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; S - ABSTRACT A
N .
The purpose of this the51s is to evaluate the pavement

marking at merglng and diverging areas from the views of
L4

isaféty and’ capac1ty. Two non-accident methods of evaluation

were utilizgd‘— the Critical Inc1dent Survey and ‘the Vehidle

Trajectory Survey, with the-application of the_

before-and~after principle.
’ ’ o ‘ . ‘
Thé Critical Tncident Survey involved a manual traffic

counting technique. It 'began with the identification of the
N 1) N ’
types of cridical incident at each test location.’ The number

" <y

of critical incidengs by type were recorded for each test

marking pattern during its peak-periods. Assuming that the

‘

effectiveness of each test marking'pattern decreaS%svwith”

‘increasing mumber of critical incidents experienced at the

-test locations and vice versa, the number of critical .

inc1dents and the number of critical inc1dents per uqit

volume were usid as parameters for evaluation of %pe test

marking patterns. The former was tésted statistically for .

51gn1f1cance 'while the latter was presentéd yisually'in the

»fb{?/of a profile.

TheiVeHicle'Trajector}'Survey)involzed a filming
technique. The behaviqur,of traffic passing through the
critical aréas of meétrging and ‘diverging were recorded by a

16 mm movie camera. By tracing the travel paths of vehicles,

vehicle dynamics were readlly derived. Assuming that lateral

displacement and lOngitudinal velocity were able to reflect

some differences in driversé’response to the test marking
N

L iy
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patterns and thus their effectiveness, in terms of séfetf
and capacity, they were selected as measures. The variances

of the parameters and the means of the longitudipaljﬁelqcity

C e

were used as measures of comparison.
¢ . : ’
Conclusions were arrived;at independently throughd” these

- two surveys. The principal fimd¥ngs include :

[}

1. For the continuity lines at merqging and diverging areas,

a wider marking pattern (20/30 cm) is more “effective
‘ N L .
than. that of the current Canadian Standard.

2. Patterns with the merging and divergin areas closed by

the continuity lines are more effectiv thén those 'with
1 - - )

N N

these critical areas opened.
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‘1 . )
- ‘SUMMARY
Pavement marking is én indispensable means of delineation.in
' ¢ .

a -roadway system.'Axﬁurvey conducted among traf fic engineers

in‘197é(u) identifiéd the following functions of pqvement'

marking ip the merging and diverging areas :

1. Identiﬁication of the existence and location of the
area; | .

2. ‘Identificgtion of }anevfunctions;

3. HWarning of associated hazarés, such as the possibility
that other vehicles will be slowiﬁg aown or behaving
unpredittably, unusual gecmetric features, short
distances available for maneuvering or obstruction at
the end of the area {(e.gd. ramp nose cuﬁp).

There seens ;o be some indications that the Canadian
pavement marking standard for these critical areas of
merging and diverging only partially fulfills‘the specified
goals, while design standards used in several bther
countries are more effective frof ‘the vieué of safety and
Eapacity. However, each foreign marking standard is
acceptable and operative only in its local situation which )
is characterized by factors of local driving habits etc..
Direct appiication of any of these standards without being
validated for the local situation may not be able to sécure
its dptimal functions. Moreover, as the international
standards do vary aﬁong themselves, selection.has to be \>

made. Consequently, an evaluation of the foreign marking

standards in the local cdntext is deemed necessary in order

vii



“to identify an effective marking pattern for Canadian
. applibation. .

A research projeét entitléd “Markiéé of Merging and
Divefging Afeés" was undertaken té e;aluate pavegent marking
at these critical areas. Approaches adopted in this project
were multldl;c1pllnary in natare, and two Were treated in
this thesis. These two approaches were employed to evaluate
the effectiveness of pavement marking from traffic
lengineering point of .view, focuéing on the aspects of safety
and capacity.

, N

Firstly, a methodology called Critical Incident Sutvey
(CIS) was modified and utilized for thié particular purpose.
A critical incident is-.defined as an unusual driver
behaviour which oscillates between or beyond the safeﬁy and
capacity limits of the roadway'and driving conditions, be it
caﬁéed by the driver's misjudgement or carelessness, the
obscure situation as a result of e€rroneous geometric design,
or the‘inadequate delineation systems at the vicinity of the
roadway. It was assumed that the effectiveness of a test
marking pattern at a test location decreases with’increasing
number of critical incidents experienced and vice versa.

The procedures of data collection includea :

1. Tdentification and typification of critical incidents

(or‘unusual dfiver behaviour) at the test locations;

2. Preparation of standard data collection forms;
3. Field observation and recording of critical incidents at

the test locations.

viii



The observers vere asked to record the number of

N »

critical incidents by types and the véluqe'of traffic in 15
min. intervais. bbseryations were be made-during the peak
,éeriod of a weekday at each test loe;tion. Each observation
period lasted for 1 1/2 hour. A crew of four members was

-formed and was divided into two groups, each of which was

responsible for one test location during each observation

‘period..y_s iocedure of data collection was repeated for

each tes N £ern; After the appligation of each tes£
pattern at ~the test locations, about -three to four vweeks
were required t?rcomplete the survey sglisfactotily for that
stage due to iﬁterruptions by bad weather or traffic
accidents. The survey was carried out in the summer of 1878,
spanning a period of four months (from May to September).
Data cdllected»fof each test marking patterh were first
" expressed in number of critiéal incidents per vehicle
"i~er according to types and were plotted to form a critical
incident profile. The critical incident profile of each
- marking alternative for the same location was plotted4on one

‘graph so as to offer a visual presentation where some of the

changes in drivers! responses to the test patterrns could be’

identified easily. In order to make some concrete
conclusions, the data was then exéressed in absolute number
of critical incidents by types, and the differences in the
number éf critical incident; between alternative marking
pat£erns were analyzed statistically at é S% level of

significance.

ix



‘Tﬁeiéeéond methodology, called Véhidle Tfajectorj*

. Survéy,'ﬁas‘employggvas an altefnéﬁive-method'of'eValuation

to the Critical Incident survey. The.objecfimé,of tbis

method was Po’traCe the trével patﬁs of vehicles as thé;
passed throughfthese cfitical‘areas,'before and after the
appliéatién of each test marking ‘pattern, in ordet to obtain
thglrelevant‘vehicle dynamigg. This metﬁod'wés based on the
following assumptions : |

1. The variability of vehicle dynanmics reflec£ the
variability of the performance of drivers:

2. An increase in the total variability of the performance
of drivers would first increase the probabilig}'of
deviation,or»error large enough to result in collision;
and se;ondly decrease the capacity of the roadway (the
reverse will be true);

3. An increase in the range of observed behaviéur responses
might imply an increase of the probability of occurrence
of deviant performance; thus accidents are more likely
to happen.

. As this method of evaluation requifed filming, the
traffic at the test location was recorded by means of a 16
mE movie camera mounted on a tripod. After the application
of each new alternative'marking pattern, at least three days
were allowed before the survey ias conducted in order to
reduce the onelty effect. Test locations were only filmed
during their peak periods on veekdays. The travel paths of

vehicles through the test locations were then extracted from



the filmsAwith the following procedurés :
1. Projection of movie films on é screén,
5. calibration of the length measured on the screen WwWith
the length measured on the roadway; "
3. 'Digitization of the positiéns of vehicles by‘dne second
increments;
4. Tfacing‘of vehicle travel paths.

The travel path of a vehicle was defined by the lateral
aﬁd longitudinal displacements Qith respect to a reference
1ine aéd d reference point on the roadway at each second. As
the trajectory was known, higher derivatives of velocities
and accelerations yere'teadily obtainable. For this
particular purpose, only the variance of lateral
displacement, the variance and means of longitudinal
velocity were selected among the vehicle dynamics for
statisticai significance analysis.

Independeng cohclusions were arrived at through these
four parameters, namely: the number of'éritical incidents
(from Critical Imcident Survey), variance of lateral
displacements, variance of longitudinal velocity and means
of longitudinal velocity. It could be concluded gernerally
that wider marking (20,30 cm) is mocre effective to current
canadian Standard (10 cm); and patteéns yith'the merging and
divergihg areas closea by continuityjlines are more

effective than those with these critical areas opened.

xi
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Y. INTRODUCTION ’
Driving involves constant perceptual reorganization of the
environment and the driver's position relative to it. The
driver is seen as having three main functions:'perception,
decision making and contrdi} As it has beern identified by
Michael (1) and Naatanen(é), the manner in which these

functions interact is extremely complicated. Moreover,

globally, the driver.is only one of the elements in the

triple system of driver-vehicle-environment. He continuously//

-

receives input from the other elements of the system. Thus,
the task of driving is more complicated than is generally
appreciated. When a driver approaches a merging area, he has
to increase the rate of samplgmg of lead and following
traffic,‘to monitor lead traffic and scan gaps in the
through stream for acceptability, to initiate merging
maneuvers amd to re-establish strean speed. When he
approaches a diverging area, the drivef.has to position his
vehicle in the appropriate lane ;n advance, increase the
rate of sampling of leading and following traffic, enter the
deceleration lane, decelerate to ramp speed and enter the
Tfamp. The behaviour of drivers at these critical areas, are
latgely influenced”physically, psychologically and |
perceptually by elements of environment like the geometrlc
features of the roadway, the dellneatlon systems in the

vicinities etc.. Dellneatlon systems ,presumably, can

contflbute to the ease and safety of the dr1V1ng task

r

prov1ded they are de51gned to take advantage of the drlvers'juw



sensory and mental capabilities and to compensate for their
deficiencies. Especially in cases where the roadway design
staadards do not meet with drivers' expectations(3),
delineation systems become indispensable. They subject to
less physical limitatioh as compared to the geometric
féatares of the roadway, consequently, they are more liable}
to alteration and improvement. i
Although they are elements of the‘delineation system,

pavement markings, in manf instances, complement instead of
supplement the functions of signs. Pavement_markings do-have
some advantages orer signs in delineation: they keep the
eyes, and thus the attention, of drivers.on the roadway
while messages are comnmunicated to them; since they are on a
readway, they are subjected to less competition for the
attention ?f drivers; in adverse weather conditions of heavy
rain and fog, they are the only delineatien means visible to
the drivers:; of course, they also define the boundaries of
travel paths for the drivers. :

."A survey conducted among traffic engireers in M976 (u)
" idepntified the following functions of pavement marking.in

merging and diverging areas:

1. TIdentification of the existence and location of the

.(////\%

3. Harning of associated hazards, such as the possibility

area,

2. Tdentification of lame functions;

that other vehlcles wlll be slowlng down or. behav1ng

unpredlctably, unusual geometrlc features, short

B



distance available for maneuvering or obstructions at
the end of the area (i.e. Tamp nose curb).-
In the case of lane drop situations on highways, a

[N

recent report published by NCHRP (24) points out: -
< \LIn genéral, it has been observed that existing lane
~drop design standards (American standards) fail to
provide an effective means of warning drivers of the
presence and location of the impending lane drop.

Very little standardization of lane drop geometric

design or traffic control device treatment exists in

the field, resﬁ%ging in much driver confusion
regarding lane drop maneuvers. In many instances,

lane drops are not physically well defined; they can

be difficult to see because they might blend into

t?eir background or be hidden over érest of a grade,

;%vagce wvarning traffic control devices aré many

times.misleading or obscure."

Therefore, as result of the research project which was

designated NCHBP $£9ject 3-16, the principles developed to

serve as guidelinek%gf lane-drop designs included:

1. When a lane is added at an on¥raﬁp and dropped at a
nearby off-ramp, the entering drivérs should be notified
that the lane they are travelling in is:pot a continuous
lane for through traffic;

2. Consistent and appropriate traffic control devices

should_bé‘gsed in advance of a lamne-drop.
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There seems to be some indications that the Canadian
pavement marking standard for these critical areas of
merging and diverging (Appendix A) only partially fulfills
the specified goals, while "design éatterns ﬁsed in several
other count:iés,_especially Australia, Austria, Great
Britain, Japan, Netherlénds and West Germany are more
effective from the views of safety or capacity(5). However,
each foriegn marking standard is aéceptable and operative
only in its local situation which is characterized by
factors of local driviné habits, social value, norm
acceptance and senée of cost and benefit. Direct application
of any of ghese‘standards vithout validation for the 1local
situation may not be able to secure its optimal functions.
Besides, as the international staﬁdards do vary among -
themselves, selection ha;bfo'be made. Consequently, the
evaluation of the foreign marking standards in the iocal
context is deemed neéessary in.order to identify an
effective marking patégrn for Canadian application.

Ny e

Methods of evaluéfion of highway improvements depernient
on accident records have been widely used by highway
agencies. It has been realized, however, that there are
cértain disadvantages which render these methods of
evaluation’less effective: )
1. Accident histories take a long time to develop dnd much

pain and suffering could have been caused.

2. A high percentage of accidents are not reported and thus

the current records are not complete.



3. Some of the recordéd accidents are blased because of
Subjective reports of some but not all part jes involved.
Consequently, nmore and more hlghway agenc1es today have
begun to use non-accident lnformatlon such as observed
trafflc conflicts, or other traffic safety and Capacity
parameters as heasures of effectrveness of highway safety

improvements. This information is readily accessible and

on some hlghway improvements before country—wide

implementation are p0351ble.

1. Those oriented toward the direct assessment of the me#
of improvement.
2. Those orlented toward the heasurement of drlvers'
responses to the means of improvement.
A research project entitled "Marking of Merging and

Diverging Areas" Was undertaken to evaluate the

Methods of the second category were adopted in this pProject,

two of whlch were treated in this thesis.
A. The.objective of the Thesis

effectlveness of pavenment marklng patterns 1n merging and

dlverglng areas. The, methodologles 1nvolved ¥ere to measure



the parameters which were assumed to be able td refléct'the
drivers! responsés to the marking patterns at these critical
areas.
. .

B. The Organization of the Thesis

Chapter II deals with the selection of test patterns
and test locations. .In Chapter III, methodologies that have
been used for the evaluatign of highway delineation
improveient are critiéallyrteviewed; the.emergence of the
'presently adopted methods of evaluation, namely: Critical
Incident Survey'and Vehicle Trajectory Survey are Justified.
Chapter IV is devoted to a detailed treatment of the
Critical Incidenf Survey while Chapter'V‘is a description of
the Vehicle Trajectory Survey. Conclusions are discussed in
Chapter VI .and the recommendations- based on the'findings in

the preceding chapters constitutes the last chapter

~n



- ITI. BACKGROUND

" A. Selection of Test Patterns. r
A review of the Canadian and the international
standards of pavement marking in merging and diverging areas

. (6) led to the identification of variables used for these

purposes. Theyainéluded: » \\\\
1. Lihne width. . | | | k\/"\\
2. "Closedﬁ og "Open" sections(Table 1.). |
3. Lline/gap . lengths and ratios.
4. Pattern of gore areas.
- *5. Changas of separation . (lane) line patterns.
6. Arrows.and special‘;ymbols.
To study{the effecps of each of these variables was not
only unmanageable but also impractical. Too many K 4

combinatigns of the variables at tqd fewv test locations,

<

wéuld be detrimental to the evaluation, since it would be
impossible to separate the effects of individual variables
on one hand, and drivers might be coﬁfused on the other. It
was therefore décided to evaluate selectively some potential
candidate Qariables and their practical cOmbinations. The
variables and their candidates for testing are summarized in
Table 2.and the transitions of selected combinations of N\
variables is illustrated in Figure 1. It should bé‘nOted
"that the width of edge lines in meyging and diverging areas
was increased with that of the continuity lines. It was not

treated as an individual variable.



