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ABSTRACT

Design standards for entrance and exit ramps are based upon
tﬁe measured acceleration and deceleration capab;lity
performance of passenger vehicles. To date, the source most
~widely reffered to for design purposes is "A Policy on the
Geometric Design of Rural Highways", an American Association
of State Highway Officials publication. Acceleration and
deceleration rates found in this publication represent
findings of tests that w@Pe conducted prior to 1950. A need
has been expressed to update design criteria based upon our
present vehicle characteristics. In order to review design
standards based on AASHO recommendations, acceleration and
deceleration raPes of current vehicles are required. This
report invo]yés an ;n;estigation of a technique to measure
vehicle performance capabilitﬁes on ramps. Acceleration and
deceleration rates obtained from this study are compared
with the AASHO acceleration and deceleration curves.

This comparisdn indicated the insensitivity of the
AASHO acceleration curve to represent modern vehicle
acceleration performance capabilities at lower speed ranges.

It was found = that deceleration length requirements

recommended by AASHO are still valid.
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1. INTRODUCTION

On the basis of various recent research studies, (4, 9, 11,
12, 15, 18, 19, 24), it is apparent that highway designers
are becoming increasingly concerned with {he relationship
be tween highway design and vehicle  performance
characteristics. An excellent example of +this 1is in the
design of acceleration and deceleration langsa. To obtain and
maintain maximum efficiency and safety in the operation of
these speed - change lanes, as well as on the main facility,
it is necessary to relate the . designs af these ramp
terminals to passenger car per formance vapabilities and
vehicle registration trends.

Drivers leaving a highway at an exit MampP are usually
required to reduce their speed. On the ofher hand, drivers
entering a highwéy at an entrance ramp have tv accelerate to
reach the desired speea of the traffic am the thrbugh
highway. Whenever this deceleration or acceleration by
exiting or entering vehicular traffic takes blace on the
through highway it disrupts the flow B thraowgh traffic and
is hazardous. To. minimize these undesirable aspects on
high-speed facilities, maximum use(‘shou1a be made of
acceleratior, and deceleration lanes.

To insure ideal operating conditions, aveeleration and
deceleration lanes should be used for their entire length by
vehicles entering or exiting the through highway. Each

-~

acceleration and deceleration lane, therefore, should be of



a design that would enable a driver to manoeuvre his vehicle
onto it without-a ma jor change in speed and, once on it, to
make the>necessary change between the spegd of operation on
the main facility and the lower speed required for exit or
entrance

A need has been expressed to update design criteria
based upon our present vehicle characteristics. Over the‘
past few'years, there has been a mbdification in the range
of wvehicles. Historically, the size and power of vehicles
have ranged from 1light cars having Tow per formance
capabilities to heavy and high performance vehicles. A frend
has now developed whereby vehicles of modest weights and
powers are replacing the more powerful vehicles. As a
cbnsequence, this trend compresses the range of vehicles,
resulting in‘a more homogeneous vehicle population.

Design sténdards for ramp geometrics are based upon the
measured acceleration and deceleration performance of
vehicles. To date, the data most widely used for design
pPurposes 1is presented in the American Association of State
Highway Officials (AASHO) (1), A Policy on the Geometric
Design sf Rural Highways, from tests conducted prior to
1950. (The American Association Of State Highway Officials
have since changed their name to the American Association of
State Highway and Transportation Officials, AASHTO(2)). The
criteria used in these early studies are not sensitive to
the changeg and modifications of the current '\vehicle’

population.



1.1 OBJECTIVES

This thesis had two basic objectiyes. The first
objective was to devise a technique of measuring vehicle
acceleration and deceleration rates on interchange entrance
and exit ramps. The second was to compare the findings with
cﬁrrenfly used design criteria and to assess the validity of
existing design criteria.

Acce]erafjon rates obtained from this s tudy were
éémpared with the AASHO and Matson(20) acceleration curves.
Deceleration data was compared with the. AASHO‘ deceleration
curves. These comparisons were undertaken to confirm that
the survey technique ,generated data which were directly
comparable with existing design curves and to validate the
applicability or reject the  ability of these curves. to
suitably meet current vehicle performance characteristics.

Although there are many geometric variables whfch
influence the behaviour of vehicles on both entrance and
exit ramps, i.e.,\angle of convergence and divergence, ramp
and freeway grédes, this study only addresses the

acceleration and deceleration of vehicles.

1.2 THE ORGANIZATION OF THE THESIS
The thesis has been divided into three principal tasks,
each of which is reported separate]yﬁ'in the technical

sections that follow.

/!



The first principle fask is documented in Chapter 2.
This chapter deals with the methods of evaluation that were
used in the study, those being the survey of éntrance and
exit ramp vehicles ,the anafysis of ‘vehicle rerstration
trends and the theory behind highway and ramp speeds. The
veh%cle survey was undertaken wusing a radar speedometer
method to determine vehicle acceleration and deceleration
capabilities. '

The second task was three fold. The first portion is
reported in Chapter 3. This was the compilation of the
underlying principles and .concepts used as the basis for
ramp designs. These incfuded, the laws of motion,
acceleration rates and deceler;iion rates. '

The second portion is reported in Chapter 4. A
literature search of Canadian, American and European ramp
design standards was compiled. Canadian geometric standards
inc luded in the literature review are the Roads and
Transportation Association of = Canada’s Geometric Design
Guide  (RTAC)(34) "and the Urban Highway Design Guide
(UHDG) (33) currently being used in the Province of Alberta.
Each manual, handbook or policy was reviewed thoroughly and
a summary of the pertinent findings were tabulated.
Standards currenf]y being wused in the Province of Alberta
have.been included in the survey as they have recently been

re-examined and revised in the 1light of more recent

developments and experience.



The final portion of the second task is reported in the
last section of Chapter 4. The main objective was to compare
and rank Canadian ramp designs with those ramp standards
currently being used by o?her countries and.ﬂbighway
agencies. ‘ | -

Chapter 5 discusses the background theory of the radar
speedometer and the technical information requireq to use
the device properly during actual field applications.

A detailed discussion of the vehicle survey technique
and vehicle registration trends is reported in Chapter 6.
This chapter includes the site selection procedure, field
applications and the data collection portion of the study.

Chapter 7 is devoted to the third principle task and is
divided up into four sections. The first section discusses
highway and ramp contolling speeds. The following two
sect%ons contain the findings of the vehicle performance
survey as we: as the analysis of the collected data. The

data was ana!- e such that it could be directly compared

with existing ~eleration and deceleration design
curves.The fina' s- on of chapter 7 attempts to relate the
findings of the ve-i. - performance survey with currently

used ramp design curves .4 w~with future vehicle registration
trends.

Chapter 8 deais with < discussion and commentary on the
methods of evaluation used, and or "he analysis of the study

findings. .



The appendices inciude the data collected from the

vehicle performance survey and the speed study history

analysis.



2. METHODS OF EVALUATION

2.1 INTRODUCTION

In order to determine the adequacy of existing ;;d
future ramp terminal designs, two interrelated methods of
evaluation have been developed. The first method is simply
to investigate vehicle registration trends over the past few
years to determine the types of vehicles currently in
service and those that will be in service during the
upcoming decade. Associated with the types of vehicles using
the roadways are their continuously changing operating
characteristics. The second method of evaluatioﬁ is to

determine whether existing ramp terminal standards are

adequate due to these changing vehicle characteristics.

2.2 VEHICLE REGISTRATION AND PEﬁFORMANCE TRENDS

Trends over the past decade reveal that average
weights, horsepowers and engine sizes of passenger vehicles
have declined during this period(13, 25, 39, 40). These
changes in passenger cars are brought about through the
replacement of heavy and high performance automobiles with
othets of more modest weights and powers, rather than
through the introduction of lighter and lower performance
vehicles. This leads to a more homogeneous vehicle
population. Trends for the future reveal that although fuel

'economy will continue to improve during the next few years,



vehicle per formance capabilities will remain fairly steady

with little appreciable change.

2.3 VEHICLE PERFORMANCE CHARACTERISTICS

In light of the conclusions concerning trends and
vehicle performance characteristics,it is of interest to
determine whether existing ramp terminal design standards
are adequate.

Many freeway entrance and exit ramp designs have Bbeen
developed and are currently open to traffic but their
efficiency has not been adequately monitored due to the lack
of sufficient field data.

In spite of the knoﬁnedge éained from these early
studies(3) as well as from more recent investigations (35,
41), there exists a need for research of a more
comprehensive nature to update design criteria based upon
the operational effects of current and future wvehicle
characteristics. .

Consequently, *: s study reviews and evaluates existing
geometric design standards and techniques used in the design
of highway entrance and exit ramps in view of vehicle
performance changes, more specifically acceleration and
deceleration rates. This is accomplished by analyzing
present vehicle performance characteristics to determine the
requirements for acceleration and deceleration lane lengths,

keeping in mind both mainline speeds and speeds on the



controlling ramp curves.A radar speedometer technique was
used in this study to monitor Vghicle per formances on
entrance and exit ramps. By using this approach, a
comparison with existing design standards was developed. If
it is determined that present design standards fail to meet
the performance criteria as reflected by the present vehicle
population, new design standards for entrance and exit ramps
will be determined using present vehicle per formance

characteristics as the basis for deve lopment .

2.4 EVALUATION OF HIGHWAY SPEEDS AND SPEEDS ON CONTROLLING
RAMP CURVES

Key issues in the design of a highway entrance or exit
terminal are highway speeds and speeds on controlling ramp
curves(6). The speed assumed for ramp vehicles as related to
the speed of the highway traffic is used as the basis for
the design of acceleration and deceleration lanes.

The two different spéeds that are associated with the
design of ramp terminals are design speed and running speed.

The design speed of a highway is selected for purposes
of design and correlation of the geometric features of a
highway. It is a measure of the quality of service offered
by“the highway. The design speed is the highest continuous
speed at which individual vehicles can travel with safety
upon a highway when weather conditicns are favorable,

traffic density is low and the geométric cecign features of



the highway are the governing conditions for safe speed.

The average running speed of a highway is the average
for all traffic or a component of traffic. It is the speed
over a specified length of roadway, determined by dividing
the distance by the running time which does not includg time

s
-

for stops.

Design speeds recommended and the corresponding average
running speeds for three volume ranges are illustrated in
Table 2.1. The runm‘rﬁispeed for low volumes is usedras the
design contro]l for the design of acceleration and
deceleration lanes.

This study will review running speeds on ramps amd
speeds on through highways to determine if the relationships
reported in Table 2.1 are consistent with the ramp terminals

analyzed in this study..



Table 2.1 DESIGN SPEEDS AND CORRESPONDING RUNNING SPEEDS

\

AVERAGE RUNNING SPEED
HIGHWAY S 220 ta) X\ (l;:::;
DESIGN Low INTER mﬁ:
SPEED (km/h) | VOLUME VOLUME VOLUME
30 ’3 82 "0 50
60 53 s8 5 60
70 63 58 v n 70
80 71 66 36 30
100 33 % 60 97.5
110 » 93 87 - 102.8
120 103 93 - 107.4
AVERAGE RUNNING SPEED

RAMP DESIGN

AASHO RTAC
SPEED (km/h) A (km/h)
{km/h)
50 Y 30
60 55 60
70 63 70.
80 71 20
100 83 v 97.5
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3. UNDERLYING PRINCIPLES OF RAMP DESIGNS

3.1 INTRODUCTION

In order to understand ramp geometric standards
have been developed, it is essential to review the
underlyfng principles of vehicle operating
characteristics(27). .This chapter is devoted to the
discussion of both fhe relationships between time, distance

a velocity, i.e., the laws of motion, and vehicle

acceleration and deceleration rates which are used as the-

basis for the majority of entrance and exit ramp design

standards.
' ' 4

3.2 ACCELERATION ’
3.2.1 LAWS OF MOTION

The following equations(16) indicate the mathemhatical
relationships that exist between time, distance, vellocity

and acceleration rate.

Uniform motion (constant velocity):

[ad Lad

N
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Uniform accelerated motion (vo> 0):

vi =vo +at

I =vot + }sat2

vi = VO +l_2?

Uniform accelerated motion (vg= 0):

Vf = at
I = !&at2
Vf = 2al

Conversion of velocity from metres per second to Kilometres

pef hour :

V = 0.2778v

Conversion of\\:iceleﬁation rate from metres per second per

second to kilometres per hour per second:

| 7

I
“A =a/3.é6

Where: , ¢
a =acceleration rate in meIres'per second per second
A =acceleration rate in Ki]ometres‘ per hour per
second
V =average speed in kilometres per hour
v =averége velocity in metres per second

1 =distance in metres
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Q'=final velocity in metres per second
v zinitial velocity in metres per second
t =timé in seconds

3.2.2 VEHICLE ACCELERATION RATES

The vehicle acceleration rates most widely used for
design purposes are documented in the American Associaiion
of State Highway Officials publication; A policy on the
Geometric Design of Rural Highways(1). Both the Urban
Highway Design Guide(33) and the Roads and Transportation of
Canada(34) design standards have their origin based on the
acceleration rates derived by American Association of State
Highway Officials.

The ;cceleration rates of the curve in Figure 3.1 are
used as the basis in determining lengths of acceleration
le ~:3. This curve was developed from tests conducted prior
to 1950 and is cun-idered representative of norma 1
acceleration, that 1is, acceleration under normal or
unhurried control of the majority of drivers. The
acceleration rates of the curve have been converted to the
directly usable form in Figure 3.2 showing distance
travelled while accelerating from one speed to another.

Matson(20) also studied acceleration rates of vehicles
in 1955 and determined that the curve .in Figure 3.3 was
representative of normal acceleration of pas'senger vehicles
under normal operating condit}ons. Matson acceleration rates
have been converted to the directly usable form in Figure

3.4 showing distance travelled while accelerating from one
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speed to another.

A comparison of AASHO's speed - distance curve and the
Matson speed - distance curve are illustrated on Figure 3.5.
This comparison reveals that if the AASHO acceleration curve
were used for design purposes, a distance of 220 metres
would be required to accelerate from 60 km/h to 80 km/h as
oppoéed to 130 metres required to accelerate between the
same speeds if the Matson curve was used as the basis for
design.

The question arises as to whether the American
Association of State Officials or the Matson acceleration
curve are adequate and representative of the operating

characteristics of the current vehicle population.

3.3 DECELERATION
3.3.1’LAWS OF MOTION

The following equations(16) indicate the mathematical
relationships that exist between time, velocity, distance

and deceleration rate:

Uniform decelerated motion (v 0):

szvo-dt

2
1 =Vot-}9dt



20

MATSON

SPEED (rm/h)

504

40-

200 400 ' 6do 200 /000 1200 1400
OISTANCE (m) _

Figure 3.5 AASHO AND MATSON SPEED-DISTANCE CURVES




Uniform decelerated motion (vi= 0):

Vo:dt

Vo :J 2dl

Conversion of deceleration rate from metres per se o der

second to Kilometres per hour per second:

D =0.2778d

Where:
d =deceleration rate in metres per second per second
D =deceleration rate in kilometres per hour per
second
Ve =final velocity in metres per second
Vo =initial velocity in metres per second
l‘=distance in metres

t =time in seconds

3.3.2 VEHICLE DECELERATION RATES

As with édce]eration rates, vehicle deceleration rates
most widely'uséd for design purposes are also located in the
American Association of State Highway Officials manual: A
policy on the Geometric Design of Rural Highways(1). Both
the Urban Highway Design Guide and the Roads and
Transportation of Canada have developed deceleration, rates

based upon those recommended in the American Association of
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State Highway Officials manual.

Two types of deceleration rates are used in the
calculation of deceleration lanes; deceleration while in
gear, i.e. removing one’'s foot from the accelerator pedal
and; decelerating with the use of the vehicle’s brakes.

American Association rates for passenger vehicles in
gear were determined from a series of trial runs and assumed
to be appropriate for the design of deceleration lanes(1).
The overal] deceleration rates were plotted and conver ted
into the more usable form in Figure 3.6, which shows the
distance travelled and the speed reached during a given
period of time for deceleration in gear from any speed.

In determining the distances travelled in decelerating
while braking, American Association of State Highway
Officials used observations made on vehicles approaching a
stop condition rather than use deceleration characteristics
while actually approaching the cdntrol]ing curQe on an exit
ramp. They felt that this comparison could be made because
in both instances, the braking action is predetermined and
the deceleration basically follows a similar pattern. The
results of the study have been plotted and exhibited in
Figure 3.7. This figure illustrates the distance travelled
and the speed reached while braking at "comfortable" and

"leisurely” rates.
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4. RAMP TERMINAL DESIGNS

4.1 ACCELERATION LANES

The required length of an acceleration lane is based
upon three factors in combination:

1) the speed at which drivers merge with the
through traffic,

2) The speed at which drivers enter the
acceleration lane, and

3) The manner of accelerating or the acceleration
factors.

The length of acceleration lanes may also depend on the
relative volumes of through and entering traffic. Long
acceleration lanes are desirable on high volume roads to
enable entering vehicles to merge with the through traffic
without the mainline traffic being required to rgduce
speeds. Entering vehicles can continue in motion and
~regulate their speed while travelling parallel with the
through traffic uﬁtil an opening enables them to move into
the -through traffic lahe.

When a driyer enters the through pavement from an
entrance ramp, desirably, his spged should approximate that
of the through traffic and consequently, the design can be
based on an entering speed equal to the average running
speed of traffic on the highway. The sﬁeed at which the
average driver may be expected to enter the acceleration

‘lane is the average running speed as related to the radius

" 25
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of the curves on the ramp entering the acceleration.lane.
The average running speeds on through highways and ramp
curves wefe exhibited on Table 2.1. The difference between
the average running speed on the entrance curve and that on
the highway is the differential which determines the length
of the acceleration lane.

Lengths of acceleration lanes are based on passenger
vehiclé operation as trucks and buses generally require much
longer distances to accelerate, and lengths based on these
vehicles would be longer. A slower entry of trucks and puses
is wunavoidable and generally accepted b;~the travelling
public. Where a substantial number of large vehicles are to
enter a high speed facility, acceleration lengths should be
increased, or the entry located on a downgrade if feasible.

As stated previously, it is desirable to design an
entrance ramp terminal such that drivers can merq9§with the
through highway traffic at approximately the same speed as
the'average running speed of the through highway. Lengths
derived using this basic assumption are often quite long and
as shown py the ramp design standards in the following
sections, it is satisfactory for vehic}es from the
acceleration }ane to merge with the through vehicles at a
speed of ébproximate]y 10km/h less than the average running
speed of ‘ .e through highway.
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4.1.1 CANADIAN ENTRANCE RAMP DESIGN STANDARDS
The design for entrance ramps- a}e premised on the
following philosophies.

1) Vehicles entering the mainline must bé able to
travel on a naturé] path.

2) In order to permit the acceleration of vehicles
from the controlling ramp curvature speed to the
mainline through traffic speed, sufficient
acceleration distances must be provided.

'3)  An adequate merging manoeuvre length must be
provided enabling drivers to select a gap, ih
the adjacent through traffic stream, and merge
safely without appreciable speed interference.

Both the direct taper and paraliel lane designs are
usqg in“ Canada to meet the foregoing requirements. fhe
tapered design is gaining wider acceptance across the
country “as experience indicates that it" best fits the
natural path of an entering vehicle. Ohly a few provinces
use the pé%éllel lane design for economical or tréditional

(uniformity) reasons.

4.1.1.1 URBAN HIGHWAY DESIGN GUIDE STANDARDS

Lengths of acceleration 1lanes developed in the Urban
Highway Design Guide (UHDG)(33) are based on two different
criteria: minimum and desired acceleration lengths. Minimum
écceleration lengths are developed based on acceleration

from the avérage running speed on the ramp controlling curve
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to 10 km/h less than the main line average running speed.
Desirable acceleration lengths are baﬁed on the premise‘that
vehicle speeds are at or are close to the design speed.
Minimum and desirable acceleration lengths are shown in
Table 4.2

Figure 4.1 shows a typical design of an entrance ramp
terminal. The acceleration length is the distance from the
end of the controlling ramp curve to the point at which the
speed change lane is 3.75m wide. A spiral transition (Ls), a
length of tangent (T), and the merge distance (M) make up
the acceleration length (A).

The important feature of this design is the merge
distance (M) which is measured from the wedge point
(beginning of the wedge) to where the merging lane 1is 2m
wide. The development of the merging length is premised on
three controls:

1) The time required to fiﬁd - and enter  an
acceptable gap.
- 2) Angle of convergence (A). _ .
2! The width of the pavement at the wedge point.

These parameters determine the requirements for the
merge distance which varies according to the design speed of
the mainline facility. The higher value being‘appiicable for
higher speeds and associate traffic conditions. On high
speed highways the effectiveness of an aéceleration lane is

dependent upon the length available for merging, as well as

the total acceleration length.
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Table 4.1 URBAN HIGHWAY DESIGN GUIDE, MINIMUM AND DESIRABLE
ACCELERATION LENGTHS

RAMP DESIGN SPEED (km/h)

20 30 40 50 60 70 80 90

HIGHWAY | RUNNING

DESIGN SPEED RAMP RUNNING SPEED (km/h)

(kmn/h) (km/h) 20 27 35 40 54 63 71 78
60 44 70 60 35 15 - . - R
70 - 53 125 115 90 65 - - - -
20 61 195 180 150 125 50 - - -
90 63 265 250 220 195 115 40 - -
100 76 155 0 35S 290 200 135 85 -
110 92 560 545 515 505 425 360 285 205

RAMP DESIGN SPEED (km/h)

20 30 .40 50 60 70 30 . 90

HIGHWAY | RUNNING

DESIGN SPEED RAMP RUNNING SPEED (km/h)

km/h) (km/h) 20 30 40 50 60 70 80 90
60 50 105 90 50 - - - - -
70 60 185 165 115 70 - - - -
80 70 285 25 215 165 100 - - -
90 80 400 385 340 285 220 125 - -
100 90 535 510 480 430 385 275 150

110 100 4 700 660 640 590 500 430 295 150
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‘Another ;eature incorporated in this design is that the
width of the entrapnpce terminal is widened or flared between
the merging end and 0.6m wedge in order to give the motorist
some flexibility of driving path when approaching the
merging area. C

The total acceleration leégth is defefhined by
combining the merging distance (M), the\wédge length and the

acceleration length from the merge end : to the controlling

degree of curvature on the ramp.

4.1.i.2 ROADS AND TRANSPORTATION ASSOCIATION OF CANABA
STANDARDS

Lengths of accelerating lanes as developed in the Roads
and Transportation Association of Canada manual (RTAC)(34)
are premised on the foi]owing three factors in combination: &

1) The speed at which drivers merge with the
through traffic,

2) The speed at which drivers enter the
acceleration lane, |

3) The manner of accelerating.

The speed at which the driver enters the through
traffic stream 1is taken to be 8 km/h less than the average
running speed of the highway. The speed at which the driver
enters the acceleration 1Jlane 1is taken to be the average
running speed for the radius of the ramp curve.

Tﬁb]e 4.3 shows design values for Jlengths of

acceleration lanes. For the parallel lane, the values in the
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table refer to the lengths of acceleration lane excluding
the length of taper. For the direct taper form, the values
shown refer to the length. from the end of the ramp curve to
the point at which the auxilliary lane is 3.5 m wide.

Typical direct taper and parallel lane entrance

terminal designs are illustrated ir “igures 4.2 and 4.3,

4.1.2 AMERICAN ENTRANCE RAMP DESIGH e ARP
American standards(2) for acceleration lengths are
based directly on the philosophies as dictated by the
American Association of State Highway Officials.
Acceleration lengths are determined on the basis of the
entering vehicle merging with the through traffic at
approximately 8 km/h less than the average running speed of
~the through traffic. The initial speed of the ramp vehicle
is taken as being the ‘average running speed of the
controlling ramp curve. Table 4.4 shows the acceleration

lengths derived based on the above aésumptions.

4.1.3 EUROPEAN ENTRANCE RAMP DESIGN STANDARDS
4.1.3.1 BRITISH DESIGN STANDARDS
The design of entrance terminals in the United
Kingdom(22) are premised on the folfowing philosophies:
1) An acceleration lane should be designed so that
the vehicles turning left from the ma jor road
afe at approximately the séme speed as that of

the nearside 1lane traffic waiting to merge.
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(Note: Traffic in the United Kingdom is oriented
in the opposite direction to traffic in North
America). Acceleration must allow for maximum
visibility, speed adjustment, and merging which
should be carried out over as long a path as
possible. The acceleration lane should be
continuously tapered to encourage drivers to
consider merging well before the end of the
merging area.

2) Controlling ramp curvature is an important
factor. An increase in the radius of the curve
leading into the entrance terminal permits
higher speeds at the entry to acceleration lanes
and allows less acceleration length.

The configuration of the acceleration terminal has
changed fro a parallel design to a direct taper design. The
basic design is illustrated in Figure 4.4. »

The basic design consists of a continuous tapered
section from a full lane width in vicinity of the merge end
to zero at the edge of the mainline. The slope of the
tapered section varies with length of acceleration lane.
Since lengths of acceleration lanes increase w' -n the design
speed of the mainline, the slope of the tapered section
becomes correspondingly flatter.

Recommended lengths of acceleration lanes for different
mainline speeds are given in Table 4.4. In difficult

conditions, the British may accept substandard lengths, but



Table 4.4 ACCELERATION LANE

LENGTHS-UNITED KINGDOM
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RAMP DESIGN SPEED (km/h)
30 L10 50 60 70 80

HIGHWAY | RUNNING
DESIGN SPEED
.?1:55'3 (km/h)

60 150 150 150 - - -

80 215 213 218 215 215 -

100 275 275 275 273 275 275

110 k3] 365 33 365 365 363
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never less than halfbthose recommended in Table 9.

4.1.3.2 DUTCH DESIGN STANDARDS
The design of entrance terminals in the Netherland§(23)
Js premised on the fdllowing philosophies:

1) Vehicles entering the mainline should be able to
adapt their speed to that of the ma jor ‘traffic
before joining the mainline at an appropriate
interval between two vehicles. ’

2) This entry in principle shouldaonly be effected
at the right-hand side of a mainline.

3) Drivers on the acceleration lane and fhose on
the mainline should be ableAto see éach other
over sufficient distance before reaching the
merge end. \ *

To achieve thése principles the Dutch use the pazallel
type entrance terminal extensively throughout the country.
Only under speciél circumstances, such as to provide better
alignment and make delineation clearer for the driver, will
tapered designs be considered. The majority of drivers in
the Nether lands mérge in the main stream shortly after the
junction of the two carriageways, even ih the case of very

long acceleration lanes carrying heavy volumes of traffic.

This condition must cause some problem with vehicles slowing

down in the main through traffic lanes as _there would be ..

insufficient distance for entering vehicles to reach a hiéh

speed at the merge.

-

/
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The design of entrance ramps are illustrated in Figure
4.5. The acceleration length normally provided for a
motorway with a design speed of 120 km/h (75 mph) consists
of a 250 m parallel lane. Shorter acceleration lanes are
used for mainlines with design speeds of less than 120 km/h.
If a taper design is considered the length over which the
tapered lane adjoins the mainline is 250 metres for
motorways with a design speed of 120 Km/h. This length is
also reduced when design speeds of motorways are less than
120 km/h.

The length of the acceleration lanes depends on the
following factors:

1) The speed at which the subsidiary stream has to
join the main one is assumed to be 75 percent of
the design speed of the mainline.

2) The speed at the start of the acceleration lane
is based on speed curve relationship.

3) The manner of acceleration and acceleration
properties of the vehicles. An average
acceleration rate of 1 metre per second per
second (3.3 feet per second per second) is
assumed. )

Acceleration lanes are considered by the Dutch to start
at the beginning of the transition curve at the end of the
horizbnta] controlling curve on the ramp. They end where
their width is still] 3 metres but not further than 200

metres from the point where the two carriageways join (in

s e e s
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the case of a parallel lahe).

The length of an acceleration lane is based on the same
formula that is used for computing deceleration lanes except
the acceleration rate of 1 meter per second per second is
used.

Based on this criteria the length of acceleration lanes
for desirable and minimum values are summarized in Table
4.5.

The Dutch feel that it is essential to provide a
sufficiently wide and properly paved hard shoulder along the
mainline from the end of the entrance terminal to enable
drivers to use it ur*il a suitable gap presenté’ itself in
the main stream. To encourage the use of this escape lane a

1.5 meter gap is left in the markings at the end of the

entry lane.

4.2 DECELERATION LANES
The length of deceleration lanes are based wupon three
factofs in combination:
1) The speed at which drivers manoeuvre into the
deceleration lane;
2) The speed of drivers irf the deceleration lane;
3) The mannner offdecélerating or the deceleration
factors.
It is assumed assumed for design purposes, that drivers

entering deceleration lanes travel at the average_rgpnihg

~

PP INCRPRE REREL n
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Table 4.5 ACCELERATION LANE LENGTHS-NETHERLANDS
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speed of the highway in accordance with the relation of
design to average running speed.

The average running speed as related to the controlling
ramp curve is a logical speed for the design of deceleration
lanes. Thus, the difference between the average running
speed on the highway and that on the controlling ramp curve
is the speed differential which determines the length of the
deceleration lane.

.The deceleration of a vehicle as it approaches and
enters an exit ramp is generally performed in two steps;
first, the vehicle is slowed down without the use of brakes.
In the second step, the vehicle brakes are applied. The
véhicle speed at which drivers pegin to apply their brakes
when approaching an exit terminal varies widely, but
indications are that drivers begin to apply their brakes

sooner when they are‘trave]]ing at higher speeds and when it

is obvious that the approaching ramp controlling curve must-

be negotiated at a relatively slower speed. If the exit
terminal is open to the driver’s view, observations show
that drivers‘release their accelerator pedals some time
before applying their brakes.

Deceleration lane lengths are based upon passenger
vehicle operation. Although trucks require longer distances
to decelerate, for the same differencel in  speed, long
deceleration lane lengths are not usually justified because
average speeds of trucks are generally lower than those of

passenger cars.

L R L Ve PO U
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4.2.1 CANADIAN EXIT RAMP DESIGN STANDARDS
The design of exit ramps in the Canadian context are
premised on the following philosophies:

1) Vehicles must be able to exit from the mainline
in such a manner that no reduction in speed or
other form of interference is imposed on the
mainline traffic.

© 2) Vehicles leaving the mainline must be able to
travel on a "patural path" without encountering
any irregularities which might cause erratic--
operations of the vehicle:

3) Distances adequate for comfortable deceleration
to the controlling curve speed must be provided.

Both the direct taper and parallel lane designs are
used extensively in Canada to fulfill the foregoiﬁg
criteria. However, highway authorities in each province tend
to use one type of deceleration lane design more
predominantly than the other. Recently the direct taper

design has been gaining in popularity as it fits the natural

path of the vehicle.

4.2.1.1 URBAN HIGHWAY DESIGN GUIDE STANDARDS

In predicting the behaviour of the driver on the exit

ramp(33), the following factors are considered in order to :
discourage deceleration occuring on the mainline;

1) The points at which vehicles start to deceler;te

after they are clear of the mainline.
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2) How vehicles decelerate, at what speed they are
travelling when deceleration begins clear of the
mainline.

A design that is considered to produce a relatively
safe situation for most drivers assumes a 12.5 percent
desirable and 35 percent minimum reduction of mainline
design speed opposite the approach nose. This 1is shown in
Figure 4.6.

Here no allowance fs made for deceleration in gear and
comfortable braking is assumed to begin at the wedge point
in advance of the approach nose. Beyond the approach nose
comfortable braking continues to the controlling .egree of
curve on the ramp. The braking distance is determined from
Figure 3.7 wusing the 12.5 percent and 35 percent design
speed reduction at the approach nose and the design speed of
the controlling curve. Comfortable deée]eration rétes
depicted on the graph are about 10 km/h/s at the higher
speed range to.6.4 km/h/s the lower speed range.

An important feature of this design is the diverging

distance (B) which is the tapered distance from where the ‘

ramp is 2m wide to the wedge point (beginning of the wedge) .
The diverging distance varies in accordance to requirements
for proper divergence relative to varying design speed. As
the design speed of the mainline increases so does the
diverging distance.

A feature in the‘design of the exit terminal is that

the lane width is widened or flared between the beginning of

R TON,
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the painted wedge and the approach nose in order to give a
funneling effect and some latitude iﬁ approach angle.

The total deceleration length is determined by
combining thei taper (B), the wedge length and braking
distance as defermined from Figure 3.7. The lengths derived
are the basic minimum requirements assumed for deceleration
lanes. However, these values may be increased in the final
design depending on selection of length of spiral and it’'s
location (C.S.) relative to the approach nose. Desirable and
minimum lengths of deceleration were computed on this basis
~and are given in Table 4.6. The minimum values are premised
on a 35 percent reduction of speed at the approach nose and
desirable values are premised on a 12.5 percent reduction of

speed at the approach nose.

