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«r Abstract '
Transportation Systemns Management has developed from the recognized n\nd to
examine both supply and demand, when evaluating transportation problems.

Considerable research is now underway to develop techniq
1o assess the impact of a wide variety of Tramsportstion Systems Managemaent
- - l,; )
proposals .
in Edmonton, the planning and implementation of a number of traffic ¢
nt plans identified a need to understand tip relstionship between travel

viour and the state of the transportstion network in 1979, three sections
of the Edmonton road network were evaluated to detarrmna the effects of
rtr,lffnc management schemes on travel equilibrium

Traffic equilibrium -has generally been accepted as squalling a stability n

travel times and route selection wrthin a network The traditional traffic

times and route selection In this trestment. .a change in the capacity of some
portion of the network affects travel time theraby alterng route salection A
new ‘squilibrium’ system lns eventually established, as given by new natwork

‘ travel times and route selsction »

The results of the Edmonton surveys indicated that travel behaviour is
mfluenced not only by travel time, but also by queueing Signifieant changes In
either queuveing or dalays, resuﬁmg' fr‘ﬁﬁ'\ & capacity change. appesr to affect
not only route selection, but also the time selected to begin the journey

-changes by 4 minutes or more. or when queue lengths changed by 40 vehicles

route re-assignment was obeerved, in Bdmonton, when travel times

or more. Temporal rknsiqﬁmﬁt was noted only after route re—assignme

failed to efiminate an additional 5 minutes of travel time Mode selection may
aiso be influenced by network changes, but the data collected in this study did
not confirm this hypothesis.

A number of researchers have deveioped s new generstion of traffic
modeis to be used for the assessment of Transportation Systems Management
rn-ltog;&u such model. CONTRAM, w‘n apphed to one of the Edmonton



study locations. Resuits achieved with CONTRAM agree well with measured
results, except in the area of temporal assignment

iansgement siternstivés is pﬁmm proposed maethodology Y
combimnes the use of CONTRAM with nm:-ﬂ resutts in Edmonton . :
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I INTRODUCTION * ’

A. Tha Pesking !Pfabl-m

In urban centers, trips for many an:pasasra made by individuasls during
each day Of these, trips between the home and workplace form a major
component This fact, combined with near-standsrdized v:c:rkhg hours results n a
peaking of tranfportation demand at certain times of the day. notably n the
morning and afternoon pesk hours. Recognizing that pesks in demand exist, the
Engineer is faced with the task of designng for pesk demand by

balancing the costs of congestion agsinst the cost of additional transportation
facilities,

The current high construction costs and long lead times for new
construction have led to a grester emphasis towards maximizing the use of
existing transportation facilities. Plans for new construction are increasingly
scrutinized to ensure that the bést use of sciarce capital is being made This has

led to an increased concern for ‘management of transportation systems

B. Th', Transportation Management Concept

Transportstion Management ' sttempts to balance the transportation supply
and demand equation to ensure that an optimal use of the transportation system
is achieved This thnﬁun would result from a minmization of some combination
of economic and environmental impacts, and maximization of transport services
nt {T.SM)
co—ordinates the efforts of all agencies -involved in the planning. design and

in the broad sense, Transportstion System M

operation of transportstion facilities As a result all modes of travel. and time
frames from immaediste to long range must be considered
Examples of the type of measures evalusted in a TSM program might
a -gvﬂui’tian of a detour pisn
b mpact of a residential traffic control pian

C.  implementation of a one way strest system



d mpact of flexible warkrﬁg hours v

e prechiction of the effects of a bus only lane

f changes in land use (ie, developrfient of a regional shopping center)

g comparison of freeway ahd arterial options n a cofridor

To evaluste asiternstive transportation management strategies, an
understanding of underlying travel behaviour and trip making characteristics is
essential. Most existng models for the assessment of transportation options
restict themselves to the application of standard Emmﬁaﬁ planning or

in Edmonton, since 1974, a grest effort has been put forth to ensure
that the best use of existing transportstion facilities is baing made A variety cf
transportation mgumam measures have been proposed or mplemanted. The
evalustion of proposed measures has led to the conclusion that additional
techniques beyond conventional planning or operations methods are required
» Two transportation management plans in Edmonton that were subjected to
detailed snslysis are presented here These included a review of capacity
requrements in a portion of the downtown netwark, and an improverment plan
covering a large portion of south—central Edmonton
a A Study of Traffic in the Eastern Portion of the Downtown