‘Sectioh

Merg;ng Diverging
nopenu - - ——:': - - - = :—.—- - —:.——;‘—_ - - =
"Closed" | Zxmose — — — — —— — —-




Variables Candidates Selected
Iine width (cm) 10, 20, 30
Section N Ciosed, Open
Line/gap length and ratios 3m/6m
Pattern of gore area 30 cm'chevr0n

Table 2 THE VARIABLES AND THEIR CANDIDATES FOR THE DESIGN COF
TEST PATTERN ’



cm (Open) :
////////, 10 Ope \\\\\\\\\\

20 cn (Open) . 20 cm (Closed)
30 cm (Open) - 30 cm (Closed)
| i

End ' End

Fig. 1 TRANSITIONS OF SELECTED COMBINATIONS OF VARIABLES OF

PAVEMENT MARKING IN THE MERGING AND DIVERGING AREAS

10
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B. Selection of Test Locatioms
The criteria for the selection of test locations
‘Ancluded:

1. Adequate merging and diverging situations.

2. Adequate traffic volumes during the peak periods (to>
little traffic would render data collected difficult,
too much traffic or.overlx saturated would obscure the
effects of marking om the behaviour of drivers). Traffic
coﬁditions at the level of service of D or E would be
desirable.

3. The testalocations should be far enough apart from one
another sQ_that there would not be‘ary "carried'éver"
Veffects remaining with the drivers as ﬁe traveis from
one test location to another.

As the Whitemud Preeway complex between Fox Drive and

159 St.. in. Hetropolitan Edmonton (Appendlx B). seems to meet,

these requ1rements, lt was therefore selected (7); A‘summarf

of the ‘test Yocations and their respectrvefteStipatterde is

shown in Appendix C.

>C. Impienentatment of Test Patterns at the Test Locationm
Implementation of  test patterns at the test locations
was carried out in stages (7). The flrst stage was the
application of Canadlan Standard marklngs w1th the exceptlon
of 30 cnm chevrons at the gore areas. The chevrons remained

unchanged throughout all the stages. The second stage
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consisted of Qidening the céntinuity lires of all the
1ocag}ons to 20 cm and closing some of the merging or
diverging areas at the sanme time. The shoulder lanes, in all
Cases, Wwere increased to 20 cn wide. At the third stage, the
width of continuity lines was increased to 30 cm, and closed
sections were used wherever applicable. Thére ¥as an
exception at the test location on Whitemud Freeway entering

from 149 st. (E.B.j, while the width of the contipnuity line

was increased to 30 cm, it remained an open section at the

TXhird stage. This merging section was closed at the final

stage.
A schedule of activities during the stége of data

collection can be found in Appendix D.



III. METHODS OF EVALUATION

A. Introduction
! Methods of evaluation of highway'safety improvement
essentially fall into two Categories. They are hamely:
accident-based methods, and non-accident-based nethods (10).
Although accident data at any critical location remain the
ultimate measures of the effectiveness of any traffic

e

engineering devices, their pPracticality is greatly reduced
by their own limitations (10,11) . Accident data are either
incomplete or inaccurate. Past accide%t experiences are rnot
appropriate when either major changes in geometric or
traffic control devices have been imnplemented, or ma jor
changes in traffic characteristics have taken place.
'Besides, accident histories take a long time to develop and

much pain and suffering could be avoided if methodologies of

evaluation which take shorter time are generated.

B. Critical Incident Survey

Among the objective non-accident indicators, the
Traffic Conflict Technigue (TCT) coulgd have been selecteg as
a substitute for an accident-based method in this project.
The General Motor Research procedure (11) defines a tréffic
conflict-as an evasive action of a driver which is evidenced
by brake-light indicators or weaving maneuvers (lane
changes) forced on the driver b; an impending accident

situation or a traffic violation. However, in the situation

13
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W
of d‘merging or a-diverging area, an impeddind aecident
might not involve.more than one vehicle, e;g. a late return
to the through lane from an exiting ramp resulted in
knocking down the 'EXIT' sign mounted on the concrete. Other
weaknesses of the TCT had also been identified by Rllen,
Shin and Cooper (12). They includes;f; - .
1. The variab{iity of braking habite among drivers;
2. The lack of'measure of severity of a conflict
) situations;
3. Driver escaping from an impending accident by
acceleration instead of deceleration;
4. The loss of information on the vehicles other than the
one with the right-— of way,
S.. The invisibility of brake lights due to mechanical
failure;
6. The uncertainty of the purpose Qf the braking.
Moreover, the capacity factor and its relationship with the
safety factor are not considered to any extent (15) .
Because of the undesirable deficiencies of the
accident—besed method and the Traffic Conflict Technique,
and because of the necessity of comparing the effectiveness
of different marking patterns which were to be applied to
the test locations consecutively within a relatively short

time, a methodology had to be developed such that it was:

g

- -

1.  Non- acudent_base_d;f.._'t"_,' U S S
2. Objective;

]3.i}Aceutate;ﬁ ffwy-udi',
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4. Measurlng parameters which 1nd1cate the modes of the

potentlal acc1dents-;

(ﬁ'

. Taklng into account the factor of capac1tyr->:

A methodology called Crltlcal Incident- éurrey (CIS)
-(15) ‘was modlfled and utllized for. thlS partlcular purpose..
'A crltlcal 1n01dent is deflned as an® unusual driver
behav1our which oscillates betveen or beyond the safety and

capac1ty limits of the roadway and the dr1v1ng condltlons,%A_;
‘be it caused by the drlvers' mLSJudgement or carelessness,”
4~the obscure 51tuat10n as. a result of erroneous geometrlcg
des1gn, or the inadequate dellneatlon systems at the
vicinity of the roadway.: o

It was assumed that the effectiveness (in terms‘of
safety and capacity) of a test marking pattern at a test
location decreases with increasing. number of critical
incidents experienced add vice versa. the‘procedures of the
method are described in Chapter 1IV.

This method does have some disadvantages. The data
collected during the Critical Incident Survey does not
incorporate the effect of the ever changing traffic
situation. The time required for data collection may be
impractically long before concluéions of reasonable degree
of statistical 51gn1f1cancelcou1d be dravn. Furthermore,
Vthas method may not be sen51t1ve enough to detect some';

41_changes in driversr, behav1our whlch do reflect the 'fét;3€5W'L"‘

YV oan .

’f”fieffeetlveness of the test marklng patterns. For these

Salrw

f_reasons, 1t seemed expedlent to develOp yet another method
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of evaluation which would complement the shortcomings of ‘the

.Critical Incident Survey.

C. Vehicle Trajectory Survey >

Vehlcle dynamics or trafflc performance measures such
as spot speed lateral displacement, headway; acceleration,
and deceleration profiles'are parameters commonly used as
Dheasures of effectlveness of highway 1mprovement. They can
be” nmeasured ea31ly an the fleld and possess suff1c1ent
‘;sen51t1V1ty to reflect even relatively’ 1ntanglble changes in
drlvers' responses before and after the 1mprovement.
Apparently,_some, 1f not all, of these parameters can be’
utilized to measure” the effectlveness of marking in merging
and diverging areas.

A traffic_performance measyre was defined as any
"measurable parameter that describes the flow of traffic at a
point or ower a‘section'of roadway in the merging or
diverging area. These measures can take.the form of various
statistics such as mean, variance, skewness, or percentile.
The Information-Decision-Action (Ihh) Sequence file and an
Accident-Prior-Movement (APM) analy51s(19) can be applied in
1dent1fy1ng those traffic performance measures which would

‘reflect drlvers' responses to the test marking patterns at
'[;these crltlcal areas.rfor a spec1f1c geometrlc 51tuatlon,
';the,Informatlon DeCL51on Actlon analy51s deflnes the! de51red
..driver qctrons, determlnes the dec151ons necessary to effectr
’“cheséfaciions,aand then spechles the 1nformatlon needed by’%b

;-,.‘¢

s e e
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"a driver to make'the required decisions. The nost useful
Velement of the Information4Decision-Action analysis for its
application in this study is tme identification of actions
regu1red by a drlver Hhen he is negotiating the merglng or
dlverg;ng area. These actions would be transposed 1nto the
respective traffic performance measures. The
Kci&ent—Prior-Momement appfbaCh'of idemtifyimg'appropriate
trafflc performance measures for a glven 51tuatlon 1smto
~1dent1fy all types of acc1dents that can p0551bly occur and

determlne the correspondlng vehlcular movemernt (s) precedlng

~each type

accident. Subsequently, traffic performance
measurgs which best describeiot quantify these movements can
" be estaklished. Inttﬁisvstmd§, the traffic performance
measureyg selected were checked against tme

Infor ation-Decisiom—Action sequence file for the merging
and dlverglng maneuvers apd the parameters of‘lateral and
longltudlnal dlsplacememts, velocltles, and - acceleratlops j’ﬁ'
were found - to be able to reflect drlvers' actlons.;nvoi;ed
in negotiating these crltlcal areas (Table 3).

These garameters can be measured at certain points of
interest at the vicinities of the merging and diverging
areas. Nevertheless since most of these points are
interdependent‘and since the objective is to study the
action and reaction of drivers to the test marking patterns
‘at these crltlcal areas, that is over a section of roadway,

a methodology, other. than those of dlscrete—p01nt data-

-collect;on types;'hasﬁtosbe employed to capture the

Loe T



7 acTION - TRAFFIC 1
SITUATIOR SEQENCE ACTION 70 3R TAKEN SECISION TO0 3E MADE PERFORMANCE I
. Do MEASURE |
1 Entsr divergs maneuver Ixsrcise caution;
area lncrease surveillancg -
) samnpling rate
2 Maintain lane position = No tracking aodifi-- _
- CL e e “catiod required
P o7 Voo
DIVERG IIC 3 Z3tablish position in Tracking/speed Lat. x; x, x
- - : appropriata lane for aodification N Lo
= diverges required long. y, 7o ¥ i
- ] e !
4 In{itiate diverging . .Appropriate location Lat. -xy X, X,
‘ Co for tracking/speed G
asdification to long. ¥, ¥y T
injitiate zaneuver |
: s Zatablish position in Tracking/speed lat. x, x, x,
© deaired traffic acdification Ve
R Stream - .requized ong. ¥, Yo ¥
" 1 Enter merging maneuver Exsrcise caution;
area ¥ increase surveillance -
asmpling rate
2 Maintain lane posftion ¥o tracking modi- _
fication required
. e
MERG ING 3 Establish poaitioa (v. Little tracking but lat. x, x, x
r.t. main stream trafflc speed modification ’ . e
- gap creatioa) in the required Long. y, ¥y, ¥
acceleration raap/lane
- & Initiate ném fan- 7 'Appmprlzt- location lat. x, x, X,
suver . PR + for tracking/speed e
. : aodification to long. v, vy r
- iatlats aspeuver
s - “ . N . .
5, Zstablizh poaition in Tracking/speed . lat. x, x,. x
desired traffic stream . n_od.tfic_;tion PR
- N Tequired loog. y, ¥+ 7
Legend: x = lateral displacement
x = Lateral velocity
e
x = Lateral acceleration .
y Longitudinal displacement
1
{. Longitudinal velocity
b4 Longitudinal accelerztioa
Table 3J TRAFFIC PERFORMANCE MEASURES TOR MERGING AND DIVERGING SITUATICNS 7ROM

INFORMATION - DECISION - ACTION - SEWJQCE TILR

<
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,!lnﬁgetween' 1mformatlon whlch 'otherw1se,imigmtinot'beti
. available. A second methodology called Vehlcle ‘Trajectory
”Survey was employed as a complementary method to thew
 Cr1t1cal Inc1dent Survey in the evaluatlon oflmarklng at
‘merqlng and dlverglng'areas.' |

[

The immediate objective of this method of -.evaluation is
_ to:traceithe.travel éathé of vehicles ?aS§i§g;thqugh’thBSé
critical areas before and after.tmekapplicatonjof each test
marking pattern. However, the vehicle trajectories do
nothlng'mofe than breéent visually some characteristics of
drivers® behaviours at the merging and diverging areas. ‘In
order to aéhieve tme.ultimate objective of 'quantifying' the
effectivemess of the test marking éatterns/fo; eomparison .
vehlcleIQynamics or traffic performance measures such as
lateral~and lohgitudinal'displacements,,velocities etc, "
which'are readily derivable from the vehicle trajectoriee,
have tofbe'msedfl | | A
-This,method’of evaluatomlie‘COmplicated by the pfoﬁlem.
of- 1nterpretat10n. The dlfflculty arises from the fact that
'statlstlcal significance may not necessarlly c01nc1de with
practical significance. For example, a shift of 20 cm in
lateral disolacemeﬁt tovard the separation line following
the application of a continuity line ln a diverging
situation may be statistically'significamt and, therefore,
it can be concluded that the treatment has had an effect on

the drivers. The question remains, however, as to whether

this change in lateral displacement is a practical



"improvement, since there is essentially an absence of any
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legal_drﬂphysical one-and-only-one correct way in

negotiating any particular foadwéy situation. Michael's

vcongept of variability (1) becomés helpful at this point. He

reasons that :

"1.. The &aniability;of‘vehiple1dynamics-£eflectsvihe«

variability of the performance of drivers;

2. An increase in the total variability of the performance
of drivers would inérease the probability of deviation
or error large enough to result in collisior amnd %}ce
versa; and secondly,\decrease the capacity.of the -

roadway;

3. . An increase in.the range of observed behaviorial:;

responses might imply an increase of the probability of
occurgnéé of deviant performance, thus, accideqts are
' more 'likely. |
Tﬂéréfafe, tﬁeffd;iaﬁcéﬁwﬁiéhviSJA measﬁfé of fhé r;nge of
vqriabil}ty of thelpa:ameters was used for the gpmparisoq\ofr
thé_effécti&eness of the:tesfjmafkingiéattérn.‘

In 1970, Ackroyd aﬁd Madden }16,17) #ucceeded in the
development and use of the instrumentation of multi-channel
event—recording apparatus kMETRA) synchroniied with. the time
lapse cinephotOgraphy (TLC) to study the various aspects of
traffic behaviour at Tural motorway interchanges. The systen
consisted of: |
1. some form of vehicle-detector on the road surface e;g-'

-

preumatic road surface tubes anad diaphragm-units;



2. Time and data receiving équipment;

" 3. Permanent reéording equipment.

With this instrument;tion, they could measure the vehicle

dynamics directly in the field at certain critical point at

the interchange areas.

In order to simplify the installa;ion equipment for
data collection, a‘16 mm movie camera was utilized instead
to record the behaviour of traffic at the merging and
diverging areas. As the Vehicle Trajectory Survey involved a
filmiﬁg technigque, it had certain advantages over other
methods of evaluation discussed previously. They included:

. 1.~ The test warking patterns could be evaluated émpirically

withkin a relatively short period of tiﬁé;

2. Some,changes,of.drivers’ response, e-g. a sﬁifting of 20
Em géw;pd the separation line as a result of widening
the contipuitxvline, which could not be recorded during
the Critical Iﬁcidént survey was readily observed by
this method;

3. As d;td for each test pattern was collected within 3 to
4 weeks, variationm 3% other environmental factors e.g.
signs, physical geometric features, could.pe ninimized;

4. A great deal of information could be obtained from the

4

. film at leisure e.g. volume, vehicle classification,

.
—

vpositioning and headway etc.;
5. A complete visual record of events, which appeared to be
the best way to study the merging and ‘diverging

maneuvers and gap acceptance was available;
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The raw data can be accessed repetltlvely-
However, its disadvantages included:
Selections of meaningful traffic performance Leasures

¥ere sometimes difficult; ¥"ﬁ$\

-~

As 51gn1f1cant data collection effort was generally
required, it was 4sually impossible to evaluate the
treatment across all variables - e. g. d&} versus night

etc. ;

Even if it was accepted that a reduction in variability
of a specifi; traffic performance measure did indicate a
pProbable reduction in accident fates, it was hard to
quantify the correlation;

The effectiveness of the 3arious treatments, as
quantified by tr;ffic performance measuggs, couid not be
stated in termeiofqdollar for cost benefit studies;

A suitableuvantage point fer theﬁcamera was not always
readily available, especially if natural drivers:®
behaviours were £o be observed;

Filmihg was\dependent‘on weather conditions:

Extraction of data was very teqious and time consumieq;~
Accurate spo£ speed measurements could not be obtained,
they were Teplaced by the average running speed over a‘

marked section of cons1derable leng€h of roadway.