4.2.1.2 RTAC STANDARDS

The length of deceleration lanes as dictated in the
RTAC manual(34) are based on the same philosophies
previously discussed in Section 4.0,

In determining the lengths of deceleration lanes, it is
assumed that drivers travel at average running speed of the
highway at the beginning of the deceleration lane. Drivers
decelerate in gear for three seconds as they enter the
geceleration lane and then brake at a comfortable rate until
they have reached the average running speed as dictated by

the controlling ramp curve.

e BN
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Table 4.6 MINIMUM AND DESIRABLE DECELERATION LENGTHS-UHDG
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Distances travelled during deceleration and braking
were shown in Tables 3.6 and 3.7. Table 4.7 shows design

values for lengths of deceleration lanes. For -the direct

taper form, ‘the

point at which 3

beginning .of * il

'wﬁéWn refer to the Jlength from the
Tl

vﬁliary lane is 3.5 m wide to the
AR
ve. For the parallel lane form, the

values in the fable Q%Jr‘fo‘S%é Hength of deceleration lane
excludfng the length ;% téper.
Figures 4.7 and 4.8 exhibit “/pical direct-taper and

parallel lane exit ramp designs.

4.2.2 AMERICAN EXIT RAMP DESIGN STANDARDS
In ‘determining the length of deceleration lanes(2) it
is assumed that drivers will (a) travel at the average

running speed of the highway at the beginning of the

deceleration lane, (b) decelerate in gear for three seconds

upon entering the deceleration lane and (c) brake at a

“comfortable” rate on - the deceleration lane, unti] they

reach the average running speed of the ramp controlling
curve. On the basis of the previously nbted assumptions,
distances travelled during deceleration and the established
speed relationships, deceleration lengths for exit ramps are
established. The ﬁesulting lengths suggested for design

purposes are shown in Table 4,8.

24
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”,”?;9'~ (not less than 30 metres).

4.2.3 EUROPEAN EXIT RAMP DESIGN STANDARDS
4.2.3.1 BRITISH DESIGN STANDARDS

The design of British *exit ramp terminals(22) are

. premised on the following philosophies:

1) The driver should be encouraged to make a
lateral move and then decelerate rather than be
offéred a combined deceleration and latoral
movement éption which may sta: * in the mainline.

2) The design must always oe cuisidered from the
drivers viewpoint and 1in aésthetic solution
found. , T

3) The 1length of deceleration lanes should be
sufficient for vehicles to slow down from the

.average running speed of traffic in the nearside

lane to the speed necessary for negotiating the.

curve at the end of it. In order to make
deceleration lahes effective the curve radius
must permit a speed of at least 30 to‘40 Km/h

Ea

Decelerat1on lanes are probably more -ifportant than

H acCelerat1qn lanes since drivers have %,xo slow down

1ﬁrespect?ve of traffic conditions arOUnd them (which may

temporar1ly be at capacity levels).
.The schoo] of thought in the United Kingdom has changed

cons1derab1y over the last 15 years Until the 1960's there

jj was a move to provide short 60 meters deceleration lanes

for, twrning movements on dual carriageways. This was soon
LB B ’ o ‘ ‘
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Table 4.8 DECELERATION LANE LENGTHS-AASHO
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&

dis§1~ded in favor of ‘aroo: exit radii and properly \?%g
designed deceleration tern...uls. The shape of the lane hﬂﬁﬁﬂ‘
also changed from a comparatively rapid taper (50 meters)
followed by a full width lane to a continuously tapered
section from zero to full lane width. The basic design is
illustrated in.Figure 4.9.

The basic design consists of a direct taper from zero
at the edge of the mainline to full lane width in the-
vicin vy of the apg’oach nose where the controlling degree
of curve is introduced. The slope of the taper varies
depénding on the length of deceleration lane. "

The Jlength of the deceleration lane is considered by
the British to be sufficient for vehicles tp-s]ow down from
the a\\ragé speed of traffic in the Hgngide lane to the
speed qgcessary for negotiatihg the curve at-the eng ‘of, it.
The minimum radius of curvature of contro]]iﬁg curve on Ehe
ramp is 30 metres permitting a speed of 30 km/h to 40 km/h.
Recommended ’lengths of the nearside deceleration lanes are
given in Table 4.9. As shown, thel length of deceleration

lane varies with speed of mainline but not with controlling

radius of curve on the turning roadway.

4.2.3.2 DUTCH DESIGN STANDARDS
The design of - exit terminals in the Netherlands(23) is
prem1sedﬂon the following philosophies.
1) A deceleration lane should at 1ei§§ be long

en0ugh for the actual turning off to be effected

.7
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Table 4.9 DECELERATION " LANE LENGTHS-UNITED
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at no difference in speed, or only a very slight
difference in speed between the turn off and the
through traffic.

2) The road user should .be able to form a clear
idea of the manner and place of divergence and
prepare himself accordingly, well before he
reaches it. ‘

3) With right handed “traffic, turning movements
should take place on the right of the through
traffic stream to the maximum extent possible.

To achieve these principles.’%ﬁ& Dutch promote the use
of the parallel type lane since it has been extensivaly.
applied and only under special circumstances use the directi
taper lane. For exampie a tapered design may be émployed at
the inside o; a curve for specifiq clarity for the road user
or along side the mainline with design speeds of less than
80 km/h. The Dutch recognize the tapered design as fitting
most closely with actu;l driving behavior.
| Typical designs for both the parallel lane and wedge
shaped exit terminals are illustrated in Figure 4.10 for
main motorways Qith design speeds of 90 km/h or less and 120
km/h. e

If a direct* taper is used along mainlines the

-

deceleration lanes are not shorter than 200 meters
corresponding - with a taper of approximately 1:50. The taper
increases with a design speed of the ° mainline. The

deceleration lane is made 4.5 metres wide at the point where
-~ v
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the carriageway separates from the deceieration lane to'
increase visibility. In addition a hard shoulder (panic
strip) on either side (wide enough for a stationary vehicle
. to be passed) are provided on the deceleration tane.

| The parallel lane design consists of a tapered section
followed by a uniform section of normal lane width. - The
angle of the wedge between the main carriage@ay and the
deceleration lane is less than 4 - § degrees and preferably
not greater than about 2 degrees to enable drivers to turn
off as smoothly as possible. The length of the initial wedge
section varies in length according to the design speed of
the mainline. These short tapered lengths are based on a
time of 3.5 seconds which the majority of road users are
found to need in order to switch from the right-haﬁggd lane
of a mainline to a deceleration lane with the average speed
of traffic on the mainline being 80 percent of the design
speed. ’

The deceleration lane starts at the point where the
taper is 3 metres wide (in the case of a paraliel lane
design) or 2 metres wide (for a direct taper). In both cases
the decetleration lanes are assuééd to end at the midpoint of
the transition arc formed by the ramp turning off.

The Dutch take the following factors intolaccount when
determining the length required for deceleration lanes:

1) The speed at which vehicles exit is assumed to
be 75 percent of design speed of the mainline.

2) The allowable speed at the end of the
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deceleration lane is bqsed on speed curvature
relationship.

3) The manﬁer of deceleration and the deceleration
properties of the vehicle - comfortable
retardation 1.5 metre per second per second and
severe retardation 2.5 metres per second per
second are used.

4) Whether or not there is a longitudinal gradient.

Lengths. . of deceleration lanes are summarized‘}n Table
4.10. Desirable values are also indicated which assume no
reduction of design speed of the }hrough highway.
The Dutch also provide for drivers who do not leave the
I‘hrough highway until the last possible moment. Dece]ergtion
lengths based on a more severe retardation rate of 2.5
metres per se;ond per second are used between the point
where the exit ramp separates from the mainline to the
midpoint of the transition arc formed by the ramp turning

off.

4.3 DIRECT TAPER vs. PARALLEL LANE DESIGN
Exit and entrance terminals may be of two significantly
different geometric shapes; parallel lanes .with a nominal

taper ate the end of the lane or direct tapered designs.

Initially, the parallel lane design was most popular and was ~

in predominant use- by. most countries. However, with new

research and experience(7, 8, 9, 17, 21, 26, 29, 31, 32, 42,
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43) most countries have shifted toward the use of direct
taper designs. This change has evolved in the majority of
- the Canadian provinces and in the United Kingdom. The Dutch
are still persistent in retaining the parallel design simply
because it has been used extensively in the Netherlands and
uniformity of design is considered essential.

?gven today opinions differ on which . design is
preferential. There are advantages ,and disadvantage ¥ith
either design.Several of the Key 1ssues are y
presented in #Ke following paragrapbs. '

The parallel lane design "operates quite differently
than the direct taper design(7). In the exiting operation of
the para]lél lane design, the driver is jrequired to shift
one lane to the right‘in a reve;se paéh, then decelerate on
an auxilliary’lane of uniform width paraliel to the through
traffic lanes until the approach nosé‘is reached where the
exit ramp is separated from the through tréfffc lanes. This
reverse movement is é%nsidened unnatural for the majority of
drivers and when forced to choose theif exiting path, a more
continuous path requiring one turn of the steering wheel is
preferred. Due to this unnaturél manoeuvre inherent in any
parallel lane, the deceleration terminal is considered
someWhat inefficient as a large portion of the exit terminal
(deceleration lane) becomes ‘unused If the ful] length of
the deceleration lane is not properly used a driver must
e1ther deceleraje on the through 1lanes creat1ng interference

with’ ha1n]1ne traff1c pr otherw1$e encounter uncomfortable

2 .
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if not hazardous operation on the exit ramp proper.

TH%s tendency has been‘ proven by studies on Dutch
motorways where a large percentage of drivers exited well
beyond the -nominal tapered section thereby not fully
utilizing the full tength of the deceleration lane.  These
results have led to the Dutch adding some extra length to
the deceleration lane beyond the approach ncse  for Arivers
who leave the through Tlanes at the last possible moment.
This is considered to be a good feature and is only
necessary for the'parallel lane design.

When traffic volumes are large and speedé
correspondingly slow, it has been reported that there is a
tendency for more drivers to utilize more of the
deceleration lane folloﬁing a reverse curve path. Even
though a driver exits at the appropriate location on the
nominal faber of the barallel‘lane, there is the chance that
he may be cut off by a second vehicle exiting at the last
minute ahead of the first vehicle, thus causing friction on
ﬁ the terminal. To be assured that a parallel lane exit
terminal operates effectively, it is essential that
motorists fully understand how they operate and how to use
them as there are no physical warnings of the conditions
ahead on the ramp broper. Although parallel lane exit
terminals - may cause some operational problems, there is
'JSfill reason to believe fﬁat these types of designs are

- N
functional provided that motorists understand their

operation and that the designs are . appropriate
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standards(8).

Another point of interest when concidering parallel
lane designs is that they are usually quite compact and are
more economical when the exit terminal encroaches on grade
separation strucjures.

The direct taper desigﬁ on thé?other hand, fits the
natural path of the Majority of drivers and has a "flushing”
effect which encourages exiting traffic to maintain their

full speed ubst il they are clear of the through traffic
*fahes. This effec_:t eliminates any friction or turbulence on
the through traffic: It has been reported in many studies
thats the direct taper design fits a drivers general
behaviour and traffic characteristics. The tapered design
that best fits the natural path preferred by most drivers is
patticularly advantageous for major high speed faqfﬁities
where the speed_ differentia] between the highway and the
ramp are substantial. On a properly designed tapered exit
ramp, only a small portion of the deceleration operatfon is
requifed before the vehicle reaches the approach nose of the
exit terminal. The majority of.. deceleration occurs

«.

immediately beyond the approach nose through -the ‘spiral

of the upcoming ramp controlling curve. An exiting operation

per formed in this manner 1is considered to "be highly

- o

efficient and preferred as it meets the naturalyﬁaspirations
N

of the majority of drivers and encourages thaf%léceleratidn

occur off the through lanes of the mainline facility.

%
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The operation of an entrance ramp terminal is different

from that of an exit terminal(31). A driver entering a

mainline facility must execute several operations

simultaneously. When enter1ng the merge area from -an
°

entrance term1nal a dr1ver'must conicentrate on accelerating
his vehicle speed up to or close to those speeds encountered
on the mainline facility, look for a suitable gap in the
through traffic stream, choose a suitable gap and manoeuvre
his vehicle into it. The drivers preoccupation with all
‘these activities makes merging standards extremely‘important
in proeucing an effective design. Appropriate *standaEds
concerning the angJe of approach, the length .of the
acceleration lane and the length of the merging area are Key
factors in the effective eperation of an entrepce ramp
terminal. e

Alnhough the operat1ons between entramcé and éXlt ramps

differ, des1gn configurations are 51m11ar Paral;sl lane -

designs w1th a neminal taper at the end BF the acceleration

lane and direct taper designs are a1so used

The sharpest criticism of the parallel lane des1gn when’

y-
used for entrance ramps is that the angle qof approach

immediately beyond the merge end is often quite sharp

encouraging drivers to merge prematurely into the through -
. v -
traffic stream(11). This results in some traffic not fu]ly .

utilizing the entrance term1nal in order to proper]y

accelerate to the approximate speed of the through trafflc

Such a condition causes turbulence in the” through 1lane.
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)
portion of the acceleration lane was found tc»be us

69

adjacent to the parallel lane as early departure from the

parallel lane implies that these vehicles must coﬁplete

their acceleration on the mainline facility thys eaUsing

interference with the through traffic stream.

- This condition was confirmed bv another Dutch study on
the utilization of parallel entrance terminals carrying
heavy traffic volumes. In the Netherlands, many drivers
merge into the main traffic stream shortly a =r .assing the

. - . : . & Y -
merge end of the entrance ramp. Even in ca. nere long
parallel - acceieration lanes have‘”been prDVided ma jor

éi[jonly
3 - . b s T
by a small proportion of drivers o, R
As with the case of tgpered exit deSigns the vtapered
W
entrance design is preferred§~as 1t fits most closely the
path of drivers as well as nCQUraging the. full use . - of the

entrance terminal. In the tapered design ‘the angle of

convergence is extremely; flat providing a Jlong . merging

Aiength and a flat prOJectory in advance of the merge end.

The tapered design .is considered to permit entering traffic

to merge' directly and uniformly with the mainline traffic.

At the end of both the direct taper and the paral“ane

entrance . terminals, the mainline shoulders should be

encouraged to be used for the merging operation‘ if a

suitable gap in the mainlinq does not materialize befope'

this point. The Dutch encourage this type of opera‘ion w1th
the use of special paVement markings

-

FE
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d h; Although@yréat dea of research and study has been
QQQE on ehnhtra &and exit ramp terminal des1gns; cp1n1ons
differ widely on which one of the two designs are preferred.
The advdntﬁags and disadvantages of one type of des1gn over
another is not that abundant and both types of
conf1gurat1ons are/. cons1dered qu1te'“*uQct1onal ClearlyL
‘there are ‘two d1st1nct and 1mportant,§,,factor;,s ¥ the.~
operat1onal success of an entrance or exit ramQ gesign ’the

'/\

',qua11ty of the design” and the dOerrs Knowledge of how to

g
s

\yse them properly - . ‘ -”, 3 Yy

. S o

4 4 COMPARISON OF GEOMETRIC STANDARUﬁﬂﬁ

X

? Jhe ‘lengths of gccelerat1on gagf ece]erab1on lanQS for

& w' NI

the countr1es surveyed are sUmmar1zed in Tab]eir 4’11. and® _

tr

4. T%§ subjective ranking was applied to e;ch design é
standard and the ranking of the ‘standard is 1]1ustrated \in P J
Figure 4.11. A general trend that can be ehs1ly deduced from e, ’fg
Figdre 4.11 is that the Canadlan standards are ‘generally the | ' §
highest, the Dutch m1n1mum-standards the lowesta with the

remaining standards falling in  between. The _ fﬂ

.difference: in designs/  colld be a reflection of the.space

availability to constrict ramb terminais(14). o
L4 4.1 ACCELERATION RAMP _. SIGN $TANDARDS

When comparif®y ramp accelerating designs the Canadian
standards rank fairly low for the lower | deSIQn speeds but

wl».
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Table 4,12

e

JMMARY OF LENGTHS OF J
Ky
RAMP DESIGN SPEED (km/h)
]
‘HIGHWAY AGENCY » RANK
DESIGN 30 40 50 60 70 80
SPEED .
(km/h) (
o \_
UHDG (des) | 195 185 165 . i
. (min) 145 135 ° S 2
" RTAC 80 70 55 f. g 4
60 -AASHO 80 70 55 & 5
BRITISH 125 1257, 125% o w Y 3
DUTCH (min)} 35 207 - 7
. (des){ 80 65 45, 25 6
o 3 th
UHDG (des) | 2@ 225 210 1m0 1
.v N (piro 165 150 140 2
- RTAC s 105 95 80 5
L AASHO 115 110 95 70 55 6
af BRITISH 140 140 140 ) ’ 3
¥ - DUTCH (min)| 70 50 35 e .7
- : (des) | 140 120 100 60 &30 ¢ 4
. L , . R
. UHDG (des) | 295 “ - 285" 275 245 225 210 1
, > (min) | 220 210 195 2,
RTAC i ~ 145 135 120 100 5
100 ‘ AAS 1 140 130 105 90 75| 6
BRITISH .- | 150 150 150 150 . 1507 4
DUTCH (min) | 105 9% _ 75 30 7
(des) ]| 210 195 175 130 105 70] 3
. /‘—/
b 2R 4
' UHDG (des) | 365 360 330 300 295 * 270] 1
(min) | 270 265 40 215 - _ -200 3,
RTAC 170 160 150 190 120 1o+ LI B
110 AASHO 175 170 155 130 120, 100] &
BRITISH 130 180 130 180 180 - -180] & .
DUTCH (min) | 150 140 7 120 75 50 - - 7
(des) 1290 . 280 260 215 185 1551 2
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are ranked the highesf‘ffor the higher mainline des%ﬂg

speeds. Although the minimum UHDG values rank fairly high

compared to those of other countries they age abgolute
minimum and are only used in design where higher values can

not ‘be attained. -More desirable vatues based on des1gn

speeds (no reduction in speeg) are conswdered the upper\

l1m1t At }the h%ﬁh range of des1gn speeds lengths of
accelerat1on - lanes becomeyvery long and these standards may

be d1ff1cult to achJeve\ Ihe long lengths . at. higher speed

Vfﬂtho the 1low acceleration rates
- ; &

-/ experienced at high speeds. It is refore apparent ‘that
. P <

althdugh the'w'¥' um Qanadian standard% are high compared td
adequate .sp lane criteria. In any event the approprlate
values are given for the high and low extrémes and it is
left up to the )des@gner to select the most practical
‘solution., L . J

The British standards rank the highest in the Tower
des1gn speed range agd then _rapidly fa]]»off to second Iast

noswt1on for the higher design speed ranges These standards

- e perhaps lower than 1nd1qaj@dﬁ beoause the ‘end of

adcelerat1on lane is measured at the end of the taper rather

than at a point where there is a part1a] w1dth (2 m) of.

’

auxiliary lane ® The - comparatlvely high standards at the
g lower'design speed range and low standards at “the high
design speed.range produces 1ncons1stenc1es in desvgns that

are " not conSIdered compatlble ‘with varying . operatwng

s ) : ¢

3t
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-~

conditions and appears inadequate in fulfilling the speed
change requirements at the hlgh des1gn speeq,range where it
L is moégrneeded This along~w1th the common des1gn elements

d{for varylng operat1mg cond1t1ons may 1nd1cate that.%here is

a lack of sound cr1ter1a and full ut1]1zat10n of resources

i dJ.
- - 4 'J. v

in adher1ng to Br1t1sh standards. ' N

betﬁ1n1mum standards of the Dutdh rank 1owest relative

he- standaﬁds of !he d&her countrres as 111ustrated in

i
percent\ reduct1d§ of _des1gn.speed and seveae acceleration
rate of 3.54 km/h/s. Assumed deSirab1e values ,based on no

*reduction in design speed were computed from the basic
formula aind these sta%dards rated someyhat hlgher be{ng

e bet;een the Canadian” and British s}andards. The Dutch appear

o to hake eompensation for the inadéquacies in their standards

by encouraging the use of the paved shoulde} beyond the end

df the de;eleration lane. This'aspect is discussed later on
in -the reportwhnder discussion.bf pavament markings.

f . " . : LP; e

4 4 2 DECELERATION RAMP DESIGN %TANDARDS Toae

The UHDG desirable standards for lengths of

deceleration lanes are rated the highest when compared with

other countr1es as shown in Figure 4.11 and appear to best
fq§f1il the - ph}JOSO%E&:S required’ for the'e}1t tg:minal and
~ramp. These standards ax become higher in the final design
‘as lengths may be increased when emptoying varying lengths
of transitjon cur;eiwand positiorfing the spiral. relative to

2

igure 4.11. This 15 partly attr1buted to ‘the - a§sumed 25

[

S
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the approach nose. The location of théiﬁpiral is génenally
in advance of the apphpach nose for the lower speed ranges
and this condition is assumed in establishing the basic
operational requirements.

It is also noted tﬁaf-RTAC.and AASHO standards rated
second Jlowest being 5etween the Dutch and the British
standards. This is due to the fgét that the 1length of

!

deceleration lengths are premised on ‘running speeds‘rather
4, .

than more realistic "r'QQon speeds which are today higher
e

and on an upward trena~.b g

The British étandards'for lendth~0f deceleration lanes
are rated fairly high. It should be noted that British
standards are lower -than indicated becau;e as with the
acceleration lane, the rBeginning of deceléﬁation lane is
measured at’ the beginning of tapertp?ther than at a point
where . there is a partial width (2¢ﬁsoof<auxiliéFY'lane. One
]enéth of deceleration lane fsnﬁéed-;gﬁ”all mainline design
speeds. Bnﬁ#&éﬁ standards yield h?gher standards in the
jower_desigh speéds and lower standards in the higher design

speeds. Such condiiions‘tend to produce roads that are‘oyer

. gesigned for lower speed facilities and under designed for

.higher design speed facilities where good™standards are” most
‘needed. Furthermore it appears qu£ ~since the British
standards are so uniform that they would#hiﬂ be compatible

for;opErating conditions.that‘vaPQa. The Brifif? standards
. ¢ - N Vo '

" appear to lack continuity, sdund criteria Bmd ability to

' A - - ! ! \'".\ vt -
fulfill the philosgphies advocated. for. effective operatior.

£

A
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g
Dutch minimum standards ~f°k length of deceleration

lanes are rated lowest of all sthndards. The low standards

.are partly due to the severe retardation rate of 11.6'Km/hz§@

used by the Dutch'compared to varying rates of 6.44 km/h/s

- to 9.98 Km/h/s used to estab]ish the Canadian standards.

Furthermore, a reduction . of 25’percent in design speed is

also assumed. Since the fbutch measure the end of the

deceleration 1lane at the midpoint of the transition curve

D

“formed by the ramp turning off there is a“ little extra

length (approximately half of the tr;nsiﬁﬁon curve) not

'accbunted for. Nevertheless, the Dutch ‘standards appear to

be fnadequate' and incapable of fu]fl]l]ng the ph1losoph1es‘
advocated for effective operation.

~ The Dutch method, however 1s quite flexible and may
readIly be adapted to varying conditions 51mply by - ~y1ng
some of the parameters. The equat1on was tested by assbming

no reduction in design speed. The résulting‘ values are

~arbitrarily referred to as desirable values gs they

represent the beszVéiues that the ‘equation can ;produce

"\
without tampering w1th\ the constant or deceleration rate.

Under’ .he aesirable cond1t1on of no reduction in the design'

speed, the decelerat1on lengths der1ved approach the h1gher

Canadian standards. - \f)‘tﬁ?

S
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5. THE RADAR SPEEDOMETER TECHNTQUE .

5.1 INTRODUCTION

A4 In order to complete the data collection phase aof this

project, it was decided to investigate the féasibil\ity of
utilizing a static observation method of data collection
requiring the use of radar speedometers. Origimally it was

hoped that this study would observe passenger cars and light

-

trucks in various accelration ar‘:celeration manoeuvres

% ,ani ro

. < ‘,A'
realized that the amoun ?' wo'r‘K involved in this type Of
) 4

investigation would be far greater than the scope of this

t. However, it was

study. Consequently, it was decided that the feasibility of

4
the technique could be investigated if sufficient data on
Y

passenger cars and light trucks were obtained at three

~suitable on-ramp locations and ‘- Gtﬁ‘tabzle off—ranb

Pay

5.2.1 FUNCTIONAL DESCRIPTION

locations, Jlocated~ within close broximity to the Cit)} of

" Edmonton. ‘ : & .

’

|

o

. W ’ i
¥
5. 2 BASIC THEORY:JAND TECHNICAL FUNCTIONS OF THE RADAR 3

SPEEDOMETER : | | - ~

7 A radar transmitten(36) pronces'high frequency radio

energy The spstlight antenna f-ocuses this in a narrow beam

in much the same way as a spot‘hght focuses hght The radar

beam, l1ke a hght beam travels in a stra1ght line and may

- . n
'

N ) ~ -' . 78 ’ S35 ‘1



substances, such as leaves, ,graSS, 1oose san

a4

o LAR

79

either be:

O 1) reflected. or bounced back

2) refracted or bent in passing ﬁhrough one
substance into another,

3) absorbed by certain materials, or

4) transmitted by otherdmaterielsi;

Moving opaque objects, such as metalfzgfgpe;, wood and

wn Vago

concrete reflect the radar beam. Transparent#haterial, such

b .-

as glass and certain plast1cs ermwt praqgmcatly alil oi.the

)
beam to pass: through reflect1ng only a sma? ﬁiher

absorb the radar beam to vary1ng degrees.

back

The part of the transmitted radar beam reflec;"
to the.reqeiver is used to "sense" the speéed of*an;o'ﬁECt at
which the beam is aimed. Electronic cireuitedin the‘receiver-
and other parts .of ii@ instruments, . then appropriately
actuat; the meter indicating the veh1cle d such that 5t
can be read. Héwever " this arrangement aqqurately indicates
only the speed of objects moving d1rectly toward or away
from the radar” transm1tter/rece1ver -

Practically speaKing, radar "sees" <a metal pass in
motion. It can detect a Jlarge mass or vehicle such as a
truck or ‘bus farther from the.antenna fhan it can detect a

smaller vehitle, such as a car.

e sane i



5.2.2 TECHNICAL INFORMATION

Vehicle speed measuring fadar consists of Aa radio
transmitter and‘receiver, utilizing the "dopplergprinciple"
for operation. |

Basically, the doppler principle. deals with a change in '
p1tch or tone (frequency) between a transm1tter and
receiver, one of which is in motion. ,." ; ~

Sound waves easily explain the dopg%er -principle. The’
example generally used to descr1be theﬁdoppler effec} the
change 1n pitch of a horn of an approachIng vehicle. As the
vehicle passes the pitch suddenly decreases“ Actually the
doppler effect involves three relationships between “the
v transm1tter which produces the. frequency and the rece1ven of
the frequency. ’

Before - continuing, = an explanation of the. terms
frequency and wavelength w:ll be helpful in understanding;#
the doppler effect. T -

Frequency ls the number of waves leav1ng a transm1tter
in /a- second and is measured in cycles” per second, (C P. S. ) |
A wave is measured in terms of length, the longer the wave,
the lower the‘ frequency, the shorter the wave. the h1gher
-the frequency

Return1ngﬂto the example of the approaching vehicle, as
the vehicle approaches, the sound of theéhorn id heéard at"a
certain frequency, but because the vehicle is approaching,

the actual horn frequency is not heard. As ' the vehicle

passes, a definite change (lowering) in frequencv is noted.
| . e
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»

~»The frequency heard being lower than the actual frequency.

TThe'actuaﬂ horn frequency will only be heard when the
vehlcle and the “listener are stationary. '

‘ Therefore, when the d#!iance between the transmitter

fémf anqmrece1veF?us decrea51ng. the rece1ved fnequency is h1gher

‘%

f than ‘the transm1tted And when ‘the distance between the

k]

. . .
tagnsmmtter - and recewl’er:Fb is ﬁncreas1ng,'"fh31j;ece1ved

:frequency is lower than the transmltted frequeng'yi

- Th ‘same phys1cal pr1nc1ples used in the above example

apply t
substltut' for sound waves and are called microwaves.

o The rada& bearh cons1sts gqf' radio waves. emi tJed from the
antenna at a- frequeqpy of 10,525-mc at the speed of l1ght

(299,275 km/s). When_ap approach1ng vehicle enters the beam,

is reflected:g‘Becahse the vehicle is ing. motion

'than tpansmitted.» In- effect, the approaching ..veh1cle
*1 . "compresses" the rad1o waves. The faster the veh1cle speed
or vel001ty, the mere waves per second will be reflected
back to the antenna. ' - o

This difference in frequency between the' transmitted

waves and the reflected ~waves is called the "doppler'

frequency% and this frequency is the ‘same, for either

approaching or receding vehicles. Ty

)

oppler radar In this 1nstance radio waves “are

‘S‘: . T T N . :
approaching the radar, more waves are received per second
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* 5.3 INTERFERENCE TO RADAR
Inter ference can effect the radar beam oh,lt can enter
the radar 1nstrumept through the power supply cable.

Interference results in ghost or erratic meter readings. The

degree of interference depends upon the closeness of the .

¥ + radar unit tthhe-qpterference Interference can affect the
‘ radar  beam b%% reflect1on or scattgring and modulation. As

. prev1ously men 10ned electr1cal 1nterference from  the

vehlcle s e]ectr1cal system can enter the radar through the

connecting cables, partrcularly the  power ‘cable, although

. ) N . A 4
this occurF%nce is rare.,. v ‘ o
7 v '}

Types of 1nterference can be, categorIZed underg two

e “Lheadings natUral and man made 1nterference | “,

Natural 1nterference bas1cally reflects and  scatters
-the radar beam Examples of natural interferehce’arg large
trees, bushes moved q‘ the wind and birds in fllght, Heavy

rain and snow w111,also scatter the radar beam Examples of

.

man- made 1nterference 1nclude large advert1e1ng s1gnT and

5& neon s1gns L ' R

5.4 ANGLE ERROR

In order for the radar unit ‘to accurately determine—‘

veh1cle speed, othe angle between the anténna aim and the -

(\\ - i
vert1cal I1ne d?n‘ travel should be ‘~asl smallr “as

“ practicable, less' ‘than 10 degrees , Radar 1nd1cat1on of

veh1cle speed and true vehlcle speed lncreases as the ang]e

< . _ : Voo
. A\
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between the radar antenna and vehicle increases. The
difference /?etween the 4ndicated vehicle speed and the true
vehicle spéed i\ less at lower speeds than at higher speeds .
However.//The radar ™dicated speed is lower than the actual

/ -

vehicle speed.



6. SURVEY TECHNIQUES AND APPI ICATIONS

6.1 VEHICLE PERFORMANCE SURVEY
6.1.1 CONSIDERATION IN SELECTING AM OPFPATING SITE

As thfs study was intended to.examine the feasibility
of the radar technique, one set of the criteria in selecting
an operating site was the suitability of the set-up location
with respect to the technical requirements of the radar
speedometer, which have been previously discussed.

Specifically, it was necessary to orientate the
speedometer emmitter/r?ceiver as parallel as possible Eo the
ramp under observation to ensufe a minimization of the angle
of error. It was also necessary to ensure that . the
performance of dne vehicle at a time was observed. This
latter requirement was more demanding as the radar beam
cannot be tuned onto any one particular vehicle. As
mentioned previously the radar speedometer wunit responds
Qhen any moving target passes through the radar cone. As a
result of this, when more than one vehicle 1is within the
cone, output readings from the system are distorted. Thus
one of the main‘ criteria in the consideration of an
operating site was the avoidance of this distortion.

The availability of a suitable parking location
adjacent to the ramp from whith to observe vehicles and the
absence of natural or man-made interfecence formed other

criteria in seiecting a suitable set-up location. .

84
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The study locations were also selected to meet several
geometric and traffic requirements. In the selection of both
entrance and exit rampél pure acceleration and deceleration
situations were sought i.e.,llocations at which the traffic
flow on the ramps Qas unaffected by upstream or downstream
restrictions.