In 1977, the eastern portion of Edmonton's downtown core was stuched
as part of an MEng project at the University of Alberta (Ref 9) including ﬁ'ia
network srea shown in Fig 11

The objective of this study was to determine the gate intersections,
where flow breskdown would occur. and to identify required transportstion

Tanagement measures in the srea
The study dealt with the development of optimized signal timings for the
foliowing alternatives:
a 1976 volumes
b. 1981 traffic assignment model predictions

\n\

assuming a 25% incresse in volumes



Figre L1 The Esstern CBO in Edmonton
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in aach case. lmﬁmﬁmnﬁaﬂ W‘!‘Tvrﬁans was used
mmmm-ﬂwﬂ.ﬁth:p‘fmmwﬁﬁ
| 1981 projections, or the 25% volume increase. sOfMe  intersections w!ra brmﬁfwt
to capacity. As a result. axcessive delsys were predicted to occur for some
Due to the svaisbility of 3 paraliel north-south and east-west routes in

the area. it was not considered reasonable to expect one route to operste with
excessive delays while p’:dlél routes of the same length experienced minimal
delays. As a result, traffic flows mn the network waere manuslly re-assigned. and
timings were re-optimized This process was re—iterated until delays had been
aqualized on all parsiisl routes

While the TRANSYT model permits bots simulation and signal optimization
N a network. the model could not re—assign traffic demand and voismes. The
assumption that delsys on parallel routes would be the same is not necessarily
correct-An accurste prediction of flows would require the use of an origin -
destmation table. which was not avaisble for this study.
b Project Uni
By mﬁ 1970's. savp)s congestion existed on major arterial roadways
naar the southerh q:prmhas to Edmonton's downtown, and in the vicinity of
the University of Alberta Transportation pisnning studies had identified that major
expenditures would be required to accomodate future growth in traffic volumes.
The long iead times for new facilities, and the level of congestion lad to
demands for immediste solutions to the traffic problems As a result, it was
recommended that traffic operationsl improvements be implementsd in the area

The Project UNI transportation management plan (Figure 1.2) svolved from
a major operstional study to reorganize and optimize traffic flows in -
south—central Edmonton The majority of this plan was implemented in the fall of
1980, following a two year study period The plan festured the adoption of
NUMerous one way streets. including two bridges A number of minor geometric
improvements and traffic management schemes were aliso implemented as part

of Project UNI
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Figure L2 Project UNI



The network area nvolved. and the large number of changes introduced,
forced drivers to re—consider their route selection In particulsr, the introduction
of one way streets forced a major revision of flow patterns A prediction of

ﬂva evaiustion of the projects benefits

S~ To evaluste Project Uni, both the City of Edmonton's computerized traffic

'

assignment model and a manual assignment were used (Ref 16.17)
| The computerized traffic assignment led to the conclusion that little
change would occur in the travel times on the network At the same tme, very
little change in demand was predicted aside from changes m the imiediate
|

vicinity of the Jne way street system This result was not surprising, in that

traditional network assignment modeis |are not sensitive to charges in intersection

controls or sigral timungs Control asures such as turn restrictions or %eft turn

/
phases could not be smulsted at sil, due to the resulting incresse in network

complexity. These same intersection control changes. however, are used in traffic
operations as accepted techniques for reducing deldys and improving traffic
flows Intuition suggested that fiow changes ::cud asiso be expected, and that the
new system would mmprove oversll network performance

The mml assignment assumed that gxistju;\g flow patterns would be
maintained except st congested intersections. At these bottienecks (n the bricdge
area), it was lsm that volume / c:gm:nty ratios, snd therefore delays, *‘»’fwij;ld
QMmp:Mrmasmsszafmﬁh&swﬁwhzmcfﬁ
Eastern CBD analysis. this assumption could not be supported, as little
informstion sbout origins and destnations of traffic flows in the area had been
obtained In fact, flows on the study area boundsries were assumed to be the )
same, ‘before’ and 'after’ project implementation The manusl assignment was used
to perform intersection delay snalysis The summation of intersection delsys
throughout the area indicated that a major improvement in sys%l performance
would occur with the introduction of Project UNL

Since the implementation of Project UNI in the fall of 1980, 'after
stucies have been performed to evaluste the effectiveness of the scheme Figure



L4

1.3 indicates projected volumes from both assignments, eérr;srid to actual
volumes, measured between fall, 1980 and spring. 1981 for the morning pesk
plirnﬁg approaches were correct in their assessment of predicted traffic flows.
The manusl assignment did come closer to matching actusl volumes, but
significant differences do exist on some links (99 Strest and Saskatchewan
Drivel. These differences resutted in a number of negative secondary impacts
Project UNI clearly indicated that a different approach to T.SM evakmtibn

>

was required to ensure that ‘all major impacts of proposed changes were
known in advance.