The following Chapters deal with these twvo methods of

.

evaluation Separately.



I¥. CRITICAL INCIDENT SURVEY

A. Introduction

The Critical Incident Survey involved a manual traffic
counting technique. It consisted of two phases - data
collection and data analysis. The phases of data collection
included : |
1. Identificafion and typification of critical incidents

(or unusuai,driver behaviours)/at the test locations;
2. Preparation of standard data collection forms;

3. Field obser#ation and recording of critical incidents at
the test locatio%i///

A crew of fgpr/aembers was formed and it was divided
into two groups, each of which ‘was responsible for one test
location during each observation period. The procedure of
data .collection was repeated for eaéh test marking pattern.
After the application of the test patterns at the test
locations, about three to four wveeks were required to
complefé the survey satisfactorily for that stage due to
interruptinns caused by bad weather and traffic accidents.
The survey was carried Out in #nmmer, 1978, spanning a
period of four months (from May to September). Data
collected was then presented visually-to show the
differences in drivers® responses on the test mqﬁ?iﬂé

7

. B aRT e
patterns an< then analyzed statistically for significance.
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B. Data Collection

Types of Critical Incidents

Before data collection began, preliminary observations

r

had been made at each test location and all p0551ble types

e Qo s

of crltlcal 1ncident were then ldentlfled.

In the case of the merging situation, they included:

1. Merging into the mainstream by entering Lane 2 or the
curb lane through the zone near the concrete from the _.
taper (Fig. 2);

2. Merging into the mainstream by entering Lane 3 or the
median lane through the zone near the concrete from the
taper (fig. 3);

3. Merging into the mainstream by entering Lane 2 or the
centre lane through the zone between the concrete and
the tip of the gore area from the taper (Fig. U);

4. Mergiﬂg'into the mainstream by enteripg lane 3 or the
median lane through the zone bepween the concrete and
the tip -of the gore area from the taper (Fig. 5) ;

5. Merging inte the mainstream by entering Lane 2 or the
centre throagh the zone near the tip of the gore area
from the tape (Fig. 6);

€. Merging into the mainstream by entering lane 3 or th=-
median lane through the zone near the tip of the gore
area from the taper (Fig. 7);

7. §lowing down or stopping unnecessarily in the taper iue

to confusion (Fig. 8):

8. Escaping from encroachment on the prohibited zone at the
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11.

12.

13.

4.

15.

16.

17.

18.

end of the acceleration taper (Fig. 9);

Running on a prohibited zone a£ the end of the
acceleration taper (Fig. 10);

Lane 2 thru vehicle weaving into the acceleration taper
(Flg. 1) ;

Merging into the mainstream by entering lane 2 or the
centre lane throﬁgh the zone near the tip of the gore
area from the ramp which continues (Fig. 12);:

Merging into the mainstreanm by entering lane 2 or the
centre lane through the zone between the concrete and

the tip of the gore area fron the ramnp which continues

(Fig. 13);

Lane 2 throqgh vehicle weaving into the ramp which
continues, at thg tip of the gore area (Fig. 14);

Lane 2 thru vehicle weaving into the ramp which
continues, through the zone between thé concrete and the
tip of £he gore area (Fig. 15);

Slowing down or stopping unnecessariiy in the ramp whiép
continues, due to confusion (Fig. 16) ; |
Merging into the mainstrean by entering Lane 3 or the
median lane through the zone near the tip of the gore
area from the ramp which continues (Fig. 17);

Merging into the mainstream by entering Lane 3 or the
median lane through the zone between the concrete and
the t1p of the gore area from the ramp which contlnues

i

(Fig. 18);

L3

Merging into Lane 2 or onl§ at the very end of the
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20.

dropped 1lane (Fig. 19); . — _
Encroaching on the prbhibited zone before merging
movement is complete. (Fig. 20) ;

kunning on the prohibited zone (FPig. 21)., . E -

CIn thé case-bf.divefging situa£i§n; fﬁe& ;ﬁciuded:
Lane 1 exicing vehicle entefing the taper at the area
Close to the concrete (Fig. 22)

Lane 1 exiting vehicle entering the taper at the zone
between the cdncrete and the tip of the gore area (Fiqg.
23); '

Lane 1 exiting vehicle entering the taper at the tip of
the gore area (Fig. 2u4) ;

Lane 2 exiting vehicle entering the taper at the tip of
the gore area (Fig.'25f;

Lane 2 exiting'vehicle entering the taper at the zone
between the concrete and the tip of the gore area (Figq.!/
26) ; |

Lane 3 ekiting vehicle entering the taper at the.tip of
the gore area (Fig. 27) ;

Lane 1 thru vehicle being 'drafted' into the

‘deceleration taper and only escapes near the tip of the

gore area (Fig, 28) ;

Lane 1 thru vehicle being 'drafted: into tke
deceleration<taper and'only escapes through thé Zone
between the concrete and the tip of the gore area (Fig.
29);

Lane 1 thru vehicle being 'drafted' into the
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- due to confusion~ (Fig.:31)3- . "~

11,

12.

3.

14.

15.

16.

17.
18.

19.
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deceleration taper and only escapes through the zone

close to the concrete (Fig. 30) ;
' .

'Exiting vehicle slowing down or "stopping unnecessarily

I S S

S R I S LS R4

Lane 1 thru vehicle weaving unnecessarily into lane 2
upstream of the point of divergence due to the
uncertainty of the situatiqn.ahead”(Fig;‘32):

Lane 1 £hrough vehicle being 'drafteé' into the
deceleration lane and only escapes near the tip of the
gore area (Fig. 33);

Lane 1 thru vehicle being 'drafted' into the -

deceleration lane and only escapes through the zone
between thé\concrete and the tip of. the gore area (Fig.
34); |

Lane 1 thru vehicle beiﬁg 'draftea' into the
deceleration lane and only escapes through'the zone
close to th@ concrete (Pig. 35) ; |

Lane 2 exiting vehicle entering the ramp at the tip of
the gore area- (Fig. 36);

Lane 2 exiting vehicle entering the ramp through the
zone between the concrete and the tip of the gore area
(Fig. 37);

lLane 2 exiting vehicle entering the ramb at the area
close to the concrete (Fi;. 38) ;

Lane 3 exiting velicle entering the ramp at the tip of-
the gote area (Fig. 39) ; |

Exiting vehicle slowing down or stopping unnecessarily



due to confusion (Fid.qoy;
rgg_dg_
After the critical incidents (or unsual dri#er-

“behav1ours) at - the test 1ocatlons were 1dent1f1ed and

P R

categorized into standard types, data collectlon forms

v

(Appendix E) were prepared. During the survey, the observers
~were to check .the approprlate boxes under the types of N
critical imcident as they occured. The duratlon of each
observation periodl;as i d/2‘ﬁourQ.The numher—of-crltlcaiﬁ
ipcidears;kaccordindptowtypeS)‘and traffic voiume”(nddber of“
vehicles passing_througa tae sectioa‘of theﬁrdadwaY§ ﬁere#“
recorded at the end of each 15‘min; interval; for each‘teSt.

""" markinmg“pattern, data was. collected only durlng the\peak

periods of 3' weekdays (excluding the afternoon peak qf

\mFrlday) Several precautlons were taken 1n order to

‘"

ellmlnate as much as p0551ble systematlc and random errors.ﬁ

They were: ’ | |

1. The observers.wereAsratiohed at locations where they>
were pracrically concealed so that the drivers would not
be distracted;

2. Before data collection bedan, the observers were given‘
| 'in class' and 'on field' trainirg. The observers were
assigned to the same locations for all test.mafkiag
patterns so that‘conSistency of judgement could be

maintained;

3. The observers were asked to record all 'controversial'

cases - the occurence of erratic maneuvers other than,
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Fg. 3  CRITICAL INCIDENT 2

Fig. 10 CRITICAL INCIDENT 9

#1g. 11 CRITICAL INCIDENT 10
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Fig. 16 CRITICAL INCIDENT 15

Fg. 18 CRITTCAL INCIDENT 17

Fig. 20 CRITICAL INCIDENT 19

Fig. 15 CRITICAL INCIDENT 1%
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DIVERGING SITUATIONS

Fig. 27 CRITICAL INCIDENT 6

Mg,

30 CRITICAL

®1g. 29 CRITICAL INCIDENT 8

INCIDENT 9

Fig. 21 CRITICAL INCIDENT 10
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Pg. 38 CRITICAL INCIDENT 17

Fig. 40 CRITICAL INCIDENT 19
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Fig. 35 CRITICAL INCIDENT 14

Fig. 37 CRITICAL INCIDENT 16
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-

t he bneé lisied in the data collection«forms‘for{lafer
assessment ; |

4. .Affer ﬁhe.application of each test pattern at each test
location, at least fhree weekdays (practically one week)
were allowed fpr the drivers' adjustment prior to data
collection,'so that the 'novelty!'! effect could be
reduced;

5. As data was only collected duriﬂg’the peak periods of.
weekdays, (6:45 to 8:15 am for the.morhiig peak and 3:45
to 5:15 pm for the evening peak),:the same dgroup of
drivers would probabiy be observed .each time, and thus
the results of the survey would be more credible;

6. All data were collécted under similar weather and
lighting conditions}

7. All road signs and environmental factors remained the
;ame throughout‘the stages of the data collection.

Data Inventory

Data collected was summarized in Appendix F.

C. Data Analysis

Critical Incident Profile

As valid comparisons of criticai incident experiences
of test marking pat%érns could only be made under similar
traffic condi%ions, the data was brought down to the sanme
denominatorlof number of cr;tical incidents per unit volume
(or per fehicle) before they were plotted according to

types, forming a "critical incident profilé". When the



34 .

Critrcal incident profiles of all test markiﬁg patterns at
each test location were plotted on one graph, so&e changes
of driver responses to the tést pattern could be identified
visually. Figures 41 to 47 ére the critical incident
profiles for the test locations.

\
Statistical Analysis .

- Before the data collected hadiundergone statistical
evali?tion, no judgement could be rendered to the
significance of theléhanges of driver responses to the test
marking patterns. Curves qf significance test for accident
reduction froh Manual‘of TrafficiEngineering'Studies (58)
were utilized for this purpose . (Appendix G)-. The curves were
;plottings of critical incident reduction required to be

N .
significant at 5% level versus number of criticail incidents .
before the application of each test marking pattern. As
Curve 2 which was based on chi- Square distribution was abové
- "Curve 1 which was based on poissorn distribution, the former
iminimized the probability of inferringﬁggreduction as
significant when the opposite was true, thus constituted a
conservative test while the latter minimized the probability

of judging a reduction as non- significant when in fact thée

change was really significant, thus constituted a liberal

.test.

k(/

between alternatlve marking patterns. If the effectiveness

of test marking pattern 1 was comnpared to the effectiveness



(x1072)
1

CRITICAL INCIDENTS PER VerIC
T

CRITICAL INCIDENT PROFILE

TIME 245 -515 pm
LEVEL OF SERVICE DOto E

" LOCATION: ON QUESNELL BRIDGE (W.B.) ’ Quesnell Bridge N

ENTERING FROM FOX OR. T
% , .
. 2y ‘

MERGING AREA

35

0
© " TYPE OF CRITICAL INCIDENT
s/l @ o . r0 O o
S/A2 ) @ O O @
SIGNIFI(;ANCE TESTS
LEGEND
— Before (S)- CDN Standard Significant at 5% level using ®
—— — After (Al)-20cm. CHI- SQUARE TEST
—.— .- After. (A2)- 30 cm. Significant at 5% level using 2
- POISSON DISTRIBUTION
indeterminate - O
: e
Fig.41 CRITICAL INCIDENT PROFILE & THE SIGNIFANCE TESTS

ON QUESNELL BRIDGE ENTERING FOX DR.
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) CRITICAL INCIDENT PROFILE \

. N
TIME 3 45 -5 I5pm. T
LEVEL OF SERVICE E Quesnell Bridge
LOCATION ON THE RAMP FROM e
FOX DR. TO QUESNELL BRIDGE =
[V
(7?
Cat ’
x
w
1
Q
o
[TT] v
>
@
ad
a
4
Z!
]
a
5
Zz
-
b
Q
o
@
o e~ AN 7
! 7~
\\/
0 | " 1 1
' 18 , 9 . 20
TYPE OF CRITICAL INCIDENT
S/Al ® e
S/A2 O 9
SIGNIFICANCE TESTS )
LEGEND R o |
Before (S)-CDN Standard Significant, at 5% level using PS
—— — Affer (Al)-20cm. CHI - SQUARE. TEST
—-—. After (A2)-30cm. Significant at 5% level using e
POISSON DISTRIBUTION
Indeterminate O

Fig.42 CRITICAL INCIDENT PROFILE & THE SIGNIFICANCE TESTS

ON THE RAMP FROM FOX DRIVE TO QUESNELI%:BRIDGE



CRITICAL INCIDENTS PER VEHICLE (X |072)

s CRITICAL INCIDENT PROFILE

TIME 645 ~8.15 a.m. N

LEVEL OF SERVICE . D to £ :

LOCATION - ON WHITEMUD FWY &

(E B) FROM 149 ST .2 o
, Il Whitemud Fwy|.
MERGING AREA

10}~

»n

2 3 4 5 6
TYPE OF CRITICAL INCIDENT *

S/al O

2 O Z o O ® o
S/A2 O Z O Z Z @) - @ o
SA3 O 2 O ® O O ® ®
SIGNIFICANCE TESTS
LEGEND
Before (S) - CON Standard Significant at 5% level using g
—~ — — After (Al)- 20 cm. - open CHI - SQUARE TEST
—-—~-~ After (A2)~ 30cm. - open Significant at 5% level usir - )
~— - After (A3)- 30 c¢m.~ closed POISSON DISTRIBUTION
Indeterminate - 0O

Fig.43 CRITICAL INCIDENT PROFILE &
ON WHITEMUD FWY. (E.B.) FR

( HE SIGNIFICANCE TESTS
OM (49 ST
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CRITICAL INCIDENT PROFILE . N
TIME 6:45 —8:15 am. :

s LEVEL OF SERVICE - B Quesnel| Bridge
LOCATION : ON FOX DR (E.B.) .

FROM QUESNELL BRIDGE

>
> -

Fox Or

MERGING AREA

o
T

CRITICAL« INCIDENTS PER VERICLE (X IO—Z)
[6,)
T

TYPE OF CRITICAL INCIQENT

s/’ O B @ o =
sm2 O o ® ® Z
SIGNIFICANCE TESTS
LEGEND :
Before (S)-CDN Standard Significant at 5% level using ®
——— After (Al)~ 20 cm. CHI - SQUARE TEST
— —.- After (A2)- 30 cm. Significant at 5% level using e
POISSON DISTRIBUTION
Indeterminate O

Fig.44 CRITICAL INCIDENT PROFILE & THE SIGNIFICANCE TESTS
ON FOX DR. (E.B.)) FROM QUESNELL BRIDGE
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CRITICAL INCIDENT PROFILE

3 “
TIME - 3:45 - 5:i{5 p.m. \
- LEVEL OF SERVICE B orC : & ;,-,'T
LOCATION ON WHITEMUD FWY (W.B) 2 : 2
TO 159 ST o Whitemud‘*:& Fwy. 4"
’ OIVERGING AREA
\
N \
o, | )
< \\ I
" -\ / A
o \ AN
T - A\
] \ \ / \
> -\ il A
x \ //
Q \ \ /
2L \ \ /.// \
o \ :
(@]
O
<
-J.
I
(&
=
@
(&)
o
12 13 14 15 16 17 18 19
. TYPE OF CRITICAL INCIDENT
s/Al @ @) O e O O @) O
s/A2 @ O O e O o) O O
SIGNIFICANCE TESTS
LEGEND '
Before (S)~ CDN Stondard Significant at 5% level using ® ’
— — — After (Al)-20cm. CHI»- SQUARE TEST
—.— . After (A2)-30cm. Significant at 5% level using
POISSON DISTRIBUTION
Indeterminate O

Fig. 45 CRITICAL INCIDENT PROFILE 8 THE SIGNIFANCE TESTS
ON WHITEMUD FWY. (W.B.)) TO I59 ST



5 CRITICAL INCIDENT PROFILE

TIME - 6:45 - 8:15 p.m.
LEVEL OF SERVICE : D 10 E .
LOCATION . ON WHITEMUD FWY. N
EXITING TO FOX OR.
Whitemud Fwy.t g
A O
= R
o | \ : DIVERGING AREA
2} :
< | \
4 \
3] /
: \
>, I \
@ [ \
| \
w
=g | \
W \
=} |
g - \
J N v \
= 7 \ A
S Z N\
/'// \ - =~
0 1 . el N ey
| 2 3 a4 5 6 7 8 9 . 10

TYPE OF CRITICAL INCIDENT

S/Al O O O O O o) O O o O
S/A2 O O O O O O O O O @)

SIGNIFICANCE TESTS

LEGEND ’
Before (S)- CON Standard ~ Significont at 5% levei using ®
— — — After (Al)—-20 cm. CHI - SQUARE TEST
—.— .- After (A2)-30cm . Significant at 5% level using @
' ‘ POISSON DISTRIBUTION
Indeterminate ! }Q




" CRITICAL INCIDENTS PER VEHICLE (X107%)

N,

_ CRITICAL INCIDENT PROFILE
TIME : 3:45 -5:15 pm. 4
LEVEL OF SERVICE: D

LOCATION : ON WHITEMUD FWY (W.B.)
. TO 149 ST

>
>

149 St

—_—

DIVERGING AREA

. Whitemud Fwy.