Prior to undertaking studies on any of the entrance or
exit ramps, the operation at each site was evaluated to
determine the approximate volumes and the possible effect f
any upstream. or down stream restrictions. In spite of this
ppg}iminary effort, the operation of the ramps during the
aétual speed studies was not always the same as during the
initial field investigations, due to minor changes in
traffic patterns. The entrance and exit ramps included in
this study exhibit thg following characteristics:

Entrance ramps;

1) diamond type ramps with excellent vertical and
horizontal alignments, ( downgrades of less than
4% )

2) high' ramp operating speeds ( although the legal
speed limit was 60-70 km/h most vehicles
accelerated into the‘80 kKm/h range,

3) excellent merging conditions which eliminated
any downstream restrictions,

4) no severe platooning effects were observed and
the frequent occurrence of isolated vehicles was

considered to be an ideal situation in which to
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use the radar speedometer technique,
5) high AADT volumes with an average percentage of

trucks represented an adequate sample.

N

Exit ramps;
l}//aeceleration ramps with excellent vertical and
t . horizontal alignments, ( upgrades of less than
2% ), o
2) high through traffic operating speeds, { legal

speed limits on the mainline were 100 km/h ),

3) excellegt diverging conditions which eliminated
any upstream restrictions,

4) no severe platooning effects were observed on
the exit ramps and the abundanée of exiting
vehicles was considered to be ideal - for
monitoring vehicle deceleration speeds,

5) high AADT volumes on the mainline with a high
percentage of trucks represented an adequate
sample.

The location of entrance and exit termipals studied in
this projeci are shown in Figure 6.1. Pertinent data for
ea;h acceleration and decelerati9n lane are given 1in Table

6.1.

6.1.2 FIELD APPLICATION /STUDY PROCEDURES
For the purposes of this study, the radar emitter/
receiver units were hidden ~within specially constructed

guide posts.Figure 6.2 exhibits the guideposts which was

<
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Table 6.1 STUDY LOCATION DATA, A

LANES

SITE

LOCATION

’

HWY 14/50th ST.
. .

HWY 16/60

HWY 18/17th ST.

HWY 2/LEDUC

HWY 14/21

HWY 18/17th ST.

DIRECTION
OF RAMP

\
EASTBOUND
WESTBOUND
WESTBOEND
SOUTHBOUND

EASTBOUND

EASTBOUND

RAMP
TYPE

ENTRANCE
DIRECT
TAPER

ENTRANCE
DIRECT
TAPER

ENTRANCE
DIRECT
TAPER

EXIT
DIRECT
TAPER

EXIT
DIRECT
TAPER

EXIT
DIRECT
TAPER

GEOMETRIC _

CONDITION

TANGENT
TANGENT
TANGENT
TANGENT

TANGENT

TANGENT

87
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Figure 6.1 STuDY LQCATIONS OF ACCELERATION AND DECELERATION
LANES .
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located at the shoulder of the ra%p: The speed- records of
the monitored vehicles were noted inside parked vehicles.
These .vehicles were operated by the Department of
Transportation Safety Branch were used since they allowed
for ample interior room with the speed recorders mounted on
the dash.

With the emitter / receivers located along the shoulder
of the }anp, at key locations, and thé observation vans
parked away from the survey location, speed histories of
individual vehicles were obtained as they either accelerated

or decelerated on the ramp under observation.

6.1.3 STUDY PROCEDURES / DATA COLLECTION

'S
A totalﬂ of 742 vehicles were monitored at three

separate entrance ramps and 384 at three separate exit
ramps. The data was obtained during five morning
observations. All mornings were sunny and clear. Two radar
units were reqdired to monitor the speeds of the ramp
vehicles at each ramp location. Reference markers were
placed along the shoulder of the ramps at specified
‘distances with one of the reference markers being situated
at the physicél gore of the ramp. Figures 6.3 shows a
typical reference configuration at an entrance ramp.

After suitably orienting the radar units, the emitter /
receivers were checked to determine if they were operating

properly. Once this check- had been performed, the radar

units were left on for the remainder of the data collection



Figure 6.2 RADAR SET-UP ALONG  SHOULDER OF RAMP

Q0



91

/ e
55 © n < Ly N -
ws | L L L L L |
* |
l
l
RADAR !
RADAR UNIT |
UNIT : |
—= 7 || S
I
|

Figure 6.3 TYPICAL REFERENCE CONFIGURATIONS AT AN ENTRANCE
RAMP
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period. Vehicle speeds were- recor %\the observers as
each vehicle entered the nadar cdne\and passed each of the
reference markers. The reqorded da@a was ‘manually coded and
processed through a computer program whose output was used
iR producing acceleration .rates, deceleration rates and
_speed distance histories. The actual survey recorded both
cars and light trucks which were considered as passenger
cars. Single-axle and double axle trucks were also monitored
during the field surVey, although only passenger vehicle are
discussed in this study.

The speeds of through wvehicles were also studied at
each interchange site around the point whﬁre the
acceleration and deceleration lanes joined the through
lanes. This was done to compare speeds of the acceleration
and deceleration lane traffic with through lane traffic at

each location.

6.1.4 DATA REDUCTION

It was decided that the collected data could best be
handled if based on some predetermined criteria. Speed
classes were used to condense the information. A typical
field sheet for an entrance ramp site is illustrated in
Figure 6.4. The manually coded data was processed through
the computer program which assumed a norma 1 distribution for
the vehicle speeds. Figure 6.5 shows typical observed
frequeq¢y distributions of speeds for accelerating vehicles

at four consecutive reference markers along one of the
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Figure 6.5 TYPICAL FREQUENCY DISTRIBUTIONS
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entrance ramps studied. ,

The computer program generated the 85th, 50th, 15tﬁ
and the-mean speeds for passenger cars (1nclud1ng half- tons)
and trucks, as well as the combined speeds of these two
groups. The computer output also included the g% confidence
limit on the mean, the standard deviation aﬁd plotted the
cummulative percent frequency agalnst sped&. Figure 6.6 and
6.7 are typical printouts for one refergnce marker ‘at an

entrance ramp.

6.2 VEHICLE REGISTRATION TRENDS .
6.2.1 DATA COLLECTION | 1 .

In the last four or five years, an inereasiﬁg number of
small European cars and,compact_cars developeq by Ameriean'
automobile companies have appeared on the roads \jn greater
numbers (5, 10, 28, 37, 44). Figure 6.8. exhibits the
registration of these smaller passenger vehicles in re‘gt1pn
to the total number of vehicles registered in Canada As can
be seen from this Figure, the proport1on’ of smalh;p —cars
being purchased is on the increase. This trend has Feached

the point where small and compact vehicles have galned their:
share of the automoblle market .

6.2.2 DATA ANALYSIS
Fhis trend in the purchase of smaller and more compact

cars i8 in response to a change in consumer buying habits.
e _
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Vehicle purchasers, are on the average, seeking more
fuel-conserving cars(13, 30, 38). In response to this
demand, the automobile -industry is gradually changing its
vehicle fleet mix to produce passenger cars with better fuel
consumption  characteristics(38, 39). This is  being
accomplished primarily through size and weight reduction, as
well as a shift to smaller engines with concomitant
per formance impacts.

The mos t important determinant = of acceleration
per formance capabiity is the horsepower-to-weight ratio(45)
(Other characteristics which also have an influence on
acceleration capability are the transmission and axle ratio,
frontal area and the aerodynamic drag coefficient). Future
vehicle characteristic trends reveal that there will be a

decrease in the number of moderate and high performance

vehicles, with relatively little increase in the number of

paésenger vehicles having poor acceleration capabilities.
Trends indicate that changes in passenger vehicle
acceleration rates bhave already occurred and are not
expected to deviate appreciably in the future. In other
words, the spread on vehicle performance will become less in
tHe future years, leading to a more homogeneous. mix of
passengér vehicles.

The p{evious trends are somewhat conservative regarding
vehicle accele(ation per formance. 'They do not assume a
significant market impact of anything but gasoline powered

.engines. There 1is however, an anticipation of a market

Ei i R s MR 2 N
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change in vehicle power - plants including, diesels,
electric vehicles, and hybrid vehicles. Thé introduction of
these types of vehicles wil] fﬁrther reduce the averagg
performance of automobiles. If this were to occur vehicles
would be replaced by ones of lower performance, but probably

not lower than Mmany present day vehicles.

A



curves. Fifty percent or more

. 7. ANALYSIS AND EVALUATION

7.1 OBSERVED RAMP AND HIGHWAY SPEEDS

The observed speeds monitored on the ramp controlling
curves of ‘the entrance and exit ramps studied and the
observed highway speeds in the immediate vicinity of the
entrance ramp terminals are shown in Table 7.1,

As is shown in Table 7.1, 85 percent or more of the
vehicles monitored were travelling at speeds which were
fairly close tg the design speeds of the ramp confro]ling

ﬁﬁ_the passenger cars observed
were travelling at approximately the average running speed
of the ramp controlling curve. a

The observed highway speeds found in the vicinity of
the entrance and exit ramps were monitored at a different
time than the ramp vehicle speeds. However, these speeds are
representative of the vehicle speeds found in the proximity
of the survey sites and, as such, have been shown in the
same table. ‘

Eighty-five percent or more of the highway vehicles
monitored were travelling at approximately the average
running speed of the highway while 50 percent or more of the
passenger vehicles observed were travelling below the
average running speed of the highway.

From these observed values the following deductions can

be made:

1) Based on the surveys, ramp wvehicle speeds are’

101
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\

Table 7.1 OBSERVED RAMP AND HIGHWAYS SPEEDS

. —v\‘_“
SITE | RAMP OBSERVED HWY |  OBSERVED Hwy
DESIGN RAMP SPEEDS DESIGN SPEEDS
SPEED . (km/h) SPEED (km/h)
(km/h) 85th 50th km/h 85th 50th
73.5 65.7 -
2 70 110 112 101
66.4 60.2
30.3 71.3
3 %0 120 103 95
70.2 59.9
91.4 20.1
4 80 120 109 99
81.5 68.0
80.3 71.7
5 %0 120 112 101
71.0 62.4
72.1 62.3
6 70 110 102 94
65.2 6.2




2)

3)
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increasing. A minimal difference exists between
the average running speed of the vehicles and
the design speeds for the ramp controlling
curves. These findings are 1in agreement with
those of RTAC but not with AASHO (Table 2.1)
Based on the Highway speed studies, although
vehicle speeds have increased, passenger cars
still tend to travel at the average running
speed of the facility. In this case, these
findings are in agreement with both RTAC and
AASHO (Table 2.1).

Speeds recommended in RTAC manua l more
accurately reflect speéds on controlling. ramp
curve. Both RTAC and AASHO are representative of
average running speeds on highways. By analyzing
these findings with respect to the design of
eﬁtfance and exit terminals, the following

conclusions can be reached.

Acceleration lanes:

1)

2)

Minimum acceleration lengths should be based on

- vehicles accelerating from the average speed of

the ramp controlling curve to 8 km/h less than
the average running speed of the through
highway.

Desirable acceleration lengths should be based
on vehi;les accelerating from the design speed

of the ramp controlling curve to 8 km/h less
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than the design speed of the through highway.
Deceleration lanes:

1) Minimum deceleration lengths should be based on
vehicles decelerating from the average running
speeds of the through highway to the design
speed of the ramp controlling curve.

2) Desirable deceleration lengths should be basea

| on vehicles decelerating from the average
running speed of the through highway to the
average running speed of the ramp controlling

curve.

7.2 ACCELERATION
7.2.1 ACCELERATION PERFORMANCE CHARACTERISTICS

Three hundred and seventy nine vehicles were moni'ored
at three entrance ramp Jlocations. With the data obtained
from the computer program, speed distance curves were
plotted for each on-ramp location surveyed. Figure 7.1
illustrates a typical spee&-distance history curve for one
of the entrance ramps. As illustrated, some scatter of the
data was observed. A regression analysis was performed on
the observed ramp speeds. A correlation coefficient of 0.91
was computed and as a result, the scatter in the data was
considered to be within reasonable 1limits and therefore
acceptable. Deviations of the data from the speed distance
curve can be explained by driver behaviour, vehicle

per formance capabilities and the interactions between the
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two.

, From the speed-distance plots, thg acceleration rates
were determined. For the purpose of this study, average
acceleration rates were generated from the mean speeds as
calculated by the computer program for all the entrance

ramps under observation.
The mathematical relationship which was utilized to

calculate the acceleration rates is illustrated below:

Where:

yp=final Qe]ocity in metres per second

v°=initia1 velocity in metres per second

1 =distance in metres

a =acceleration rate in metres per second per second
Conversion of acceleration rate from metres per second per
second to Kilometres per hour per second was achieved

through the use of the formula:

A= 3/3.6

Where: A = acceleration rate in Kilometres per hour per

second. g

Praad o to ot o
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Typical acceleration rates for an entrance ramp are shown in
Table 7.2.

A regression analysis was performed on the acceleration
rates collected at the observed entrance ramp locations. An
exponential relationship was assumed as it best descr ibed
the relationship between speed and acceleration rates
between 30 km/h and 70 km/h. Only acceleration rates between
these two speeds were analyzed as the effect of the posted
speed limit on vehicle speed was quite noticable during the
field survey. This observation is supported by the Ilower
acceleration rates found at higher speeds. Most manoeuvres
of interest occurred between these speeds, and # such, it
was felt that they would be representative of nc¢ nal

passenger acceleration rates.
The equation took the form:

y = 159.91e ~0-44x

Prior to using this exponential relationship, some effort
was devoted to examining relationships with alternative
forms. In particular, a linear form Y = ax + b was
considered. Analytical and numehicaW experimental with this
form indicated ‘that it did not provide significant

improvements over the exponential form as the coefficient of

4
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le 7.2 TYPICAL ACCELERATION RATES OBSERVED AT AN ENTRANCE
P

R —“
DISTANCE MEAN SPEED A
(m) (km/h) (km/h/s)
SITE 54.9
40.0 2.93
SITE 62.1
40.0 2.38
SITE 67.4
40.0 1.01
SITE 69.5
‘ 40.0 1.18
SITE 71.9
40.0 0.66.
SITE 73.2
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correlation using the linear regression analys}( was
computed as 0.78.

Using the exponential regression analysis, calculated
acceleration rates for passenger vehicles between 30 km/h

and 80 km/h are exhibited in Figure 7.2.

7.2.2 COMPARISON WITH EXISTING DESIGN CURVES
The acceleration rates obtained from this study were

compared to both the AASHO and Matson acceleration curves as

illustrated on Figure '7.3. This compar ison demonstrated that

the radar,speedometer technique used generated data: which
was directly comparable to these two design curves. from
this it can be concluded that the use 61 the radar
speedometer technique to obt§in vehicle acceleratfon and
deceleration rates is valid. Thus one of the primary
objectives of this study has been met. _

Further useful results can be obtained by analyzing the
acceleration data with respect to both the AASHO -and Ma§§on
acceleration curves. As illustrated in Figure 7.3, the
acceleration curve generated from the vehicle performance
survey has the same basic shape as both the AASHO aﬁd Matson
acceleration curves. |

The Tocation of the lower QOrtion of the study curve
relative to thé  AASHO curve indicates that vehicle
acceleration -rates between 20 km/h and 70 km/h have
increased and as such, shorter acceleration distances are

required in ‘order to accelerate between two sets of

x4
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-
identical speeds. As the speeds increase, the acceleration
rates derived from this study are quite similar to those
suggested by the ASSHO acceleration curve.

With respect to the Matson acceleration curve, the
study curve continuously falls to the left of the curve.
This infers that the acceleration rates derived from the
vehicle performance survey are lower than those proposed by

the Matson curve.

7.3 DECELERATION
7.3.1 DECELERATION PERFORMANCE CHARACTERISTICS

Of the three exit ramps surveyed during the field
testing, only one exit ramp exhibited characteristics of
noticable vehiclé deceleration. This was due to the fact
that the remaining three exit ramps were constructed to high
design standards and there was no stop condition at the énds
of the exit tefmina]s. These two exit terminals led either
to directional ramps or to outer ramp connectors and

- ¢
consequently high ramp speeds were noticed. Due to taics

condition, vehicles exiting from the main facility were not
required to decelerate appreciably. |

One hundred and thiry four vehicles were monitored af
the third exit ramp. It was this ramp that exhibited vehicle
deceleration characteristics. As in the case of the entrance

ramps, speed-distance curves were plotted and have been

illustrated in Figure 7.4. From the speed-distance curves,
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deceleration rates were determined. For the purpose of this
study average deceleration rates were generated from the

mean speeds as calculated from the computer output.

The mathematical relationship which was utilized to

calculate the deceleration rates is shown below:

Conversion of deceleration rate from metres per second per
second to Kilometres per hour per second was achieved

through the use of the formula:

D = 0.27784d
P ] .
Where: D = deceleration rate in Kilometres per hour per
second:

Vo=initial velocity in metres per second

vi =final velocity in metres per second

1 =distance in metres

d =deceleration rate in metres per second per second
Typical deceleration rates for the ekit ramp are shown in

Table 7.3.



Table 7.3 DECELERATION RATES

OBSERVED AT AN EXIT RAMP

REFERENCE DISTANCE MEAN D
MARKER (m) SPEED (km/h/s)
: (km/h)

1 76.2

1280 m 0.38
2 & 72.9
1 77.7

180 m 1.52
2 63.8

D = Deceleration Rate
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7.3.2 COMPARISON WITH EXISTING DESIGN CURVES

For the purpose of this first portion of analysis it
was assumed that existing vehicles decelerated in gear
without the use of brakes from the time they left the
mainline until reaching the ~painted wedge of the exit
terminal. ) |

Eighty five percent of the passenger vehicles monitored
redﬁced their speed from 112 km/h to 85 km/h over a length
of 290m which is the length of taper provided at the exit

N erm—

erminal. Similarly, fifty percent or more vehicles reduced
their speed from 101 km/h to 76 km/h over the same length.
These observed values are plotted on Figure 7.5. As is shown
in Figure 7.5, recommended lengths of deceleration tapers
for reductions in speed from 112 km/h and 101 km/h. to 85
km/h and 76 km/h are in the order of 200m and 180m
respectively.

Once the vehicles reached'the painted wedge of the exit
terminal, it was assumed that the vehicles decelerated with
the use of brakes until reaching‘the ramp controlling curve.
Eighty five percent of mﬁre of the vehicles reduced their
speed from 85 km/h to 75 km/h over a distance of 120m, the
distance between the painted wedge to the beginning of the
contro}ling curve. Fifty percent or more of the passenger
vehicles monitored reduced their speeds from 77 km/h to'68
km/h over the same:length. These observed values are plotted
on Figure 7.6. For the same distances in speed, Figure 7.6

recommends that minimum d{stances of 60m and 55m be provided



initiel speed (km/h)

Figure 7.5 OBSERVED DECELERATION IN GEAR
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respectively.

7.4 EVALUATION OF RESULTS
7.4.1 VEHICLE ACCELERATION PERFORMANCE

Results of the vehicle acceleration performance survey
have a number of underlying implications.

First, they reflecw the improvement in vehicle
operating characteristics tﬁat have occurred over the past
few years. This concurs &ith the findings of the vehicle
registration trends. Trends | forv the future reveal that
average weights, engine sf&e and horsepower will decline
slowly but the horsepower to weight ratio will not change
appreciably. This implies, that although fuel comsumption
characteristics will continue to improve, little change in
vehicle performance is expected. Increased acceleration
rates derived from the vehicle survey can be attribuﬁed to
the improved operating characteristics of the existing
vehicle population and as previously stated are not expected
to change drastically over the next few years.

As mentioned previously when discussing various
entrance ramp terminal design standards, Canadian design
standards use the critéria put forth in the American
Association 6f State Highway Officials manual as the basis
for their designs. Therefore this study has shown that
normal acceleration rates for passenger vehicles as

described by both AASHO and the Canadian standards are not
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sensitive to the operating charac;eristics of todays vehicle
population at the lower speed ranges.

In the light of these findings, this study proposes
that a new acceleration curve be investigated. One which
reflects the acceleration performance capability of todays
passenger cars.

The acceleration curve illustrated in Figure 7.3 is
suggested as an example of a new acceleration design curve.
This Curve is based upon the results of this study and s
felt to be representative of the normal  acceleration
per formance capability of passenger cars. This acceleration
curve has been converted to a more directlyAusable form in
Figure 7.6, showing distance travelled while . accelerating
between speeds.

In order to put this proposed acceleration design curve
into perspective, Table 7.5 exhibits minimum and desirable
acceleration lane lengths using the new acéeleration curve
as the basis for deve lopment. These minimum and desirable
lengths of acceleration lanes developed are based upon the
assumptions previously stated in Section 7.1, those being;
minimum acceleration lengths are based on the length
required to accelerate from the average running speed of the
ramp controlling curve to 8 km/h less than the average
running speed of the through highway traffic; desirable
- acceleration lengths are based upon the length required to
accelerate from the deéign speed of the ramp controlling

curve to 8 km/h less than the average running speed of the



Table 7.4 ACCELERATION LENGTHS -STUDY CURVE

-

RAMP DESIGN SPEED (km/h)

20 30 0 50 60 70

HIGHWAY 8 km AVERAGE RUNNING SPEED (km/h)
DESIGN  than avg.
SPEED r.s. 20 30 0 50 60 70
(km/h) (km/h)

50 2 52 37 3

60 52 95 20 55 13

70 62 150 140 120 20 18

20 72 230 220 200 165 105 20

121
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mainline traffic.

A comparison between the minimum and desirable

acceleration lane lengths derived utilizing the prdposed
acceleration curve and those acceleration lengths deve loped
in the Urban Highway Design Guide are illustrated in Table

7.6. Lengths derived from the AASHO speed-distance curve

using the same basic assumptions are also shown in Table

§’7(6. As can be seen from Table 7.6 the minimum lengths of
acceleration lanes developed from the proposed curve are
lower than those derived from the AASHO speed-distance
curves but not as short as the lengths deve]éped in the
UHDG. This is because minimum lengths of acceleratibn lanes
developed in the UHDG are based upon the distance required
to accelerate from the average running speed of the ‘ramp
controlling curve to 10 km/h less than the average running
speed of the mainline. A\

The desirable lengths of acceleration lanes, determined

from the study speed-distance curve, are shorter than thaqse

developed in the UHDG or AASHO for the lower speed ranges.

As the speeds increase, all three..lengths! begin to

approximate each other. This is due to the study curve being.

- W/
quite similar to the AASHO curve at the highgr speed ranges.

The effect of increased acceleration capability might

alsc be seen in several areas of traffic operation. It s’

possible to use increased . acceleration per formance
capability in; weaving manoeuvres, to shorten . the lane -

changing time distance, and in the design of passing lanes.

(92



Table 7.5 ACCELERATION LENGTHS-STUDY CURVE, UHDG, AASHO
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Increased acceleration will also affect the rate of

departure of vehicles stopped in queue at a traffic signal.

7.4.2 VEHICLE DECELERATION PERFORMANCE

Results of the passenger deceleration performance
survey illustrate that existing design standards for
decelerafion lanes provide adequate lengths for existing
vehicles. This conclusion illustrates that although
accelerati;n per formance capabilities have improved,
deceleration performance capabilities of vehicles has not
changed apreciab]y.

It is of interest to noté the speed reduction which
océurred from the time the exiting vehicles left the through
highway until they reached the controlling ramp curve. For
the exit ramp under consideration, 85 percent or more
vehicles reduced their speed from 112 km/h (the average
running speed of the highway) to approximately 85 km/h
This means that a 24 percent reduction in speed had
occurred. Fifty percent or more vehicles reduced their speed
from 101 km/h to 76 km/h indicating a speed reduction of 25
percent.

Based on the findings of this analysis the criteria for
the design of deceleration 1lanes recommended by AASHO
continues to be relevant. That is, vehicles decelerate in
gear for approximately three seconds upon Jleaving the

mainline facility and then decelerate with the use of brakes

until reaching the controlling ramp curve on the exit ramp.
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8. CONCLUSIONS AND RECOMMENDATIONS

8.1 METHODS OF EVALUATION
8.1.1 ALTERNATIVE METHOD OF DATA COLLECTION

The car following technique was initia]]y attempted as
a method of collecting data as it requires minimum personnel
and equipment. As well, there would be no observers or
unusual equipment along the road and thus most drivers wou 1d
be unaware that they were being observed. Preliminary tests
were performed in the field using this method but the

results were found to be inconsistent and thus unusuabie.

8.1.2 THE RADAR SPEEDOMETER TECHNIOUE AND SITE SELECTION

The radar speedometer used in this study system
exhibited some clear advantages over the previously
discussed method. It proved to be a reliable, portable
system well suited to use in the field. While it was simple
to operate, it provided accurate data. An effective computer
program utilizing the coded data produced usable results.

Nevertheless, the major fault of the system was in itg
inability to isolate particular vehicles in a traffic
situation and as a result Some recorded data had to be
rejected. This led to inefficiencies in the data collection
system, since additional data had to be recorded to allow
for those wh1ch had to be rejected. More importantly, this
drawback curtailed the choice of observat1on locations. By

applying the criteria listed previously, the choice of

126
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suitable sites for any further investigations using a radar
speedometer system would be faced with the same difficulties
as described in this report. This means that at many sites
of interest, where volumes are high, large amount of data
would need to be recorded.

The magnitudes and variation of recorded data would
appear to be partly a function of ramp alignment and other
factors .that pertain to a select site. No attempt was made
in this study to consider the effect of these parameters
since a study of this nature is outside the scope of this
project. These factors should be considered in any 'future
detailed studies concerned with the acceleration and

deceleration performance of vehicles.

8.1.3 DATA COLLECTION

Ideally, a target vehicle should travel along the
longitudinal axis of the radar beam. Any deviations from
this path would result in a speed error proportional to the
cosine of the angle between the vehicle trajectory and thé
beam axis. It was estimated that the maximum‘ﬁuch angle
encountered was in the order of 2 to 3 degrees. Thus any
resulting errors in this study were considgred to be
negligible. Two operatds were required at each study
location - one to cover the first section‘of the ramp, the
second to observe the speeds on the remainder of the
accelerétion or deceleration ramp. This method of data

coliection and the information derived from this could be
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improved by modifying the speedometer electronically so that
it produces a voltage output that is directly proportional
to the taréet vehicle velocity. By feeding this‘signal into
a portable strip chart recorder, a continous plot of a
target vehicle ;elocity/time history could be obtained.
Another Ethod of data that could be attempted is the use of

»

Toop defectors in the roadway.

8.1.4 DATA ANALYSIS

The - acceleration speed/distance curves plotted in
Figure 7.1 demonstrate the range of observed performance‘
while vehicles remained within the radar cone and no other
vehicles moved into the beam to distort the output. It was
found that the speed/distance graphs had a steep slope
initially indicating high acceleration rates, but theqsﬂopes
decreased as distance increased indicating that at higher
speeds, the rates of acceleration decreased. (The effect of
the posted speed 1limits and the realization that vehicles
were not at full thrqttle acceleration condtions éffected
the shape of the graphs.) Where observed per formance
deviated in these speed/distance histories, the deviations

were sufficiently small to be neglected.
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8.2 SUMMARY OF PERTINENT FINDINGS

DIRECT TAPER vs PARALLEL LANE

The countries reviewed in the survey of ramp geometric
design standards use two distinct design standards for
entrance and exit terminals; direct taper designs and
péral]el lane designs.  The direct taper design is
predominantly used in Canada, Britain and the Untied States.
The Dutch maintain the use of parallel lane designs for

uniformity reasons.

Direct taper and paraliel lane design ramp terminals operate
quite differently and there are distinct advantages and
disadvantages associated with each design. Nevertheless,
both designsl are functional provided tﬁe standards are
‘proper]y adhered to and drivers are familiar with th;ir

operation.

The use of the taper design is favored and recommended on
high speed facilities for the following reasons:

1) Studies of driver behaviour over the past few

years indicate that the direct taper fits and

conforms to the majority of drivers. There is

also evidence that there is more efficiency of
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operation and utilization of tgrminal areas.

2) The majority of highway agencies have converted
to the direct taper design from the parallel
form.

3) Improved aesthetics are inherent in the direct

taper design.

The parallel design is recommended for use in the
folWowing special cases:

1) Low speed minor roads where economy of
structures are of importance.

2) To add lanes on a highway for maintaining a
given level of service or where a large
percentage of trucks are prevalent and an added
lane is needed for balance.

European standards for iengths of acceleration and
deceleration” were found :o be generally lower than either
the Canadian or Amefican standards. This may be attributed
to the fact that in European countries, vehicle
characteristics and driver behaviour are more stringent and
often higher standards are not attainable due to the

right-of-way and cénstruction costs.
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COMPARISON OF GEOMETRIC STANDARDS

‘Both the Urbaﬁ Highway Design Guide and the Roads énd
Transportaion Association of Canada base the development of
their ramp design standards on, "A Policy on the Geometric
Design of Rural Highway", published by the American

Association of State Highway Officials.

Acceleration and deceleration lengths differ between highway
agencies and governing authorities due to the different
assumptions that are made concerhing the relationship
between design speeds, average?irunning speeds, merging

speeds and diverging procedures.

In comparing the 1lengths of Canadian acceleration and
deceleration faﬁé_lengths with those recommended by either
ASSHO of European manuals, it was determined that Canadian

standards consistently ranked high.

VEHICLE REGISTRATION TRENDS

Vehicle trends presented in this paper are predicated on
projected extensions of todays technology. The reduction in
average vehicle weight and horsepower will not come about
because of the introduction of very small, low powered

vehicles, but because of the cessation of producing large
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~ high-powered passenger cars. Implications of this trend is
that the future vehicle will be more homogeneous than they

ever have been.

The most important determinant of acceleration per formance
capability is the horsepower to weight ratio. Horsepower to
weight ratios will continue to decline although there will

be little change in the acceleration per formance.

HIGHWAY AND RAMP SPEEDS

From the speed studies, it was determined that running
speeds on ramps approximate the design speed of the

ramp,while vehicles on the maKnline continue to travel at

l

speeds which are less than the de<ign speed.

ACCELERATION PERFORMANCE CHARACTERISTICS

This study has shown that normal acce.c.ation rates of
passenger vehicles as described in "A Policy on the
Geometric Design of Rural Highways" are not sensitive to the
operating characteristics of todays vehicle population at

lower speed rannes.

Increased acceleration rates derived from the vehicle survey
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are attributed to the improved operating characteristics of
the existing vehicle population.
|

‘Minimum acceleration lengths should be based on vehicles
accelerating from the average spéed of the ramp controlling
curve to 8 km/h less than the average running speed of
through highway. Desirable acceleration ltengths should be
-"Based on vehicles accelerating from the design speed of the
ramp controlling curve to 8 km/h less than the design speed

of the through highway.

A new accelera‘ - design curve is proposed. By compar ing
the acceleratic.: len,.hs based on this curve, with those
lengths as suggested by both the Urban Highway Design Guide
and Transportation -Association of Canada, shor ter
acceleration lengths are required at lower speed ranges,
resulting in a more sensitive design to ramp users and a

savings in construction.

DECELERATION PERFORMANCE

Results of the passenger deceleration per formance survey
illustrates that existing design sténaards for deceleration
lanes provide adequate lengths for passenger vehicles.
Although acceleration per formance capabilities have

improved, deceleration performance of passenger vehicles has
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not changed appreciably.

The design of deceleration lanes as recommended by The
American Association of State Highway Officials continues to

be relevant.

