. 4 
6lol 3808 
62"' 37o5 
6606 33o3 
6606 33o3 
6606 33,3 
6606 33o3 
72o2 27o7 
74. 9 25o0 
79ol 20oa 
80o5 19o4 
8lo9 1800 
61o9 t8oO 
83o3 16.6 
d6.1 1J.8 
6808 llol 
9106 803 
95oe .. o 1 

10000 oO 

SU" OF ARGUl<EHTS 
23750000 

IH1LTIPLE 
OF l<EAN 

-oOOO 
• 121 
.242 
0 363 
0 485 
0 606 
0727 
0848 
.970 

lo091 
lo212 
1. 3 33 
1,455 
1.576 
lo697 
lo618 
lo940 
2o 061 
201e2 
2.303 
2.425 
2.546 
2.667 
20789 
20910 

NOlll-llEIGHTEO 

DEV I AT JCN 
FRO"' ME A'f 

*lo077 
-. <146 
-.1115 
-0685 
-0554 
-o '124 
-0293 
-.1E2 
-·1'32 

0098 
0229 
• 359 
.490 
o6:CO 
0751 
0 682 

lo012 
lo14J 
lo27J 
1 ... c" 
1· 53 5 
1.665 
lo 796 
le926 
20057 

~ 
N 



NORTHBOUND LEFT•TU~H f RAfFIC OELAY ISECIJNDI 

T"BLE 63 
£"TRIES It. T AeLE MclH ARGUMEPH ... .. 20 20" 

UPPER OOSERVED PEil CENT 
LIMIT FllE GUEHCY OF TOT Al. 

0 1 2o27 

• 2 4o5 .. 
8 .. 9o09 

12 5 11036 
16 • 9o09 
20 1 2o27 
24 l 2. 27 
a 0 oOO 
32 J 6081 
36 l 2o27 
40 0 .Do ... 0 .oo 
48 0 .oo 
52 0 0 00 
56 2 4.5• 
60 J 6081 
64 1 2o27 
611 1 2•27 
72 5 11.36 
76 4 9o09 
80 3 6081 
e4 3 6081 

REMAINING FREQUENCIES ARE ALL ZEPO 

STANDARD DEVIATION 
300000 

CUMULATIVE CV MULA TI 11E 
PERCEllTAGE REllAINOER 

2o2 91o1 
608 9Jol 

l5o9 8"00 
27o2 72o7 
lliol 6J.6 
3806 61. J 
40o9 59o0 
•0·9 5So0 
.. 1o1 52.2 
49.9 50.0 
.. 9.9 50o0 
•9.9 so.o 
49o9 50.0 
49o9 so.o 
5. o5 45o4 
61.3 38.6 
6306 36o3 
65o9 34o0 
77o2 22.1 
86.3 1Jo6 
9Jo l 608 

100.0 .o 

$"" OF ARGUMEIH S 
18570000 

MULTIPLE 
OF lllEAlll 

-oOOO 
0 094 
el89 
e284 
.379 
047 3 
05611 
e653 
.7511 
0852 
0947 

lo042 
10137 
lo2J2 
lol26 
lo421 
10516 
lo 611 
10705 
1.eoo 
lo895 
10990 

NOH-11EIGHTED 

DEVIATION 
FROlll ltEA'i 

-lo4Cr. 
-lo273 
-1. 140 
-1oOC6 
-.873 
-.740 
-0606 
-0473 
-ol•O 
-.206 
-.013 
.0~9 

0193 
0 326 
0459 
0593 
• 726 
0 859 
.993 

lo 126 
lo259 
lo 393 

.­--~~ 
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SOUTHBOUND OUTSIDE LANE THROUGH TRAFFIC DELAY CSECONO) 

TllBLE 55 
ENTRIES JN TABLE l'EAll ARGU"'ENT STANDARD DEVIATION 

106 13• 518 8.304 

UPPER Oil SERVED PER CEP<T CUl'!ULATillE CUMULATIVE 
L lll!lT FREQUENCY OF TOTAL PERCENTAGE RE"Ail<iOER 

0 0 • O'l .o 100.0 

• 11 10.37 10. 3 89.6 
8 22 20.75 31.1 68.8 

12 23 21.69 5208 .1.1 
16 17 16003 6808 31.1 
21) 13 12.26 111. l 1a.a 

~- 8 1. 54 88.6 11.3 
28 5 "0 71 93ol 6.6 
32 3 2o83 96.2 l.7 
.J6 2 t.88 98.1 108 

. -
•O 1 .9 .. 99.0 .9 
44 1 .9 .. 100.0 .o 

REl'lINING FRC-OUENCIES lR E ALL ZERO 

SOUTHBOUND INSIDE LANE THROUGH TRAFFIC DELAY ISECONDt 

T"8LE 56 
EllTRIES IN TAfLE MEAN ARC.UMFNT STANDARD DEVIATION 

84 9,e21 ]o9•1 

UPPER OBSERVED PER CENT CUMULATIVE CUl'IULATIVE 
L ll'llT FREQUENCY OF TOTAL PERCENTAGE REMAINDER 

0 0 .oo oO 10000 
'I " •• 76 'lo7 95o2 
8 32 38009 4208 57o1 

12 25 29076 72.6 27o3 
16 2D 23. 8D 96."' 3.5 
20 2 2o38 9808 lol 
2• 1 lol9 100.0 oO 