: -
I 2 3 4 5 6 7 8 9 1) I
TYPE OF CRITICAL INCIDENT
S/al O O O O O O O O o O O
20 O O O O O & o0 & O e
SIGNIFICANCE TESTS
LEGEND
Before (S)~ CDN Standard Significant at 5% level using PY
— —— After (Al)- 20 cm. CHI - SQUARE TEST

—.—-- After (A2)- 30cm. Significant at 5%7;vei using )

POISSON DISTRIBUTION
fndeterminate _ @)

Fig.47 CRITICAL INCIDENT PROFILE 8 THE SIGNIFICANCE TESTS

ON WHITEMUD FWY. (W.B.) TO 149 ST

)
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of test.mgrking pattern 2, the reduction in critical
incidents by types was calculated and compared with' the
critical values given by the curves. If the reduction
exceeded the critical values‘given by &he curves, tben.the
difference was significant at the 5% lével; if the
calculated reduction}laid between the correéponding values
given by the curves, then the difference was sigrificant at
5% level only from the liberal side and insignificant at.5%
level from the conservative side; if the calculated value
was less than thgnvalues given by the curves, the difference
was totally insignificant at the 5% level. Results of the
significance test at a 5%>level vas recorded in Appendix F
and also presented in Figures 41 to 47.
D. Conclusion

The best marking pattern alternatives, i.e. those that.
minimized the number of critical incidents could be
identified from the result of statistical tests. Data
collected for the diverging areas (location 5 to location 7)
wvere not conclusive. (It should be noted that locations with
less than 50% of  the critical incidents which had

statistically significant data would be considered as

inconclusive or indeterminate).

Specific Conclusions (by test locations)
Based on the assumption that the effectiveness of a
test marking pattern at a test location deminishes with

increasing number of critical incident experienced and vice

+

4
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versa, some conclusions were arrived at through thévresults
of the significance tests. They are summarized in Table 4 in
which, for each test location, and for the types of critical
inciéent which indicated significant chagges in drivers!
responses, test marking patteras are arranged in the order

of preference. It was found that :

. 1. Data colléctgd for the diverging areas (test locations 5
to 7 inclusive) was not conclusive.

2. For locations 1, 2 and 4, continuity line markings of 20
cm widé were preferred to those of 30 cm wide thch in
turn was pref;rred to that of current Canadian Sténdard
(10 cm) ;

3. For location 3, a continuity line marking of 30 cm wide

with closed section was preferred to that of 20 cm with
' , B
open section, which was preferred to that of 20 cm wide

with open section, which was preferred to the current
Canadian Standard (10 cm wide. with open section).

General Conclusiens
4

SPECIFIC CONCLUSIONS ARE GENEEALIZED‘IN TAB&E“16.'

1. For divéfging situations, no”concrete conclusion could
be ‘'drawn from the data collected:

2. For the merging situatibn:

a. vwhere the entering famp becomes a cohtinudus lane
.(location 1 and locatioﬁ 4) , continuity 1line marking
of 20 cm was preferred;

b. where the entering ramp is a taper (location 3),a

closed section with continuity line marking of 30 cm



TEST TYPE OF ALTERNATIVE MARKING PATTERNS ARRANGED IN THE ORDER
LOCATION CRITICAL, OF PREFERENCE AS INDICATED BY THE STATISTICAL TESTS
. INCIDENT"
1 2 3 [
1. ON 11 20 ca 30 ca CAN. STD. -
Pt 12 30 cu 20 ca/ 20 ca/ }
(4.3 ‘)‘ CAN. STD. CAN. STD.
ENTERING - 16 - 20 cm/30 e 20 cm/30 em . CAN. STD. -
FROM FOX ‘ '
DRIVE oncluaion 20 cm 30 enm CAN. STD. -
(MERCING )
2. ON THE 18 30 cm 20 cm CAN. STD. -
R%’;P Dm 19 20 cm 30 e/ 30 o/ -
50_ CAN. 5TD. CAN. 3TD.
QUESNELL 20 20 cm/30 ecm 20 em/30 cm  CAN. STD. -
?S?KE;N) Conclusion 20 ca 30 cm CAN. STD. -

N. B. Only closed sections were used for this location.

3. ON 3 20 c-%O)"/:v 20 cm(0) . 20 cm(0)*/  CAN.STD.
WHITEMUD 30 em(C)*/ 30 em(C) " 30 em(C)*/
IE'REEH?I 30 cm(0)* 30 cn(0)* 30 cm(0)*
E.B. 4
5 30 em(C) 30 ca(0)*/ 30 cm(0)*/ CAN. 5TD.
ii?a"sr. * 20 cn§o)' 20 cm(0)* ‘
(MERGING ) 6 30 cm(C)*/ 30 cac)*/ 30 cn(0)*/ 30 cm(0)*/
v ' CAN. STD.* CAN. STD.* 20 cm(0) 20 cm(0)
8 30 em(c) 30 ea(0) 20 cm(0Q) CAN. 3TD.
9 30 em(o) 30 em(C) 20 cm(0)* ZAN. 5TD.
Coaclusion 30 em(C) 30 em(0) 20 cm(0) CAN. STD.
4. ON FOX 12 30 em/20 em . 30 em/20 em . CAN. STD. -
?g‘g?) 13 20 cn " e CAN. STD. -
FROM 14 30 cm/20 cm 30 cm/20 cm CAN. STD. -
QUESNELL "
3RIDGE 15 20 cu* CAN. STD. 30 cm*
(MEEGING) Coaclusion 20 cm 30 _em CAN. STD. -

Lagends: /
*

(C)s

Table 4

(o%x

Inconclusive as which is preferred

Only satisfies tite liberal test

Open section

Closed section.

Refer to Flg. 2 to
Mg, W

CRITICAL INCIDENT SURVEY - CONCLUSIONS FROM STATISTICAL
SIGNIFICANT TESTS
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is éreferred;
where the shoulder lane is dropped (location 2), a
separation line marking“of 20 cm wide with closed

B [end
section is preferred.
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, V. VEHICLE TRAJECTORY SURVEY

LN

" A. Introductioﬂ

The Vehicle Trajectory Survey involved a filmiﬁg
technique. It consisted of three phases: data collection,
_data extraction, and daté analysis.

During the phase of data cbllection, traffic a£ the
test locations was recorded by a 16 mm movie camera mounted
on a grlpod. After the appllcatlon of each new test marking
pattern, at least three days were allowed before the survey
was conducted in order to reduce the novelty effect. Test
locations were only filmed during their peak periods on
weekdays. The survey was carried out in summer, 1978,
spanning a period of over four months (from May to
Septenmber) . \ -

As the traffic was filmed from perspectives other éhan
the plan view, the trajéctories of vehicles were extracted'
from the -16 mm films with the following p;ocedures;

1. Projection of movie films on a screen: |

2. Calibra?&on of a length measured on the screen with the
-ength measured on the roadway;

3. D gitization of the positions of vehicles by one second
iucrements; —

4. Tracing of vehicle travel paths.

The travel path of a vehicle was defined by the lq&eral and

1 ugitudinal displacements by.second with respect to a

N

reference line and a reference point on the roadway. When

u7y
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the displacenments Yere known, higher derlvatlves of
veloc1t1es and acceleratlons ¥ere readily obtainable. Fof
this particular purpose, only the variance of lateral
displacement'ahd the variance of longitudinal velocity were‘
selected among the vehicle dynamics for statistical
51gn1f1cance analysis. Hovever, the means of longituhinal

velocity were evaluated on 'commop Sense' basis.

B. Data’Collection Procedures

The traffic at a test locatiog was recorded by méans of
a2 16 mm movie camera, with a zoonp lens mounted on a tripod.
Movie films used were 100 ft long, or two and a half minute

in duration - when shooting at the speed of 24-f_p.s.

5. The drivers! attention would not . be dlstracted°

2. The distances between the equipment angd the test sites
were to be as long as possible S0 that the error in
Deasurement 1ntroduced by the ' perspective effect' might
.be reduced; -

3. Ail the critical points of the lest locations were
captnred within the frame of the Pictures;

4. The camera was no€ directed toward the sun;

5. 'The.position of the camera at each location was fixed
for all test marking patterns so that the p051tlons of
the reference line: and reference p01nt remalned
essentially unchanged. 'K

. ~—
Other precautions taken included:



C. Data Extraction -

schematically in Figure 48. - I

Tracing of Vehicle Trajectories

49

After the application of each new alternative marking
pattern, at least three days were allowed bef;re‘the
Survey was conducted in order to redﬁce the ﬁoVélty
effect; ﬂ .

Data was only collécted during the peak périod of each
test location;

Traffic would only be filmed when there was a continuous

flow and yet no queuing.

v EM‘W ) 1

The process of data extraction coqsisted of two stages:
Tracing of vehicle trajectories which werec&pfined by :
the lateral and lohgitudinal displacements of vehicles AN
by second. |
Calculafion of Qighet derivatives of displacements,
including\jeloeities and accelerations..

The equipm;%¥ Fsed included:
Lafayette StoéHMotion Analyzer; B z
Bendix P;gten ana”Cursor;

LT
HP 9864A Digitizer;
’G"‘f"',’,\_y_ s
o
HP 9%§5A Mini-computer;
AMDAHL 470/V6 computer system.

.
The grrangement of thé equipment was represented

As the traffic was filmed from perspectives other than

the plan view, any measurement obtained from the movie film
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was distorted due to the perspective effect. In order to
sl

known. To obtain the lateral Perspective correction factors
along the roadvay of a tesf location, the movie film was

projected on the Bendlx\ﬁléte% by means of the Lafayette
\

t

Stop Motion Analyser. The \former ¥as connected to the
Digitizer which in &urn was attached to the Mipi- -computer
(Program 1, Appendlx H) A vehicle (e.g. GnM panel truck) with
knownbdistance between its headlights was selected. The
motidn of the vehicle through the test sectioﬁ was stopped
at every flfth frame (or about one fifth of ahsecond) and
the positions of the headllghts wvere registered by the
Cursor and convertegd into coordinat@es (lateral and
longitudinal displacements) by the Digitizer. The
corresponding distance between the headlights was then
calculated by the Minicomputer. ‘The ratio between the real
length apd the length measured on the Platen,was then
calculated. To obtain the longitudinal perspectlve
correction factors along the roadway of a test location, the
position of the lamp posts at the test location were
digitized and the distances between them computed. The ratio
of the real distance between two lamp posts as heasured on
the roadway and the correspondlng dlstance obtained from the
Projection on the Platen wvas then calculated- A lipear
regression was theE established by using the positions of -

-

the lamp posts ard the distances between them.

.

L4

aede
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After the calibrations were done, the digitization of
travel paths of vehicles could be started. A'convenient
point of 'a vehicle (e.g. the right front wheel of a vehizle)
was chosen. Its position with respect to ‘the roadsidexOr its
Nearest separation line and an arbitrarf point én'the
roadway was digitized at the end of each second (or gt-evefy
" 25th frame). The corresponding lateral and. l'ongitudinal
disg;acements were obtained by multiplying the distances '
measured frgm the film with their corresponding perspective
correction factors. Thirty or less vehicle trajectories were
obtained for each test'markinglpattern. The process in data

extraction were:SUMMERIZED IN FIG.49.

Higher derivatives of lateral and longitudinal
displacements, namely, lateral velocities, accelerations and
longitudinal velocities Ahd accelerations were calculated by
means of the following relationships:

Lateral velocity,
VX (1+1) = (X (i+1) -Xi) /t

Lateral acceleration,
Ax (i+2)= (Sq(Vx(i+1)-Sq (}xi) ) /2X1
wvhere i=1 to n;
Longitudinal velocity, ™
VY (i+1)=(Y(i+1)~-Yi) t
Longitudinal acceleration,
Ry (1+2)= (Sq (Vy (i+1) -Sq(Vyi)) s2vi

where i=0 to n. .
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Job Description

Inventory .of

—— et —— — — — ———

Digitization of

Digitization of

Calculation of

Flg. 49 Vehicle Trajectoi'y Survey -

V
lateral Longitudinal]
Perspective Perspeqtive
Correction Correction
Factors Factors
—_——t — e

of Vehicles
(by second)

Lateral Displacements

Longitudinal

of Vehicles
(by second)

Displacements|

Accumulated
Longitudinal
Displacements
of Vehicles
(by second)
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Zquipment

Films (16 mm¥E™
Lafayette Stop ¥otion
Analyzer

e e v - — —— — e

BendixsPlaten and Cursor

Digitizer

Minicomputer (Program 1
File 0 to File 4)

T e s e e e —— r— ——— —

Bendix Platen and Cursor

Digitizer

Minicomputer (Program 1
File 5)

?
ES

Bendix Platen and Cursor

Digitizer -

Minicomputer (Program 1
File 5)

Bendix Platen and C%;sor

Digitizer

Minicomputer (Program 1
File 5)

Data Extraction
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-The parameters were Calculateﬁ and tabulated by Proéram
2a and plotted by Program 2b (Appendii I) which were run
undef AMDAHL u70/V6,~using the MTS operation system. Data
inventory and plottings are kept separateiy,but samples of

them are found in Apgendix J. .

D. Data Analysis

Variance Analysis

The parametersAselected’fof fhelcomparison of
effectiveness of the test marking patterns were lateral
displacement and longitudinal velocity. They were able to
reflect the prlmary Characteristics of drivers' behaviours
at these critical areas of merging and diverginé-

F-tests were applied to the average varianées of

lateral displacements and longitudinal velocities among the

s ¢

test marking patterns. The results were tabulaﬁgd in ¢

- Appendix K. Based on.the assumption that a reduction in the

range of obsei#ed drivers' behaviours (reflected in the
variance of lateral dlsplacement and longitudinal velocity) -

implied a decrease in the proba%llity of occurence of

" performance more deviant than those observed;/fqp order of.

preference of test marking pattern for each tesé location
was inferred according to the results of the variance
analysis which were summerized in'Table 6 to Table 7.

Comparison of ggg_§ of Longitudinal Veloc1t1es

The behaviours of drivers, in terams of the means of

»

longitudinal velocities, for each test marking pattern were
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compared to thé *ideal behaviours"® (ﬁnder the ideal
conditions)'as described in the following:
1. In the case of merging situatons,

a. - The speed of the thru traffic should remain
constant.

b. The speed ‘of the merging traffic should increase
from the ramp speed:to the speed of the;through
traffic at the point of merging. |

2. In the case of diverging,

a: The séeed of the thru traffic should remain
constant.

b. The speed of the diverging traffic‘should decrease
from the thru speed to ramp speed at thé entrance of
the egﬁgrramp.