Minimum deceleration lengths should be based on vehicles
decelerating from the average running speeds of the through
highway to the design speed of the ramp controlling curve.
Desirable deceleration lengths should be based on vehicles
decelerating from the average running speed of the through
highway to the average running speed of the ramp contolling

curve.
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8.3 RECOMMENDAT IONS

In order to consider a more complete update of ramp
design standards currently based on the AASHO acceleration
and deceleration curves, an extensive survey of the type
outlined in this report is suggested. The survey should,
where possible, observe a wide range of traffic situations
where acceleration manoeuvres are performed. This study
shouIdAalso consider the effects of ramp grades, the angle
of convergence, ramp «~idths and other geometric variables

which influence the behaviour of vehicles at entrance and
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APPENDIX 1

ENTRANCE TERMINAL 1



TYPE OF HIGHWAY TWO LAME HIGH ST

LOCATION SE RAHP 110M E 50ST AT HWY 14

14

MIGHHWAY

103 VENICLES PER HOUR

TRUCKS ?Z

SAMPLE SIZE AUTOS

——

-

XX

(3=
N

AUTOS
TRUCKS

SPEED LIMIT

TRAFFIC DENSITY

DATE 11 7 80 LIGHT COMDITIONS-- DAY START TIME 1330 STOP TIME 16430 DIRECTION OF TRAVEL E AADT

I
E
AUTOS TRUCKS COMBIMED

[a]
w
[} -t
"} [+9]
- bt
[ &) o
- (8]
x
w
> 7]
w O
o pe]
24
—- -
z
w
(8] "
o (=]
w | g
a =2
-
(=]
w
> =
g @
w (=]
g (%]
w
[« 3 (2N
- B
o ]
(YY) [« 4
x -
=
& o
Py (=]
w -
2
-
o
" w
%] -~
- —
-
o E
[=]
z (%]
"~
[ (%]
w a0
Pl (%]
(3] Pl
- @
s -
>
[%ad
% [=]
(=] -
=
Q -«
-~
o
w'.1>
W
Qo
"o

O VO OVOION O NN N P NS N et O
SO I IO I Lt 10 ot LIPS i CU OO0 O
R I i
OO0 SO DM DANNN T OO MOMO N NMOIO
O OO OO0 O VDM OUNLT F MOt

~

OO00O000O0OCOOOOOONNIONDNITN.T
OCOCOCOOCOOOOOOBOMMNINDIND Ot
OCO0O0O00000O0OOOCOM™ DN T i~ OT
COO0O000COOOOOCO OODMNOINT MOI—ty

O VN O Qe VNN LN O AN D0 O DO = I O
QLD IOMNMNO =N O OMOVOT OMMAN O

L R R T e St
eggommm—-omo—o—«ooq:mr\mﬂm—coo
(=] OO0~ OO~ O PO & OVt '
~-

!‘\Ih""’\lﬁOQ("(‘QO‘NU\O‘U\N—COOMU\OV\M
PO OO~ QT — TTOWNCINOOMNOOO

COOO0O MI OV QRN OMMcy. I~

T IO F OO0 O
CO0O0DOCOO0OOOCONO MDD

f s e e R PN
OOOOOOOOOOQOOOOONOQNO\TOW
[l IR TP

@O DO SN~ A O N Ot DO F I I P
mirs Mmr\mwhmomv\—amwmmomr\rﬂ'\r\l\o

OOOOO~+MNN QOO OO INIHOOOOOO
[alale]

IV O SO N PN O O M IS O M I

OOOOP—~TrNUN DN 00O DO M OOt O

OCOO0O000ODOOOCOONNOOMONNOON

e r s v e s L R R

COO0OOOODOOCOO O rird CUrdt et O riomt O

IO O MO O OIS I N IS O

L Y .
OOOOOINONNTC D VT U~OOODOO

4O O O RN~ DD O~ O~ M PR O et P bt
~ —t

OOO000COOCOOOOOOOUND N T Ordrmtrtmi

OO OO OMD D0 DL Critemt O O NO O
—

~
o~o¢~gco FNNOOL T NNODL I IOMOTNO
ISPSISISIN OO O O~OMNINUNINT T T F T PO

Esz'courxosncs

LIMIT OH STP DEV

957 CONFIDEMNCE

IHIT OM MEAN

15

LE

PERCENTI
50

85

7.6

54.9

46.5

61.7

AUTOS

i

33.4

60.7

47.2

TRUCKS

COMBIHED

43.0

wn

60.9

RESULTS OF THIS STUDY HAVE,QOT BEEN ADDED TO THE HISTORY TAPE FILE.



142

%

3
mum

A

SMINdL = 1 solny = vy
Q33dS “SA % 3JALLVININIIY 40 107d
H/ZHUN Q33ds

own om~ owﬁ omﬂ cwa owﬂ omﬁ mo mo wh wo wm %c wn wm o1
.aﬁﬁﬁﬂﬁﬂaﬂm---AAH---~H--ﬂ--~ﬁﬂ----~H----~H-ﬂﬂﬂﬁ%ﬁﬂﬂﬂﬁﬁﬁﬁﬁmn
vvv -

vv 1

1

-
L A R I ]

-
LI L O B I O B B

[,
[

lllllllbll

= v
Y

1t rr vt

v
Y
WﬁaﬂﬂwaaﬁﬁwaﬁﬁﬁwHH-~ﬁﬁﬁuﬁuamawaﬁﬂumuﬂnﬁa««Mw Mmm*.**m* --w--w--w-u~w
09T 08T ovt ogr 021 o U o001 6 mo '3 9 S L £ 2 ¢

lavy 3 13AvaL 40 ROT1D3¥IQ 0E%T INIL 4OIS 0LEY 3HIL Lavis iva ==SHOILIGNOJ LH9IV 0% ¢ 1T 21ve

Mm SNINHL H/W om mxubxh :
SOANY 3218 31duYS HZ7HX 0 SOLNY  LINIT @33dS YNOH Y¥3d §€31DIHIA SOt ALISN3Q JI4dvii

1S HIIH 3NV OML AVHHOIH 40 3dAL &I AMH 1Y 1S0§ 3 HOTT duvy 3s NOILY2QY ®T  AYMHOIH

SUNN_20n01L SISATYNY a0onl
‘an w»mw MNn»J<Z< ‘xuz<mm4NhMu«WDQMmMmemnnz<mh

-0

-01

=02

[}
o
[

]
o
L g

]
o
n

'
(-
0

U
(-]
™~

!
(=3
«

]
g
(-

=001

N

CLVOIL Db+ w



143

"AVI4 3dVL AMOLISIH 3IHL 0L Q30av N33@ 10N 3AVYH AQNLS SIHL 40 SLINS3Y

)

ey

GOP AN T PO

o0

|

1
|8
0
0

OO O F U LN

OO0 0
omo«ow

OO OO P OO
OO 000000~

e'1 £°8 91 e°69 009 L°68 6°99 Q3NISHO)D
6°1 £'s 92 6°Ly L2 ¢ L°9% ¥ 1 SAINYL
0°1 L9 %1 129 L2 1 219 9Ly soiny
L 3 HY3i 1 d
>u°w%~wwmﬁw.~—v ZMMO ZM%-MNOFM wuumm_numOWuMMD mw Zw st w._HbZW%Rw& ae
TOBEOEE Om oI s om e ;
“ 1N H S 5 g8 . Bt ;
; 2g g8 ; iR ; SIS v
i8: mm : f 3] M : I T :
2 . : ¢ g I : S
; i ST R U 1 ; ” ;
; g N 11 . : :
NN R
iny
W 1

m

0
b
14

.
.
.

-t
o
oo

t t W
I ! m
P
. ¢

0 .w
OINI@HOD SXINHL SOLNY  QINI®I0D sxanuL SOLNY. O0INIGHOD SXINML SOLNY  QaNIemos $XONYL  s01NY
AINIQOIN4 ¥3d
RITHAR $313IHIA 40 IN3IJNI4 AIN3NDIY4 QIHLOOMS SSY12 NI S$312IHIA 40 ON mmmwm

10vvy 3 J3AvaL 40 NOILI3Y¥IQ 0EHT 3uTL dOlS OCET INIL Ldvis AvV@ --SNOXILYONOD lHOIT1 09 £ 1T 31va

(=211

Mm nmnwx.mmw 32IS 31dWYS w«uu wm nm..okm%« 1IHIT 033dS  ¥NOH ¥ad $3T2IHIA 66 ALISN3IG JXddvyy

1S HIIH 3NV, oMy AVMHOIH 40 3dAL o1 AMH 1Y 1505 3 noST diivd 35 NOILVJOY o1 AVYMHOINH

3 Aont m:.mba z« AQnigS 033g
momm«n %mh(ﬁ m~m>;<2< N Zo.ﬁ... .<mmamn mm@u&mwnwwwmnm m«bxwo.:



144

~ SHINYL =y soLny
033dS "SA 7 IALLYINHNIIY 40 101d
H/W% G33ds
09T oSt m~ owﬂ 02T 0IT 00T 96 9@ o 09 s mq of 92
i 13431 ﬁHﬂﬁMﬂﬁHﬁMﬁﬁﬁﬁMH~H--------m~ﬁﬁuwAN««<«W-MH~AH--~
vy
1
v
) i
. v
1
v
. ’ 1
v
v
1
v
1
v 1
1
v
v
1
v
v

OW”Auaaaanﬁﬁaﬂauwuuunwuaan ~u~HW~A-W~u«~ H«* **** *nﬁﬁw~ﬁ--n-wnnuuwwnnnw

omu 0T 0tT 021 oftr 00T 6 e S

10YY 3 73AVYL 40 NOILI3I¥IA 0EbI 3HIL dOLS O£ST 3IMIL t¥viS Ava ~=SNOILIGNOD 1H9IV 09 £ YT 3lvO

Mm SAINYL - ﬁ\:u mm mx
SOLNY  3ZIS 3I1dWvs i7H < 1IHIT @Q33dS 4NOH ¥3d SITDIHIA 66 ALISN3IQ DIddvai
1S HOIH 3NYT OML AVMHOIH 40 3dAL &1 AMH LY 1S0S 3 HOST dWvd 3§ HOILYIQY LIS [ 115} ¢
-F]: ) A0NL ATYN 19 Q33d
M /61 w w»mw M~m>4<z< H HWSZWM#(w&M -m
39vd NIHLYYd3

zo m2<& 1YY yiyaay

Wu

13511
]
(-]
-

-0t

-0y

~0s

LI I ]

L A A I IR A A A I I N |

3

]
o
o

-=001
1



PAg; 1
ANALYSIgTBG;E UGéRI 8%

ANSPQ; ON
A B,
AT HMY 14 TYPE OF HIGHWAY TWO LANE HIGH ST

w s

0 Y

NI 0

- Rt

T
P

[+ 2
o

A

ALBER
SR,

LOCATION SE RAMP 190M E S0ST

HIGHHAY 14

it

1R0&Rs

SAMPLE SIZE A

TRO%Rs 28 KA

SPEED LIMIT
DATE 11 7 80 LIGHT COMOITIONS-- DAY START TIHE 1330 STOP TIME 1430 DIRECTION OF TRAVE

99 VEHICLES PER HOUR

TRAFFIC DENSITY

L E AADT

o
w
4
Ll
5§
23
o
>0 v
B
=2
3B
5,
(=}
[
2
<

o
w
-
]
Z £
—
O
= O
x
w
> w0
o . X
' %
[
z .
O n
[+% (=]
W e
o =
) <
o
'y}
<
>
¢ @
u [=1
8 (]
w
@ o
w
o 3
w X
X -
ég
© 5
3
o
W
(%] -4
< i
-t
5 £
X o
-t
"
o
o 5
-~ @
b =4 [
v
>
« O
° 5
2 L4
wen’
Qi
[x)

OONNNNQ'\F\N\ANMMW
OO OINOT P

DOMOOOOOOOMWNIAN
OOOOOOOQOOOOOQOONW N~ Orney

0000000000 OOOON”OO‘NOMQN
(=11 OOOOQOOOOOOOOOOW

O0000 O ONDOO 000
O Dt O =IO
OO0 00D
OO OO~ OO OO DLWt '

ol OMI\MOMQFO—OM—NQ
MNOOOMOOMNYMINT O WNMMM

R I -.....-....

NWFQQNNF\

© v e s

OOOOQOOOOOOOQOW

e s . . ...-.

OOOOOOOOODOO OOONNN¢
[t T ]

i

OO O0~0°0 000 \fOOO*OOOOOOO
\TCOOO\TW'\M'\F‘I\ MQQOQO

ey

OMMQMMON'\NY\NM

IR R R R I I

O OO OO OIS T I OMQWO

ooooooooommno'sonocm

¢ s e s o s NI I

OOC OO0 MOIOMOO

IO\ WO O

MWONQMMO
i

bt d OO DD FNO-DO-F D OO U
mmm&m\m\? TTT

TTind PP e oev

I~

[+ 4]
b Ll

1

i

Y

LTAFOBRTRENGE

Zo
)
e

PERCSNTILE
5 15

85

7.6

67.4

65.7 60.2

73.5

AUTOS

51.3 46.5

57

TRUCKS

.

64.5 54.7 65.2

72.5

COMBINED

RESULYS OF THIS STUDY HAVE NOT BEEN ADDED TO THE HISTORY TAPE FILE

145



146

sNEL = solny = y
033dS "SA Z IALLYINKNIIY 40 107d
H/UN 033dS
091 ow~ 03T OST 02T OIT 00T 06 08 oL 09 o5 ob o¢ w
Tt ﬁﬁaﬁ*gﬂﬁﬁMﬁﬁﬂﬂgﬁﬁﬁﬁ*ﬁﬁﬁ~Mﬂ-ﬁ*ﬁﬁﬁ~M~HH~*-~HM~ﬁ-M-«~Mﬁﬂﬂawﬁaﬁu
<<<<<h~
) v
v
1
v
v
1
v
1
v
1
v
1
Y
= v L
v 1
v
v 1
Y 1

T 08T ob1 0tLT 021 off oo01 6 e L 9 §

ewuﬁnawnnﬁﬁmnqnn ~u~nwuu~u ~u-w~%«« «««« **** **”~w--w~nnnwwﬁnuwmuunw

1avy 3 13AvaL 40 zo~huNunn 0£9T AWIL dOLS OFEET 3NIL l3vis  Ava --snoriranos 1HOIT 09 ¢ YT 31ve

mm nmmmm« 3218 31dWYS n“nu mm mwwmm« 4IKIT G33dS  aNOH ¥3d §3J2IH3A 66  ALISN1Q u~uu<uh

1S HOIH 3INYY OML AVMHSIH 40 3dAl &1 AMH LY 1S0S 3 HOGT dHYY 35 NOILYIO1 1 ><zzbu3

wcmw«“umxazu»mmhmum»4<z« L 535 duu«ummumm»memmamz uL

zom 30dSHvY HLdYd3Q viH3eTY

4
12444

1844 ¢
3

Mﬁ

[

1
o
(]

-02

LI )

L3 I B B B }
]
o
”

t 1
]
(-4
«

LR A I B A B A B A |

©
o

lll{

~-001

k



Wy N

147

"37I4 3dYL AHOLSIH IHL OL 0300V N338 10N 3AVH AONLS STHL 40 S1INS3IN

1 ‘T8 . 81 829 $°LS 2°L9 6°SL G3INIGHOD
. '€ L'e £ " 2'es ¢ LYy 2°9s 5°99 SHINEL
2'1 0°e L°1 5°69 £°09 v 99 e LeL soiny
UMD, MU MBS @ s, g s
i WM B Or i mem I B i
iy gl M 18 M I
R B R n B HH
Mmm Mw 15 i £ 5 N © S N T | 4
{BR LR B O U y: A R
g by o I I s O B ¢
: 9.0¢ : . m m : : .
woRBaE B OB BB B :

GINIGHOD &Xonut  solny O3NIG0D SXIn¥L  solny Q3NTEHOD  sXaNdL  soiny G3NIGHOD S§XJNdL Soiny y
AJMINLIAS INIIM3d ’ sY1
m.»EZ%w $310IHIA 40 IN3DM3I4 AJN3NBIY4 GIHLIOOWS SSY12 NI $312IH3IA 10 oM 3 am

1avy 3 13AYH1 40 NOTILJ3N¥IC 0£HT 3INIg d0lS 0£ET 3INIL IdNvig AYQ --SNOTLIONOD 1HOIN 08 2 1T uh(ﬂ.

Mm mm. hmo. 32IS Idurs n“&u wm wmww__.m« LIKIT G33dS  HNOM ¥3g B83TJIHIA €01 AlIsnig JIddvdL

18 HSIH 3NYY OML AYMHIIN 40 IdAL &1 AMH 1Y 1505 3 Hog2 dlYd 3§ NOILvD0] ®T  AYMHIIH

fogst, Vst Erc o \._smwmmm%&mm%gsss.



148

{

e/
3

SINYL = 1 soLn
033dS °SA Z JALLYINHNDD
H7HX Q33dS
. 091 owa 09T 0f1 o021 om~ 00T Q6 09 0L Mo Qs
“Horn -~HM-H---*-- ﬂﬁﬁﬁ*nﬁﬁﬁnﬁﬂﬂﬂwﬁﬁﬁﬂwﬁﬂaﬁ ﬂﬁﬁﬂ«« 1t
vy
N N . . << 1
v
1
v
d
v
1
. \J
L
 J
Il
v 1
N 1
Y
. 1
Y 1
1
v 1
_ | 2N
Y
v .
Il
v
v L

ow-~am--*ﬂﬂﬁuwﬁﬁdﬂMﬁﬁﬁﬁWﬁﬂﬁﬁWﬁunnwﬁﬂ** ***~w~n-w~n-w-uu

U 08T 06T o0f1 o031 T o 6 2 3 9 )

Po<< 4 Jm?(&h 30 NOILDJ3MIQ 06T 3IWIL dOLS QLT 3HIL L¥VIS AvQ =-SNOILIONDOD 1H9I7 0@

i S$HINY
% moS ’ uumm w._._:<m r\\mx 03" SOLAY .4TWIT Q33dS WO ¥3d §319IMIA €01  AlIS

is :umz INYT OML AYMHOIN 40 3dAL %1 AMH LY 150§ 3 WOE2Z divy 3S NOILYDOY

v S e

A

\ A
¥ 40 107d

(4 wn MN wa
*maaﬂ 1948488444

Mﬂﬂﬁnwﬂnuuw
b £

4 IT 3ivg

N3G JXdidvyl

1 ><3=¢ﬁ:.

e
4

.

Y

Illll.llll:
§
o ©
-

]
o
(]

]
o
"

L NN
1 1 ’
o o o
o n <

!
[<d
~

IIII:IOI
o
©



149

"3714 3dvL ANOISIH IHL OL g3aay H3I39 L10H JAVH A0N1S SIHL 30 $1INS3IH

£t e L2 ¢ 669 £°09 6°99 S*LL Q3INIO0D
L2 L*L e°'€ 4°9S 9?69 £°99 6°99 SXJNuL
et €L - 91 6°1L 2°'¢9 §°0L v oL solny
A30_gt HI NOILYIAIQ NY3H NO LIW]) 033ds St s 117
meW.oﬁzw Nmo c~.<mzo.pm 3om oauzow Wmo NY3ul wanswumwn

o

4

/

EONT P = PO~ 1)

I S

o

s 1 31 B 4 ¢
SO B
|

|

]
w

.

.
. .
. .
. .
- .
. .
. .
. .
. .
. .
. .
. .
. .
- .
. .
. .

...” £ S ] : $ ﬁ mw

BT BN E NN

finmEmn w B
CEREER E 0N oy

Q3INIBHOD  SHyONEL  soiny O03NIBNOD  §XON3L  soiny Q3INIGHOD &XJINYL salny mﬁZhgu XL sony ™
ADNINLIVI_ 1143Du3d
wx:id J S3TIIHIAA 40 iNIJHId AJHIND3IY4 Q3HLOOWS SSYI1J NI $313IH3A 40 ON mmwum
-10YY 3 V3AVHL 40 NOILIANIQ OEHT IHIL dOIS OLET INIL 1¥VIS AYG ~~SNOILIGNOD IHSIT 0@ £ 1Y 31va

$X20Y 4 0§ SR ] ,
& SR a2 navs A 08 SE304 LIHIT G33dS  dNOH ¥3d SITDTHIA 20T ALIENIG SI44vHi

18 HOIH 3IN¥YY OML AYMHSIH 40 3dAL  »T AMH LY 1505 3 Wol2 dWvd 3§ NOILVYDQ) ST AYMIOIH

e ot AT et ncny



150

, SnYuL = g SOLNY = ¥
. 033dS "SA % 3AILYINNIIY 40 1014
H/HA Q33dS
. ooa 08T G691 Mﬂ 02% own [+]1 34 mo WQ m\. &m mc Mm ‘MN
m::*::m:: trrriron i 1383844481 Szmn:«««m: 1848384848444
v
¥
: Y L
Y
1
v It
e
¥ 1 )
¥ 1
1
14
1 >
¥ 1
1
v
v 1.
J L
vy i
a\ 0 1 N -
w::W:J::wS:W:: Sﬂw&«« Hit ::MSZMZZM:SMSZW::M::
09T 05T 0%T- ofT o2t oft odt 66 de oz &9 & & og ]

10¥Y 3 13AvVEL 40 NOILDINIO O£HY INIL dOLlS O£€T INIL LMVLS AvQ ~-SNOILIGNOD L1HOIT1 09 £ TIT 3iva

N.w mmwmm« 32IS IdHYS n“ mm nm&&o LINIT G33dS  HNOH ¥3d $31DIHIA 20t >._.umzun J14dviL

1§ HSIH 3NV OML AVMHOIH 40 3dAL ®T AMH 1Y 1S0S 3 HOZ2Z divy 3§ Smh.(uo.. 91 AVMHOIH

foggy BV W0 Ercuome o BN s

!

Mm

--001

f

]

N

CLRIDIT S ot 100



151

)

‘314 3dvL ABOLSIH 3INL OL 030QY N33Q ~ON 3AYH A0N1S SIHL 40 $1INSIY

~ £°1 96 91 B 7 2°09 L0 9 QINIQHOD
62 99 1 8} £°09 0'1s ' 04§ 5'99 $3INAL
21 £°9 1 2L S99 02 9'eL soLny
A0, 8501988, MaINNNe A LIRS ) SRR o' sl - o WP IR
: o e ez o : o oe - -
OB OBE OB B 1 S I | g
§ od W m 15 I € B & I ]
312 M m wmw oo Hog Py
BT OO R O N MY B
3 g ,mmm { g mwﬁ $BOF R B
M 0 eMWW « omw w .
‘N NN m o
ik Haloag 44 0§ S B I ¢

03NIBHOD  SXINAL  soLny

G3NIGHOD  $XoNAL  soLny Q3NTEH0D  SXJNYL  soLny

S ST ERFELED $6V1D NI $319INIA 40 ON  J3342

1avy 3 T3AVYL 40 HOILJIHIQ OCoT 3WIL d01§ 0SET TL L¥VIS AVO --SNOILIGNOD 1HOIT 09 ¢ 1T 31va

ouzngu. 10041 solny

$3T0IHIA 40 INZDH34 AJNINDIY¥Y Q3IHLOOUS

6 B 2 auvs [ 88 S230K) LIHIN 033dS  ¥NOH ¥3d S$310THIA SOT  ALIENIQ ITddvar
1S HOIN 3NY1 OML AVMHOIH 40 3dAL " 9T AMM LY 1S0S 3 HOTS dWvd 36 NOILVI01 T AVMHOIH
UISON_A $1SA1 mm:wm w mm«
mom% SV Treimy wot’” ﬁanﬂmu P wm wz AT Luaay



152

sMondL = g soiny = v
. e . 033dS "SA Z IAILYINHNOIY 40 1074
' H/HX Q33ds”
: 091 w~ owﬁ og) oM~ ot om M w mn m mm “ m m
S ' 3 o [99494844434438944444444842338£33¢¢ e :&««m: 14824848484444 -
vy -
S i . << 1 u
. y d n..on
o v -
T Un.u
" v L :
<y =-0%

-t S - ‘ ' .

ew:dm:awzzmﬁz 1283 ::Mﬁn«m:*wﬁu:ﬁazmnzaw“n:ﬁ:nwmazuzzm!oz

T- 0T 021 otr o6t

.

i0vy 3 J3Aval 20 SM._.meno 0LoT INIL dOIS OSET INIL LuviS Ava ....gnhrugo ._.zon._. 0L . 1T 3iva

mm n§¢ wNno 3dHyYs §u wm mg< 4IHIT 63348  HNOW ¥3d nuau~xu> mow .t.un:ua Hnn&g o B

4§ HOIH 3INVY OML AYMHOIW 40 3dAL YT AMH 1Y 1805 2 HOIS dilivd 3§ -3:.<84 cn >§n:

wom.m: %ﬂ&»mssg E zo..., M&.«&?&m Rmmmm«uﬁ#.:as‘




153

o

Bt W e ey o

A
~ "3114 3dVL AMOLSIH 3JHL OL G300V NI3D LON 3IAYH AQNLE SIHL 40 $1INS3Y
01 2L o1 £°9Y LAY S°9y o.ﬁﬂ/, Q3INISHOD .
£°2 . %9 £°F S°9¢ v ot L°9% L 21 $3onAL
T 9°9 L2 ¢ S 9% -, 9-ef £°6% 92§ souny
”~
A30_01g NO LIWT NOILYIAI NY3H NO LIHIY-  033dS ST ¢
mmzmn:zww xmo : nu«?o»m wuZwmnuzow WMO NV ugn»zmmmmu
.ﬁwa.b m” ”m” o8 m -9 “M uh m ]
- Q; . 5 - . . ’
: 5 : : : o
: W W m : ~ , w
. 6
L

—_ei
[ e ol
)
[ o 2]
L £

M 2
2 EE

. 4 -
nmz“npﬂu $XIMNML  soiny G3NIGHOD SXINUL  Soiny Q3INTEHNOD  SXINAL soLny Q3INIGHOD S$XINY¥L  solny
»g J43d
mh<4 J S3TIIH3IA 40 iNIJHad »gwbawzu Q3H100HS NI SITIIHIA O g g@

(3
%

« dQvy 3 Jw><~:. 40 ZOu._.UumHo 0£0T IHIL dOLS-§56 3IWHIL 1¥ViS Ava llwwﬂubug&. dH8IT 09 § o2 w._.<o ’

<D0

OODDONND OO DT NOT OO
ORI

b e e e s e

NON L OO I

OO DO

rd -

nmwwn: a

: . Wm ng‘ mNHm 3dHYS n“ru mw nn%mﬁ ._.N:A4 g3a3ids HNOH d3d S$IVIIHIA 4% 4 ALISN3IO JId4dvys
X

‘Q30TAIQ 3NY1 3104 AYMHOIH 40 3dil dHYY 8S ¥ 1S 0§ 3 WNI' NOILVIOY o1 AVMHOIN -~

= .

S
&

Y™



154

7 e $xNAL = 4 solny = vy

033dS "SA Z IALLYINHNIIY 40 101d

. . - H/WXY Q33dS

N ) om~ 0ST obt ema oma ow~ omﬁ Wo wo mh wo mm Wq wm M~ mu
”,.ummmo_ . : , ﬁﬁﬁﬁ#ﬁﬁﬁﬂ#ﬁﬁﬁu 18888383388083883333888 088 8000esetettcttctity --<«-~ 1333
; . H :
.. v -
. . ;& -0t
P -
- . -
) v o1 -0z
u‘ ”
v --og
1 -
4 :
v --0
v z
£ 4 z
~ --0§ .
v z
1 =-09
h -
1 n
Yy
v -
.F -
nloo
v z
v ¢ =-06
v -
ﬁ«_ Z-00t
ﬂﬁwﬁﬁ”Hmaﬁﬁﬁwﬁdﬁuwﬂnﬂﬁm-nuwﬁ-~w-ﬁﬁmﬁﬂﬂawuﬂﬂ wﬂ w--wa-~w---unuw
69T 08T ovI ofT 0dt oft obr o X
10VY 3 13AVEL 4O NOLLD3MIO OSOT IMIL dOLS Sv6 IWIL LHVIS AVO --SNOLLIGNOD LMI1 09 § 03 uve
$X2041 $308L
8 SR 1218 31auvs AR 83 SR inun Q33dS  WIOH ¥3d SI1DIHIA 26T  ALISNIQ JIddved .
$8330¥ ILIKIT ‘030IAIQ 3NY] 104 AVMHOIH 40 3dAL dHYY 35 ¥ 1S 05 3 WNT' NOILVIOT o1 AVMHSIN &
3 4
1vd S1sa1vNY .
Em a__.u s G R T  C —,

.




‘2

il

PA

TOOY NOSER”

ANALYSIg DATE

1 TON ~
i

RIS

TR

ALBERTA

"
(4
w
[ &
(%) "~
-« O
(=]
w
- (2]
-~
E
- B3
-
[~ ]
woow
o N
Rl
> [
-
o w
o
w o
Z 2
3 &
mEI
N
z 2
X
3 $3
OO
=
=
(&4
5 8%
w
o -«
Y=
-
-
-
b
=]
-
[=]
w
w
[N
[+ Y [ 2}
r
«
[+
-
n
x
-
[ [+ 4
(Y]
[ [-%
wn
L4
wow
]
r v
X =
~ X
.
>
& o
-om
- -t
8
- E
-
s 2
- W
[=]
> o
~
s
™.
4 -
z E

. X
@.

DATE 20 5 80 LIGHT CONDITIONS-- DAY STARTY TIME 945 STOP TIME 1030 DIRECTION OF TRAVEL E AADT

“f.

AUTOS TRUCKS COMBINED

PERCENT FREGUENCY

PERCENT OF VEHICLES
AUTOS TRUCKS COMBINED

SMOOTHED FREQUENCY
AUTOS TRUCKS COMBINED

§ NO OF VEHICLES ‘IN CLASS

Lt

AUTOS TRUCKS COMBINED

OMNOF N rtO N = tr MU O moomuo&mon
ooomocoonhﬂhccﬁmmo DO
OO OO DO MI—HDN QmﬁmmOQNANmNﬂ
coooooooooouom A g e ]

OO0O000O0O0OOON I M OMIT OMieirtt O
CO00000O0OCDOONT 000‘1-4(\”’\\‘?0'\00*
00000000000 OOODM'\MO—"\—O
O OO00O®OOCOOT UM OUINT IO trt
i trtrtrdrdr—trte—ir{

0000000000000 ODOO0O0
MGNWNQOONOQJ\TQO\T\Y N?\TN

oM ONMNOONWOQOQO"’OQI\"\CM-O

OO‘OO"QO*OW\O

PRODOOND O VDO QM MM IO A
moooomomooomomo OO NONwN

AR DI

OOOOF‘(\)N(\M OOOOO*'\

QOOQQQQNNOQQOO
Qooooooooooov\moo 0~ O~ O DD

ORI

OOOOOOOOOOM!—M'\NM\M

P
QWODQNWMQQ OOQNOOONONN
OOQO OOOOQMNONM
gt PN O O PN NIO MWD

OOOOOOOOOOMOIMIMMON I P

P I R N I T S T Y

OO O OO0 OO OO INriririrdrtO Ottt O O

I NI IO OMOON IS NN O OO

G 0 8 s 0 4 e 0 s 0 s s 8 2 e s e b s e s e oeoe

© O OOINNNIFUN O DO OO It Ottt

5
%
%

PERESNTI LE

OO WO~ O

T LTI

]
15

' ‘E?n‘i?"ﬁé"i’r‘%‘oev

0
ON

AR S0

1R RENE -

LEh

Zo
-t

i

85

L]

-"65.2

1.4

3

9

1

57

48.4

56.2

AUTOS

3.8

49

.8

49.7

57.4

TRUCKS

1.8

56.0

55.3 46.0

63.7

RESULYS OF THiS STUDY HAVE NOT BEEN ADDED TO THE HISTORY TAPE FILE

/

155



156

$3INYL 1 soiny = vy
-~ ) : - 033dS "SA % JALLYINUNIIY 40 101d
H/HX% 033dS
091 wn 051 om~ 021 °w~ 00T mo 08 «* m wm wc mn mu mﬂ
mzz et g o et 1984884¢48444344348484828823332; -0
- ( -
<<H -
. v L -0t
v z
: v 1 =02
) Yo =-og
i -
v 1 -
lM-oc
1 I
" --o0s
v ! =-09
1 ) =
v ot --0L
N -
Y 1 . 37 -
. N T -
: P « -=-09
- = L -
1 L z
\ --06
v L :
. P,« |w\ . -
m xx . oot
WHHSMSZMSZM:ZMZZW::w:: 144 w::w::ﬁ:d::wzzw
09T 08T oO%T ofT o021 T 0 ] v £ 2 ot

lavy 3 J3aval 4o gubuwmno 0£0T INIL aen §%6  3HIL 1HViS AvQ ~~SNOILIOGNOG] LH9IT oo‘ 92 uh(o

. 4,

13 g b, s

%w tmv mNHm Aduvs n“n ww %« 1IHIT Q33ds HNOH Y¥3d mm._uwa> Onﬂ\ tn!mn uHuu:F M
‘

wmwuu‘nmhntm._ ‘Q3QIAIC 3NVI 4N04 AVMHOIH 40 3dAL dWvd 318 1§ 0§ 3° :xu é.:qu .ouru..;guz

Vs

§od8e TR a1 bt - R ey i



157

‘34 3dvi AUOLSIH 3HL OL Q300Y N229 10N 3AVH AQNLE SIHL 40 S1INS3M

1 2°9 o't 95 *OT ey 0°23§  QaNIeNo)
LS 6L _ £'s $' 18 662 00y 10§ $xa041
11 vs 1 99y ves S5y 3'3g soLnv

LS NI RN g T ol

I O R N N

Thumon
. . . . |
: : ; : ]

.u.nw..—.

M :
“T m ¢ o
G3INIQGNOD SXoNaL soLlny A3NIS0D SN souny A3INISN0D SXNINYL  soLny aNISN0D $NINUL B*D<
AMaRIH Lz i)
S$A1IIHIA 20 LNIDN3Ad = AININDINA Q3IHLO0NS SSY1D NI S3TIIMIA .Lo ON .