Additionsl examples of transportation mansgement measures could be
orawn from Edmonton and other urban centers both inside and outside North
America The examples ciscussed in the previous ”C‘lﬁﬂ were confined only to
route sssignment Changes in mode selection and _Pesking behaviour are other
factors requiring sssessment for a thorough evsiustion of T.SM propossis

It appesrs. then that existing transportstion planfing or traffic operrtions
techniques are not by themselves sufficient to desl with many projects in the
category of Transportation Management Apparently, a review of the underiying
principles of trip makmg behaviour is required, in order that a new evalustion

The trans ation equilibrium concept is felt to be mportant in any
evalustion of travel behsviour Evalustion of the response of individuals to a

change in the transportation system should provide the necessary tools for
Xamning transportation management proposals.

C. The Equilibrium Concept

Clasgical Economics often studies the relstionship between the cost of a
product and t quantity consumed This relationship between cost and production
is often shown through the use of supply and demand curves. such as thst




1100
7O
£ +430)

Bao
390"

(20}

11030}
o "
1

A
|
—
|

Figure L3 Project UNI Projectsd versus Actusl Volumes



depicted nF@rg 1.4. The intersection of thess two curves indicates an
gg:lﬁmmw:hqmmsmﬂmsnmemm
hﬁnﬂgnﬁp@ymr-sﬂsm:mvmmhmgr“m
the eventusl establishment of a new quilibrium point This new  equilibrium is
defined by a new cost and level .
Travel behaviowr may be a 'zed using an anslogy to the Economscs
models In a transportation system, IS OQUIValent to capacity svsilable, and
dﬁﬂubﬂtﬂ“AWWMwﬂdhmﬁﬂdby
:urnqm':ast’afvgmmmﬁabmmafﬁﬁibﬁﬁmﬁiAn
alterstion n network capscity results in movernent -ﬁ:ﬂg the travel demand curve

different cost of tF!\}ll and volure of trips

The mpm;tbeﬁ of the equilibrium aoncept in transportation was first
Cutlined by Wardrop in 1952 (Ref 41) Wardrop stated that an equilibrium state
N transportation is characterized by two principles

1) The )ﬁmy timed on all the routes actually used sre m and lass

than those which would be exp-lﬂﬂad Ry a single vehicle on any

unused route ]

2) The average journey time 1s a minimum"

Wardrop also identified that these two principles  will nt::t nacassarily lead
to the same result An exarmple will serve to illustrate this point

For movemerit between an origin and destinstion, two routes asre svailsble;
routes A and B Route A is short in time, but relatively congested, while route
B takes longer, but is uncongested Using the first equilibrium principle, drivers
would behave selfishly. selecting route A to mmimize their own trlvd time, but
imposing additionsl travel time on all other users With the ncand“prr\clph the
driver would select route B §o minimize average journey brng in the system,
wtﬂmmwdmh:mmrivdMR;ﬁbidﬁmﬁmﬁfrﬂ
equilibrium principle is similar to the aversge cost pru:lng principle o )
micro-economics, while the second principle more closely resembles the fﬁl‘%ﬂ
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cost pricing principle.

. If a change in capacity aiters travel time on one roufe in the network. a
change in Toute selection would be expected A change in routs selection would
Mhﬁftﬂﬁéfﬁﬁsmrmﬁﬁmlmmﬁmws
established Many of the traffic assignment models used in transportation planning
make use of this approsch

Considering route selection alone May not provide a sufficient explanation
of travel behaviour As a result, seversi ‘resssrchers have put forth a broader
view of equilibrium that considers transy on chenges that may occur at a
number of levels. Movement to a new equilibrium pont may consist of s
combination of these factors Iy

a routs re-—evalustions )
The driver selects route of minimal travel cost

b. tme of depsrture re-evalustion
Time of departure is altered so that cost is minimized The
nconvenience of early or late departre is bslanced sgainst travel

cost

The selectsd mode is re-evaiusted to determine whether relstive costs

h:vgch:ngaﬂmmwriﬂ;m:nm
Other trave! dec.smﬁ levels baydhd these three might include, for
example, not makmg the tﬂp or relocating the trip origin or destination The
tme required to re-establish equilibrium would be longer with each lu:c*ag
level in the hierarchy of choices.