The means of londitudinal velocities forveach test
marking pattern were plotted in Figure 50 to 56. The
comparisons of mean of longitudiﬁél-veloéity were summarized
in Table 8. Conclusions based on these COMpParisons were
summafized in Table 9. It should be noted that the element
of subjectiveness did come in while inferring the order of
preferénce.of marking pattern for a particular test

location.

General Conclusions

Conclusions arrived at previously through three
different parameters, namely, the variance of lateral
displacement, the variance of longitudiral velocity, and>the

means of longitudinal velocity wvere summarized by locations.
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LOCATION: FROM FOX DR. TO WHITEMUD FWY. (W.8.)
TYPE: ENTRY LANE
MANEUVER : MERGING
35 |- TIME: PM. PEAK (3:45-5:|5) o
. LEGEND ,
ENTERING
‘ _ CND STANDARD
/‘\_ i 20CM e
30 /' TSNS . 30 oM g —
: N, ‘ THROUGH
R “CND STANDARD smeeees
20 CM - -
L 30 CM -_——
25 ,/ ‘~
. /
-/
/ i
. -
/.----Q.--_‘," -
20 |-
15 b
3.
TR
Q
5 p
7/
o) 1 i i 1
ol 2 8 8

4
TIME(S)

LONGITUDINAL VELOCITY

Flg. S0 VEHICLZ TRAJECTORY SURVEY - MEAN OF LONGITUDINAL
VELOCITY (ON QUESNELL 3RIDGZ INTERING FOX DRIVE)



VELOCITY (M/S)

o

24-

20

)

LOCATION : ON FOX OR. EXISTING RAMP (W.8) TO WHITEMUD FWY
TYPE : LANE DROPPED R
MANEUVER: MERGING
L TIME: P M. PEAK (3:45-515)
LEGEND -
) CND STANDARD ———
20 M -———
30 CM ——
L : NO MARKING  ———
A
1 1 1 ) I
0.0 25 » 5.0 7.5 0.0
TIME(S)

LONGITUDINAL VELOCITY
Pig. 51 VEHICLE TRAJECTORY SURVEY - MEAN OF LONGITUDINAL
VELOCITY (ON THE RAMP FROM FOX DRIVE TO QUESNELL
BRIDGRE) '
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VELOCITY (M/S)

&
LOCATION: FROM 149 ST. TO WHITEMUD FWY. ! .
TYPE : ACCELERATION LANE
MANEUVER . MERGING
35 L TIME: AM. PEAK (6:45-8:I5)
LEGEND
CNO STANDARD ———
20 OPEN ————
30 OPEN —_—
30 - . 30 CLOSE _—
25
20 |
15 = ¢
0 -
5 L
\
- »
0 L 1 ] 1
0.0 25 : 5.0 75 10.0

TIME(S)

LONGITUDINAL VELOGITY

Fig. 52 VEHICLE TRAJECTORY SURVEY - MEAN OF LONGITUDINAL
VELOCITY (ON WHITEMUD FREEWAY (E.B.) FROM 149 ST.) |
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LOCATION: FROM WHITEMUD FWY. TO FOX DR. (E.B.)

TYPE : TAPER
MANEUVER : DIVERGING
s L VIME : AM. PEAK (6=45-8=I5%
- ' LEGEND
CND STANDARD - —
20 CM™M -
30 CM - -
30 -
\
\
\ \
\
\
NN
LAY
25 P \
. \ P N
/ —
/ N N ’\w
|
; :
o K /
>-
b
o
(@)
)
wi
>
15 p=

0 - 1 L L |

Q.0 - 2.5 7.5 P 10.0
TIME(S)

LONGITUDINAL VELOCITY

Fig. 53 VEHICLE TRAJECTORY SURVEY - MEAN OF LONGITUDINAL
VELOCITY (ON FOX DRIVE (£.3.) FROM QUESNELL BRILGE)
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LOCATION : FROM WHITEMUD FWY. TO 159 ST (N.B)
TYPE: EXITING LANE

MANEUVER : DIVERGING ?«
TIME: P.M. PEAK (3:45~-5:(5) ’

N LEGEND
EXITING
‘ 20CM —eees
- . 30 CM —_——
THROUGH
20 CM -~———-
30 CM — b
. . ) o~
/ s
- .
P -
- t{:\ \\\
\\
— . _\
\\\\'
\\}I /
i“\\ /
L .\/.-(’
PAERN
/' AN
o AN
Vs N
’
’
,I
‘—’
- - o» an an
®
L o )
] ) ! !
0 2 4 & 8
. TIME(S) ~

LONGITUDINAL VELOCITY

¥ig. 54 VEHICLE TRAJECTORY SURVEY - MEAN OF LONGITUDINAL

VEICCITY (%j AHITEMUD FREEWAY (W.B.) TO 159 ST.)



VELOCITY (M/S)

p
!
\
LOCATION : FROM WHITEMUD FWY. TO FOX DR. (E.B.)
TYPE : ENTRY LANE ’
MANEUVER : MERGING
TIME: A.M. PEAK (6:45-8:(5)
245~ LEGEND
ENTERING )
CND STANDARD ——
20 CM —-————-
21.0 Seseeass 30cM -
. { THROUGH
CND STANDARD s
20 CM . ————
! 30 CM —ce—-
(7.5
14.0
105 b
Vs
70
35 L
' 1 1 1 \') 1
005 2 4 6 8
TIME(S)

LONGITUDINAL VELOCITY

Tig. 55 VEHICLE TRAJECTORY SURVEY - MEAN OF LONCITUDINAL
VEIOCITY (ON WHITEMUD FREEWAY ZXITING TO FOX DRIVE)
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VELOCITY (M/S)

5

LOCATICON : FROM WHITEMUD FWY. (N.8) TO 149 ST
TYPE : TAPER ’
MANEUVER : DIVERGING
B TIME: P.M. PEAK (3:45-5:15)"
' LEGEND
CND STANDARD
20 ™
10 CM
— 1
e /
,","':'; / )
/ /
V
/
bt ‘
L
- i
7
1 1 ‘ L 1
0.0 1.5 45 6.0

30
TIME(S)

LONGITUDINAL VELOCITY:

™g. 56 VEHICLE TRAJECTORY SURVEY - MEAN OF LONGITUDINAL
VEIOCITY (ON WHITEMUD 'FREEWAY (W.3.) TO 149 3T.)
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™Y/ TRAFFIC LONG ONG . AVERAGZ OBCREASZES | DIFFERENT
LOUAT RKDG  \MOVEMENT | VELCCITY AT | AvERAGE LoNG. | ¥ vBL. | m vEL. IEMARK
B bic | PATTZRN - THE 3EGTN - | AT THE VELOCITY AT THE
NG END 20
L N it 2 1u/s) "1Y2 | Hpu-avTRY
INTRY LANE/ CAN. INTHY 13.43 12.85 2.1 0.58 | 1.19 Crder of pmfmnce;x
: ; . J0 cm, 20 em, CaN.
f0X DR. TO STD. THRU 18.32 14.04 15.85 4.78 STD. Although the
WHITEMUD WY ; o _ difference in speeds
.3 20 ca BxaT 14.76 18.75 _16-'38‘ 3.99 3.21 at the end of obser-
o THRU 21.14 22.96 21.50 -1.82 vation period ia
smallest for CAN. STD.
30 ENTRY 20.76 26,11 23.86 -5.38 2.51 both the entry aad
cn ‘ thru tmaffic expari-
THRU 29.14 28.62 29.90 0.52 enced decalarntion
which was undersirable.
-
MERG ING / CAN. e Order of praference
ON THE RAMP | STD. s R e 20 cm.:30 ca, CAN. STD.
{ The average speed was
FROM FOX DR. 20 cm - 16.23 16.93 18,57 -0.7 - hfghest and experisnced
. least deceleration in
0 W
TO WHITEMUD 30 cm - 13.50 16.40 18.11 ~2.50 - the case of 20 ca
Y3, ki narking.
MERGING/ CAN. o £ _ Order of preference .
FRON 149 ST . 27.02 ?2.76 22,02 4.26 CAN. STD., 30 ca (elosed),
" ' 20 cm (open), 30 cm {open)
TO HITEMUD 20 cm - 17.45 1 12.95 13.87 4,50 - The average speed was
WY/S.B. (opon) o f s highest in the case of
30 ca - 17.63 12.16 13.45 5.47 - CAN. STD. marking.
’? (OPQU) »
30 cm - 20.75 16.27 15.87 4.u8 [
(closed}
NTRY LANE/ CAN ENTRY 1,77 W51 |° .32 Q.26 0.16 Order of prefersacs :
. THRY 11.61 .67 | 136 | -3.06 20 ca, CAN. STD., 20 ca
FRCM WHITEMUD | STD. The average speed of
: . ths entering and thru
Y TO FoX 20 o INTRY 16.50 15.93 15.81 0.67 5.91 trafflc vas closest to
DR./E.B. o THRU 21.26 21.26 2.23 0.02 speed Llimit'of 17 a/s
] An the case of 30 cem
ENTRY 17.24 17.45 16.97 -0.2Y -0.6 . .
’ 30 ca 0.67 -
THRU 15.0%° 16.78 '15.90 -1.72
XTI L extt 30.49 | 22.45 21.99 8.03 ) Order of prefarence
EXITING LANE/ 20 o orn | 2 o.86 30 ca, 20 cm. The
TROM “HITEMUD THRU 19-88 2 .7 -59 wh. hi&h SM of the ,
| thru traffic in the
.FVY T0 159 30 ca IT 28.81 27.30 26.47 1.51 _ case of 30 cu sarking
ST./¥.3. THRU 30.97 .26 33.21 -3.29 reflects drivers'
i counfidence
DIVERG MG/ CAN, - 21.55 18.30 16.57 3.25 - Order of prefarencs ;
. =| 20 em, 30 cm, CAN. STD.
FROM WHITEMUD | STD.
M 00 éb 06 22.20 5.94 _ The higher average speed
PYY TO FOX .| 20 ca - 29. . : : of the extiting traffic
§ ) i indicatsd the drivers’
R./E.3. 30 cm - 2%.51 20.19 20.46 6.32 - confidence in zansuvering
. ' at the critical ares.
e . R Order of prefarencs :
DIVERG DG/ cay. - 22.70 - 16200 20.34 6.70 20 cm, 30 ca, CAN. STD.
FROM JHITIMUD | STD. ’ The highest average
speed of the sxiting
m/m 149 20 ca - 18.82 A.62 | .82 | -2.80 - traffic indicated the.
ST./N.B. . . ; drivers' conridencs 'in
e 0 ca - 15.47 22.42 21.07 ~6.95 - aaneuvering ot the
critical area.
. ' ) J
Table 8 TENICIE TRAJECTORY SURVEY - COMPARISON OF MEAN OF LONCTTUDINAL VEIOCITY
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They were then generalized to traffic situations and
, -

tabulated in Table 10, Table 11 and Table 12.

67
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VI. CONCLUSIONS AND EVALUATON

A. Methods of Evaluation
The Critical Incjdent Survey, as a method of evaluation
of pavement marking, was, indeed, non-accident dependent,

objectine{'accurate, able to reflect the causes of potential
aeﬁidents: and agle to take into account the ractor of
capacity. As far as the complexity and installation of
1ns}lumentatlon were concern, it was the 51mplestyb It was
proved to be successful in 1dent1fy1ng the best test marking
pattern for test locations of merging maneuver..However, for
the test locatlons of diverging maneuver, no conclusion of
statistical significance could be drawn from the data
- collected, thus,. either a lenger period of data cellectionr
or a supplementary method of enaluation nas warrantedl

| The Vehicle Trajectory Snrvey'was used as another
- . method of evaluation ef'pavenenfmmarking- Unlike Ackroyd 'and .
Madden's instrumentation. of Time-Lapse cinephotography
A5f5,6),_the direct employment of 16 nmm. movie camera did
'simpl1!! the process of data collection.'The pHase of data
extraction was time consuming and 1nvolved exten31ve motlon
analyzing egu1pment : : R -

It was found that the selection of appropriate traffic

lperﬁornance measures ¥as the most critical task. Tnese } '
measures nust reflect variations in.drlvers‘(responses to

\the marklng patterns. Unfortunately, deflnltlve guldellnes

are dlfflcult to establlsh because of the number of

r -



. ' ' 72

1

combipnations of geometric situations, poteﬁtial treatments /
systems, weather conditions, and traffié performance
measures are,unlimited; Lateral displacement and
longitudinal velocity were selected 55 parameters of
measurement because they refléct adequately the behaviour of
drivers at these critical areas of merging.and- diverging.
Thése methods of evaluation were not veighed in terms
of significance. Thef measured different aspects of driver's
responses to the markiqg.patterps. The results obtaiqu

should, generally, confirm each other.

B.-Comparison of»Egsults

Table 13 summarizes the first preference of marking
pattern indicated by the féur.parameters, which included :
numnber of critital 1nc1dents- varianée of lateral

dlsplacemeﬁt- varlance of longitudinal velocity; and the .

mean of longltudlnal velocity. It could then generally be

inferred that :

1. The effects of pavement marking on the drivers are mbre
obv10us 3t complex 51tuatons like those of merglng'ap&
diverging.

2. Wider ﬁarking (?O/BO cﬁ) was preferred to current )
Canadian.Stépdard (10 cm) fsr the continuity linés £;
merging and'divérging_afeas; |

3. Closed sections.wéré preferred to open sections in

merging and diverging areas.
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. VII. RECOMMENDATIONS
followings are recommended for i ‘plementation:

Continuity lines of 20 or 30 cm at merqging and diverging

areas are recommeded for Canadian applications;
Closed sections are preferred to open sections for these

critical areas.

=0

~
The followings are recommendated for further

investigation:

1.

As for this study, data was only collected during peak

. o
periods at the test locations, when the accident rates

were highest and vehicular interactions were naximum;

L3

and,'of course, taking the advantage that large amount
of data could be cpllected during a short time. However,
the'effectivenessZof the pavement marking might be
different at low t:affic volume. Further study duriné.
the off-peak periods might bring more insight into the
effectiveness of;ﬁavement marking at these éfeés.
During the study, the applications‘of 30 cm wide
markings were not satisfactory due to some techhical
problems. Furthermore, the cohparison.betueen 20»cm and
30,ém'markings were not donclusive in many cases.
Therefore, further investigation in the differences of

\
4 .
effects which these &afking patterns might have on the

. drivers is recommended.:

¥ i ) .- : .
As for the Critical Incident Survey, no concrete

conclusion could be”deQﬁ‘fnoﬁ the data.for»diverging

'situations.'The survey could be further pursued, for
L ' o o -

.

#
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example, by lengthening the observation to three hours.
Generally, this method is efficient in measuring highway
improvements and 1is reéommended as a method of
evaluation of other hi;hvay safety improvements.

As’for the Vehicular Trajeétory survey, its accuracy of
measurement and itéssensitivity are indeed attractive;
however, the complexiéi of data analysis have to bé
re-accessed 5efore thié method of evaluation could be

¢

used efficiently and economically.
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APPENDIX A . f

Canadian Pavement Marking Standard

at the Merging and Diverging Areas

X >
Source:Uniform Traffic Control Device Manual, Canada,

October, 1970-
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Test Locations.