10vY 3 T3AVHL 40 NOILd3uIQ 029 3HIL dOLS 0 © MLl 1¥vis ava =~SNOILIGNOD LHSIY (9 §. L dva

wc 0% 3218 Nduvs n“un ”N ngo 1IKIT Q33d8 MuNOH M3d SITDIHIA €91 ALISNIO O1ddval
$$320V QULINIT ‘03AIAIG NV UN04 AVMHSIN 40 3dAL 1S Hi0S 40 18Y2 WX T° oWV 3§ NOILVIGY T  AVMHOIN

il T L NI e e



158

4avy 3 T3AvHL 40 NOILJ3NIQ 028 3HIL dOLS 0 @ 3WIL L1¥VIS Ava =-SNOILIONOD LH9IN 08 § . 3iva

SANJL H/HA 09  sX2nay
w« SOLNY 321§ I1duYsS :\:u wo SOLNY  LIWIT Q33dS  ¥NOH d3d S37JIHIA S9T  ALISN3G JIddvil

§$3J0V GILININ *QIGIAIG 3NVT #M03 AVMHOIH 40 3dAL 1S WIOS 20 i§v3 W T° dHvy 3§ onh<UoH ST  AVMHOIH

9205, T s WL ST e .
g a

N

. SHINAL = 1 s0lNy = v
033dS *SA Z IALLYINWNIIY 40 107d
H/WN Q33dS
091 om~ ovt om~ omg o- cmﬂ mo 09 o mo 0s Wq mn mu w~
beobondinn trtnntuutintiabod o tvadood oo juttuat
\ il -
= » Y . mnoa
i -
‘ -
1 --02
5> 1 -
: v --0%
" -
- “-ov
- ‘ “
1 =-0§
; v :
. L z-09
‘ -
L :
nnoh
vi :
1 =-00
Yl -
=-06
_ Hp -
Y --001
WHﬁﬂﬁMHﬁﬁﬁWHﬁﬂﬁm~H-w-AA Aﬂﬁﬁ%ﬁﬁﬁﬂ%ﬁﬂﬁﬂ%ﬁﬁﬂﬁ%ﬁﬁaﬁ 1 _~w~u-w-nnw--uﬁuauw
070 03T 09T osT 02t oft o0t d6 de o o s v & 2 ot



159

€1
9
£°1
A0 gie to Tur
1o B
Wu ) Nuﬁ o“
g5 M.,M 863 i
S ke BB
B @l opm B
10 5 B 5 U i
“m Mnuwo o”mm :
SN I B 14
m“mw om“oo 9 he :
g6 gou00 92146 w
& pe &
pgs eggst g o
dINIGHOD SHINAL  SoLNny
AMagozas 133w

$6330v QALININ

mmxmgu»«ﬁ»mnn:g

i

d

Wc $3INA

8.50 3ZIS 3lduve

G3INISHOD  sxdnaL

0°L

9L

L9
Maavaaeig
HES
i
45
§9:7 5%
i1 Mmmmw
¢ mm
R R

soiny

$313IH3IA 40 INIJY3d

A 83

$X031
20

"3I4 3dvL ANOLSIH 3HL OL 430av N339 10N 3IAVH AONLS SIHL 40 s11nS3x

.

1's

6°1
z<wr NO
3ION3014NO

MO0

OIS

.
.
.

O O OO

£

Q3INTEHO2  $xdnYL  solny

3THE

033ds
NY3IH

e s ey

. e

R AL

Labiiag 0 - AN VP

:

AJNINDIA4 GIHLOOMS

23
ERPSUEREEY]

Lo ot =7V 70

NS ~OT
-t

AINIT G33d§  WNOH 83d $313TH3A 95T
‘030IAIQ INVY W04 AVMHOIN 40 3duL g HI0S 40 LS¥Y3 WX 2° duvy 35 NOTLvIo

SLIE PR G

0°99

L°99

©°99
58

GINISWOD sXonuL goiny

®1

Q3INIEO0D
NN
soinvy

;
|
|
:
e

—

ALISNIQ JIddval

AVMHSIH



160

SMINYL = 1 soLayY = ¥
033dS "SA X IAILYINHNIIY 30 101d
H/HX Q33dS

091 owﬂ 0bT oOfT om~ owﬂ abMﬁ Mo Mc mm mc wn m ﬁu
mﬂaﬁu saﬁﬁwnunuwﬂanﬂ 1344343¢°3 nﬁﬁaﬁnﬂuﬁ HAAAMﬂAAﬂ 14898834 4888448853434843!

v
v

1

I
«

T 08T 08T o0¢T 0T oOtT . 96t 6 e L 9 ] b £
¢ .

1avy 3 73AYHL 4O NOILD3IBIA 059 3WIL dOIS §2¢ HIL LYVEE AVO --SNOILIGNOD LHOIT1 08 § £ ilva

m mxuﬂMw u w mxu: L .
A4 80 3zZIS 31dWvs ¥V 1IKIT Q33dS  H8NOH ¥3d SI1DIHIA 951 ALISNIQ UHuu“Wh
$$333V Q3LINIT ‘GIAIAIA 3NV W04 AVMHOIH 30 3dAL 1S HI0S 40 LSY3 WX 2° duvd 3§ NOILYJ0T1 & AVMHOINM

1 LI . L S8

SHYHL
40 1IN zhza viyagy

ar

Y
: . v I
Wﬁﬁﬁﬁwaaaawaaaawanauwauuu aauu%ugaamuﬂnuw«m*uwwﬁ-W-mﬂMﬁﬂﬂﬂWﬂﬂﬂﬁWﬂuﬁuwuuﬁuw
0 ¢

L]
o
o

RN NN NN

] ]
o o
[

)
[~
~N

-0t

-0

]
(=4
w0

]
Q
~

=00t



lel

T31I4 3dVL AYOLSIH 3HL 0L Q30QY N33T 10M 3JAVH A0NIS 'SIHL 40 $1INS3y

¢l 2°9 i1 €Sy '8t 2" 9y 0°28 ONZNQIOMMW
L 6°L £°S 5°1» 6762 070 1°08 mxuauh
Tt 4§ 91 99y $ 68 £°5% 22§ 1Ny
et T g 5 R T R JE E J
£2: 69° 00°0 g2° 69°L 0°0 L0 L 0°0 I
el o EP WD owomooo@om o1 1o
60 é ¢ ] 0°0 00 0 0°0 0 &
(R E O RS A © B B 6 B & : Nw
qwnwm oo“mw monum mm. 05" i R mu 0: muq m Q i 0
N1 6.4 N L: 69" 05" $:5 L g 1
90:S%  6£°99  QIiik év° 69° £ .mw ¢3 70 g'q € oY
I5:49 mo.w~ 1556 S5 ° 69° em. Z: Z:0 2°9 b 44
0:9 £108  psisd %9 69" 28§ % T 9:2 g ] Y
gE G B H o4 Bh i an i
33-36T  80-08r 64-00t om.m (1N (R §- "0 i3 W 3 3

G3HIBHOD SXOoNdL soiny 03NIBHOD SXoNAaL  soiny G3HIBHOD SXONJL solny Q3INIGHOD SMINYL  solny

H/7E%
AJHIGD3INE_ IN3JE3d vl
ALIVIAHAD . SIVIIHIA 40 INIDHId AM3NLIYS QIHLOOHS SSY13 NI SI12IMIA 40 ON 83348
10vY 3 73AV4L 40 NOTLIIHIQ 029 3WIL dOLS O @ 3WIL LHVIS AVO --SNOILIGNOD LHSI1 09 s #Yaive
. )
§, SmnuL HZHY 09 SYONHL N
SOLAY 3ZIS 3dHYS  H/HX 09 SOLNY  LINIT 033dS  MNOH ¥3d SI1ITHIA S9T ALISNAG JIddval

SS3JJ¥ Q3LIHIT “GIQTAIO 3NV HNO4 AVMHOIM 40 3dAL 4§ H10§ 40 Pﬂ(u.tx 1° dHvd 3S NOILVYIG) ®1  AVYMHOIM
W d3BUNN_A0N

2V 31V s vy u m“<z« S mzm:muam 1 ) .

dvd viyagivy



162

$il;

HIGUNN A
y AV 3l

$1INYL
$» SRR

8S32Iv¥ 03LIMIT

wm~mwn»4<z<

SMINYL = 1

soin

\ A

Q33dS °*SA Z 3AILvInLNAIIY 40 i0d

, H/HR
091 ow~ 0T 05T 021 owm 00T 06 9

0% 0L
1 i 1 m
*-~q ---ﬁH-NN-M-- ﬂﬂﬁﬁﬁﬂﬂﬂﬁﬂﬂﬁﬁﬁwﬂﬂﬁﬁﬁﬁﬂﬂﬁ 1381

w--m-uamauﬂnwnﬂﬂﬁWuanawanaw%a~u~%ﬁﬁﬁﬂwaﬂuuwaanamu«n
09T 08T ovT 05T ¢ I olt oo01 6 9 L 9

H/HUX 09 €% L
3218 31duHYS H/UN mo ﬂwwxd 1IHIT Q33ds 8NOH ¥3d S$ITIIHIA 591
‘0301AI0 3NYVY ¥N04 AYMMOIN 40 3dAL 1§ Hiog 40 1SY2 WX T° duvH 3§ NOYLY
£1617 »m:wm 0a3gs
i g Iy, 1Y1884s
s wol wﬁz«h 4 ?mﬁu&um&»ﬁﬂ«

o

03348

0s
1$23 841

Yi
i
YL

1

~w-gﬂ
s

oo
TTIITIITIY

- _YYvy
¥

w-uuwanﬁuw
14 £

ALISHIG J14dvHL

207

%1  AYMHOIN

4 w~
1884 4

XA
n.y
]

e w
4

ﬂnunw
3 ¢

-



163

“3I4 3dvi A¥OLSIH 3HL OL Q30QY N33Q 10N 3AVH AGALS SIHL 40 $1INS3:

F2 ¢ 0L ’ el $°09 1°28 0°09 8°99 Q3INT|I0D
g $°L 1°s 2°LS 6 5% £°95 L°%9 S$HINYL
£°1 L9 ' . 6°1 19 1°¢€s 2°09 %°99 soiny
MOS80 MUINIE  NEBIRAR G T anunfuae

gs- 69° 0s: L: $9:4 0.0 9 ¢ :

ioBn OB WmoRboE g op :

R SR O R U 3 % S £ : m v

62T w. 5 m«.m m. 3 * om.w i 0 L 3

656 .wm it '9 %3 1T 63 I% 0 : o 3 m

g4 gnoEg Bn g0 Hy b B B 3 -

$7-3 mm.mm 55-53 v * ww. om“ww “w : : 1t 1 2

£6-87 {3 35 85:2 “wm é§: 0 £ L » 1

1SI0R M B L G O

mw” 6  00°00 m”ma 8f: 0: o : : :

56 goiger lyae IE g8 o S I 1 T &
.anm” R H R :
Nwmﬂ mo.oc oo.wo.n Mm. O.W OM.O M. m.o m.o

Q3NIBHOD  SXON¥L  soiny Q3NIBKOD sXONdL  soiny G3NIEHOD  sXoN3L  solny QINIBHOD SXINHL sOLnY
ADN3CD3NI_ INIDU3d
A .:._mtmu S3ITOIH3IA 40 1N3J¥3d A3HINb3IY4 .A3IHLO0HS SSY13 NI $3712IH3A 40 ON m.w‘um
1QvY 3 13AVYL 40 NOILI3NIQ 0S8 3HIL dOLS §2¢ IHIL L¥YLS AYQ --SHOILIONOD 1HOIN 09 § ¢ aiva <

SNINYUL H/ZUN 09  Sionyy
wc S0LNY  3I2IS IdHYS H/HX 09 SOINY  LINIY 033d§S  ANOH ¥3d $31JIH3IA 9£T  AlIsn3a unum(k.f

£S33JY QILININ *G301IAIC 3NYY ¥NO3 AVMHOIN 40 3dAl 1S H10S 40 1SVY3 WX 2° dUvy 32S NOILYI0Y ST AVYMHOINW
-] mmwrbz »gm [ 3¢9 N] AQNY amwm
/ 31va $IS4 1w A dSNY
$ohe, a1V Brsaom wol i T RS i sy

-

v



164

$Xonul = 1 sginy a v
033dS “SA « u>u._.<,.23uu< 40 101d

) H/UA 03248
091 owa omu wu owu owu om.n Mo Mo Mn Mo mm mc mn mw
~:: 13844848488444%4 1238388445444 834441%1 1334998844448 4¢ :wa 1988889441
\ |
14
\ ]
4
 J
v
11
4. AN
1
’ v
' i
A J
1
I'4 11
1
Y
L
v
. i
2 v
<<...
N v

h

w.:.a.—w:.:m~:~M::M~n~n~:ﬁﬂwﬁsm unnaMm*&* *ﬁﬁa ‘::W.::w::w.:.:
99T 0sT 09T o0fT o021t ofT odt s v £

14YY 3 Y3AYHL 30 NOILIFNIG 0SQ 3UIL dOLS €20 3IMIL ldavis Ava =-SHOILIONGD LHOIV 08 § ¢ 3ivo

[ 3

s
wc ng 1218 Iduvs n“:tx wN ﬁw.mm¢ iIHIT Q33dS  HNOH cuu SIIDINIA 95T  ALIsNaQ J1dval
$832v ouknrua ‘QIATIAIO INYY MNO4 AVYMHOIH 20 3dAL 1S H10S 4O 1SV WX 2° dHY¥ IS NOILYI0T o1 AVHHSIN

b R TR e RO e, o

11X
4

1884%

lllll:l'lllllll
o
©

vt
1
©
o

[
[ -4
o
”

k



165

N MIGUON_sonL $1517 , , ]
§ G AV 31¥ Trsiome o~ P%&%&?a&&ﬂ« Lm0 .

3114 3dYL AN0ISIN 3NL O1 bumbc N335 LOH IAYH AGNLS STHL 40 S1NSAY

ey L ..t.ﬁ..m‘. w EE, eer soy ot QaNIHOD .
@ £°2 ) ¢t - 595 beog L vy $3ondL
o't 9°9 1 . ..m..,.x. T oeet e sens sy
TS, ) SRR MY, T ale, ¢ 0
OB BRSNS N
K wmw M,mu wm ,..MW fe; S S 43 S & ¢
£y i ”M ; W g L B ,
mmm il A oo Pog
u“w‘ mh? m.....N mWw om.. T 8- : w : : * 4
M”mm 388 owum % ‘8- 29 w - . $ $
i mzm 18 IES B 5O & B A ..
BecEE BG 1 HM OB OH OB |

O3NISHOD SXINUL SOLNY  \QINIGHOI Sx3NAL soiny GINIGHCD SWINUL SOINY - QINIWOI SRINAL soiny \5_.
2H3INDIHI N T : m
A A ».Dx..r.. 393d SINDIHIA 40 INIDw3g AJNINDIEZ QIHIOMHS SS¥ID NI $312IKHIA 40 ON mmaw

i0v¥y 3 T3Aval 40 NOILDINI0 0801 3HIL OIS Sv6 IMIL Ldvig A¥YQ --SHOILIONOD JHOIT 69 § 0z 3iva

300 HADE X
MM 8&0 321§ 3idivs H/HA w“ % 4INIT Q33dS  UNOH ¥3d §3V13IHIA 261 ALISNIC JIddvil
$S3I32¥ QILIHIV ‘Q30IAIA INVY MNO4 AVMHOIR J0 3dAd dHV2 35 ¥ 1§ 0§ 3 WNT' NOILYD0) 6T  AYMHOINM

=~



’

_ e SANAL = 1 spiav £y
£ ce o 0334 "SA % IATLYIN:NDIY 40 1014
& - : o " H/HM 033¢S

S s 091" 051 ool JH 021 w oﬂﬁ mo mm mn mo M w m w m~
’ . : M::THZ*SZ A R8484808848484738388000¢8 1888844 ¢44488¢ ::<«:~ 1984 -0
o . , I =0
- :Q ) . N . . < N “ )
1 -~0%

R R S . , L --03
. P B o .< 1 . MOOM
. . . -
- * A N -
) ; : N ‘ v HIQC
s i ) [} 1 - X

W

<

v
. ﬂ 1
: 1114
.~ . : - Ma.:ﬁwu.:nﬂu:nmnunawu:u ﬂﬂﬁgWﬂﬁnnw::w:.:wana wn.: .:.:M.:.:Mn.:uwnnnq
091 o T 031 ettt odr 6 e 73 9 s 3 e

~ T oot o
4GYY 3 13AVEL 40 NOILDINIG O£OT Iy ..oS §% 3WIL L¥ViS ava --nzou:eau LHI1 09 § 02 aiva

i B 3218 31dWvs n“uu 83 saoMy .::3 033dS  WNOW 83d $I1IIHIA 251 ALISNIO Orddvar -
$$230v QLMD ‘03QIATO INVY o4 »S.:on: .o 3dAL ;- duVM 35 ¥ 1S 0§ 3 WNT* zor:oo._ T AVIHOIN -

Bl s > sﬁ-&ﬁaﬁﬁ% ey - |



e

167

-

- bt . : . oS
& - - | o
. - ,.
L]
it , ‘ va * -
B KL\ . )
kS T .
RN - 4 - "3V14_3dVL ANOISTH 3HL 01 0300Y N338 10N 3AVH AQRUS SIHL 40 S1InS3n
u.(l : ) ‘.ﬁ. "~ s . < '
- £, -2 { . 0°9§ 0°9% £°ss g9 Q3aNIguoy -
o a ) G o R
LB - Rg X9y OBE L'y gezg f £304¢
Q., . g .F.n . . N ,m,., . - N
"3 g w‘..ﬂ_ A & £l -7 2798 2's9 $o1nyY
o DI LN ‘ : . : .
013 HO LMY 7 MDTLYIAIG LvIW NO 1INIY 033ds ) §9 . N .
>womu...h,m3.wn xw,mo ou«nz:.n ¥ 3ONIAIINOT ZSe X I] m.n m:tamzwn
Y & 8- - ¥ .
. . e m.ww,ﬁ.,‘l .y - . . . . .
ai o BLOBLTHD pyom H I 5 S
$9° {1 : 66" em“ e mw :
: *a 6 3 : . 9877 03" N : \ { .
m. 2:8¢ . 09’ " g6 . i: : . _ »
. m . o, . by 38 AN Ay 9 Lo
6! . 8% . £ g8y .00 YD 4 . S
N . mw. 12 iy . FE : . . . & ,
$2. K3- a«“m £8: . 5 25 . €. T ", .
13983 49; 0% b e . . . : r } L % &
[34 m Ly 0864 0 m 0 he ms M\ § W :
ANE B S AN L R U I A :
N.ow Snom v/ . mm 't o : : L m“ i ‘ ) X
£.8 0070 m : 03: : : - DI
K 3 K- om”oo Lo : Qe 09: : N m w !
gje o83 g ¥ S5 S 1 : ; : _ ,
$3:56 00:60 b 2h : .0 T : g : w
o.Mo oo.wo om. 4 ¥ x99 . 0g: : mm X . 4
£9°/¢ 00:00f © 7 .9° : ;0. & #
5196 o”mo 9 ”mo 9" 0 : L : : ¢
0g:66 8- Hoae R §3 @b L 4 & .
. ?.2: oo.mc mo. 1 £ 6 8- B &1 B . . - .
‘< 2 ‘ _ Y A o
» 3INISHOD  SXINAL SOLN¥S  GINIE0D  §uoNAL soLny Q3INIG@HOD sXandi soiny . G3HIBHOI sSXonuL  soLny
v - I2 x . . - -
4 N3NHId 3d . .. : 3
e & wmw:._ﬁww 4 % $370IH3A 40 IN3JH3d A:i3Nd3¥d 0IHLOONS SSYIID NI $3121HaA 40 ON mmm.m
4 1QvY 3 3AvaL 30 YOILIINIO 0£0T 3WIL doig $%6  3UIL 1¥ViS Ava “=SNOILIGNOD IHOIY. 09 § 02 iivg L
: - F \.: . ”; l¢t, . : .. , .
»m R :mq I718'Nduvs n\:u »w m% 1IKIY Q33dS ° MNOW ¥3d $313IH3A YT ALISN2Q Jr4ivi :
» ) ~ .n . 3 - . N 14 - .
- " $s3%0v ,nEHE._ ‘030IAIG 3INVY 04 AVMHOIA 40 2441 © dHYY 3S 1S 0§ 3 WNZ® NOTIVDOT T AvMNHSIN
. ‘ a.w & e - ’

P e
ke

U ) -

i R - zouc. numﬁ%mﬁoﬁmﬁmmm«gzuwi o ~ ‘



,az,', N

‘168

.

tw

D

SAJNYL = 4 soINY = v
‘ ) . . 033dS "SA ¥ 3AILIVINLAIIY 40 107d

< o, - © H/W 033ds )
P09 0ST 0wl

03I o*a 00T 06 09 o¢ W W ma Mn M “ﬂ
" . ﬂﬂﬁﬁﬂMﬂﬁuﬂ HﬁaanaﬂaaauauwﬂﬁnauuHnaﬁuaﬁaﬁauan 1934 ﬁﬁﬂnaﬂman 19238444844 —

g T

- | B - mm@ = . ) '... | . <<v 1 -
- (AL o . ~--001
. . WHaauMNHH-ﬁdﬂﬁMHﬁﬁuwuunﬂwuunﬂ ﬁanwwnﬁﬂﬁ **M* *»**MauﬁawﬁHuuw--NMA-W“-uM

T 0o 0% o021 0 17 .06 ] '3 9 H]

. @
Woau1o .dws UIL dois Sve 3urs L OMe (AYG --SNOILIONO3 IHOIT. 00 § 02 2ivo

. l

- %w an._tm« uwnn uanrc.n R ub“ ngk ._.Jn:Hg. bumnm. gz d3d mu._uwzu) Qn.n ALISNIG 2Xddvis

~

$6330v QLINIT ‘QamIAIC 3NN unod »«::mn: uq WU guy 3 1S 05 3 WMZ' NOTLYIOY ot - AVMHOTH \
¢ .
mm umg.ﬂombmnﬂ._sa A uzo mmm»,_ mmmsmmm mmmmawum&.:mﬂ,. : o .

I ? - .



ENTRANCE TERMINAL 2

Ty
u

hal

B

4

168



170

”
Ot
0O
o
- Y
il
§ o
‘ w oorxo—«mworxomnooonmnmeom
. S CUCOUNMIOINM T LING DT OCINOU OF S0
Eo- emmgmmoomoo.on OF 1O
ag g >~ g Sooo ooomomqw
: e ¥ :
(-3 w !
~—~ 0w
i o 20 9 CO0O0OCONTNHANM.TO NOOOROO
[ 0'::.‘ X OO00000000DN~UIMHO00000S
g Ctre SSOOYP OO O e MM CO 0000 : '
(4 -t | oo OOUFO®I~0 Tt 5
% 3 " >
x u) ‘ w
- J 0 SENCDINCIUNONFING SN NS 0.3 0y o
<~ E' 5 8 CUNIT DINL T IO DN S OOt T s':"o
a OMQMOMMMQO\’W 2=
- w < 3 ©0°00"0" 0 0 000 AN LW bomiry frev n
® N 5 . o
Lol * [
ﬁ (] WO O o~
w = . . .
.:-' '-‘l' o 8 ooomonm—o—mo-h—woo—o—-c—mcoaa 8: - o~ -~
N aQ g - r O3 3OO0 O MUAA -
5 (2] - LIRS . e a0 LRI RN M N
oW momﬁhmmo it
[ 2] - -t g X L ] : o
o =1 ] ' : :
2 58 e =
T o > , : XKgnnnse 00 )
b o) tE w .u_ . _,E_ .o.o.q LRI .’1 v oe e .qo.c:oczo T u’q) e o~
* - o < O O O0O00OMMIVE INNDE VOO0 £ 3 . . .
¥ S x oy " [ ] o © N o
a X oo -t E - MRS .-
O oa ;I faiiy] .
o] g - ¥ O o TINNITONODO N i 00 BPoocacuey U - »
<gm'_ NS = o o LI P O Wt O RN Ot OIS~
bt ¢ gy 04 [ w 5 MRS R r o
XN O [ M oo
§m)- o -« e el ’
- w [=] cw
2 T ' ez
e r . - , ... Ghg
B> - 9 2 " ec o
« u‘ E 2 - E P A FU AN I © O O I N MY u.g N o . -
r R T R R il o - » » » (o
. &2 Z 2 OOttt ooco & &N MmN w
on 5 4 w g .- - Ok
—cy [ 50y O ) N Y
8z 8 F o3 ‘ L 8 =
Q. 0 o - [+4 n" oooooconmnochhmooaoc
. k&m "~ 2] [ W X ........................ L, =
N & E o S Pesese S
o ug ; v w E Zo wn o .o =
o x . E -1} . . . "
&£ o » © v = - (R~
- [ -« (2] PHUN O ON NN "
o . o =} -V...................-... w
[ - S o E
3 oW 1 ' '
x Q. [ < Y v
< W o [ 2] »” . E
x w 5 * . ' O © m
- [ LN n . . . ()
¥ r O > /=] . '\ - N e M )
o -~ [ [ w - - . -] N [=]
© x e w = *NO0ON Ot . . ) ;
~ g 3 [ [ 4 -t =3
8 - =
& Y78 E o & o &
P) = & - O o . . . w -
. - E - ON o~ 0 )
«< : [ ~ e ~
8 pe n ? o - coo & 5 :
A r e . ey ST wiiar s >
Toapyhesse g ToEL B ooresesennnay , :
o NI ® = & - X - o © w ‘ /
N . 2 » O E . . . >
o ‘ < o ~ «g-
o 5 n > " ~ I~ ~ . x
, : . O O Ottt Ut OFUNI 1 Ol bttt LD © ‘ > ’
x v © O 5 )
. g « o E
™ w w o
« | : (24 <
=] E b 8 X - [
x i - - . (4 g g ;:c
win’ B TNONNDFCIOVD T IO 02O - -
war oo‘omma~hv~mmmmm 2 ﬁ [¥)
Q- .
4 [ 2 & N : - . [+
! - 0 " '
-
-t
. s .
»n
- w
3

¥

R



.-

o > M ) - .Jv i . \\\ . .
3 % = >, . sndl =y soLnv = v )
. e Ly . 8 033dS "SA Z IATLVINYIIIY 40 1014
~ A 5, Y WA d33ds
P . 091 owﬂ or1 0¢T oi *ﬁ 00T 06 0L 09 95 ov og m wn
, , m:,: ::::::~::: S:M::TSL:ZTJZM» WSZSMZST”S 134 ¢ -0
. 4 i | ) :
&W . : /«\\ : .,._. << ) - - ,
» . v o-ot
a... . ‘— . - < -
L . S - v . Hnou
o " | Y * oot
e ’ -
. ' 1 s -
SRR - - " v i Hloc
- N y
- A 1 loa -
. , N . Y |
= ) d . z
o , & Y — . v PR :
< - -
. ' ~ ¢ -
» : 09
v -
» -
* ~-0L
- - .P N -
~ z
—t o ._. 1 » . -
s , . --09
L 4 " ~ N F H -
e . - v’ :
" Y 1 -
Q . . g v : ) O T
¥ R : v . ; -
. . ’, . w' 4t n -
Lk Wit o0y
. M ::::mzzmﬁzﬁdzwS:w: 1 W:Swzzw::w::dzdw:: ZSM :
. ﬁw ~ B 1 o1 05T 081 o3t olt o0t T 1) L 9 wc Mu 1

66666 10VY M 13Rval J0 EHFmeuo SYET IWIL d0ls 521 w:mh 1dvls Ava lnmonhng IWIT po s 9 wH<o~mw,

Ma SYINHL :A mo m«_

soiny uN\mM w:.nsn ¥ 1IKIT Q33dS  8NOH zun $30IHIA 85 *._.uwrun UNuLSP..

is HIIH 3INVY OML AVMHOIK 40 wn»._. ANYT N 9T AMH OL 1IX3 M Hooe %H...(UO.F o9’ AYMHOIH

Wl Wt ol LI e e

.*. ’\.l



w

LIRS

s

[Cach

enttetd

WLYSI;T%}’E'&

Py

oF
T

¢!
0

0

AumlT%&ﬁ;%&zg

¢
-€

s

LOCATION 125M N BND N RAMP § LANE

TYPE OF*¢

BHHAY THO LANE HIGH ST

HY

HIGHHAY 60

HI%Rs 198 K

s

SAMPLE SIZE  AuT

<

NSITY

.

TRAF

*$

70 VEHICLES PER HOUR

FIC DE

SREED LIMIT.

RUCKS

3

SR

i

-~

2 oMo o QU dO-OF ©3 LW
E O3 QI NVNOL TN T
B e ﬁmh\hQJJ".
g ")‘g B .SO‘OOOO‘O';FWJI"MW
o {g oM . “
3 8 ~
gu~m OO0 DODOMIN My
- :w X OO0QOOOMGIII~CIUNII~
9 < S O O OO NP AVt P P LAy
<'th g oeoooaogoohhhhmm~
x gﬁ » - 34 '
O OORNNN OO IO AN O
o B R Snotmncde ~o
> o OO DONP L b P DD ON
« 3 OO T 00000 D MW Mdved  +
g part bt 3
- A
. ‘611 - t": NA '
L e W RN AN IMOr g 2
é . 4 LROOURNICH g I O O F Qond T
N RN - 2R A
* T O OCODVNOAMNC OO I Ot
G‘, ~ RN | Pt e
€ Je :
. PO
[T, S L OO DO O
: w X ‘boodoondFNomiamnt
N -] Illll.lvl»‘l".&-’ul';
N O 8~ BOO0COOIW-NAOINNL Catsrt -
W .t - - PCICIr
o ¥ . g . .
. S 8 i
E ‘g U 0D ONOC~D-T OO F ot DM
't 'E S ooooohuqu«¢ﬁouho
OO0 B NN (UL O OOON
s 2 v - rohretpretrd
- P .
[
83
ST B i e S S I
E o8 E O OO0 O RO DURODUN
<
W [=]
- (%)
[ o g (.
E & g OOODCOMMMOMMMOOa
o g o O O odmt
- [=3
0 g & .
- - .
g § g FHACHINNAR IS O
\ [ 5 OO OO Orrt I O ANUWD S 1t
[ <
[ -
=
[=]
-
" oo B
e 2 E OO OrIOMNENNT DDO-T St
5 4 @ \
[ 8 (%) 5
- 'z Uij\
3 =
- ‘e on <
I T I oooodoommooouomqg
o 8
o o
e & E
- 8.
° 3 g IO O O OMIr-T O DO I Ot
w \ g - ' -
- .
-«
o (=122
wanN OODLNIOD- 0TG- 0.1 NS0
g< OO0 ORI 5T -F 2 11
0

wg’
ge.
Wi
=]
()
wl o
4
B . o~
U
r
N
Ut
o
=
- 00
3’1
~ o
'E( R
-
-<>
[l 24
[ =]
m-
L%
Wi
oxn.
H’:S S
¥ -
[=] -
Ot
N
e
o
Z0 o
<(w .
ww o
ro <
‘e
Y .
-
-
w
-
-
E "o
wo 3
Lwn [
5 <
n\
~
n .
© m
w0
[ 2]
5
- -«

44,7 3.9

38.3

52 4l1.5

TRUCKS

48.3 1.6

47.2

53.6

CCH3INED

.

RESULTS GF THIS STUDY HAVE NOT BEEN ADDED TO THE HISTORY TAPE FII‘.