“n\

Up to this point, discussion has indicated that the ‘cost of travel is the
key influence on travel behaviour. This ‘cost of travel has ginarllly besn equated
with travel time in most transportation plsnning models. A more d-tjhd
mvestigation is not often conducted, probably due to a lack of available
resources It is suspected. however, that if a detsiled examination of equilibrium
were considered, the ‘travel cost might be found to include factors in addition

to travel time Travel cost might consist of



= free fiow travel time
delay
number of stops l L .

o ow
1

a o

e - comfort sacurity
f. - direct monetary cost (e fares)

g -~ other factors .

D. The Puwrpose of this Research -

The discussion of previous sections ‘has indicated a need for models
capsble of evaluating attarnétiva, transportation management strategies Existing
planning ﬁ!rihanﬂ techniques do not seem to provide sufficient
information for decision making or comparisons. Research 1s required to develop
more gppropriste techrigques. based on detailed traffic studies and an examination
of traffic equilibrium
a Scope of this Ressarch

The problem at hand would require enormous dsta collection and snalysis i

tp gain 8 full understanding of travel behaviour The cases discussed here are
" restricted, due to a lack of resources, to the following situations
a urban nstwcrks primarily consisting of signalized intersections and
( arterial roads

b. spsn between Efwa and ‘after limited to 3 months, with an upper °

limit of 6 months

c. network changes rastricted to ra;dwayi capacity changes only

These limitations resulted in :ﬁilyéig being restricted to transportation choices
involving only route assignment, temporal assignment and mode :alc:tn:rn Network
characteristics considered to influence equilibrium were restricted to include only
intersection delay. queue length, number of stops and general observations.
b Research Objectivas

The objectives of the research ware also confined due to ﬂé\iiliﬁits of

manpower and resources available for the studies. The study itself consisted of

~\ -



four sa:m:ﬁs
a, review of existing methodologies for modeliing travel behaviour

b.  dsta collection and study of network chsnges in Edmonton

c.  simulstion of network using sxi;ting ‘state of the art modeis

d  development of an approach to the assesment of TSM strategies

The primary goal of the research is the development of techmiques thst enable -

the evaluation of transportation management strategies. To fulfill this abpctrv: a
__pumber of secondary objectives had to be met
' i Assess what network characteristics influence travel equilibrium (from
surveys).
b. Determine the extent of route, temporal and mode re—assignment
c Determine what revisions to existing models are necessary to match
observed traffic equilibrium changes in the street
The transportation model selected for use in this study was CONTRAM
(CONtinuous TRaffic Assignment Model), under development by the Transport and
Road Research Labaratory in England it is hoped thst the results of analysis
using CONTRAM will form a useful input into the continuing development of this

program



. Il. REVIEW OF EXISTING METHODOLOGIES ) ,
Chapter 1 outlined the experience at two iocations in Edmonton in the use of
planning snd operstions models in the assessment of TSM type improvements. It
was concluded that these techniques do not enable a thorough assessment of
the impacts caused by transportation network changes.

In this chapter, existing techniques for network assignment, and
operational analysis ars rvttu presented, together with the results of a number
of investigations into traffic equilibrium At the end of the chapter, new models
that combine Bf:t!flat:ﬂﬂ and planning techniques sre presentsd These combined
assignment and optimization models represent a promising step in the
development of %r’ﬁdgls for the efficient management of transportstion networks.

A. Network Assignment Modsls
The traditional four step transportation planning process is made up of
trip generation, trip distribution. mode spiit and traffic assignment Through the
use of this process, alternative land use and transportation plans can be tested
snd conpu'ad The ‘travel cost h-twun er@n: and destinations enters all steps
m the process, with the exception of trip generation, but traffic assignment
represents the section of most use in the comparison of alternative
transportation strategies. The traffic assignment model loads vehicles onto a
specified road network. The model itself consists of two major sections:
a 2 'tree—building’ aigorithm that uses dynsmic programming to construct
feasible routes between origins and destinations in the network
b 8 decision criteria to determine how vehicles should be loaded onto
the network between origin—destination pairs i
A discussion of ‘tres-building' aigorithms will not be pfamiu as the
actual aigoritm used will have little impact an the program results A number of
efficient algorithms do exist for the determinstion of feasible network paths
The decision criteria results from the interpretation of ‘Wardrop's traffic
equilibrium concept, stated in Chapter 1. Wardrop indicates that the first
equilibrium principle is more likely to be followed in practise (Ref. 41) as