87



3

TPAFFIZ - A Ty B
: LOCATICND 2EFORE T Ar.‘:... 1 T AFTER 2|7 AFTZR 3
CCNFICURATICN :
| 1. On Juesnell 3ridze (N.3.)| = g , -
_ i from Fox Drive > 3 20 13 Jo -1 -
T - 2. On Fox Drive (£.3.) from | s .
- Tt =T Quesnell Bridge > 3‘ 20 , ) 20 - -
- T
TS Riemud Sy, (4. of <
e T Lb;mfromylué St s 3| Open-20 |3 | Coen-30 | 3 Close-30
. ."v
T T T 77T 7 | 1. On Wnitemud Pwy. exdting R
Q to Fox Drive > 3 Close—-IBO ) ) )
T T = 1. On td. Pwy. to 149 St.xe | S 3 [lose-20 |3 |Close-30{- | -
/ N
—_—— 1, On fox Drive to Whitemud S 3 20 .13 30 _ _
—=xT Py, (N.B.)
o« .
S . - Py
= b emmme e s | o |3 [esseol | -
S| e
"= li. on Wnitemud ?wy. between - A _ i
= — 149 3t. aad 159 St. ¥.3.. 3 2l %0 Jp
pr oo Y
P S
Legend: '
1. T = Time intprval between alternatives (weeks)
2. ¢=#= Indication »f a change of configuration
2,78 = Ztandard pavement marking. -
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Fi

. 1 g
! ma MASK NG TEXICLE CRITICAL TNCITENTS SURVE'.’-‘T’ , TIDEO~-
TRAJEC- : . |
TEST LOCATION PATTZRN SCYETULZ | TORI=S | TASTNG
. SURVEY 24 D D
1 2 3 |
[»]
10 ca May 29 June 23 |June 21 Jjune 29 July &4 June 22
O QUESNELL 3RIGE | ‘5 o July 5 |Aug. 11 lAug. 1  Aug. 3 Aug. 8 | July 28
FROM FOX DR. (4.3.) - : , -
« ‘ X e Aug. 7 Aug. 29 lAug. 29 Aug. 30 Aug. 31 | Sept. 8
. , 1 __
10 ca May 29 |June 19 |June 19 June 23 June 26 | June 22
OK 70X DR.. 7POM 26 |July 5 |July 1 |July 16 July 24 July 26 | July 28
QESNELL 3RTGE (Z.3.)
. 30 em Aug. 7 Sept. 11 |Aug. 28 Aug. 30 Aug. 31 | Sept. 3
. . 10 = May 29 May 30 June 14  Juna 22 June 25 | Juns 22
OX WHITIMUD TREIWAY 20a  |July 5 |Aug. 1 |July 19 Aug. 3  Aug. 8 | July 23
T0 159 sT. (¥.3.) ) !
Ve Aug. 7 Sept. 12 iAug. 29 Aug. 30 Aug. 31 | Sept. 3
i -
10 cm o | May 29 | Juge 23 |June 23 June 26 June 29 | june 22
O THITEMUD TREENAY 20 e | July 5 |July 18 [July 18 Juiy 21 July 25 |July 28
TG FOX DR. (%.3.) _ . '
XV cme | Aug. 7 Aug. 25 [Aug. 30 Aug. 31 Sept. 5 | Sept. 8
10 c»x o | May 29 June 20. |Junes 19 June 20 June 23 June 22
CR WHITEMUD FREEMAY 20 cme [Suly 5 |July 17-lJuly 17  July 26  July 2§ | July 28
™ W9 ST. (¥.3.) , | ‘ S
0 e | Aug. 7 Aug. 28 |Aug. 29 . Aug. 30 Auz. 31 | Sept. 8
. 10 cm o | May 29 Juge 26 | June 13 June 19 June 22 | June 22
CN POX-DR. TO QUESKELL'\: 20 ca o | July 5 | Aug. 2 |July 25 Aug. L  Aug. 3 | July 23
3REGE (4.3.) o R
O cme | Aug. 7 Sept. 26 | Sept. 19 Sept. 20 Sapt. 26 | Sept. 8
1
10 = 0o | May 29 Jude 15 t June 15 Junae 20 June 2) | June 22
CN FHITEMUD FREEWAY 20 o July § July 13 | July 17 July 20 July 28 July 23
! o .
FROM 145 ST. (2.3.) 30 cm o | Aug. 7 Aug. 25 | Aug. 25 Aug. 28  Aug. 29 -
X <m e | Sept. 7 | Sept. 12 | Sept. 12 Sent. 13 Sept. 14 Sept. 3

SCHEDULE OF ACTIVITIES DURING THE STAGZ OF DATA COLLZCTICN

Nots . .
A 10 om aarking pattams are of contempory Canadian gumm

b
o

for critical (naideqts survey, 3 sets of data \i_ir-' collected for

op-q section
closed sectioca
not done

as ‘aplemented

v

3
Kv

each alternative aarking Tatiem

90
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Sample of Data Collection Form.
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Sample of Data Collection Fomm.
MERGTNG A2EA

Date ! Done py:
Location 1 '
Tize 1 Staxt Znd

Veather Condition
Traffic Yolume !

] T R R T 1 \ ; AN TT SR
W}S‘] a-.l\l %l @‘s \€|l ‘qr q/'l g",
1 1 } | \ [ 1 it
SRR A RN R A R R AR R
SRR Py bt y | B | e 1
Ll ; an N y o ! L1
[R=3(C)-2 RG(A)-2 BG(3)-1 RG(A)-1 R-Sy-1 | .B-H-1 |1-G(A)-2 8-Sp-1 |
Cl Cz Q{ CZ- 01 CZ CI C2 CL CZ Ci C2 CL CZ Ct CuCI CL c1 Tc‘,’
AN
NS B
N\ \\K‘/
N N
\i\
e N N
)
AUAN \\>
4 N |
~ AN R
L N
RSN ,
K Lﬁ: v
N -
)
‘L
|
| {
j .
| | i
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Critical Incident Sur‘y/—\nata Inventory.
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APPENDIX G

T
Critical Incident Survey — Curves of Statistical

~ Significance Tests.



be significent (at 5%) percentage

Critical incident required to

102

\ CURVE 2 - CONSERVATIVE TEST

) (Ch square )
i S

CURVE | - LIBERAL TEST

( Poisson)
J 1 1
Q 20 40 80 80 100 120 140 160 180 200

Number of CIQEiEE} incidents before application of test pattern

Fig. 1  CURVES OF SIGNIFICANCE TEST FOR CRITICAL INC IDENT
REDUCTION
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APPENDIX H.

Program 1.

Date Extraction



164
Hans Gros, Biomechanics Laboratory,
Faculty of PhysicaL_Education,

University of Alberta. '?

Hansel Wang, Department of Civil Engineering,
University of Alberta.
Purpose

The purpose of:Program 1 is to compute the vehicle
pPositioning, by second, by traneforming‘the positions of the
vehicles registered by,the cursor into lateral and
longitudinal displacements. } i
Prograﬁ Structure |
- The program is_constituted of 3 sobprograms (A. B. and
C.):~which oc;opied 5 filed.

Subprogram A in File 0 compute the lateral perspective
correction factors The program uses a knownéreference line
that is digitized throughout the”deSired range, computes the
corfection factors, smoothes them by uéing a single
exponentlal/rejectlon technlque and stores the smoothed
correctlon factors and the corresponding 'y values in Flle 1

and File 2 LCespectively.

Subprogram.B in File 3 finds longitudinal perspective
correction factors. The positions and distances between lamp
Posts are used to'establish a linear regression. The N
coefficients of the obtained eguation are stored'in»File s

Subprogram C ip File 5 1s the analy31s program; The
lateral dlsplacement is obtained by scanning the b array and

finding the correspondlng correction factgr which is then

B
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muItiplied by fhe distance measured on the Platen to give
the real distance. The longitudinal displacement is obtained

by using the y value to find the corresponding perspective

correction factor from the regression equation.



0: din C[LOO],Y[lOO],S[lOO],L[lOO],z[lOQ],x[lGO],O[lOO],T[lOO]

l: pre “CIviwL ENGG." ;spc 2 j

2: 1-1

3: ent "REAL SIZE OF REFERENCE [emj ™ ,R

4: prt “ReAL S1ZE [cml=',R:spc

5: enp “PERMISSIBLE dEVIATION % -',KO;spc 2

5: dsp "DIGITIZE REFERENCE ", 1

T: red 4,x,Y;2.54X’X;2.54Y0Y;beep

8: red 4,A,B:Z.54A*A;2.54B~S;Deep

9: Lf X-&=0;I—l*1;gto 15

10 : VI(A=X)"2+(Y-3)"2) -0

11l: R/D+C (1]

12: if I>1;if ClI-1]>x2(r +C(I]r0/100;dsp “REJECTED+";wait 2000; beep;gte
13: if I>1;1if Cli-l)<C(1I —C[I]:O/lOO:dsp "REJECTED-";wait 200Q0;beep; 5o
14: B+Y[I);I+l+I-13;gto °

15: pre “cC FACTOR" ; spc

16: for a=] to I

17: prt C{a}

18: if A=1;ClA)~3(Aa];gto 20

13: .5C[A+l]+.5C(A}05[A]

20: next A

21: spc ;prt "SUOOTHED ¢ FAC";spc

22: for wp=l to I-]

23: Fat 2£7.2;wrt la, "y, y(gy)," “,5{8}
24: next B

25: spc 2;prt “CALIBRATAZON DONE" ; spc
201 [3«fF

27 tcf 1,Y(*)

23: rcf 2,5(*}

29. pr "tt-tttftttt.tttt“;spc

*24181 e

]
]
6

G

th Oy



WO

6:

40:

;. prt,"St.Ecc.of 5,5_ ,:8 PRLERS

07

beep;dsp "LOUGDITUDINAL DI3P. Calibration”;wait 2000;been
dim 0(2,30}

Pr et "K<<K IO oo>"

spc ;ort "LONG DISP.CAL";scc

ent % of REFERENCE POINTS ?*,rc0
dsp "DIGITIZE REFERENCE #*,)l;red 4,2,F; beep

2.54E<E; 2.54F«F
for K=l to r0-1
dsp "DIGITIZE REFERENCE $",{+1l;red 4,G,H;beep

2 S4G-G; 2. S4H»H

Y({G-E) 2+ (H y"2)+rl :

ent "REAL DISTANCE IN METERS",r2

£2/(rl/100)+0(2,K]

(H+F) /2+Q (1 K]

G-E;H..E.‘ . P———
next X )

Q+B+l+R+E+S+2+J .

for Q=1 to ro-1 '
O(1,Q)+5+5;0(2,Q)+2~2

next Q

5/(r0-1)+X;2/(cQ-1)~-Y

for A=l to r0-1

prt C{l,A};pct O[2,A]);:spc

(O{1l,A]-X)(O{2,A)]~Y)+B=8

(D{L,A]=X)"2+JJ

(O(2,A}-Y) "2+R-R

next A

B/Y(JR)~E .

prt "sx -',4(.}/(:0—2))«2 : -

pret “Sy =",y (R/(t0=-2))~c3 ¢

SpC ;prt ‘CORRELATIOJ"spc iprt "t =",E

Erl3/r2+c4;Y-r4 X+rS R C
Er2/r3+r6;X~r6Y¥~r7

Spc ;prt "REGRESSION™;spc
~rJy(J. £ 2)-:3

fat 456 l wtt 16, 'Y=',r5 "+7,r4,"x"isoc )

SpC ;prt "LONG CAL DONE' spc
rcf - 4 rd4,rS.

prt <<<<<<<<>>>>>>>)‘;;oc 2
end

*13680 .
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dim AS{59],8S(20);1~u

ent “LOTATIUN",AS(U]

2L T "Hrrrrib it hths

ottt AS{U];ore "++++++4—+++¢+o+++";s;c

laf 4,r4,15

L-y

ent YCOMMENTS",dS [u]

P[: "ttat-t*ttttﬁ-iwt";spc

: p[t BS[U]ISPC I_OIC "**wtitﬁ'ﬁ*'i't.t';spc

dim C[LOO],Y[LOO],S[LOO],L[lOOl,Z(lOO],x[lOO},J[Z,ZOl,T[lOO]

»
—

(Yo iy (NN o IR SO SO )

10: Ld4f 1,Y(*)

ll: for P=L to 130 *
12: 1f 7(P}=0;P+»r3;imp 2

13: nextc P

14: 1df 2,5(*}

15: dsp "LATERAL DISTANCE COMPUTATIONS®;beep;wait 1500;beep
16: l-~I-N .
i7: dsp "DIGITIUL POSITIO~ " ,N;jred 4,X,7:2.54X-X;2.54¥Y;beep
18: x=X{n];Y~Z (i}
19: dsp "DIGITIZE ROADSIDE";red 4,A,3;2.54A-A;2.54B+8;beep
20: if X-A=0;g5to, 28
21: yO(X=A)"24+(Y~-3)"2)-D =
22: 1f ¥<Y[I}:;dsp. “OJT OF RAIGE ~-";walt 2000;2eep;3t0 17
23: 1f YOY[I];1if ¥>Y{r3-1];dsp “OUT OF RANGE +";wait, 2000;been;gto L7
24: 1f Y=Y{I};S{l]-C;gto 27 '
25: if YOY(IL);if ¥<Y[I+1l}:3{[.]=C;gt0 27 .
©26: L+l-I;gto 24 ) .
27: LDT.L{Jd]);H+l-N;l-l;gt0 17
28: l-1I
23: ort "+LATERAL DI3T.-";spc
30: for Z=1 to N-2
3Ll: preoc L{Z2)/1900
32: next %
33: 0=D
- 34: dsp "LONG.DISPLACEMEGT"; ceep;wait 1500; beep
,35: spc iprt_ "e+-LONG.DIS2.++=";scc C
36: ent "} OF POSITIONS 2" ,cll - o
37: dsp "DIGITIZE POSTITION 3", lired 4,A,B;beep
38: 2.34A-A;2.343-8 .
33: for R=1l to ril-l :
40: dsp “DIGITIZE. POSITLON 3" ,R+1l;red 4,X,{;beép e
41: 2.54X=X;2.54Y¥~Y : I : - S
42: Y((X=A)T2+(2-8) "2) ~L
131 S+ ((B+Y)/2) -C
44: prt "LUJG" ,CIL/10D
45: CL/L00+0D=~0;prt "ACC",D;soc
46: A+A;Y~B o '
47: next R
48: enct "LOJG DISP. 0.X. ? [(laYes]™,%
49: if E21;0-0;prt "REPEAT";gt0o 35
50: dsp "PRESS "RUN’ TS ZUNTILUE MNEXT CAR"
5l: and o .
*11492
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APPENDIX I

program 2.

Computation of Parameters
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Eric Kwong, Department of Computing Science,
University of Albefta.
Hansel Wang, Department of Civil fnéineéring,
University OF ALBERTA.
PURPOSE
The purpose of Program 2 is to compute the velocities
and accelerations from the lateral and longitudinal

displacements and subsequently display them graphically.

program Structure ‘ -

«

‘.
The prodgram censists of two subprograms A, and B. .

édﬁpfogram 2A is written in algol,.from the input data of
lateral and‘longitudinal‘displacements, the velocities and
accelerationsv(by second) of a vehicle are computed. The
parameﬁers thus obtained will be kept in a data file.
Subpfogram 2B is written in fortran. It reads imn the
parameters computed by subprogtam 22 and by calling the
Subroutine CGét in * Applot, the parameters will then be

_ plotted.
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DISPLACEMENT(M.)

Location: On Whitemud Fwy.
(£.B.) to Fox Dr.
+ Type of :
Maneuvre: Diverging
Time : A.M. Peak (6:45 - 3:15)

12.0

Maxidng
Pattern : 30 ca closed

v

10.5

.0

6.0
1

T g T
8.0 " 2.5 5.0 7.8 10.0 12.5 1S.0
TIME(S)

LATERAL DISPLRCENENT
Pigure 1 | |

An example of individual vehicle trajectories: lateral

displacesent.

TVA
¥
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VELOCITY(M/S)

. ' Location: On Whitemud Fwy.