\

172

\)‘f

——



173

s &

V .
]

) SMINYL = 2 soLnv = vy
- , _ T 033ds "sA JATLYINKNIVL 40 107d
- oo . . KLY a3Ngs
091 0st 091 LT o7t o1t Eﬂz 96 oo 9. 09 - o5 me 0 02 o1 -
e mZ::Z:::::LZ::::Hﬁz”:HL::::L::TH: 18941 ::*::m--o .
v . - v --01 .
1 z
. v -
’ . Hnou -
v z
--0¢
|..]-l
. 4 - -
* - I
v ~ .
. »’ -=0b -«
- %
. . - Lo
v . n-omww o
- B
4 . L LR R
.,. i . 1 N i llep Fd n.
. v / g T
) N L
: : L -0 u.
. » 1 . -
Y viL -
i g --09
] 1 - -
tea ) = . . H ) WIQ.O .
. PN \ v A
. ~ 4 - - -
441 - .
&, Sxmw } --00T
AZ:m::‘ﬁa::azzznmZ:WZzw::w:.zwa 1 :JSHSSSM:SSZA -~
09T aST ont oft odr ofr 8T 06 09 o0z 09 o5 & o mu. t
66666 1QYY M TIAVHL 40 HOILDIHIQ S25T IHIL dOIS SEHT 3NIL 1dvis avg “=SHOZLIONOD LHOIT1 02 S 9 3iva
6 sxINYL H/HN 06 SYINAL L S : : .
0s S0LNY  32IS 31duvs H/HA 001 &rx« AIWIT 033dS  ¥NOH p3d %ﬂz? 0L  ALISNIQ 9Xddvil
1S HOIH 3NYT OMI AVMHOIN 40 rw&r_. 3NV § dlY¥ N GNG M WMS2T NOIL1Y201 09 AVMHOIN .
Sw H3QUNN_AGNL . mnm:.‘zm »m:w‘m a3 um - _ .
/ h 1841 ¥ 134y IL dSHYHL,
mowumn m« tva m S %ouwchnmamzth 40 E«E vd3d viwaqy - -
. . . A%

~



oiore)

ANALYSIgT%;E'w

TYPE OF HIGHWAY TWO LANE HIGH ST

LOCATION 350M S.M. OF EXIT TO HWY 16

HIGHWAY 60

-0

SAMPLE SIZE 4%&%5

Xz

/H
M/

SPEED. LIMIT

144 VEHICLES PER HOUR

TRAFFIC DENSITY

¢

LY
.. \‘ .
[=]
[T} ONQﬂmNNﬂN-NmnﬂNNOnM¢NONOm
b 4 moqunoooomcmmqmmma
- RN i At e
oouomnomnmomcmoﬁha
o > g OOOOOOOOQﬁoﬂQMM&ﬂﬁﬂﬁ
g 23 -
-~
8 W8 -
>0 n ooooo~momo~mm~mhommkm&oooo
- :u k3 ocooeohmwoo~h¢-owuoaﬁoooc
s ‘<E 8 oaoooth~moonm~omomooceooe
< COOO O 0 0N DUNT FINCION Gyt
x EZ 2
U v omomohoohnuaomaomommmwmocm o
d 5 E oqonweomﬂoonowmchqowmuowﬂm yo
AR I A et ey
> [ ooomm~no~mo~¢ahwqwﬂooo¢nn~ ﬁ»
- < goooooooohom¢M~u-ﬁﬂ gw
E : -
w g
s B g 85
w AT P O P Ol FUACIWAR (00 A Ot
g " 5 NUOMNOOOONHOQﬂﬁM@OMMﬂM 5
n-....-........-..-....v.. N
W 0 ettt OO0 O O O U TV
[ A = - . o
[ ] Q o
8 F°
- w L) g
[~ ] > 1) mwnnmom;\mr\v\oommr\ [~
o uw X ©cccomwy QDO O IO OO O a:
IR Y. aras AR -
g o 8 [g-1-1-TVE 3 TN LMD T OO0 g:
~ s R =
g 3 mmmmmmomoommmconmwmmmmo&mm ne
:: n g MURUN N QI I O OIS AN ~ i
w .-.-..-.-.-.-.-.......H.
a Q. 5 M-o—omoomgoonwooMNQOM
o ‘w
- [
] Z<
Wil
a =) SZ
] - E hhuhnmmohnunhhnnhnnonbmmnn &g
-t - --.---.-....-........-..--
2 oco NN O ONm~Oo00 &
w g ’ Cob
z w -
F 8 © NE
-9 ' s}
; & 2 OOOOMNIT QM MMOONO0OG
e, Tttt e g, o000
- g © EICIrirs, 400000 OM~OOO00
& 8- b =g
E E <ty
Wi
b 8 o
g e g hhhhohmonoommoohommohonmsu 17
. A I A At
' n S ooewwmmoﬁmo .
[ - ’
o . » .
s . "
5 ow B il
Nl
E 2 & -o-~¢-000~N~qn0n~¢o~ocu 3
o - P L]
U/”tk\ e E
- z 8\ . v wo
5 e . o
~ T on . . ]
18] 3 x . Ot O OO OO OO Y
o 8
© E s
° 5 3
W >
° g g ﬂuoﬂﬁunoowc06h0m00~o~o~ooN
e = N ",
w . .
- ~ . fﬁ_
onx )
wn euomoﬁNeo@¢mamoe~owoc~°mc¢
:";’.‘55 000 DODODN ~IN~ 1) 0O DUUALINR 5
[ 8] -

174

o~ L] «©

. . .

o~ " -

NoWw o

(-] o o

- — -
’

w
~ Y] L) d -
. » . -
Lal L4 o~ TS

w

o

e

[

>

[+

o
4 - - -
. . . v
O N e — ~
r~ M~ x

s w

X

[

. o
—
n
. . - [w] .
[, B - w
LY, ] o
: =]
- 3
Zz
o & [ro}
. . . w
N~ «©
AR R

g
L] o (]
© [ o
0 9~ ~

=]
g 8
L E
- g!'g
b} E o
« (%]

RESULT§ OF THIS STUDY HAvV

N




wy
™~
— e
’ . ¢ ® S¥naL = $0:Y = ¥
& ) 033ds “SA Z AILVINNDDY 40 107d
. : . BRI H/7UM @33dS | - &
ﬁ: omﬂ os1 oT 03T oWN a9t ‘g6 0@ mn ¢9 -“¢tg” g* mn mw MH
33:2:?:2ZHSZZ ﬁﬁﬂmzzwzzmz: Sﬂmzz.wwm::: 1883444441 -0
: n.a&. . . g Y -
. _ : -~ " 1vvy . .-
™ v o - v “
¥ :L © -0t
-~ < .—' “
. Y -
t =-02
. > . o -
( -
1 ; --0g
1 z
¢ ’ ﬁ . N . -
, o o
3 Y ' y

. %
P « - 3
A W.W v --0§
= . e ¢ - :
. . --09
. < - < - , ”
. v -
. S -0 ¥
. v . ; . - v
> , & i v . --08
. , v | :
17 -
v : --06
. z

vi . . <
. . M: i . sth - t
_ wzﬁﬂw::ﬁ:w::wﬁz.w::w:« m*zwzzw:zw::w::wS:W::w::w %
09T 05T oot ofr odt ofr ot ¢ 0 0y of v b &2 &
66666 10YY  13AYML 40 WOIL33uIO 0281 3ugy dOLS SSET 3MIL 1¥YIS A¥O --SNOTLIGNGD tHOIT oo S 9 ave

) . R
" mmouwm« az1s awvs  {AH 88: S e 033dS  WNOH ¥3d STIIIMIA WST  XLISNIQ Srdavay

16 HOIH 3NVY OML AVMHOIH 40 3dAL T 9T AMM oL 11x3 40 "M'S WOST NOILVI0T. . 09 Avmmorn
v > -
037ds N

R 09 _¥agn Aol SISAT AQNL . .
IR e o ol e,

2



YR .
’
~O~ R
wN\o
Voo
ey
a ox
]
>0
« , [~] °
:2 — w o—cm—am.’ﬂnmo—nmn—commmm
- T OIINCLMMIY EASLUIR PR YN SN
> R S PRSI NN DT
-t
- o o &':‘ O 0 00 VDN =1 ~0OE WAt "
D.- g Q 8 -~ -,
i o ]
- N o wy
[ Lt >0 v pooooooenx&—uw-1oe-aomoo v
: S :& i‘) VLoV AON TN TNTIND F OO
< I 0oooOsOO~AS PN T O .
; 0 5 ] E oooooocco-o-omgm T e T e
- N o [aaoan L To o T V) N
gg x 55 ¢ . 4 o
S
0 VO »n OOW-O—MWM—T#Wﬂ»TNH [=3
-« ;:‘ e.l O OO~ T TNt o) SOOI W 3
> o S OO INCVOOM. Dot T O M
W -« « OCrCODINouwnTI - N un »
n N -3 ~ N > . D
"~ =2 - b [l
5w - p A0 M M o
- w o [ oo o O o & e
x -t W O DI I NN 0O oMo O
% g Py L et o IEN DN RP WP\ Fye U iy posy
w " - NPT IRty g 4 e v ¥ N
= « oy sn OIS F FUM o001 et N .
5 0 [ TE™ P . ) - .9)} o
» . K& (8] [ R " % PERRN . N
w 4t [%7 T Tay B4 A
E - ~ i - \ e by
Ex o > =n I~ O3 O . ; b
NS b 4 OOCOBOOWN smwun-o v - - o R
b = 73 w Q! R R I . . fy ST cd - .
b S T I - «_E OOOOODTNI—IN1O-F Oy xf <t N . . .
= 3 O Zir ' o 0 [~ :
g T [~1=] ~t | - <l = ~
or 4 a Se w E; ) el
o
(=Y x X (8] (2] =AU OUALN. OM-$10. 1. DIAPALINIAPAQ ot g
152 N m.'.’:’ : ‘t‘c‘ o moouodvmoo‘)-yowoou'uuw:o-n ,
- o O O0U. . a 5 O IHANNOOI P L DD S AN . ’
- ﬂl:‘ w > o [ '
< a == 2 S~
~ n Q ’
w = .
<> [ " wl : w
] [ W S MO MO N OB O MO 1 N o ' h
'S ) xr -y by = .......a--............ . ot e
O Lo ] U o Ledm T TRV LB T PN ' oo " o~ u.
. &n . - w = Ei :
Yo x o & B B e
w 5 w | o =g
- T W W [
[+ 1N [+ | [+ 3 (3] ooooooomenounnnanr\oo
xOm [=] (7] 5 (™ '3 .......-............-. >
-l - g v DOOOOOOOO . (e 1o 1- Y- o
ay = [E Xo~ . o
= - (] E Zao . " ~ -
o« (ol E - - A 'Y a . . P (%)
A .4 x usig ~ 4 o -
P w Dot g Tu () ~ ~ T
- x - . ['2d MMWONQ'\V’O’\ l'} (7]
‘ [- 4 - T o z o IR L . w
w0 x 7] S rtrd ottt D O x
- AN A 3 ‘ =
< L x ) A o .
. n e -
(] e [3] © -
-d - -~ s . g . [=) .
a r Q - o -~ o [T S N w
n (] oo Y e @ o ¢
2 uz‘ [=] 2 ;._.: IO L OIS CICNANI~ P et Ot ur o
9 : - -
> 6 -t & I < 3
~ & ~ 6 o g . & o M o =S ’
- . i
- < [ P-4 Q wo . . . ]
| o4 X =] Lun -t 2> [l ]
O o ~ K 3
~ o 0 L i ] . - . e
[ ) - w » POOO00OCHO TNHOHMCNOOT o g >
= o 5
1% o W - w < .
4] < x [ " . . R > Tty
[-] -4 w C o o 4 < '
O, g ) 0 > * o o o x
- o o \oa. o aoechmmmm—ecuwoﬁ > “
Py < - : § ot . . g
- (=] .
g w w g : ul 7] \
< , (2] -
[ & bd 0 T L n
- 4 [~] 0 O n ~
- E“‘g{: m#wcm*ueoo?mcmoewnd} S :D é') E
X X . . . v
&3_:;. so @ QO P LIVDDIN - I IMB O 2 An < »~ O - s
1 no : i o
[
[
-
. . o)
. w -
w
C e @
s " o ‘
. vy



177

A . , - v SAdnyL =, g soiny z v
: 03345 .°5A ¥ FAILYVINGN2OY 40 401d
T ~ . WAl cazgs .

D31 03T 05T o0fT o071 o7t »&mﬁ 95 68 g wo gs " gv mn, mw
TSL:SMZST:L::*:wm ESZSLZZMZzhwazm::mzz 184884844
e, . .
<

t

2 R L -

-

¢
. i . ,m ,
. N 5 \ -
& ? - =y S
% . 1 /
. > v ’
* ¥ * ~»
. ~ 12 ! Yy 1
o . . ) R v 1 - .
, - R
: _w . v 1 .
L DN
‘ ]
. J - 1 o
. 1 B
4 N : . : .
4

ZZZSSMSHM::::Smﬂ”:.Wﬁmxx:ﬁﬂ:mzzwa.ﬁzJ::::W::q::
bt s 0ot oft odr 0lT 0T 06 op 9. G§ N ’m 8

0L
A - .
66666 10VY M JI3AvAL 40 NOILI3¥IQ S§9T IWIL dOis SLST 3HIL 1¥vis Avg ~-SHOILICNOJ 'LHOTY 08 § ﬂ iva

T

3N - H/ZHY 05 sdonae : '
m.w mmo « 321§ 3idivs H/UX 60T “€OLAY LlINIY @33dS  wnow u3d S3121H3A 20 ALISN3Q JXdivil.

18 HOIH 3INYY oML "AYMHSIH 40 3dAL 91 TAMH OL 1IX3 40 ‘M*S HSZ9 NOILvaQl 09  AVMHOIK

09_Mi@ AOQNL ’ -SISATYNY 1gnig @334
555 A oo REBE RN TG

[}
©
<

1

¥
-3
L]

l":llll
[ -4
°

'
o
e

=-001¢

wﬁ. u

<



178

Bt I i,

,.W
Y, - 14 z
L . N
../
3 :. . @ ) N : . &uu(
R Y ) - (34 3dNL A¥OISTH 3'UL O! 036GV N3IE LON IAVH AGNLS SIHL 40 $1Ins3d
. o <
. P 3 SN 6°L 61 L 5L U'S9 1"l v'2¢  oaulson
. : _ o
Po£2 T'y o £°¢ - S99  s'or gres SHIAHL
- . N & ] - . P
: . _.Oe.ﬂ 9 . 3 02 6°£L 059 £T. ¢ - sany
. * . R - ™
A30_01$ 4O JIuI HOT1VIA3gQ - HVID MO LINIY  Q33ds 1 ¢ 1) o .
30:8481%:8 e 0a¥0iViS aon3oranod T HE Nv3n § YD ETLLIED N . .
: 00" v5* - 0°0  5'g ° €0 9° €0 I 0 § - ne
T MN omm mw Mom o..m 20" - 40 o.m L0 0 0 9
o5° 2. g0 .61 66" 9° £0° A 9:9 £°0 ! 0 9
> g g0:0 'ei:f. €e:0 00 g2 {0 9 Z°0 0 g
RGN R O L N S 5+ S IR S S ¢
nmw w% ] o PR J.m 833 R I3 £:% it 1 01 g3 el
Mo. L1l ?.Mr . 8§ i3: L€:2 6.6 ——9¢: 0:¢ g S £9 _
}o82 (338 e 1Rt Is: 9:8 . 7:3 I g 1
.no”mw mwﬂk mw: wK ﬁ m”m m“ AL Lih S w m sz
i i b o S A R T
am.nm 0000 w 6% g - 4504 48 0 L . 0 - o8 .
98¢ 9070¢1 g5 1818 - 0:0°7, b %] : gre v 3
mm.a. §o:00 6 mw.w m.m < m.m : WM g 0 9
6 &.: ob- o 1] S 0 6:f - F : : S EH
- agie . - 0 ) .
O3NIENOD SNINML QLY QINISI, SHINaL soin 03NIBNOD $XINNL SOLAY  GINIRDD SWINHL soiny W
3H300384 sngdada : s . _ o S&YF
A3 .wm»w»._:?ww ' §§731H3IA 40 INZD@ag ° N 3H2NL344 03H100HS 'SSY12 NI S312IM3A 40 ON° G33dd
L : . :

4Qvy .M 13AvEL 40 NOILIIMIG D 9T 3WIL dOS DEST ati 1BVis  avo --snorizanos 4911 08 S ¢ 3ivg

- SHIAINYL v /0 06 SYINNL ) , . :
3 & SochY. 3ZI8 duvs . .n\ﬁ%qu 83 V- 1INIT 03348  aNOH ¥3d §312IHIA 95t ALISN3Q 2Xddvar
T 30IAI1G INVT an04 AVMHOER 340 3dAL - 301 N 9T AMH O1 1IX3 M H00Z MOZIVIDT - 09  AVRHOIH

> ~

q‘*\ ‘
PO
)

~



-

179

®

.
A

-

da* ) / . o ’ o
3, ) 3 ..&.4.
LT
. . o Coswnat: L souw ey
g ° ‘ [ S G33ds “sA 2 2 3ALLVIRAOY 40 100
7 { . °* 4 S : HoHA Suun ,
03T 05T 0s1 o1 o7 owﬁ 10T 06 g g €9 0% ¢ge
o t trocbeerrhornd 8
o rttrodvendoon 38424424 H--nm It
_ WY o -
> .— A&}
,1//// ' ‘i .
< c - /,/,//, N -
e & T !
. v
o
. ) ; 1
- . L ' 4 .
. ) v )
o T ) | ‘
. w v

%
<

. e ) Y

__ »

09T 05T 09 ofT o0t 011 . oot L

% 08

10vy -’J% 30 NOI.D3¥IA 0 9T w1y d01§ OfST Hily b«(hn Ava lahfogn_su ...:wuf oe m ocmluﬂ_.(o

b

W@NM«“U%U»%MMO»JSQ

$ .
3218 Nduvs n“m/vu m»n %@ 4IHIT GIadS  unoH u3d nu..uu—._w> °Ll ALISNIO Oridval
30IAIA INVT 8n04 AYMHOIH 40 unc ANV N 9T AmH OL 1IX3 ® Ho02 zo:.ﬁx: ©T 09  AVMHSIH

2 4,

. R 8&m§%§m§»ﬁ§ﬁﬂ<

:nn.m::

MaH-M--*u-n-nnnw.—nuu nn:wuaMMA** nnnnwnnnuwnﬁﬂ.—ﬂ:awﬂnun w@&uud%
: 1 3

L

ot

=-02

-00T



ANALYSIS DA
ST

OF TPANSPORTATION
i

E

TA?IO
EED S

TRANgFgg

ALBERTA DEPARTH
LOCATION 125M W BND N RAMP S LAHE

TYPE OF HIGHWAY FOUR LANE DIVIDE

HIGHWAY 60

SPEED LIMIT

56 VEHICLES PER HOUR

TRAFFIC DENSITY

€ 1530 STOP TIME 16 0 DIRECTICN OF TRAVEL W AADT

DATE 8 5 80 LIGHT CONDITIOMS-- DAY START TIM

PERCENT OF VEHICLES

CY

il

SMOQTHED FREQUE?

HO OF VEHICLES IM CLASS

SPEEN
CLASS
KHM/H

S COMBIMED

\

AUTOS TRUCKS CClBIMED AUTOS TRUCK

TRUCKS COSIMED

AUTOS

AUTOS TRUCKS CCMBIMNEH

O DA NO ™ ity 1
OOODNNOIN I -1 20 F
LRI B A,
OAN DUt ot O SO 4t P 0y
OO0 QOO PMICI—

—

OO0 VIO 20
CO0O00OIFTFOrMMNYL)
R
OOO0O0DON VO TN
OOOOO WHUW w—doent
[l L 2 T )

O U MIOWNOT 10

OM—HOMENT NM.P O LI~
OO~ DN TP IV~
-~

OMNAL OO0 NN Teu
&8

F it FOMMA NN N
Lans £ ool U /IMT PR R RN IR

TN NI S AT
el

.
R kbiadi?al 212 1)
OCOOOANNT MWD WL

PR ..
OO0 OO~ NNC MM
[l AV P ]

Pt =t PN PANONIN . 2 c a0
NU'U(JUON'\O-’OQ’O‘U

OO N VIO UV Yty
ey (o]

F\OOMONMI\O!\O"\'\!\

“ e
FICIN AT IO OO

COOODOOMMIN NN

DU
OOOOO—HI~H~OOO

MO OMON MM ONMIAYA

FHOSOS O -0 OO 0

O e FUAACIO O )

OCOO0O0OOIND Y OO O~

PRIt BN o b O € i

VOPIODH PO N D0
OO0 ONNUN T T 2

R

DA7)
VIATIO

STAL
DE

15

LE

ol

HT

wo

0.
“
o

8s

57.8 3.0

56.2 50.1

64.6

AUTOS

(']

A
(4]

55.4

TRUCKS

4

55.0

48.8

63.3

CCisIMeD

JT ZEEN ACDED YO THE HISTCRY TAPE FILE.

I5 STUBY HAvE

RESULTS OF TH

180



181

SHINNL = 1 soinv = vy
’ 5 03245 "SA Z 3ATIVILINZIV 40 107d
] H.'lt4 G33ds°
: 081 05T 0tT o 07T oIt ogt 9o ceo ooy (- 9 T 3 et
ﬁﬂuﬁﬂﬁﬂﬂﬂﬁﬂﬂﬁﬂNﬁﬁﬁﬂ~ﬁﬂﬂﬁﬁﬁaﬂﬁﬁﬂﬁaﬂ~ﬁ~H4H~NHHﬁ~ 117 ~H--H ﬂﬁﬂﬁﬂﬁmqmﬂﬂwﬁﬁahﬂ--o
. v -
Vi -
«h n
v --01
-F -
< -
. i z
. .nuon
v Z
--0g
F -
v -
~=0%
. o . . :
_ vy --0§
v ) -
--09
N ( “
v --os
. 1 .”.
] Y Hlou
L -
--06
. v z
-001

M.:m.:.:,:wﬁ::ﬁa.n:..:aw-,zﬁuaa.nmﬁ.:~4amﬂﬁ.~ﬁ:+* *.n.n.nmmuaﬁm.:.:,a.:aﬂwﬂauﬂa
09T ©0ST 061 o&1 o031 01T 601 06 0 0L 9 0s 0 mn 02 1

iavvy M 3AvHL 40 zo:.ummmo 0 9T 3IHIL dO1S O0£ST 3WIL 1871S  AVO --SNOILIQNOD IH9IT 08 S ¢ 31va

6 > »m H/ZWI 06 SAINHL -
61 mc Y 32IS 31dHvs HADE 00T "SOINY  1INIV 033dS  anow ¥3d SITIIHIA 9§ >»~mzwoquu<zh

30IAIQ 3HVY ¥N04 AYMHOIH 30 3daL 3NYY § dHvd N ang N HSCT KOILVIOT 09  AVMHOIH

M mwnrbz bm SISLIVYNY Aoni
\ <: ISATWYNY HoHva » 134v$ SHY YL
m <n NOILV! SNvadl 40 MthMkﬁnwo (...kyﬂ#(

~N

WOODITD et >y



195}

PA
DER 502

ATE MAY
BT

ANALYSI;T

TYPE OF HIGHWAY THO LAME HIGH ST

LOCATION 350M S.W. OF EXIT TO HWY 16

HIGHWAY 60

TRAFFIC DENSITY

83
15

TRUCKS

SAMPLE SIZE AUTOS

SPEED LIMIT

196 VEHICLES PER HOUR

GHT COMDITIONS-- DAY START TIME 1530 STOP TIME 16 0 DIRECTION OF TRAVEL H AADT

DATE 8 5 80 LI

]

PERCEMT OF VEHICLES

SMOOTHED FRZAUENCY

HO OF VEHICLES IN CLASS

TPUCKS COMBINED

AUTCS

AUTOS TRUCKS COMBINED

€0

1.
i

AUTOS TRUCFS ccimr

XS  COMBINED

AUTOS  TRUCH

O OMF N A DO MO T WA O N—~OomMm
OMOCIOIT T(Imau- 0 O OO SN ~ O Qe ¢ JO

AR I DDt i
O NI~ BINOWND O BN MY (et o—dNQNOOSrH
OGO 00O T O~ OURN T MWL IOttt

(o

OO0V NCNN~ TMOC DNII0 0000

OO0V OISNDONU 1t 7 F\OQfJUIHOJNQOQDO
R LI

O©O0OOOOMNNAANS .fmamwuooooo

OOOCOOOC FOONM DN L AN Jsird

Pt et rgr—tot .

OO0 DN N T D OMDO 3 IO $F OO+
Cmtt ) HIMJ AN X cQo.N OO0 MIA(JQN

OO(DNI\MMQQCM'\OW'\MO\’—OQ -YNA
OOOOVOOQO“\MG [ha 2a VTV IE e o

ON FOM O T O OIA0 AP T DO DA T3 st v
.oowochr-o—-«-«o'-r.uhmﬂ 7|\-4¢ QOISO

OOOO—-«\M&AOOO’\Q“\OM\" QMMNN-—!-—‘—-‘

CUOIPSIS P P IS A i e 3 P IO ) .
Q@oooac: Joo«oc'o—-cm;—c.o-oqqmuuooooo

OOOOONNOO 0\? D-""\—‘ 00 \f QNNNOO OOD
rhrtaq

O HOPA L NN C OO BIN D OOV T T3 6 )R 1
mcovco:omoorxuoe-omwmo:cwuxuo 4

°°°°—Nﬂ\rooﬂ'\f\omcm¢\7~mﬁ

!\r\m'\Mmooo'\oemﬂom&onoor\hl\mo

DRI « 0 oa e “ e e e DIEEEEPS

OO O O~HVIUN O-ODOMON m«? \T(\)NMNNM-C

OOOOO"'\""OOQV\O'\C"‘-OOV\'\F'\M"\QDOOD

OODOOOO—CF‘NOMH(‘J—«-Q—CO OOOOOOO OD
/

NNMMOOOOQOOMI\O"\OMO'\'\'\'\f\"‘o

oooo—«\m\qm ooon s c emu-—am:v—qpc.-‘

IO O NN N0 P DD 2 3 DD OIS NSt S

' S~

OOODOO—‘OMO—JN(JMONOOHOOOOO o

4O O NN AAMAMAOLY U F OCIONN AN et N et

o¢~oo@q~oco¢~nmn:uomo:womo:
OD QDI 00 -0 O CUMNUINN f F T F FHWWA

PECCENTILE
R 15

a5

11.5

$7.9 4%.4 59.5

70

AUTOS

TRUCKS

60.8

59.5 51.7

68.8

1.5

11.0

59.7

“5.2

53.8

69.9

COM3INED

N ADD

RESULTS OF THIS STUDY HAVE NOT BE

-0 TO THE HISTORY TAFE FILE

182



183

SAdNAHL
03343

pﬂa oma OMﬁ omﬁ. ow~ owﬂ omﬂ mo ¢
aﬂaﬁuﬁmﬁﬁaﬁuﬂaﬂaaaﬂﬂu~u-FHH-~H---~HMH~H

vyv

i1

Maﬂﬁaaﬁuﬂﬁwaaaa auaawﬂﬁnﬂwuamwwuﬂﬂuwﬂ~m-
om~ 0%T 021 o021 ofr 0 6 m

Q) ey

Mm ﬁxuwm< 321S -31dHYS

// 1S HOIH 31 oMt MvmuoTw o 34ay

12 o iy SR T A

n“:‘ 06 $XIndL

HA 00T 0O < HNOH ¥3d 37

-

1IKIT 033dS
91 AMH Ol 1IX3 40 ‘M°s

a33¢d

M&«bﬁkﬂ“ﬂ“&«h&wnq<

NOXJ

~

= 4 Soiny = vy

‘SA Z 3ATLVINLNZIY 40 1074

K/A Qs34

m 09 0%
aﬁuamwﬂuﬂﬂuﬂ.ﬂawa 111
il

0og c2
*aa.umuana

aw~u~uwﬁdaammauﬁwnnqunnﬁuwnnun
14 0s Y £

3IH3A 96T  Allsnza 3lddval

HOSE NOILYDDY @9 AVMHOIN

Wn
=-=0
-ot

=-02

4

'

1
o
”m

1
*~o
&

]
o
[ 4]

I N TN N A AP,
)
©
0

]
~

)
=4
©

[
o
o

-001

b

N

HCXOVUIED I Cpt> )



o

>

ALBERT’ugag

LTSI AT LAY

885

60

PA
R

PANCJON
SIS

Y

;

TYPE OF HIGHWAY TWO LAMNE HIGH ST

" P
L

gABEE

LéCATION 625M S.H. OF EXI TO HWY. 16

4

|

HIGHHAY 60

iz

’

194 VEHICLES PER HOUR

TRAFFIC DENSITY

SAMPLE SIZE A
HO&Rs

SPEED LIMIT

THUcRs 38 KR

DATE & 5 80 LIGHT CONDITIONS-- DAY START TIME 1530 STOP T

I3

IME 16 0 DIRECTION OF TPAVEL W AADT

~

1
£
AUTOS TRUCKS COMBIMED

[+ ]
w
n =
“w
g &
O
- O
x
w
> n
IL¥
o'§
£
[S N )
®x O
w o e
a. >
<
[~]
w
el
> =
: £
e
w
2 ©
[
ax oun
[ - Y
sg
]
o
g o
5 E
«
[=]
[ 2]
nw
« e
-
S g
z Q
(o]
o
-
o 5
- &
S =
w
>
"v.
5 E
R =
-
ont
wer
Bt
[ &)

ONNA =AM - 0.3 OO O O VNP O
O G O FN IO SO~V S U €00 3 '~
O3 O 3 VN Or-MNOM DT MV CHO F O™ M
©C O G 0! I DO F PN bttt

-t

OOOVO NN WVAN D) .T 0.+ OO SOCNOO
O OOV NFHNIVONFING 2 OIND F I~ DNOO
O OOOOONNNINION J ND FOMN OO O
OCOOCOOCC-000 Wi~ VT T M ICs—
Ll ate o]

. .
00M"*OQ"\?MJOO"\II\QMNJFMN—‘\I\
QUSRI O M-S AN O LN mb S NP2 mitn o
QO TNINNON 0O 215 O S OMAD L O NP At
©OC O 00 IS 0DUNT 3 P ICdrtrted
4

~

<

LNONNAIN O RANINEIOINIEC U~ WA D oo oo
SOOI O P NI OO LA T OF = I i~ byt

R R I “ e e 44 e s a4

BIE)  NOMO NS PN IR Ny
OOOOOINNOO DD )07 30 3T VD -ONOD

R R

OOOCOONNNOODNIDN O .30 T3 VO0ONOD
(ol

Lot Aaa LB LN 2D B S EVENT Y N N NPNY, Y

Nttt A
F €0 (It O O OIS OO AINIPAI COLFI GO
R A e < P
O OrI N OO0 O~ Ot

’

mmo&om!nnorxnonmmm

I L R T

OO MN-DUUAINOP I LU A OIOI O ot Coriomt

ODOOOMMNAOOOINOMO SO OMOMOo
...

* e o s e 4 4 s D N R

2000 WO Or 4O O it tOO O

momr\mmow-qmnonmonmmm

R T A et

oomﬁummn:uwnmmn«aqwuw«¢m~00rua

. .

c OF WO OO 3 I F €5 T Mt O -ty
SOOI OO g

L

!’ODOOﬂOOOOﬂﬂNﬂOﬁdﬁoﬁNﬂOoO

e

AN OORD-O FUW LN UNNA NI (At © O -1

B0 ITNOM-O +VIOMBLNIONOLNDDLLOIDT
© 00 0-0 0 AWDTN ~ I s NS O 000 OO

Py
VIATIC

ST
DE

FLED

1S

ILE

FECCENT
5

8s

11.0

4

76.7

64.3

76.8

AUTOS

3.3

9.2

67.9

S

.,

TRUCH

1.6

11.2

75.3

75.0 62.0

86.9

CCM3INED

EN ATDED TO THE HISTORY TAPE FILE.

RESULTS OF THIS STUDY HAVE MIT BE

184



185

SA3N¥L =35 ) co:nvy = v

Q324S "SA ¥ IATLVINHNDIY 40 1074
\ . . WWd U3dgs
031 o041 0+1 o°ct1 GZT o071 001 06 68 =ty [ [ 0% .. 0g 4]
S S Sl NN S AU O S S S S
T N b Lo frg g 1984344¢334322 02235 Tt i
. . Ly
vvy
w1
v
v
v
Y 1
Y 1
1 \ .
4\ v o1
r < * -
- - 4
) Y 1
1
) v o1
v
1
<.
AN 4 .
- . v
1
\A
. ,
v 1
Y o1
1

s

{
0s

/

09T 0ST ost oft odr ofr ¢ 6 09 v

mm $1NyL H/HA ow eNINYL )
S01NY  32IS 3I1duvg H/HA 00T “sdiny L1INIT Q33ds  anow 43d $312IHIA ve1 ALISHIQ JXddvyy

4$ HIINK 36V oML AvMHOIN 40 3dAlL 9T *AMH OL IN3 40 ‘M°'S H§29 NOI1v207 09 AVYMHOINM

09 ¥ICHW_ionL yeNi5, 9334
193 gt -

2 kv 31v0 E1san .
wo«a. Y )

b
¢

Yy 1 i
k4
*Anﬂﬁmwwnﬂﬁannﬁmnmaaqannnaaannw n*ﬂ wnnawﬁnﬂAMawﬂﬁMMMan-~HW--M--M--
: b
¢ £ 2

4

4t

1841

b

COUDEDSetbrDw >

.