REMAINING FREQUENCIES ARE ALL ZERO 

SU" OF ARGUl'ENTS 
1433.000 

MU\. T IPLE 
OF i"EAN 

-.ooo 
• 295 
.591 
• 887 

1.183 
1. 479 
lo775 
20071 
2.367 
2.662 
2.958 
3.25• 

SUll OF ARGUMENTS 
825·000 

MULTIPLE 
OF l'IEAN 

-oOOO 
·•07 
• 81• 

10221 
lo629 
20036 
2. ••3 

NON-i.EIGHTED 

OEVJATtCr. 
FRDI'! "'ElN 

-1.627 
-l.146 
-066• 
-ol82 

0 298 . • 780 
lo262 
lo 7•3 
2· 225 
2o 707 
301ea 
30670 

NON-lllEIGHTEO 

DEVIATIOP< 
FROl'I Mf: AN 

-2.491 
-1o"76 

-·. b2 
• 5!:2 

10567 
2·582-
30597 

,..... 
'.)'\ ._,, 



SO!iTHBOUhD RIGHT-TURN TRAFFIC DELAY ISECONDI 

TABLE 60 
ENTRIES Jiit TABLE ~EAN ARGUllENT 

•6 120826 

UPPER 01! SERVED PER CENT 
LIMIT FREQUENCY OF TOTAL 

0 0 0 00 

" 9 19e56 
8 11 2lo91 

12 5 10086 
16 7 15.21 
20 6 13oO• 
24 l 2.11 
21l 3 6052 
32 3 6.52 
36 1 2.11 

REMAINING FREQUENCIES ARE ALL ZERO 

SOUTHBOUhO LEFT-TURN TRAFFIC DELAY CSECOND• 

TABLE 64 
EhTRIES I~ T&eLE 

l• 

VPPEP. 
Ll1tlT 

0 
4 

s 
12 
16 
20 

REMAJNI~G FRE~UENCIES 

MEAN ARGUllENT 
'h928 

OBSERVED PER CENT 
FREOUE,,CY OF TOTAL 

0 .oo 
0 oOO 
7 so.oo 
5 35e7l 
0 • 00 
2 Ho 28 

ARE ALL ZERO 

STANDARD DEVIATION 
•·609 

CUMULATIVE CVl'IULAT IVE 
PERCENTAGE 

.o 
19.5 
•3·" 
5•· l 
69o5 
82.6 
84. 7 
9lol 
97.8 

100.0 

STAl'.IDARO DEVIATION 
3.687 

REMUNOER 
10000 
80·• 
56o5 
4506 
30•• 
17.3 
1s.2 

a.6 
2.1 

.o 

CUMULATIVE CUl'IULATIVE 
PERCEt.TAGE REMAINDER 

.o 100 .o 

.o 100.0 
50.0 50.0 
e5o7 14.2 
85.7 14.2 

100.0 .o 

SUI'! OF ARGU•ENTS 
5900000 

llUL TIPLE 
OF MEAN 

-.ooo 
.311 
0623 
• 935 

lo 247 
lo559 
10871 
2.1aJ 
2. •94 
2.1106 

SUM OF ARGUMENTS 
139.000 

MUL.TIPLE 
OF MEAN 

-.ooo 
.•02 
• 805 

1.2oa 
lo611 
2.014 

NON-•EIGHTED 

DEVIATIOl'.I 
FROll ~E AIC 

-1.41!9 
-1.025 
-.560 
-.095 

• 368 
0833 

10297 
1.1e2 
2. 2417 
2 .• 691 

NON-WEIGH TEO 

OE VI AT ION 
FROM MEAN 

-2.692 
-1.607 
-·523 

·561 
1.6•6 
2. 731 

,.....; 

~ 
~ 
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APPENDIX Q 

SUMMARY OF SIMULATION OUTPUTS 
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Direction of 
Traffic 

Eastbound 

Westbound 

Northbound 

Southbound 

TABLE VIII 

MEANS OF APPROACH SPEEDS AND 
HEADWAYS 

Approach Approach Speeds 
Lanes (:feet/ second) 

36.04 

43.42 

Outside 43.69 

Inside 43.10 

Outside 44.76 

Inside 48.57 

195 

Headways 
(Seconds) 

9.04 

9.80 

11;37 

11. 82 

11. so 

18.13 



Traffic 
Direction 

nastbound 

Westbound 

Northbound 

Southbound 

TABLE IX 

AVERAGE TOTAL TRAVEL TIMES 
(SECONDS) 

Approach 
Lanes 

Outside 

Inside 

Outside 

Inside 

Through 
Vehicles 

85.48 

34.29 

44.34 

4 7. 56 

24.35 

19.87 

Right-turn 
Vehicles 

92.23 

25.20 

45.77 

23.32 

196 

Left-turn 
Vehicles 

95.17 

33.33 

56.02 

20.07 



Traffic 
Direction 

Eastbound 

Westbound 

Northbound 

Southhoun<l 

TABLE X 

AVERAGE DELAY OF VEHICLES IN 
EACH LANE (SECONDS) 

Approach 
Lanes 

Outside 

Inside 

Outside 

Inside 

Through 
Vehicles 

66.66 

22.48 

30.90 

33.80 

13.52 

9.82 

Right-turn 
Vehicles 

74.92 

14.40 

32.98 

12.82 

19 7 

Left-turn 
Vehicles 

76.97 

21. 64 

42.20 

9.93 
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