. X . ,(2.B.) to Tox Dr,,
v ’ ' ‘ fTypeor 0T .
Vaneuvre: Diverging . -
Tinms : ALM. Peak (8345 - 8:15)
!aI’dC; ) RN - .
Pattem : 30 cm closed
™~
N~ . .
— +
e T
- 4
I
o .
n"‘ -
I
! }] ¥ 1. g 1 - I
0.0 2.5 S.0 v 7.5. 10.0 12.8 15.0
TIMES)
LATERAL VELOCITY
Pigure 2

dn example of individual vehicle trajectories: lateral

velocity.
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Location: On Whitemd vy,

: . %& SR o ~ (2.3:) to Fox Dr.
W B N "u\v‘.. . j Typs of '
a R o Haneuvre: Diverging .
‘ ' . Tixe t AM. Peak (6:U45 - 8:13)
Maridng
Pattam : 30 ca closed
N T
LI
~N : \ KN 5
Y/ .
— / \ . +
“ | ey '
J a e\ A
X DY %
0 °7 -':.-o-:::——:: T
T e 2 X
N
m -
2 ¥
&
& T T
o~ ] +
]
0 _| -+
1
: |
! s T T T T : E—
0.0 2.5 5.0 7.8 10.4. 12.5 1S.0
' TIME(S)
LATERAL RCCELERATION
Figure 3

An exaaple of individual vehicle trajectories: lateral

acceleration.
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DISPLRCEHENT(N.)

0

40

Location: 0n “hilemid Py,
(2.B.) to Tox Dp,
Tyra of ‘
Haneuvre: Dive
Tize . ; A.M. Feaik ($:45 - 8:13)
Haxicing ;

Patterm 30 eam closed

TIME(S)

Pigure &

Ao example of indi

longitudinal disgl

! ) i
5.0 ‘ 7.5

LONGITUDINAL DISPLACEMENT

vidual vehicle trajectories:

acesenc,
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VELOCITY(/S)

144

Location: On Whitemmd Fwy.

o i, : " , {£.3.) to Fox Dr.
- i . Typ= of
- " Mageuvre: Dive
Tize : AM. Peak (6:45 - 8:15).
Haring
Pattem : 30 oa closed
v .
’ |
51
)
.w-
o~ R
¢ _
o
I
o~
w ]
/
=E I
[7- I |
o =0 4 R 1 ] B
g.0 2.5 5.0 7.5 ) 10.0 12.5 i1S.0
TIMES)
- LONGITUDINAL - VELOCTITY
R ‘?iqure )

’

An example of individoal vehidle trajectories:

longitudinal veloci ty.
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Location: On Whitemud Fwy.
(8.3.) %o Fox Dr.

Type of

Maneuvre: Diverzicg

Tine : AM. Peak (8:85 - 8:13)

Mariing -

o + : + J ttem : 30 ca closed
-
kS +

!

\ Y
a4 +
r& .
4
bt
o +
)
o
°* =4 -+~
o~
1
2
ﬂ-‘ N -+
1 »
<
u:" e
t
7/

¥ N 2
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”d -
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e
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! Bl NS i T ¥

0.0 2.5 5.0 7.8 10.0 12.5 . 15.0

TIME(S)
LONGITUDINAL RCCELERAIICN

riguce 5 dn example of individual vehjcle trajectories: .

o lonqitndixhcceleration. K
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APPENDIX K
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Vehicle Trajectory Survey = Variance Analysis of Lateral

Displacement and Longitudinal Velocity
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"OX DR. TO AHITEMUD FWY. W.B.

- 147

LATERAL DISPTACEMENT

LOCATION:

MANEUVER: MERGING

TIME: P.M. PRAK (3.45 - 5.15)

n‘
TEST TRAFFIC | LATERAL DISPLACEMENT (M)/STANDARD
: DEVIATION/VARIANCE MEAN
MARKING SECOND AFTER THE BEGINNING OF THE . .
OBSERVATION PERIOD VARIANCE
PATTERN | MOVEMENT 1 -2 3 4 5 6
‘ 12.98 3.03 3.18 3.39 3.82 4,31 -

o ENTRY 0.59 0.99 1.17 1.71 2.15 2.52 -
CANADIAN 0.35 0.98 1.77 2.92 4.62 6.35| 2.83
STANDARD 1= 2.77 2.4 2.97° 2.9 2.85 - | =

THRU 0.20 0.28 0.2+ 0.31 0.29 - -
0.04 0.08 0.06 0.10 0.08 - 0.07
2.73 2,73 2.73 2.86 3.04 3.78 -
ENTRY Q.45 0.45 0.60 0.79 0.91 1.19 -
0.20 0.20 0.36 0.62 0.83 1.42 0.61
20 cm , 334 3.40° 3.20 3.10 2.93 - -
Thru 0.25 0.25 0.28 0.44 0.84 - -
0.07 Q.06 0.08 0.19 0.71 - 0.22 .
. ~3718 3.34% 3.57 .3.89 4.38 4.38 -
ENTRY [ 0.64 0.96 1.24 1.46 1.74 2.01 -
O.41 0.92 1.54 2.13 3.03 &4.04| 2.01
30 em -7 3.56 3.2% 3.11 3.22 3.65 - -
. THRU 0.37 0.40 0.87 0.:64 1.01 - -
" 0.14 0.16 0.22 0.41 1.02 - 0.39
. ENTERING TRAFFIC THROUGH TRAFFIC
COMPARISON OF MEAN. F - TEST COMPARISON OF ~ F - TEST
VARTANCE BETWEEN - (3% SIGNIFI- MEAN VARIANCE (%% SIGNIFI-
MARKING PATTERN CANT LEVEL) BETWEEN MARKING CANT LEVEL)
C PATTERN
CANADIAN : CANADIAN ,
STANDARD - 20 cm o STANDARD -~ 20 cm . o
'CANADIAN ) CANADIAN
STANDARD - 30 cm a STANDARD - 30 cm I
20 cm - 30 cm . 20 cm - 30 cm o
Legend: e significant
0 not significant
\
Table 1 VEHIGLE TRAJECTORY SURVEY - VARIANCE ANALYSIS OF



LOCATION:
MANEUVER

P.M. PEAK (3.45 - 5.15)

w WP TROM 70X DR. TO ¥HITEMUD 7WY. 4.3.
h NG

TZST TRAFFIC | LATZRAL DISPLACEMENT (M)/STANDARD DZVIATION/ MEAN
VARIANCE/SECOND AFTER THE
MARKDNC BEGINNING OF THE OBSERVATION PERIOD VARIANCE
PATTERN MOVEMENT 1 2 30 4 5 é 7 8
4.56 4.81 4.88 4.65 4.73 4.73 L.54 4.42 -
NO
MARC T 1.6+ 1.56 1.53 1.53 1.55 1.51 1.43 1L.45 -
J 2.69 2.43 2.24 2.3 2.40 2.28 2.04 2.10 2.33
5.64. 5.45 5.30 5.39 5.47 5.67 5.82 5.68| -
LCANADIAN
STANDARD 1.48 1.66 1.52 1.57 1.59 1.60 1.48 1.3 -
2,19 2.76 2.31 2.46 2.53 2.56 2.19 1.80 2.35
2 3.93 446 4.9 4,97 5,13 5.35 5.40 5.57 -
cm P
closed 1.96 1.70 1,71 1.66 1.64 1.51 1.37 1.3 -
: 3.8k 2.89 2.92 2.76 2.69 2.28 1.88 1.80 2.63
5.68 .87 4.9 4.94% 521 5.40 5.31 5.50 -
30 cm '
“losad 1.1 0.98 -1.ot+ 0.99 1.00 0.87 0.86 0.84 -
1.30 0.96 1.08 0.98 1.00 0.76 O0.?% 0.71 0.9
COMPARISON OF MEAN VARIANCE F - TEST
BETWEEN MARKING PATTERN (5% SICNIFICANT LEVEL)
20 cm ' CANADIAN o
closed STANDARD
CANADIAN _ 30 cm
STANDARD closed — .
20 cm _ 30 cm o
closed <closed

Table 2

Legend: e significant

o not significant

LATZRAL DISPLACEMENT

\

VEHICLE TRAJECTORY SURVEY - VARIANCE ANALYSIS OF

&



1L9

LOCATION: FROM 149 ST. TO WHITEMUD *WY. S3.
MANEUVER: MERGING '

TIME: AM. PEAK  (6.45 - 3.15)
{ TEsT TRAFFIC LATERAL DISPLACSMENT (X)/STANDARD MEAN
DEVIATION/VARIANCE '
MARK ING AFTER THE 3EGINRING OF THE
“ OBSERVATION PESRIOD IVARIANCE
PATTERN MOVEMENT 1 2 3 L 5 6 7
|- 3.82 w.o7 .53 5.09 5.66 6.10 6.5 -
CANADIAN - 0.61 0.75 1.11 1.76 2,39 2.61 2.71 -
STANDARD 0.37 0.56 1.2F 3.10 5.71 6.81 7.2 "3.59
4,16 L.40 4,65 5.18 5.43 5.79 6.16 -
20 cm - 0.75 0.98 1l.46 1.82 2.1 2.23 2.23 -
open B 0.56 0.96 2.13 3.31 4.58 4.97 4.97 'j.o7
3.75 4.0 W4.16 4,25 4.78 5.34 5.85 -
0 em - 0.43 .56 0.62 0.95 1.35 1.79 2.12 -
open “0.18 0.31 0.38 0.90 1.82 3.20 4.49| 1.62
L.y L4.73 5.15 5.55 6.00 6.45 6.87 -
30 em - 0.59 0.91 1.36 1.61 1.88 2.03 2.24 -
closed 0.35 0.83 1.85° 2.59 3.53 4.12 5.02| 2.55
COMPARISON OF MEAN 7 - TEST
VARIANCE BETWEEN (9% SIGNIFI-
MARKING PARRERN ) CANT LEVEL)
CANADIAN 20 cm R
STANDARD - open ~
CANADIAN _ 30 cm
STANDARD open .
CANADIAN _ 30 cm o -
STANDARD closed
20 cm _ 30 em
open- open 3
20 cm _ 30 cm
open closed o
$:30 cmn 30 ca -
closed open R o

legend: e significant
o not significaat

Table 3 VERICLE - TRAJECTORY SURVEY - VARIANCE ANALYSIS OF
LATERAL DISPLACEMENT
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LOGATICN:
MANEUVER:
TIME:

.

FROM WHITEIMUD *WY. TO 7OX DR. =. 3.
DIVERG NG
AM. PBAK (6.45 - 3.15)

150

‘TRAFFIC
o VARIANCE/SECOND AFTEZR THE .
MARKING BEGINNING OF THE OBSERVATION PERIOD

PATTERN

LATEZRAL DISPLACEMENT (M)/STANDARD DEVIATION/ MEAN

| MOVEMENT | 1 2 3 4 5 6 7 8

" VARIANCZE

2.08 1.
- 0.38 0.

%
39

1.95 1.
0.43 0.

2.25

CANADIAN 0.50 0.65

STANDAND

2.5 2.
0.

82
82

3.02
1.15 -

0.1%

.15

0.18

97
vy
19

0.25

0.42

0.67

.32

20 cm

2.26
0.51
0.26

2.15
0.41

0.

17

1.97
0.36
0.13

2,22
0.29
0.15 0.

2.43
0.49

24

2.58
0.62

0.38

2.74
0.27
0.07

+

0

85| -
95| -
.90

30 cm

2.19
0.33

7

2.
0.
0.11 o.

17
30
09

2.06
O.}O
0.09

2.
.36
13- 0.

0

0.

05

2.17
0.43

18

2.29
0.51
0.26

2.40
0.64
0.41

2.
81 -
0.

0

s4 -

66

COMPARISON OF MEAN

VAR LANCE

F - TEST

BETWEEN MARKING PATTERN

"

(% SIGNIFICANT

LEVEL)

CANADIAN
STANDAND ™ 2° cm
CANADIAN
STANDAND ~ 0 ©®
20 ca - 30 cm

Legend: e aignificant
' o not significant

Table 4 VEHICIE TRAJECTORY SURVZY - VARIANCE
¢ LATERAL DISPLACEMENT , y

ANALYSIS OF ¢
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IOCATION: FROM WHITEMUD FWY. TO 159 ST. N.B. !
MANEUVER: DIVERGING .

TIME: P.M. PEAK (3.45 - 5.15)
»
TEST TRAFFIC LATERAL DISPLACEMENT (M)/ STANDARD [MEAN '
DEVIATION/VARIANCE
MARK ING SECOND AFTER THE BEGINNING OF THE [VARIANCE
. OBSERVATION - PERIOD
PATTERN MOVEMENT 1 2 3 4 5 6

3.000 2.97 2.88 2.96 3.05 2.97| -
EIITING 1.06 0.88 0.70 0.60 0.62 0.64 -

20 o 1.12 0.77 0.49 0.36 0.38 0.41] 0.59
2.15 2.18 2.20 2.25 2.23 - | -

THRU 0.91 0.76 0,60 0.43 0.35 - | _°

0.83 0.58 0.76 0.18 0.12 - |o.u1

2.77 2.89 2.96 2.92 2.85 2.63]| -
EXTTING 0.70° 0.73 0.68 0.68 0.64 0.58| -
0.49 0.53 0.46 0.46 0.41 0.34 | 0.45

«

30 cm
2.41 2.27 2.22 2.19 2.19 - -
THRU 0.3% 0.30 0.30 0.37 0.29 - -
0.12 0.09 0.09 0.1% 0.08 - 0. 10
EXITING TRAFFIC ' THROUGH TRAFFIC
COMPARISON OF MEAN " F - TEST COMPARISON OF F - TEST
VARIANCE BETWEEN (9% SIGNIFI- 'MEAN VARIANCE (%% SICNIFI-
MARKING PATTERN CANT LEVEL) EEN MARKING CANT LEVEL)
PA N
20 cm - 30 em o - Z)cm,y}? cm e

Legend: e significant : !
o not significant -

L . '\‘
Table 5 VEHICLE TRAJECTORY SURVEY, - VARIANCE ANAIYSIS OF
LATERAL DISPLACEMENT : '
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LOCATION: FROM WHITEMUD FWY. TO FOX DR. Z.3.
MANEUVER: MERGING .
TIME: AM. PAK (6.45 - 8.15)
TEST TRAFFIC LATERAL DISPLACEMENT (M)/STANDARD MEAN
DEVIATION/VARIANCE ,
MARKING SECOND AFTER THE BEGINNING OF THE
: OBSERVATION PERIOD : VARIANCE
PATTERN MOVEMENT 1 2 3 4
‘ 3.85 © 3.55 3.17 2.63 -
ENTERING 0.89 0.93. 1.50 1.80 =
CANADIAN ~ 0.79 0.86 2.25 3.24 1.79
4,75 4.91 6.10 - - -
STANDARD | oy 0.98  0.83  0.54 - -
0.96 0.69 0.88 - 0.84
] 3.4 3.20 2.88, 2.48 -
. ENTERING 0.49 0.48 0.62 0.90. -
' 0.24 0.23 0.38 0.81 0.42
20 cm . :
| L.03 Y 4.57 5.78 ¢ - - .
THRU 0.46 0.72 0.82 - - &
0.21 0.52 0.67 - .47 T
3'63 3.80 3-1‘*9 3-0& -
ENTERING 0.37" 0.51 0.60 0.73 -
‘ 0.14 0.26 0.36 0.53 0.32
?O cm ,
' 4.03 4.4 4.95 - -
THRU. 0.74 0.80 0.88 - -
0.54 . . 0.64 0.77 - 0.65
. ENTRRTING TRAFFIC _ THROUGH TRAFFIC
COMPARISON OF MEAN F - TEST COMPARISON OF F - TEST
VARIANCE BETWEEN ( %% SIGNIFT- MEAN VARIANCE (%% SICNIFI-
MARKING PATTERN CANT LEVEL) BETWEEN MARKING CANT LEVEL)
PATTERN : :

{ CANADAIAN  CANADIAN ,
STANDARD - 20 cm . ® ~ | STANDARD - 20 cm o
CANDAIAN '~ CANADIAN
STANDARD -~ cm . Ve . STANDARD - 30 cm . 0

20 em - 30 cm o Y } . 20.em - 30 cm 0

Legend: e significant

o not significant

\

Table 6

LATERAL DISPLACEMENT

VEHICLE TRAJECTORY SURVEY - VARIANCE ANALYSIS OF
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I.OCATION: F‘ROM WHITEMUD FWY. TO 149 St. N B.
MANEUVER: DIVERGING