! 186

APPENDIX 3

ENTRANCE TERMINAL 3



-
waw

M
T
PE

PARY
TRANST QP

ALBERTA D

HIGHWAY 14

LOCATION HMMY 14 N RMP N LNE 20M W 17ST TYPE OF HIGHWAY FOUR LAME DIVIDE

CEN

AUTCS
TRUCKS

SPEED LIMIT

' 80 VEHICLES PER HOUR

TRAFFIC DENSITY

M SAMPLE SIZE A
H/p \J Al.'ggs

{
Ar START TIME 10 S STOP TIME 1050 DIRECTION OF TRAVEL W AADT

o~
>

]

I0M5-- 0

DATE 6 5 80 LIGHT COMDIT

a
w
-
-t
5 E
¥ 8
i
w
>0 o
[, TV -
-0 U
= 3
£
o
oL »n
a O
w e
a D
<«
o
w
=
g
O
)
x
w' Q)
c B
[
P 4
w
[T
E o
g 5
-
o
w
-
2 ¢
w o
8(.)
w
[
[
O
o O
w x
E F
(o]
0
-
-
2
<
o "8
« =
-~ o
o I
o
= O
[ o]
0 0
WX
o 5
[ Y
x =
w
> .
o
5 8
o]
g(
onz
RN
[TTS =
[y

OMNaRAN O NEIT O + N0 1O TIAN
O FCOWW NN OCT O b 1710 1mtFAF P oy
OC ON *H 0 NONNI~O .09~ /ey
OGO O "~ OF MO Ittt

—

OOONTY M FOMOHNTN PO $9n
OO OO 0T NN OtULICY T
OOCOONTO~SIMOO (J O3 r e g
OO0 U U MU T OIS J bt

o alaled

© Ot ett) P HI~-* ot~ IS FUACNAN +
OO tNQ DA~ MU F OO
OF OP et NOIONNT TIND 0.7 MO
OC U 00 O~ O T MWDottt

-

D D DINTNO OISO NE AN (0
WUMNO 10 OO PV (U 1Nt

QooOMon IO O LIS NN
———ty

HAHAR O (I 1A 19 )t
OO ICIN T CIT DY O OONNDW =

O OOFAT I DIt N OIS € IOt
[ o

Tt 2O AINACIAT AN A -
COCOIIHILIIITODTAN NG ~

O OOINNO OO O O O I ttr NN
-4

WA IS O OM M MO I

R I T T T

O OO NI FUNNNOOT it It D

OOOMOCOMNOONNMNNONNM
D . . o s e e 0

oooo'o-u-wwq MOt D DO OO

RO O O MNNNAO T~ OFHAO 1Y

OO

OO OUVAC ND DO-F Nttt WA ¢4

COOOIOI F T r Nt O ot d O i

PO O UN W ANt S Lot et € JOIO 4

A\l
OO -TCIOND-TAION O TEIOD NS
OO OOWNMNUNUN 3 T T 3 PN

COYFIDENCE
IMIT CM STU DEV

oK
L

53.2

63.5

AUTLS

51.3

&2.6

51.4

7.6

59.4

CCHSINED

STORY TAPE FILE.

AVE MNOT BEEMN ADDED TO THE HI

RESULTS OF THIS STUDY H

187



188

onw
©/92
R

YIGUNN_A

d

AVH 31

mthHn»J<z<

0¢t om~ (U4 owﬁ ow 0I1 ¢

1 1
Muﬂna 1928288448883 8488828 238 ¢

ﬂﬂﬂﬁﬂﬁﬂﬂﬁﬁﬁﬁﬁﬂawﬂ.nﬂﬂuaaﬂﬁanuu

.QMN 0sT 0oI of1 emu QMA 0

CH/MY 09 $49N4L
3218 UYS WA OF  SOUW LTI 033ds

30IAT0 INVY 8N04 AVMHOIH 40 AL 1SLT M w02

-/

SNJNA¥L = 1

SOINY =y -

033dS "SA  3-I:vin12Jv 10 4014
H/HA 03zes N

£ ¢4 98 :r o
1 1

: £s wq e 0
Mﬂﬁﬂﬁﬁﬁ--~ﬁﬂ-n---ﬁn--~ trtnd

\{
1
v
Py
Yyl
: 44*h
M--M--M~AH~M~ ¢
LS 06  0¢ 0¢ 09

ENOH ¥3d $312IH3A 09

i

i

vi

ﬂwmaanwﬁauanaan~ﬂanau

0§ L £ M

ALISN3Q JIddval

INT N ¢HE N 9T AMK NOT1YI01 ®T  AVMHOINM

SISLIV AQN1 0334
NI e,

-
.

'R
--*
Huo

]
(=4
(]

LI I I B B O |
1
(=4
”

)
©
L 4

1
hod
"

L]
o
©

LI |
1
o
~

]
=4
L]

LU N N NN ]

'

]
©
o

--001
1231

Z ¢

N

KOOI >ty



189

i

L

$

}

03NIauo

—
"3714 3d¥1 AMDISIM 3HL OL 020GV NI3S LCH 2AVH ACALS SIHL 40 s1Insay
6°0 g £°1 76n S D) Logh $°€g G3:!161:02
e 1 6y §'2 g 2°Gy 0°¢es 0° 6y eey $:13ned
6°0 Sy £t $° 0§ 9%y L76% S°v§ solav
A30_018 MO LTNIY  NOTIVIAZ HYIU MO IR 033dS st s (17 ‘
2303uIaNb5"7 756 CRERG muzwor_:ow b nY3d ERPSUBRITTT]
4272 0c-g $5°0 372 0:0 <0 ‘0 00 1 .
seip  ood ﬂm” {3:¢ 0°0 : £:2 60 § 0 3 nw
60°6 00" 8t 3 9 : 9 0:0 g
] 1 fe- 348 L S : ;- s "
- 2: wi- 145:61 mn g e m : m v
£5- th ®5" I 2.8 : : *y
o %g" ©%" 19 of 076 0 L % % oy
m.m. 120 23 «m.m g€ L1L 4] euw 9 89
3951 2N TS mo”o BIN 174 o.ma m 0 mM w 09
$7:S6_ 0n6 9% €06 265 L ¢ 1 33
09:00T +9:79 I { S5k §5:¢ 9 Lt 0: s a ® &
28112 § 2 R £ S & B ¢ S T -
6090t 00°001 §2°2 00 63 i 0° £ m 8 t 8
3 $XINUL  so1nY 03NIGHOD  §A3NEL  SOLNY O3HICR0D SX0N¥L  SOLNY,  QSHIWOD sxINML so1nv AT
/
ADNINEIZI IN2Dd3d X312
333 S31JIHIA 40 INIDA3d AJNINLINY GIHLO0US SSYI2 NI S319IMIA 40 ON  G35q

¥IABUNN_A0N

2
vd

AVd 3lva

10¥Yy M 3Avdl 40 NOILD3¥IQ 0211 3KIL dOLS 0SO1 3WIL LNvi§ AYQ -~SMOIIIGHOD LHSI

M T £43N
L] S0l

thﬂ»._(Z(

08 s 9 ivo

m» H/HY 08 m,mu:mh :
¥ 321S 3duvS H/HA 09 01OV LAINIT Q33dS  SnOW ¥3d $3710IH3IA 021  AllsNzg Jlddvis

3AIATIQ 3FYT 4nDd AVMHOIM 40 3dAd I1SIT M HOT 211 § dua N o1 ANMH NOILYVOOY

I AT e

*T  AVMHOIN



190

INUL

= P sinv = ¥

033d$ "SA % IALIVINUNIDY 40 10Vd

091 o0ST oo1 oMA om 0Tt oma mo Mo

1
~.:~a-:-:- a-:~.:~m.3- 1288888888484 &1

w--M----~M--w--w-~”m--wﬁanqw~ﬂnﬂ
091 0ST oeT ot ot oft odr o6 o

lavy o 4w>4rh 40 HOIL1D3M¥I0 0211 auIs dO1$ 0SOT 3WIL Lyvis AVQ --SNQIL

M“ ngw 321§ 3duvs n\\uu mw n%y« 1IHIT 033dS aNOH yid §372

30IAI0 aNYY #N0J AYMHOIN 40 AL 1SLT M ouot N S dld N o1

Wk TR st .o R s, e

H/UM 033d$

0L mo Mm Mo Mm
[92832888884883444%¢ .:.:*
¢<N
Y i
\

4
Y

v
1 .

w:: anwu.—:wnu:wmz.—w“:d

L 9 s

10D IHSIT1 09 § o ilva

IH3A 02T  iLISNaQ Sldivas
AMH NOILVIOT o1 AvmwOIM

2 1

994 ¢

Q

'
©
o

T

1
©
-t

1
o
~

U
o
”

]
©
-

)
o4
[ 4]

[]
(-4
o

]
©
~

+
©
o

=00t

W N



191

“3714 3dVL AEOISIH 3IHL OL GIaQy N338 1011 3AVH AGNLS SIHL 30 S1INSIN

R 2Uot 9°2 6799 6°35  9°%9  §'6.  ganreu0d
L2 6L 6°¢ 15§ L%y 256 S'g9 SX2nAL
61 T 0% c 202 159 8 LS .9 goL soiny
MORRMRATL N TR T e
/
32 €9 4 . e 859 42: B 0: ‘0 1 -2
Mm Mmm it 3% mmm 2 : ; mm w ;
f10 Sy W $20 &% ..m” ” § 18 . m |
g- R 19 2% €9+ : : i { .
mw.mw £2:87 3o : 50 S 1S 8 g i 3
¢eds st g 3 g & of 1 b
2 w m 00° ¢ wo Y b
‘6 :- € 1:9 2381 g2 s : : 4 ¥ g
0 ~.mm 0: Te L ts: oo”» £ : : 3 1 5
¢s:5¢ 238 o v I ; ; 3 : ,
lo: mm.uo €0 : 8 00:0 8 . g 1 9
m.mh "981 L i3 i ¢ ¢ :
1 R mm.: . 08 £13 : : ; &
1518 mm. 2 .wm m : 88 & 4 m“ : . &
g g0:08f £3: 2 0:8 g ; : ;
Ga, Bl dh 8 OHo&on oo O§ £
0638t 4508t §3-5% 69 : ) . § o | b .
s 3NI@HO) XXMl SOINY . GINIGHOD $XINNL SOLNY  OINTEH0D €A3NAL  $oiny GINIR0D $x3ndL soiny i
S SRt SIT3THIA 40 INIIH3d A3H3NbIY4 QIHIOONS $SY12 NI S$319IHIA 4O ON ummgm

10YY M V3AVEL 40 NOX1D3HIQ SSTT 3WIL d01S 0911 3IMNIL JNVLS AvVD “=SNOILIMNOD 1HOIT 09 § 9 aivo
91 $AMN

v GV azis maws A 88 SIAM

. 3AIAIQ 3NV UN0J4 AVMMSIH 40 3dAl

] P L

4IHIT 033dS HNOH ¥3d $3TIIHIA 092  ALISNAQ Alddval

ST  AFMHOIN

WLV AN R :

1S LT M 4 002 auvd N 9T AMH NOI1Y20Y



e

N3

el
-~

192

. " ost o
- m::

w~ 61 ¢
au~um~n-

bk

e
o3 't o
14443 194 4¢

M

1 0
Hauu

1

f \5? o

swonat =

1

so1fly =y

.qu "SA Z IATLNILNDIY 40 40%4
b H 1 03245

[ Jal

4 -

0%
-~r

fon

0y

,<<

\J
v

A

M ua%~n~—*unu~“n

e
- -

. M--W-~H--~Mununwﬁmauaﬂuuu
]

T 0%l

0ct or 0

w

Vo1

L]
L
(2]

1
EEEEE [N}

1 o ; -
v .

\ h

-~ﬂwnum*w~*** nnuawuannwﬂunnwunnnmwumw nuuwnuoon
1 6 2 L 9

iavy »u JD)(R» 30 NOI1J3410 €STT 3uIL mm»n OvIl AMIL 1bViS iva =~SHOILIONOD SK9IY 09 § ¢ aivo

» 9T ¢
"

. meww«uus.u»ﬂ.—mzsg

Voo mans MBS SO

‘IATIQ IV MNO4 AVMHOIH 90 3daL

ATUI1 a334s

18 2 BN C02 dHva N o1 amid zoﬁ«g

8NOH ¥3d $IIDIHIA 092 ALISNIO Jfgival

*T  AMMHOIN

| §§¢§.



ot

P
R

ANALYSTIS DATE M
Y ISTU&YEPM‘JE

TYPE OF HIGHWAY FOUR LANE DIVIDE

HIGHHAY 14

<

LOCATION HHY 14 N RAMP 400 H W 17 st

44
Th8 16

SAMPLE SIZE A

ks 88 KnAt

DAY START TIME 1245 STOP TIME 13 5 DIRECTI

SPEED LIMIT

180 VEHICLES PER HMOUR

TRAFFIC DENSITY

OH OF TRAVEL W AADT

DATE 6 5 80 LIGHT COMDITIONS--

PERCENT OF VEHICLES

SHMOOTHED FREGUE'"Y

NO OF VEHICLES IM CLASS

AUTOS TRUCKS CO“RIHED

‘AUTOS  TRUCYS COMBINED

AUTOS TRUCKS CCHBINED

AUTOS TRUCKS COMBINED

O I NI A OHNN P I O bt DI Dt O Nty
owo«)m«-«mm—a :omv-wmﬂoooho—oﬁ“\uruﬁ
o'}m@:\m TOOMN 2O rmoemh-rn-nncl\mm—q
QO‘OOO O 0 U O DD~ G OANT MO Odemt

OOOO0O0O0OOODON IO N R AO0- Mmes T o
COQOOVOOOOOWIS 11~ FOOIMUSNNIC Ot
ocmooocooonmmmoqmaﬂnom—«\ o3
oamoooooooooowchowwmﬂ-—u—c
PPt eyttt st

e S SN P MM OO0
ON T3~ rtthh Jo—t O o-«qve-—ca@mwhoo
O DON OIUOINMC ?l\-—o—cm N\Noo:.nvoco
OOUO‘OU O~0* 000! -0 DN -T MUy ot

© PN

DY DN NP it P DN O T O, e s ala ]
mmcmo-—ccdo@wc-—wo¢mo~l~nor\o¢xum v

AR e e e

ooob—«-‘-—«vﬂeumq omwr\oor\r\mw—w

MDD BT *N Nl 0O 0D M. -0
OOOOOQOOOOF(H(\DN(JCJI'\ N AT AT TN NINTIIE Vv

OQOOOOOOOONNONQ\YOONNO\?QQOO > 4

OO0 OMC AN NN, "\f\NONc’\?-—GH-f’O M.
'\l\ol\mwmou@omcmo T O MOt UL IS OO

OOOOHNNmNﬂanOGOOmmOOmNﬂOQO

n-ﬂcmr\o'\mcr\r\l\l\mommomhoor\ Mo

ooooo-OOA—a—c.—cmmr'un:m3660"\-—»—:—4—40

ooocoooooowmnmumohccnnnhooh'
.

< _/r)OOOOOOOOOODOH—!NN—-‘OOOH-I'D

mmo-‘!r\ OWM'QOO"W\ Mrﬁr\'\mch moo
DOOO O-—co—-‘-—«-«-‘(\ﬁ'\m SF\\?(\K\K‘INN-*DOO D

—‘OOO—C—«AOMQNMU\N!\MQQONHN' tetrmd

oo C‘OODDOOO-—‘ONOMWOF‘F‘r‘F‘

ﬂQdOAﬂNQ”ONNﬂJuthﬂwmﬂdﬂcoo

D ITNOD 0T NODO- TOIOMND-PNIOCINF ¢ IO 0.+
OOOOW0‘0‘0‘0@‘00'.1!~'\l\l\l\~0~00~0 ousan
[l ol Bad

MEIDEVCE
ON STD DEV

ca
IT

2.1

65.7 77.4

75.7

86.9%

AUTOS

8.0

68.5

67.8

75.9

TRUCKS

10.2 1.8

2.6

73.4 63.9

84.1

70

coisn

O TO THE HISTORY TAPE FILE.

s

AZDEZ

RESULTS OF THIS STUJY HAVE 13T ZEEd

v

193

EIS

NP Y

e L e A

o

A A

;

VIR




194

R T R S S e O o T T

SHndL = 1 soLny - vy A
03325 “SA Z 2'TIVINNIIY 46 1074
Bt Giles
071 O%L ©0T C£1 02T OIT 00T 6 g ¢ 89 5 v ge gz, or =
G SIS SIS S i 7 LS S S
HﬂﬂﬂﬂﬂﬁﬂﬁﬂﬂﬂﬁﬁﬂHﬂﬂﬂﬁHﬂﬂﬂﬁﬂﬂHﬁﬁﬂﬂﬁﬁﬁﬂﬁﬂﬁﬂﬁﬂﬂﬁﬁaﬁ RAIL83833040443402028000: o °
« -
vy . -
v 1 S-ot
. ’ v 4 -
--02
A} 1 e
. ) p
v
I\ --0%
v z
P "
--09
q - .,
< 7
- 3
--05 £
't - {
: y
-9
- . Hloo “.u
] . L - f
v o3
--0L ¥
Y d -
. 2t --09
1 1 -
v -
) : v 1 --06
v 1 -
. v -
v 1 -
: vyy 1 -
YYililia111 --001
waﬂﬁﬂﬂﬂﬁﬂﬂﬂﬂﬂﬁHM-~HMH~Hﬁwﬁﬂ ﬂﬁﬁgﬁﬁﬂﬂ ﬁﬂwﬂﬂﬂ~m~HHHﬁH~H~“ﬂﬂﬁﬁwﬂﬂﬂﬁwﬁHﬁﬁﬁﬂﬂﬂﬂﬂ
T odt olr o 02T 0Tt o001 &s e & 09 05 o» 0f g2 o1

1avv M 3Avdl 40 ZOHhmeuo S £1 3HIL dOlS S»21 3NIL hm<hm AVO --SHOTLIQHOD 1HOIN 08 s 9 3iva

91 €.42N4d1 H/WA

08  §4IN
L 44 mOPD< 3218 37duHvS H/RA 08, "801

dL
¥ LIHIT 0334s 8N0H ¥3d S31JTHIA 09T ALISNIQ 2144viy

3AQIAIQ 3NY1 dn04 AVMHIIN 40 3dAL 1S LT M W 009 ¢uvy N T AMH NOIL1v207 9T AYMHOIM

4 S
m~m>4<z< Q



»
[=]
2

w
-
(-
[=]
[=
N
"~
(4
>
-t
E

ALBER

TYPE OF HIGHWAY FOUR LAME DIVIDE

LOCATION 20 M W 17 ST M RAMP N LAME

HIGHKAY 14

103 VEHICLES PER HOUR

34
9

TRUCKS

SAHMPLE SIZE AUTOS

80 KM/H
80 Kii/H

0S
UC~S

A
T

SPEED LIMIT

TRAFFIC DENSITY

DATE. 8 5 80 LIGHT CONDITIOMS-- DAY START TIHE

950 STOP TIME 1015 DIRECTION OF TRAVEL W AADT

[=]
W
Lol
~ £
[S ]
< O
w
wD
>0 v
[TV I
e O
32
2= -
)
{6 Iy}
a O
W
a O
-
o
[
<
(4] [
w
5 8
(8] [=]
—~ (S
o
[
> n
x
('Y (8
[=] 2
r E
z
w
[8) 0
o (o]
Y] g
o 2
-
[=]
w
z
> [l
(8]
g ¢
w [
puo (6]
o
W
Q. (]
[T x
[8)
[=] 2
w o
x [ ad
-
[
[ n
p 5 o
w -
=2
-

HO OF VEHICLES IH CLASS

AUTOS TRUCKS cCeoMBINED

OM OO 0N LN O Dot ONNHOUN IS O
ooooocmammmmrmohmMﬂmmmmh

O 0 NNITHNOD T OIS y-—anm—oom—c—-&«-—co

OO0 0 T OWI~OUNT FIOIOSC domtord
—

O OO O N-T AN INNAFHODO OO 00
oooo"nn\rotooo:uwwwm-—cl\oaoooo
oooo.om—c.orcr\oumuwo:r-cmoooeoo
©COOOCC @ OUNDICINOINI i

et

Lot ntndadodalelalolololulololelolato Y=Y aTe Y oY =]
ODOQOOOOOOOOOOOOOOOOOOUQ

e et h e e e e S e e e e
omm—cv\—cmomcmom—oommawuwm
QO‘O‘O‘QQ}'\OW\?"WN(\IMH

PO T A Tt DOUMAF T 2 mttAN

oo
(Al Pelig u‘.o(utx.atoor'\-a-qm' »crmr«noo Far~

HNMnmNOHAQOMM~HMmMﬂODObO

O O rtrmdmbredmd =t Ordmdy
QOOI l\HQ(O'f'GQOOO'\ JGINOOOOOD

OOOM"\—-{ 7¢~’7\'\OOO"V\I\MOOOOOO
drtt

OCOC000O0OMOOMOOO0D [={ad
OOOOOCOOOOOOOOQGOQOOOOOO

quaoooa—coochcnmmwoooﬂa
v

yxonr\nomoov\v\mvxrxnmmooomm

o-—c-—o-cNmQ'mmm—-wqo—HN-—oo ooooo

. OOOVW‘\OM"\I\I\OOQQ’V\I\"’ODOODO

OOOOOH%ODOOOOOOOOOOOOO

'\OM"\ODOI\Y\OOMF\P\MOP\DV\OOO"""'\

OH—‘HWP’\""’\WON—-‘:—&—‘OOOQQ Q

Ht e NOHN S DN P OKIO C IO MICICIO OO O

COOOMHOMAIDNOODOOAMAMHODOOO00
.\

DITOM 0 rNON NIIOT DTCIONN TCIO
OO D-OWNUIURMN-T T TG TN ISV I

A

FIDEr'CE
CH STD DEVY

STAYMIAON
DEVIATICH

5]
r4

Y

FERTEMTILE

85

48.6

49.1 36.0

57.3

AUTOS

68.6

56.6 47,7 35.0

S

TRUCH

~

2.8

48.6

43.3 35.6

6.6

COH3INED

PESULTS OF THIS STUDY HAVE NOT BESM ADDCD TO THE HISTORY TAPE FILE.

195

NSRS PO S PRRNEPT IS

e

2

Ao AR e i 4 ot L AT b e e

(RN W T

B N J P

R S )

»-



196

e S S el L S S L T o ML sy tamm e | ok N S 5 5 e ey

N

LEN

.r.Mv
’ $4dNHL = 1 oLy = y
0334S "SA 2 3ATIVIALNADIY 40 1074
/WA 332dS
09T ¢l or1 R 1 69T gs s € o9 ¢s 0y g 0 ot "
Mﬂﬁﬁﬁnﬂﬁﬁﬂﬁaﬁnﬂﬁ,.”ﬂwﬂﬁﬂﬁ.HﬂﬁﬂnAHﬂHM~H-H--~HA~HMﬂHﬂﬂﬁﬂﬁﬁﬂﬁﬁﬁuﬁwmewﬁﬁﬁﬁuﬁ -0
S TVvvvY -
. > 1v -
‘ -
--01
v :
. v :
, v I --02
1111 -
v :
( -
a 1 Hvon
4 - R
F -
--0%
v - /
- 3
llﬂm A
: o
- v
Z-09 m
v ©
- ]
. ~~GL ¥
v -
, v --08
4 z
v -
<b Hnoo
v —:
F -
. Y11l z-o01
Mﬂaﬁﬁaaﬁﬂﬂm-ﬁﬂm-~ﬂﬁﬂﬁaﬂﬁ ﬂﬁﬁﬁﬂﬂﬁﬂ%ﬁﬁﬂﬁ#ﬁﬂﬂ MHHNﬂMﬁ ﬂﬂ«ﬂﬂﬂﬁﬁﬂﬂﬁﬂ#ﬂﬂﬂﬁwﬁﬁaaw
09T 0ST 05T 0fI 021 oIt o4t 6 68 0L 09 05 0Ov g5 g2 1

10vy M 3AVHL 40 ZOH.—.uumHn STOT 3MIL dois pSe IWIL 1dvis  avg ==SHOILICNOD IHSIV og S @ 3lva

AN

6 Juﬂm H/HA mo MLUD h
Y€ SOLNY  3Z1S 3I1dWYS H/ 1IRIT a3ads HNOH ¥3d S312IH3A o1 ALISN3Q JI4dval
30IAIQ 3NV 8103 AVMHOIH 40 3dAL 3NYY N duvd N 15 /1 M H 02 NOILYID1 o1 AVMHIIH
0L mwm.L:z 1an1s nmmsdzw A0N1S 033d4g
ATYNY Hygd Al3dy NOI1Y]1&EDdSHvaL N
Wom wn AW alva s1s09 Eﬂw<mmoan21 40 1N3H1idvd3Q viyaay B



fond

it
R

-

waLTSI3 BATE IO,

TeiR
W 17 ST N RAMP S LANE

ALBERTA D

lj

LCCATION 10 M

HIGHUAY 14

TYPE OF HIGHWAY FOUR. LANE DIVIDE

136 VEHICLES PER HOUR

it

-

SAMPLE SIZE 03 _-
0%

A
W% 88 KA
DAY START TIME 950 sTop TIME 1015 DIRECTION OF TRAVEL W AADT

SPEED LIMIT

TRAFFIC DENSITY

PERELTIT PRESOENCY

AUTOS TRUCKS COMBINED

LIGHT CONDITIOHS--

DATE 8 5 a0

.. .
O IMINVOISIN IS S OO 0
OO0 0000 O -0WN-T Meue
-
o
[*Y) o onnmomnnncoamonoo
" 5 NNV N T O F OIIT MR O
w OO ONODINC T OO NI
-t g rSembe=t
ey v
-t (%)
E .
S " PUA.AMNA O DOICININ NI L0 O
X  OO000COODCM~~O00000
o 8 O OOMNDIMMNIDOCIINC WO -0
(= e
-
&
(%) (2] PP OO O L OMUNN A Dbt
&' O 127 IS0 DOCHININOF it 4O 3 Cacy
a 2 OO OMNNODVOCHINmI~ NI
bbbt
e
= IS O O O AN MR
b "~ R R R I P
g g O OO—rNT RN-OI O T F Ut O rtomtet
[T o
2 W
o
o ) OO OMAISNINNI IS AN O WA I
™. x» R I I D
8 OO0V OOCOCIH I i0DO00
o .
w [3 :
E -
o
zc:: 3 UAMOINON SN ON OMINGONOO
(2] 5 OO UNL $ OURNIN IO O et
«
[ 2] v
2 = OO T QDU DIN~O O -F 4t
- p \
(%] S
= cs.:
o} ‘\
© " o
ﬁ 2,:.; OOOO:*OHOONQM\IO—«"ONO
Q o
- o«
Xz -
g )
4]
8 O  HOOHH 0T OVNIMNOOOI
5 N
Q <
-
(=12
[V 5N ooqmn-n&a;ma#rwoo-,t\l
al:i OOOODUUNAUIN-T 3 3 T T MM
wo
~

OrirIONDO O (R ettt F ONF DD SO
©F DCHOPINOIL 0 -D-F rIIIO - h
O OOUNNNT OO0 DUV~ D O
©00-0-0- 0 Q) I~ D Ficurtt

-4

OOOONTANNNOMINA. T )¢S0
OO0 MANOI NN 2 U St O
©OOONINMNT ~AC P ifn y ~40D O
© O OOC 00 WO~ OUN T MO\ Irmtomt
o o ]

OO0 TUNMN. FUUN IO P OOty
OCRNNN 0O D DMt LANC SO DD F €4

© v e e e R

~

COMFIDENCE
EAN

IT Ch

957
LIN

15

MTILE

e

on

PER

85

1.6

2.0

49.3

43.0

55.7

AUTOS

197

”™ ”
" -t
Lo "
~ ~
-
» .
w
~ o -
- . -4
< - w
w
<
-
P
«© o -
. . v
w o —
R L 4 < -
w
x f
o
[=]
-
()
. . o
- - w
Lo [&)
©
R
-
=
~ o w
. . ui
o o] (A
N <
[,
(9]
Z
- o w
. >
R4 n «<
v Wy x
>
o .
=]
o -
ul "
(4] = ;
o Lead (2] h
U g o= 2
v 3
w :
o
[
-
-3 .
p=d
n
w
= i
L\



198

R R e e Y i ]

e oy
SuUdndL = =V
. 033dS <A 30 107d
~ .
:.\L.* €z345
. OM ow~ 0T ot oﬁﬁ owﬁ owa mo mn oL oo %m mc Mm [
. . TIT1T ﬂﬂuﬁwmﬁﬂﬂﬂﬂwaaﬁﬂHﬂﬂﬂnﬂﬁﬂﬁuﬁﬂaﬁﬂaﬁuamﬁﬁﬁwﬂﬂﬁﬂa-ﬂ--amqaaﬂﬂﬁ 1t
\)
. v
vy 1
v
4
\J
4
v
. 4
4
\ N
4
d v 1
Yi

“<

<<
' Wauuﬁwanﬂaaauaum--Ma-~qu anuauaaaauﬂnauﬁMM«**

¢ 1 w
1 0 T 02T 011 00T 0o ? 0L

m unawuanawaaauwauauw
T 051 o 09

L4 €

1Qv¥ M J3AVdL JO NOILJIHIG STOT SHIL dOLS 0S6 3IWIL LHVLS AVG --EKOILIGNHCD LHOIN 09 S © 3iva

3L oswoom ) H/HN 08 $¥INY
¢ OSSRV azs 31diYS  H/HN 0%  SOLNY  AIWIN Q33dS  HNOW ¥3d SIVOIMIA 95T  ALISN3Q SI44Val
JQIAIQ 3NV 8104 AVMHOIH 340 3dAl 3NYY S dHVH N 1S LT M W OT NOILYI01 T AYMHOIN
L], 83000 Lo SISINY tonig o3 ds
a8 e vy v 101 LY180JSHYHL
m mw«u nolte 8 savals. TRERERTSHE % L uaav

-
[+

19841

2

trnd

L N N NN N

L I I I I I I B B I B B B O )

b

-01
-02
~0g
~0%

-0s

1
o
o

¢
o
i~

=06

-001

N

ALVUDTOD el >



e

LTSI BATE JAT

TYPE OF HIGHWAY FOUR LANE DIVIDE

LOCATION 250 M W 17 ST O/P N PAMP

HIGHWAY 14

3

SAMPLE SIZE 4&1;&%'

LIGHT COMDITIONS-- DAY START TIME 950 STOP TIME 1015 DIRECTION OF TRAVEL B AADT

H/H

89 i
80 KH/H

AUTOS
TRUCKS

264 VEHICLES PER HOUR

DENSITY

TRAFFIC

SPEED LIMIT

DATE 8 5 80

[
w
z
)
>
5
23
w
>0 »n
e
= 2
-“E
z
]
Cu o
a O
W
w
<
o
w
=
0N =
w oo
o &
[ ¥
x
W
> n
- X
s B
e E
ey
w
O o
& O
W e
o D
<
o
[
z
> -
: 5
=
Ww
> O
o
W
)
“ 5
o 5
w o
E r
8
g 8
[
>
<
N
3
%)
j’-‘
o P
= 8
=]
w »n
w
- O
o D
- &
T -~
w
*
5 £
Py 2
x
W N
<
L
0o

©OMONHO TOMNO 0Pt

IO 1A
) O'\'\NMJQO‘QGN’\O’NONO OIS0 IO

OP O Pt RN O mooma
OOODOO‘OO'\OW NV drtomded

O OOOOOOOQONNMEHNN O F 03
OOO0OLOOOQOONNT: nn T W O

e+t e 6 s 0 4 e s s e o. s LY
QOOC‘OOGOOOM"’\'\QO(M TNOrt s
OCOO0OOOOOO T - I0M O I MOttt
L i L e e )

ONONAMGOOK\O"\O‘ NP ittt
ONIOMNQ'%M"GG'\MNM)Q

R
OOG)«)MOONM#P\HMAONNMQ
OC 00 O QOIS OURS %

~

Orit 2O NP OtV OPAT NN D 2 PNt
NN I 00 '\QHO\?"V\N~NQ~O\7MU\O

ooamno'sooo m

MITUND N O Nt 3
OQOOOOQODN(J o320 L'MvOQO"J-?O

R ¢ & s s e e s s 4o s

QOOOOOOOOW m-—ﬁ@ WO\T

ANt et P 3 I OIO OIS . S O OO
n—ooaomo—:r\mmommuo—cwmml\mc

OrteettN I I O O O O N IO OO
rbrtrd

F'QN'\OMONN !‘\W’\OMI\MOI\ON'\O

M\f\?oool\ o—cooo&mquw—on—c

OOQOQOOQO'\NOI‘\'\'\I'OMOMF'\O"\O

OOOOOOOOOQMNWO!*H—-Q

”ONNOMO’\OFMN\MIQOQMNMD

Mcvoomoooa 3«:-—0«»—»—«:00

ORI 0.2 OMN D OI O NhrtlN M I
et -

RO OOCOCOOONOLO TN OOt~

w0 culfliio g o SOMIAG T OMOMt00

'OGNOQ-DQQJOQOQNO") O PNOD N vey
QDWON PN 2000 © OWRUNIN I F &

T0 CEV

957 CCHFIDENCE
CingT 6R05

=0

W
pui N
(2}

ITILE
15

pPERCE
3J

as

1.2

€6.5

57.7

74.3

AUTOS

199

(o B Y ] -~
“ ~
~
.
o © ‘
o o _

55.5
4.