TIME: P.M. PEAK (3.45 - 5.15)
TEST TRAFFIC LATERAL DISPLACEMENT (M)/STANDARD | MEAN
‘ DEVIATION/VARIANCE
MARK ING SECOND AFTER THE BEGINNING OF THE [VARIANCE
‘ . OBSERVATION PERIOD »
PATTERN | MOVEMENT 1 2 3 4 5 ,
2.67  2.57 2.43 2.48 247 -
CANADIAN - .96 0.84 0.76 0.65 0.66| -
STANDARD 0.92  0.71 0.58 0.42  0.44| 0.61
2.691’ 2.64 2.51 2.52  2.60| -
20 cm - 0.3% 0.47 0.52 0.68 0.84] -
CLOSE. 0.12 0.22 0.27 0.46  0.71]0.23
s 2‘72 . 2-72 2.65 2056 2;54 -
30 cm o ,
- 0.30  0.29 .0.38 0.45 0.49] -
CLOSED 0.09 0.08 0.14 0.20 0.24] 0.15
COMPARISON OF MEAN | F - TEST
VARIANCE BETWEEN - (%% SIGNIFI-
MARKING PATTERN CANT LEVEL)
CANADIAN
STANDARD-20 cm °
CANDAIN ‘
STANDARD-30 cm = .
20 cm - 30 cm ) o)

Legend: - ¢ significant
o not significant

Table 7 VEHICLE TRAJECTORY SURVEY - VARIANCE ANALYSIS OF
I.ATERAL DISPLACEMENT



LOCATTION:
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o not significant

~ 'Table 8

1ONG ITUDINAL VELOCITY

FOX DR. TO WHITEMUD FWY. W.B.
MANEUVER: ' MERGING :
TIME: P.M. PEAK (3.34 - 5.15)
TEST TRAFFIC LATERAL DISPLACEMENT (M)/STANDARD MEAN
' DEVIATION/VARIANCE '
'| MARKING SECOND AFTER THE BEGINNING OF THE
. OBSERVATION PERIOD VARIANCE
PATTERN MOVEMENT. 1 2 3 4 5
13.43 11.22 11.22 11.74% 12.85 -
ENTRY 3.92  4.55 4.22 4,06  4.31 -
CANADIAN 15.37 20.70 17.81 16.40 18.58| 17.79
STANDARD 18.82 17.26 13.14% 14,01 14.04 -
THRU - 2.07 1.38 1.10 1.37 1.15 -
) L\28 1.90 1.21 1.88 1.32| 2.12
14.76 15.86 15.71 16.80 18.75
ENTRY . 2,20 1.92 2.57 3.27 2.75 -
' . 4.84 3.69 6.60 10.69 7.56| 6.67
20 cm 21.14 21.04 21.01 21.39 22.96| -
THRU 2.9 2.59 1.91 3.4 3.94 -
8.6k 6.71 3.65 11.63 15.32] '9.23
420,76  22.85 24.25 25.35 26.11| -
ENTRY 4.88  5.25 5.12  5.37 5.36 -
23.81 27156 26.21 28.84 28.73| 27.03
30 cm .
' 29.14 31.01 30.70 30.05 28.62 -
THRU 3.1 2.77  2.75 3.82 4.28 -
' 9.86 7.67 7.56 14.59 18.32| 11.60
ENTERING. TRAFFIC THROUGH TRAFFIC
COMPARISON OF MEAN F - TEST COMPARTSON OF F - TEST
VARIANCE BETWEEN (5% SIGNIFI- MEAN VARIANCE (5% SIGNIFi-
MARKING PATTERN CANT IEVEL) BETWEEN MARKING CANT LEVEL)
PATTERN
CANADIAN CANADIAN
STANDARD - 20 cm . * STANDARD - 20 cm .
30 cm - CANADIAN 30 cm - CANADIAN
STANDARD 0 - STANDARD o
30 cm - 20 cm o 30 cm -~ 20 cm o
lLegend: e significant

VEHICLE TRAJECTORY SURVEY - VARIANCE ANALYSIS OF ™~



~F0CATION: ON THE RAMP FROM FOX DR. TO WHITEMUD FWY. 4. 3.
MANEUVER: MERGING

Legend: e significant
o not significant

Table 9

3 TIME: 3.M, PEAK (3.45 - 5.15)
TEST TRAFFIC | LONGITUDINAL VELOCITY (M)/STANDARD DEVIATION/ MEAN
' ' VARIANCE/SECOND AFTZR THE
MARKING BECINNING OF THE OBSERVATION PERIOD , laR1ANCE |
PATTERN MOVEMENT 1 2 3 4 5 & 7 3
Y0 11.57 15.14 17.14 18.19 18.48 18.33 17.64 15.99 -
HARKING - 1.88 1.8 2.10 2.52 2.26 1.86 1.69 1.79 -
3.53 3.39 4.41 6.35 5.10 3.46 2.86 3.20 u.ou
CANADTAN 11.21 14.80 16.‘69.17.26 17.18 17.35 16.39 15.15 15.79
‘STANDARD - 1.75 1.75 2.01 1.56 1.7% 1.69 1.86 1l.08 ~
2.96 3.06 4.04 -2.43 3.03 2.86 3.46 1.17.2.87
16.23 18.96 19.97 19.78 19.76 19.03 17.89 16.93 18.57
20 cm - ? . .
losed - 1.70 2.03 2.71 2.47 2.71 1.99 .77 2.28 =
2.89 4.12 7.3 6.10 7.3% 3.96 3.13 5.20 5.01
0 cn 13.50 17.46 19.59 20.29 20.03 19.37 18.26 16.40 -
closed - 1.57 1.58 2.01 2.01 1.79 .80 1.73 1.5 -
) 2.46 2.50 4.04 4.0 “3.20 3.24 3.00 2.28 3.09
COMPARISON OF MEAN YARIANCE F - TEST
BETWEEN MARKING PATTERN (3% SIGNIFICANT LZVEL)
‘20 cm _ CANADIAN T
closad  STANDARD
30 cm _ CANADIAN o
.closed ~ STANDARD : R
20 ca _ 30 cm
closed closed o

VEHICLE TRAJSCTORY SURVEY - VARIANCE ANALYSIS OF

LONG ITUDINAL VELOC ITY



LOCATION:
MANEUVER:
TIME4

FROM 149 3T. TO WHITEMUD SWY. 3.3.
MERG ING
AM. PEAK (8.45 - 8.15)

156

TEST
MARK TG
PATTERN

TRAFFIC

MOVEMENT

LONGTITUDINAL VEIOCITY (M)/STANDARD
IE VIATION/VARIANCE /SECOND
AFTER THE BECINNING OF THE
OBSERVATION PERIOD
1 2 3 " ) 6 7

MEAN

VARIANCE

CANADIAN
STANDARD

27.02 23.22 20.04 19.82 20.03 21.12 22.76
5.58 L.31 3.73 354 419 4.27 4.25
31.13 24,11 13.53 12.53 17.56 18.23 18.06

20 cm
open

17.55 15.27 13.69 12.88 12.35 12.48 12.95
2.82 3.29 3.02 2.30 2.26 1.50 2.18
7.95 10.82 9.12 5.29 S5.11 3.61 4.75

13.87

6.67

30 cm
open

17.63 14.65 13.18 12.16 12.29 12.09 12,15

2.31 2.42 2.32 2.42 2.48 2,08 1.62|=

5% 588538 5.86 6.15 4.16 2.52

13.45

. 5.05

20.75 17.58 14.77 13.80 13.43 14,56 16.29
3.83 3.33 2.90 2.66 2.38 2.21 2.56
14.67 11.09 8.41 7.08 5.66 4.88 7.08

8.47

COMPARISON OF MEAN . F - TEST
VARIANCE BETWEEN (5% SIGNIFI-

MARKING PATTERN CANT LEVEL)
CANADIAN _ 20 cm - '
STANBARD open )
CANADIAN :_ 30 cm
| STANDARD ~ open . .
_CABADIAN _ 30 cm S
STANDARD closed v . . ]
20cm . 0em .
. open ‘open o
O0em _20em. . i
closed ‘open - )

O cr _ 30cm
closed open ’ : o

legead: e significant ’
not significant

Q

Table 10 VEHICLE TRAJECTCRY SURVEY - VARIANCE ANALYSIS OF

LONGTTUDINAL VEIOCITY
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LOCATION: FROM WHITSMUD FWY. ™0 7OX DR. Z.3.
MANEUVER: DIVERGIDNG ,
TIME: A.M. PEAX (6.45 - 8.15)
TEST TRAFFIC | LONGITUDINAL VELOCITY (M)/STANDARD D EYIATION/ MEAN
YARIANCE/SZCOND AFTER THE
MARKI}E}‘ BEGINNING OF THE OBSERVATION PSRIOD VARIANCE
PATTZRN MOVEMEFT | 1 2 3 & 5 6 7 8
CANADTAN 21.55 18.71 18.78 13.46 13.60 14.66 16.47 18.730 16.57
sm&nm - 2,41 1.86 1.67 1.25 2.31 3.05 2.92 3.73 -
*5.81 3.46 2.79 1.5 5.3% 9.30 8.53 13.91 6.34
29.00 24.30 21.19 18.62 19.20 20.13 21.00 24.06 22,20
20 cm - 2.80 2.49 2.48 2.11 2.47 3.70 3.71 4.35 -
7.84 6.20 6.15 W.45 6.10 13.69 13.76 18.92 9.64
. 26.51 26,66 21.51 18,13 16.87 17.08 18.72.20.19 20.46
30 cm : 2.51 2.12 1.86 1.82 1.99 2.03 2.35 2.93 -
6.30 &.49 346 3.31 3.96 4.12 5.52 B.58 4,97

COMPARISON OF MEAN VARIANCE
BETWEEN MARKING PATTERN

F - TEST

LEVEL)

(9% SIGNIFICANT

20 cm - CANADIAN
STANDARD

CANADIAN

- Ncm
STANDARD

20cm - 30 cm

legend: e significant

Table {31

o not significant

VEHICLE TRAJECTORY SURVEY - YARIANCE ANALYSIS OF

LONGITUDINAL VELOCITY

4

!
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o not signif;cantf

Table 12

¢
$

LOCATION: FROM WHITEMUD FWY. TO 159 ST. N.B.
MANEUVER: DIVERGING
TIME: P.M. PEAK (3.45 - 5.15)
\ .
TEST TRAFFIC IONGITUDINAL VEILOCITY (M)/STANDARD MEAN
DEVIATION/VARIANCE :
MARK ING SECOND AFTER THE BEGINNING OF THE  VARIANCE
o OBSERVATION PERIOD
PATTERN MOVEMENT 12 3 i 5 6
30.49 28.42 26.21 25.71 24. 9 22.45 21.99
EXITING | 5.27 4.20 4.71 4.23 339 2.96 -
: 27.77 17.64 22,18 18.23 11.49 8.76 17.6806
20 cm O .
o 19.88 19.90 20.69 22.72 24.74 - 21.59
(THRU 3.58 3.52 3.42 3.26- %17 - -
| 12.82 12.39°11.70 1. 14 17.39- -~  13.69
N / e
- I ‘
28.81 28.48 26.87 ;‘4.80 25.54 27.30 26.97
EXTTING 4L.40 3.87 2.93 3.21 2.66 3.89 -
0 cm ‘19.36 14.98 8.58 10.30 7.08 15.13 12.57
30.97 32.9 32.83 35.02 34.26 - 33.21
~ THRU 3.56 4.38 4,11 3.60 3.29° - -
12.67 19.18 16.89 12.96 10.82 - 14.51
EXITING TRAFFIC THROUGH TRAFFIC
COMPARISON OF MEAN F - TEST COMPARISON OF F - TEST
VARIANCE BETWEEN (5% SI%I— , MEAN VARIANCE (%% SIGNIFI-
MARK ING PATTERN CANT L) "BETEEEN MARKING CANT LEVEL)
‘ PATTERN
20 cm - 30 cm "0 - 30 cm - 20 cm o
Legend: e significant

VERICLE A TRAJECTORY SURVEY - VAR IANCE ANALYSIS OF
IONGITUDINAL VELOCITY .
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LOCATION: FROM WHITEMUD FWY. TO FOX DR. EB.
MANEUVER: MERGING
"TIME: A.M. PEAK (6.45 - 8.15) b

%(/
TEST TRAFFIC -LONGITUDINAL VELOCITY (M)/STANDARD | MEAN
: DEVIATION/VARIANCE ‘
MARK ING . SECOND AFTER THE BEGINNING OF THE
OBSERVATION PERIOD VARIANCE
PATTERN MOVEMENT 1 2 3. b4
. 4,77 © 14.35  13.65 M4.51 -
ENTRY © 2.66 3.55 3.46 3.73 -
11.61 13,15 14,67 - -
STANDARD | v 1.08 1.05 1.20 - -
1.17 1.10 Lok - 1.24
16.60 15.51 15.21 15.93 | -
ENTRY . 3:31 3:17 . 3-23 3046 . -
. 10.96-  10.05 10.43 11.97 8.11
20 cm 21.26  ©21.19% 2124 .. -
.; TI‘LRU 1-29 loll 1006 :' . » —
&, 1.66 1.23 1.12 e 1.3
- 17.24 16.62 16.58 17.45 -
ENTRY 1.98 1.92 1.90 2.35 -
- 3.92 3.69 3.61 5452 4,18
30 em .
' 15.05 15.97 16.78 - -
THRU 1.29 0.99 1.57 - -
1-66 0198 2.% - lu?o
ENTERING TRAFFIC -~ THROUGH TRAFFIC . |
COMPARISON OF MEAN ~ F - TEST COMPARISON OF F - TEST
VARIANCE BETWEEN (3% SIGNIFI- MEAN VARIANCE (3% SIGNIRI-
MARK ING ‘ PATTERN _ CANT LEVEL) BETWEEN MARKING CANT LEVEL)
N y . PATTERN .
| CANADTAN 7" 20 cm - CANADIAN
STANDARD - 20 cm s O _ STANDARD o
CANADIAN : 30 cm - CANADIAN
STANDARD - 30 cm ° . STANDARD o
20 em - 30 cm ‘ ° _30cm-20cm o

Legend: e significant
0 not significant

Table 13 VEHICLE TRAJECTORY SURVEY - VARIANCE ANALYSIS: OF
) IONGITUDINAL VELOCITY °

8

©



LOCATION:s FROM WHITEMUD FWY. TO 149 ST. N.B.

MANEUVER: DIVERGING
TIME: P.M. PEAK (3.45 - 5.15)
TEST TRAFFIC IONGITUDINAL VELOCITY (M)/ MEAN
STANDARD DEVIATION/ VARIANCE
MARKING 3ECOND AFTER THE
| BEGINNING OF THE OBSERVATION VARIANCE
PATTERN MOVEMENT | PERIOD
1 2 3 b 5
22,70 23.24 21.37 18.30 16.00| 20.3%
CANADIAN - C 2.1 3.03 2.62 1.97 2.28| -
STANDARD L5 9,18 6.86 3.88 5.20] 5.92
18.82 22.11 23.80 22.73 21.62] 21.82
20 cm - 3.76 © 3.62 2.97 2.62  3.28 -
. 14,14 13.10 8.82 -6.86 10.75] 10.74
15.47 19.28 23.05 24.81 22.42 | 21.01
30 cm - 2.23 2.16 2.39 2.98 2.02| -
4,97 4.67 571 8.88 k.08 | s5.66
COMPARISON OF MEAN F - TEST
VARIANCE BETWEEN (%% SIGNIFI-
MARKING PATTERN - CANT LEVEL)
20 cm - CANADIAN
\ STANDARD o
CANADIAN
STANDARD - 30 cm o
20 cm - 30 cm ®
legend: e significant

o not significant § \

Table 14

VEHICIE TRAJECTORY SURVEY - VARIANCE ANALYSIS OF

LONG ITUDINAL VELOCITY -
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