45.
%

62.2
73.2

TRUCKS
COI'3TNED

4
63.4
RESULfS CF THI3 STUDY HAVE NOT BEEN ADDED TO THE HISTCRY TAPE FILE.




200

e

,43 uﬂz oDh
vd

&

S
a $I§

-~ ey & el )

OMH oMA owﬁ OMﬂ
r/« uwuaﬂqnmﬂﬂﬂmﬁnﬂ 199

1

) wﬁaﬂaMHAAﬁaamuﬁaﬂa
09T 08T 05T ot

Suindl = 1 soLnY = v

033dS "SA % IALLVINLAZIV 40 167d
H/WA Q33dS

99 0s  0b 9 02

1 1

02T ©OIT (51 go g 4 T
aaaauaHﬂﬁwHﬁMWﬁAAﬂuﬁaﬂuauuuma

NHMNHHﬂaﬂﬂAﬂMﬁﬂaﬁﬂﬂﬁa [N

.,-4(,.

Y
1
1

1
1

«
»

aﬂﬂaﬁuawanaamnﬂnaw %ﬂ %~nﬂﬂwaaaﬁwaﬂ-M-ﬂ~q-ﬁuM--
62T olt oot 6 'T] 09 0 0fg 02

1QvYY M 13AVHL 40 NOILJIYIO STOT 3INIL g0iS 0S6 3INIL LyviS A¥Q ==SNOILICHOD LHOIT 09§ © 3lvd

SAINYL I\Lx 08  SWINYL
SOV 321 ERT-0) 4 H/HA 08 "SDinY
30IAI0 3NV ¥NO4 AVMHOIW 40 3dAl
nnm.4<2<
ATVYNY . INVES il134
zow»<h¢o&nz<

1INIT 033dS  MNOH d3d $31DIH3A 992. ALISN3Q DI44VdL
dHVY N d/0 1S LT M H 052 NDILVI0Y o1 AvMHOIN

d , .

i T

a
It
40 IN Yid3gy

[alaied

|

o1

| 2L I B I N B ) Ll

IR NN NN
]
[=d
[}

el L F

U
[=]

3
©
~t

'
L4
~N

-0L

=001

N

AVOLDTD -S>



}
1

1t
73

UDT MUMSER

ANALYSI;TDAYE HAY

BRPANCH

AHALYSIS

PANSPORTATION
ETY

F

(=
e

TYPE OF HIGHWAY FOUR LAME DIVIDE

LOCATIOM 500 M W 17 ST O/P H RAMP

14

HIGHWAY

LA
~e

2D
-«

4 SAMPLE SIZE

AyTOS
TFUCES

223 VEHICLES PER HOUR  SPEED LIMIT

TRAFFIC DENSITY

950 STOP TIME 1015 DIPECTION OF TPAVEL W AADT

1€

CHT CONTITICHS-- DAY START TI

LI

DATE 8 5 89

ENCY
TRUCKS CCI'SINED

N
x O
W
a O
L 4
[a)
Ww
0 ~-
w m
- as
[S] (=]
fand (&
X
w
> "
x
w (6]
o o)
[+
- -
-
w
(8] n
n (o]
w -
o 2
-«
[p]
us
> -
(%) 0
- et
w (=]
o (&)
Cr
(%)
o (2]
u aul
O
o o]
w [
T
-
8 o
I [«
v | ang
2
4
(o]
v ur
v =
P —
-d (8]
(&) s
Q
- (8]
L)
7] ]
'] s
-~ o
L) D
[ 149
X -
bt
[l
. [&]
(] [
2
(o] «
<
onc
woN
W
-t
V.0

O N MO —HMINO O O N T CLNAO O ettt =t AT CIOIOINIC IO o
Ofu-«t.n-o.‘..-nn 3!\7'\»-44-4" m-M\tQOvn b JV 0N AN 1 py\l\'\,.l NS .
OO w\r\mmom QO‘CJ\’J‘O"\FOU\—O I"’\O'\\’MMOOOOOOO
OOU G000 O WO~ OUNN T FWNCI Uttt

OQOOODOOOANANANCO LN TLMATIACY Pt A ds NI~
[=lelalelalolaloT01N) -"UO(‘\J" I'vOﬂl-—‘( !U l‘ J Ul—“ﬁh’nlﬂlﬂl!llhllulil~
[alelolalelolatatols] O(‘J.—'(’ [ g mcm'\r\cm OMRJY\F\W"\M-—G
COO0OVOULDU OO 0D ~OUNT PVCIC do—t
Tt mdem bobetd et et

O M DN DDA HOE AN D N O CHAD- OO~ HAO O
C’Olwf.ﬂ‘\\ﬂ"»-ﬂJ"lOO.\'\ 1.-4"\00"_1\1”—"'\‘!5’\")" I
on'- rmo 1—«nm—om of\r\omoocuoooamaocooooooo
OOO‘OO‘OOG)Q)Q.N\oInO\‘IMN—«-«-d L O B I |

~

R OONAT PP AVNIAC N IO OO T L A A NN
r\on.hqmm—‘ 0 :uomq-mm.u JO '\(' Ouuu 1) ymmoocnﬂmm

ONOO-—“\R’UN""V\'\'\QU\ ooommwraemﬂooocooooo

COIOC 10010 F LA AN oo
oocoocoor\i\mv\l\ommm.-«\wn r-ﬂ‘\L‘"uﬂOOOOOO(‘V -~

OOOOQOOON—"WOM\!‘MO Q O'\IthIGDOOOOOOrdH

o1

H-DOINCIDIOMAT DN RO NE N OIS OO I )5 s ol 11
O*l'l 3 Q- fu-—trdl\ct'IAOO(JNOJNONCJ"VL"OI'J” I IOOO0COO

O—-COO'-OMF'\NQOQOON'NONI{\NN—!—!H—-JOOOOODOQODO

1y

r\omvwmmmonoho'\noomov\mr\hnohmmmcoooo Halla]

o.—qco—-‘wwmohl\mooomﬂ :NN(M-—(AOOOOQODOO

QOOOOOOQ"\""\Mlﬂcﬂ\oc"\ol\f\V’OO!\O.\OOOOQHOI’\"\

OOOOOOOOOOOOOOOH-—‘HP“JM:—‘NHHCOODOOOC‘OO

~ omv\mmoo!\ohnmmom'\r\r\ommmv\r\ " '\f‘OClOﬂQO

O!'GOO!-N‘J{JN"\ :oorxmmmm—-«—o—»-cdaocoomoooooo

NOHO MMM AN DN VDO DD 1DPM FCHAU T OO OO
—

°OOOQOOOO—'OV-COOOQ\JMO"‘\MNO('J'-“JOOGOOC‘O DO

DO M=t OO DO DI ptI NVt bt Vo 4O 1IZT0CO0O0DO

oDH fNﬂmofﬁﬁmP¢NoQo¢N0ﬂhYU-ﬂh?tho*N
OV .0 0T OUMQO I~ IS~ QOO-Q-OVILALAL L | T T3 3 1Ar1nA

1

i of 3
04 STJ DEV

niT

&

9SY COMFID
L

15

PEFCENTILE
53

85

10.3

2.4

74.8

64.6

4
t~

83.8

-

AUTOS

"m

[Ze]

69.7 61.72

S

TRUCH

1.6

11.4

(]

cJ
-

59.1

0

el dNc
tadisl

ccr

TCTY TATE FILE.

CCID T3 THE HIS

A

NIT BZEN

VE

STUOT BA

THIS

orF

201

el

_ g

i - S 255 3., -




202

_ R L et e e, B . e P e o e e '® (hodeder 2 o T

) SASNL =y coinv = v
Q3345 "SA z 287 IVariinodv 40 107d |
H'=.4 333dS
0°T o051 O?— erT 63T o711 0321 0% 0L [ (43 [}] (11 02
! I i i1 i 1 M | S SO S i |
b‘uu ---HHH~H~A-~Hrﬁﬁﬁﬁﬁﬂﬁﬂﬁuﬂﬂﬂﬁﬁﬁ TUTTITTITTT IR ITLT TTITTITTIITIT
VITvvvevy
14/ 4
<< d1i11114
v 1
A\
\ 1
Y
v
1
v 4
v 1
\J
1
A4
- A 1
' ]
® 1
\J .P.
) o~ 1
' Vg v,
g
¢ - v - 1
ﬁ 1] N ,
\ S \j 11
’ S < .

a-ﬂHM--M--«~a-a-AAaaﬁﬂﬁmn***w***aﬁﬂauﬂ I i 1
owm 08T 0O%T 0:T ‘0 61T 00T 06 0%

9 05 o0y of

Ortrmt

2
10vy M 3AVHL 340 NOI3I3dIG STOT 3HIL dOiS 0S6 3IMIL 18vls Avo --sNOIL1GHOD 1HOIV  o¢ S 9 3iva

-

61 nxUDmh H/HA 08 sAdNyL
L 74 sauny 321§ uan:<m u m SOLNY  1INIY Q334S 8N0H ¥3d SIVITHIA €22 ALISH3O JI4dvia

N wo~>Hn 3NVY 04 AVEHOIM 40 3dAl dkvd N d/0 1S 41 M W 00S NOILYION ®T  AYMHOIM

LY _¥3GUNN_10NL S TYNY AON1S 0334
WM\MN AYW 3lva Mun»q<z< NV »»Muqn :Ouhm»&wum2<u¢
9v . I8 Naklavdig Viyaaiy

HﬂﬁaMAAHaaaamaamaaaaaunawaanuw
/

'lillll'lllllllDllllllll!llllllllllllllll
]

©

L]

-0

-0t

} ’ ] 1 '
[~ o [~ o ©
L 4 Wy ~ (4] ~

!
©
~

-001

COUOUDI DS~ D>wWw

by



203

"31r4 3dvL ANOLSIH 3HL 0L 0300Y N339 10N 3AVH AONLS SIHL 40 S1INS3Y

2t 99 L1 6765 9°0§ 945  %°99  QINIGHNOI
28 ; s's 0°2 £°§§ S9% £°26 29§ $XINYL
o £°1 2'9 61T 9°29 9°€§  £°09  0°'TL  so1ny :

OGS, WUuee

OB BB OB oW
TINA T

FodWh §dE ol ©

Y a6
4 MW : 1

g8 g o f i & : & 3 .
8RB 41 g o 11 |

QINIOD S$NINAL SOLNY G3HIGHOY $XoNUL  soLny GINIGMOD sSXONML  solny G3NIGHOD  $XINML  soiny
»gﬁwm«,_%waun $3710THIA 40 LIN2DWAd . AJNINDINS QIHLOOHS S$SY1D NI §312IH3A 40 ON mmww

Tres

OO s
“~OOMI~"

o 2 1 by £ 4

P
et .
.
i
&
ol trtemted
.o
At SO B

10VY N 13AVEL 40 NOILDINIG O 9T 3IHIL dOLS O ST IHIL LUVLIS AVQ -~SNOILIONGD LHSIN 09 & 1t 3iva

$ X041
MM g« IZIS 3AVdHvs —«ﬂu mm~ ﬁo._.M< 1IHIT 033dS  HNOH ¥3d. SIV1JIHIA £01 ALISNIQ JXddval
4§ HOIH INYY OML AVMHOIM 40 3dil T AMH LV ASLT M HOHT oYY KN NOILYIOT T  AVMHOIN

focgsy W atve Brsivy otV LA gy



2T TR s0iNY = ¥
033dS "SA % IALLYINNDIY 40 10Vd
N HA 033ds

_ emu &wn ow~ owu omﬂ o1Y omn ma mo w» wo mn > ﬂn mu "a -
g BRRA0882440840¢438¢484848R483¢ Jﬁ, 18894484¢34444488348¢¢ :& 1848884848444441

a ) vy z
<.P.P -

204

\J
4

. Y -
. . ..0..
v 4 u

=-o0t

A4l ;|
4
13444 nnuum.:: 13339848834 844¢ .:nnm:mw****mxzwz:M:.:h.::”nnnuw.:nuw
T 4 9 ] L £ 3

091 T 00T oft olt 9Lt o L)
10YY  n Y3AvaL 90 NOI1D2810 0 9T MIL dOL§ O ST MIL 1uvis ava ~=SNOILIGNOD 1HO9XIY 09 ¢ 1T aivo

X

MM § 218 3duvs g ““.n % 1ININ Q334  woH ¥3g ST1ITHIA €01 slIsNaq Jddvil
1§ HSIH 3NV oML AvmHOIH 40 3dAL oY AMH Ly ass1 M HOYT dHvY MN NOLLYI0Y ®T  AVMHOXH

Ly R woP TR e



205

"3714 3dVL ANOLSIH FHL OL 030QY N33Q 10N 3AYH A0NLS SIHL 40 S1INS3Y

21 0°6 L1 L9 ~ 0°S§ 6't9 92 Q3INIGHOD
1 9°'s - o..~ 1°48 L6y $°'9§ 9:°19 ML
%1 . v'e 6°t £°49 2°0s L°%9 A‘Oh, $01ny

MRS, MLIENE  IRAYR @ il ©
. - m “. .. ' Ly

-
f

TN e%0e
NOOOOO

-
q - P
R0
-
[ )
Py
.
]
reloderdvd
OCIOOIT A

v s a o
A b ad g g

e

T

{

GINTSM0D SXNUL  S0LNY G3NTGHOI SXINML  S01nY O3NIGNO3 SxONEL soiny GINISHOD  SXINML SoLny
»ém 43d ’ .
M«% SITIIKIA 40 INIDNIJ ADNINDIWS QIHLOOKS SSY1D NI ST13IHIA 40 ON m&w

410vy M 13AVML 40 MOILD38TQ O 9T 3HIL dOLIS 0 ST 3INIL LuYIE AvQ ruguhngu 191V 09 ¢ 1T Aiva

4

s
mm %« 3218 Vs z“um u»~ mge 1IHIT Q33dS MO ¥3ad S$INTHIA ©0T  ALISNIC JTddval
18 HIIH 31 ora AVMHIIH 40 3dAL T AMM 4V 1SLT M WOOT dlvY¥ MN NOIivI01 T AvmHOIN

baas Bl e I e,



$AINYL = 1 soLny = v
033dS "SA ¥ IALLYMWINDIIY 30 1074

mﬁ owa owﬂ 0§ 021 o]t o“~ “o M w M M M m “
Tt rr et er et re et s e (2984748423444 ¢ nn.: ua*n 13388838 88484441

1

<
A%
<

own:umz:wnu: TLTTFTITTITITIL uuﬁﬁ«gw*:*”unuwwuu.nM“:umnuuan:n&Hnnuw

T 06T oOtT oét eott

H/u auuua

a

40YY N N3AVAL 0 NOILI3NIG O 9T MIL OIS 0 ST ML L¥ViS AVQ --SNOXLIGNDD i1HOIY 09 4 IT AUve

I BW s nams 100 1]

g

4§ HOIH 3NV OML AVIHSIH 20 3dAL T AMH LV USLT M HO6T diHvE MN NOXiVIOY

WU eifiy

n% 1IMIT 033d8 MNOW w34 SIPIIHIA 90T  ALIsNIQ 0uuu<¢h

ST AVIMRSIN

T
--0

-..ou

u



207

"31I4 3dve AdOLSTH 3HL oL a3dav Naag 10N 3AVN AONLS sIH) 40 §1INS3Y

. £°T L6 6°'1 1°29 995 L°H9 L°9¢ Q3HIGHO)D
L1 $°9 LA ¢ 65 0°2s 9L Y 'v9 $3INAL
a°1 6°9 12 £°0L 2°09 §°L9 v 6L . solny

MRS, ML SRR R R PITE | UL

T

Manad ot a2 g g =

T e
©

mmm P
.“ m .
W |

.
.
.
.
.
.
.
.
.

Q3INIS0D  s3INAL soinv G3NIBN0D  sxanAaL sotiny GINIBHOD  sxanaL $01inv O3ININOD  gxaNnAL §01ny
AJHIODINA INIIHId . M
m”mh(ugw S3V0IHIA 40 IN3JN34 AJN3NDIY4 Q3IHIO0US §SY13 NI $312IH3A 40 ON Wmm w
. iavy N 13AVHL 40 NOTLD34IQ o 91 3MIL doiS 0 st UIL Lavis Avg ~-SNOILIONOD 1HOIY 0@ 4 11 uvo

M
3 M | 8

$X20 s
§7 £01AY 3zrs awvs 1) 88y 230 1INIT G33dS  MOH ¥3d §319THIA 00T ALISNIG 3Tddvyy
18 HOIH INVY OML AVMHOIH 40 342y T AMH 1V LgeT N HOYZ dNY¥ MN NOIIV20Y AVMHOIH

momm«uugm»¥ Ere1Ivny | . Bz,mmmw“mmm &ﬁmmmmmnm SNy

HLY nwo&»mus(



208

SNINBL = i soLny = y
G33dS "SA X 3IAILVINKNIIY 40 101d
H/HN Q33dsS
omﬂ 05T  0bhT owa 021 o«a 00T 06 08 o mo 0§ me : Wn MN wq.
ﬂgAuwﬁaﬁﬁwnﬁﬂﬁ ------ﬁ~M---~H---~H-~ ﬁﬁaaw«mmm 198444488 48444¢ -0
v 1 -
. v -
- 1 --01
) - -
1 -
v . noou
i z
) <-o0¢
v z
L z
) --0v
L3 Y -
- .l.
4 -
-~0§
1) L -
v =-09-
F - .
. M py
ud -~0L
v n
b -
. << naoo
\J . .m
v 1 =-06
t -
<<< hp z
. --001
W--M--*--M--w-~ﬁ --wu««« **** **-w-uaw--W--W~ﬂ-w--w--w
09T oSt o061 ottt ot otr o6y 6 9 L 9 ] v £ 2 1

1avyY M 13AYHL 40 NOILJIUIO 0 9T 3HIL dO1S 0 ST 3HIL L¥ViS AvQ ~-SNOILIONG)D hzwu._ 09 £ T 3ivo

A7

mm mmwwm« 321IS 31dHvs n“uu mwu nmmmﬁo 4IHIT @33dS  ¥NOH ¥3d SI1ITHIA 00T  ALISNIO JI3ivdL
1S HIIH INNTY OML AVMHOIH 40 3dAL &Y AMH 1v 1841 M HOYZ dilvd MN NOILYI01 ot AVMHIOINH

momm«“mmxczu»wmhMun>d<z< ) zox,mWmmummmnmmmwmmmmwmmam

Hidvd mz«..—um04<



209

NONMOMO.

OO

OO0

91 720 S bt 912

0°2 9°L 82 %19

L1 901 §°2 §°6L

VOSSR MM AR s

gl BOBE 91 oW omom o
mw mmm mmm m : WWWW* £ Mm i
i 4 A 3 B
w w,m m Mm NWMM i WM g
: ”w g & It g 4
iy & m 1 on 1t W g
1 & 8 4 o# S

oc0o
OO

OO\

OMOOMO O
DA OO0 IO
OO0 OO U

R
DO

R

O

v 38

[oa
o0
-

a4

S
L 2.4

GaNIGHOD $XIN¥L sotny O3INTIEHOD  SXINAL  souny O3INIGHOD SXNDNuL  solny

.
.
.
.

.
.

4

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

COO00

»gwm»wmu,.%wnw.n $3712THIA 40 1N3DH34 AJN3NbIY¥4 03HLOOHS

1QvyY M 3AvidL 40 NOILJ38I0 0 9T 3INIL doOi§ o ST IL 1¥VIS Ava --

"311d 3dvL ABOLSIH 3HL OL Q300v N339 10N 3AYH AGNLS SIHL 40 S1INS3IY

84§ 6°69 929 G3INIGHOD

8°2s 9°6s 6°89 S$MINAL
' v9 L 28 72 9°90 soiny
s
St m._u._.Zszuu

4
s
omommmowt\bm
momwammmccc

t

QINIGHOD SYONHL  sOLNY
SSY12 NI _nu._ww:? 40 ON wmmmm

SNOILIONOD LHOI1 Jou £ Tr auva’

mm nmwﬁw# 3ZIS 31dUvs n“ﬂu WWA mmm.mm« 4INIT G33dS  anoH ¥ad mm._wuxm\' 00T  ALISN3IQ JIdiva:

4§ HIIH INVI OML AYMHOIN 40 3dAL T AMH L1V 18T N HO62 dHYd MM NOILYJ0Y oY AYNHOIH

fogay "B st b | e B e e

:



210

SNINAUYL = 1 so1NY =
033dS "SA 2 3JATLVINUNIIY 40 107d
H/7HX 033ds
o.wﬁ T 05T 0gI 02T oIr o001 mo wh co 9 v 08 @2 M
w..ﬂﬁﬂMﬁHﬁﬁﬁﬁﬁAﬂMﬂﬁnﬂTﬁﬂﬂ.T.:H ,:.:1::n.:,:~ﬂ.:awﬂ:ﬁ:.n.:muﬁ.:maa.:

TIree << HHH

111
11

ow,:n.nwa.:nw.:u.nwa.:ﬁ .n.:awé ** ****wa.n.:M.::Muau.n*.:unwu.:aw.:.nawwannw

uoﬂozoﬁoﬁo ¢ 4

1avy M 13AVEL 40 NOTLD3NIQ 0 9T 3INIL dO4S O m~ IUIL ._.z:.m AVQ --SNOILTIONOD LHOIN 08 ¢ 11 3iva

mm mwo._.xo 3ZIS 3I1dHYS z“nu mwu m.ox.m:v hwr: 033dS  ¥NOH ¥3d SITDIHIA 001 -ALISNIO JIddvil

1S HOIH 3NV OML AYMHOIN 40 3dAL T AMH LY 1SZT M HO62 dHYY MN NOILVIOY &I AYMHOINH

foggr BV st broien P e sy _

1

1)
)
[
(o)

]
o
~N

'

]
[
”

-=0%

¢

N

ACOT DS s



211

‘T4 34¥L AYOLSTH 3IHL OL Q3qav N3I3G LoH JAVH AGNLS SIHL 40 SLINS3IY

L°1 ARG £°2 0" %L 6°6§ 0°22 6°5Q G3INITN0D
6°1 . 0°L 92 £°£9 L 2811 9°09 1L S3INYL
. ¢1 9701 $°2 2 8L 899 v &L §°69 soinv
A30_QLi§ HO LIHY HOI1YIA3Q HYIH NO LIWID 433dS ST 09 9
ww‘mn 4NGD Nmo . ou<Mz<._.w wgwhmu-aw&mo NV3iH . ATUINID¥3d

P :

OUNONI.

TUANMNDOOT FOOOO

& OO DL T T

&

RN
It A A AR -
W

OO0t

DN

IO IO
OMNOMOOMIMMOOO0

NN

SO OO OO DT OOt

[l
Ly
O

~t

TN PUNVOINOCINDO- OO FONCIHNO OO
QOO ON NP DDURT T IOV Srmbt
WM AN-OM OO NN I IO OO0 OO
MOSE TG AN O =i

IOV WRT UV OO NS F 3

PP,
L
R

I R I I I s

ARSI

OUUPE PNt Yoo

FOODOO AN A AN OO AN o

'MF‘QNOQO-'\MW. .
VOIS OO NS & S

: - o~ 0O

® 4 8 ¢ 0 s s 0 0 0 2 e e s
Lad g
AR IR I I I S P g

9 4 % 4 0 e s s s e e b s e s s e

:
:
w
“ | .

G3INIGHOD  S$XONYUL  solny Q3HIGNCD SXonNUL  soiny G3NIGHOD SXINAL  SoLNny QINIBHOD SXONYL  sOLny
AN d 243d
wm.»mk«g%u S$3T1IIHIA 40 IN3DYH3d . ADNINB3Y¥4 QIHLOOHS $SY1J NI $310IH3A 40 ON WMMMW

T I T OOt O OO T

o0
OO0~ 0-0 000 OV
-4
<
v

IS ST OMN

T (

e

1Qyy M 13AVHL 40 NOILDIUIQ O 9T 3IMIL dOIS O ST HIL L¥VIS AYQ ~-SNOILIOGNOD LHSI 09 L 1T aiva

wm anu&Mo 3ZI$ 3dHvS -n“uu m».n nmmmm« L1IHIT G33dS  UNOH ¥3d SITIIHIA 66 ALISN3G JI3dvHl

1S HOIH ELLA) Q..:. AVMHOIH 40 3dAL &1 AMH 1Y ASLT M HOYS dHYN MN NOILYVIO) oI AYMHOIH

xm.>p ..mna,z _om
momw«n m_.o.u»«.m mun:wi . o <mnmvmnmmuum§wnmmum ¥ Lu3av



212

]

oy 100
oSt 843199

091 ogT o
MR 834484444

w-nuMﬁnuﬁ
09T oST O

vl owa owu °M~ oot

¢ .
(9963934844 ﬁdﬁanndﬁﬁmaﬁu

v

Mnnnﬁmunﬁn 12444 «MM« ***

oT. 0T o2t oIt odr

SNINYUL = 1 sS0LNY s ¥
033dS "SA Z IALLYINNNIIY 40 107d
H/WA Q33dS ]
mo 9o o mo 0s  ov mn 92 mﬁ
1 aﬁﬁﬁgﬁﬁaﬂwgﬁﬁﬂ Aaudwuuﬁﬁwﬁdgd TITTLITIT
<<<-~ : --0
v :
< -
\ ] 4 nnon
¥ , :
v . --02
v z
=-og
v ' 1 :
Z-0v
< -
4 z
. --0§
v z
4 -
A 1 . nloa
¥ 1 B
-~0L
\J 1 -
v :
\ ) i ~=09
v :
A 4 -
\ 1 : --06
i - .
Hittt =001

6

v

N .
*-~M--Mqunuwnuuuwnnunwauauwnnnnw
e L 9 ] v e 1

£

10YY M T3AVHL 40 NOILIINIG 0 91 IHIL 401S 0 ST WXL LUYVLS AYQ --SNOTLIONOD 1H9IT 09 £ 1IT 3lva

mm nmwmm¢ 32IS 31dHvs

~m~m>a<z<

¢ 220481 :
=“ru wwu m0h2< 4IHIT 033dS  ¥NOH ¥3d SITIIHIA 66 ALISNIG JXddvHl

IS HOIH 3NYT OML AVMHOIH 40 3dAl &1 AMH 1Y 18T M HOYE dHYY MN NOILYDOT 1 AVMHOTH

o
NO

BNy

L
vidagy

LRI Dbt DU N



213

Pl AP OO IO DO O

GINISH0D  SXINBL  SOLNY . QINISN0D SXJAHL  soiny JG3INTSH0D  SXoNUL  sOLny

~o

T

L°1 0°21
vt m
a5 N 1075

1B OBE #1om o
.y i il
; m” m” 3 WHM i3:3
4 i mm N8
: %1 S 0! m”w g8
1 Hy M me_ i34 Mm
iR WWW,
; 88 g3 I &
3 g M | ﬁm
M duE o Wm.”m
o S e @ 58

IR

¢ SNy
wh S040

AoNL
iLva m~m»..<z<

d
o $31DIHIA 40 INIDN3J .

- g NN

b2

6°2

O OO I Mo ~

LR

P OMNOMMONN

OF
[
NT

Wy
o

‘MWIW‘ NONOMOM O

WP IR I I IR P O il

{

« 371S AdHvs n“nu wwu mmwm_w.& 1IHIY @33ds

1S HIIN 3NV OML AYMHOIH 40 3dAL T AMH LY

wt Xt

&8 ]

6
e

iH

i

14vd

Q9L 929 0° 6L
£°59 S°99 0°¢9
2°089 L9 ' 'L
a3iids 1} ¢ 0
Nv3u wJH._.memmn
g: g
§: :
0 14 14
4 g ]
8 1 5
¢ A
£ ]
Z:
£:

WOFUUNG

"37I4 3dYL AHOLSIH 3IHL 01 0300Y N33Q L0 3AVH AONLS SIHL 40 S€1INS3N

e°ie LELS: o]

£°€L S$XoNYL
9706 soLny
-1

-
-
OOO.

HNOH ¥3d SIVITHIA 66

.

Mmuo» LELR)

OINIBNOD &MUl  solny .
SSY1D NI $313IHIA 40 ON mmmum

ALISN3Q J@d4val

1SLT M HO6E dHvy My NOILYJ01 o1 AVMItOTH



214

S)XJNYL = 1 soLny = y
G33dS "SA X IALLVINHNIIY do 101d
H/7X a3ads

owﬁ owa (131 omn ama ow~ 00T Mo 8 0L mo 0s ﬂe wn 02 w.n
TTTTTT .:.:mu.:.a (388344844 .:.:*.::: :::M.n,:ﬂwn.:n « [98884844¢ uu.:*un.:

[
vy

\)
,._.h
1

T 0ST ooT. 0tT o

1avy » 13AvHL 40 NOTLDINIQ © 9T 3HIL dO1S 0 ST INIL Lavig AVG --SNOTLYONOD LHSIT 09 2 1T alvag

wm n%o 321IS AdHYS n“nu m»u nm hm« 4IHIT Q33dS | E.Sz ¥3d $3T1DIHIA 66 ALISNIQ J14dvil

1§ HOIH INVY OML AYMHOIH 40 3dAL eI AMH 1Y I64T M WHOSS dHVY MN NOILYI0T oY AVMHITH

N

foggs B L B o Bl et

<<<
ownanAW-H~m-A.nM.:.:w“.:“ MMNM M*** M**nw“nuHWManuw“wnuw“:uwnuanwwuunw“nnum

3
o
(]

}
o
o~

)
o
Log]

LI A I A I O]

1)
2 4
n -

[}
[ -]
o

LI I O B B B N A |

’
1
o
~

T

N

AOIDIT D S Oad



APPENDIX 4

EXIT TERMINAL 1.

215



6

54
TRUCKS CONBINED

SAMPLE SIZE AUTDS
TRUCHLS
UMULATIVE
PEPS{R? FREQUEHCY
AUTO3

89 Kit/H

&0 KM/id
PERCENT OF VEWICLES
AUTOS TRUCKS COMBIMED

TRLCKS

TYPE OF HIGHWAY FOUR LAME DIVIDE
AUTOS

“NCY

CNM3INED

SPEED LIMIT

TRUCKS

DAY - START TIME 1020 $TOP TINE 1050 DIRECTIOMN OF TRAVEL"S  AADT

SMOOTHED FPRECU
AUTO3

o

e
(33

© 120 VEHICLES PER HOUR
ccHBIb

LOCATION S.B.NORTH LEDUC OVERPASS

2

DATE 6 5 80 LIGHT COMNDITICHS--
NO OF VEHICLES IM CLASS
AUTOS TRUCHS

TRAFFIC DEMSITY

HIGHWAY
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€JUENCY

CRS
LATIVE
ENT FR
AUTOS TRUCKS COMBINED

cu

PERC

SAMPLE SIZE ayros
: 1

80 KM/H
80 KM/H
PERCENT OF VEHICLES
AUTOS TRUCKS COMBIMED

UCKS

TYPE OF HIGHWAY FOUR LANE DIVIDE
AYTDS
i

SPEED LINMIT

» SMOOTHED FREQUENCY

ONDITIONS-- DAY START TIME 11 0 STOP TIME 1130 DIRECTICN OF TRAVEL S AADT
AUTOS TRUCKS COMBIMNED

LOCATICN S.B. NORTH LEDUC OVERPASS
132 VEHICLES PER HOUR

2
AUTOS TRUCKS COMSINED

MO OF VEHICLES IM CLASS

TRAFFIC DEMSITY
DATE 6 5 80 LIGHT ¢

HIGHUWAY

[
&rrsa
KH/H
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