14



15

drivers are generally more concerned about their individual weifare than the

travel behaviour in o rk falls between the two principles for a freeway
and arterial network in Berkeley, California
8 Model Types
A number of traffic assignment techniques have evolved since Wardrop's
dis:uiimn of equilibrium in 1952 The most Lwdaly used models inciude.
a . ‘all-or—nothing assignment
The all-or—nothing' assignment routine was the first to be deveiopéd.
Al tratfic between an origin-destination par 1s loaded onto the
'shortest time route A problem with the use of this mode!l s that it
may be unstable under certain circumstances Complately different
results may be obtaned with only a slight changs in comparative link
travel tunes (ie a complete shift of flows from one route to snother)
A capacity restrained assignment initially assigns on an ‘all-or-nothmg'
basis Link volumes are then adjusted to ensure that flows from
heavily loaded links are re—distributed to other routes in the natwork,
according to some dacision rule |
C.  muitipsth agsignment
Muitipath assignment routines, such as that developed by Dial (Ref
21), select a number of feasible psths between aach orign and
destinstion, before tratfic is assigned The proportion of flow assigned
to each mmm is a function of the route travel time reiative
to the shortest rt:utg
d  mathematical programming
Mathematical programming techniques attempt to minimize total travel
time in the network subject to the constraint of flow conservation
The first three techniques assume Wardrop's first principle spplies,
while mathematical prag‘mng is based on q:;phn-t»aﬁ of Wardrop's

second principla.
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. The method selectad depends on the nature of the network and the
level of congestion that exists on links in the network For example. an
« ‘dl-or-nothing’ approach would be suitable it the network was waell
undersaturated. or had few alternate routes
As an extension to these methods. ‘equilibrium assignment models
have been developed to attempt to directly determine flows using either

increasing functions of fink flows, but not having a particular capacity limit
Florian and Nguyen Ref 22) compare one of these equilibrium assignment
models to measured rasults using 1970 data for the City of Wmnipeg The
assignment results corresponded quite closely to measured volumes i was
determinad, however, that the model was quite sensitive to the link
speed—flow curve used It should be noted that the Winmpeg network was
under—saturated Application of this model to sstursted networks was not
documented As a result. the sensitivity of the model to network congestion
15 unknown
b Travel time relstions
Assignment models load vehicles onto routes based on ‘travel cost. This
expression for travel cost is then iika‘y influence on the predictions made by

&

sasch model It appears that the ‘cost éftav-r in neatwork assi models is

most often equated to link travel time. The most commonly used travel time
relationships are presentsd in thus section A comparigson of various travel time
models i presentad n order to determine ther suitability in a network of
signalized intersaections
° Branston (Ref. 8) reviews the current 'state of the art in travel time

functions. The methods used may be broken into several groups:

- speed-fiow relstions (freeway based)

= speed-flow reistions for arterials

- explicit trestment of intersection delay

in each case. the travel time ;xpr:ni@ﬁs muﬂ be simplified to match the
level of detsil used in the network description of traffic assignment models. This



17

restriction means that most models cannot deal effectively with the simulstion

of arterial traffic As a :result, most of these travel time models either tand to
nfirnty or reach some upper limit when capacity is reached Several resesrchers
have provided improved models that enable a better prediction of travel times
for operation beyond capacity (see Branston Ref 8) and Akcelk (Ref 2))

The major problem with travel time simuistion remains. however in the
treatment of arterials and intersections In the context of transportation planning
most models treat intersections as nodes connected by links Most often, only a
smgle ink 15 used to represent an mtersection approach This does not sllow the
seperste representation of turning movements, with therr lower capacity
Intersection capacity 1s often expressed as an average link capacity, for each
class of road Travel tmes caiculsted on the basis of this link capacity will not
gesnerally agree with actuasl travel times

Attermpts to mix mtersection delay with link spead-flow curves results n
2 relstive comparison. but reslistic delay and travel times are not predicted This
sttempt to use detailed intersection delay 15 also mconsistent with the level of
detsil n use im the network For example, the City of Edmonton uses a
combined freeway and arteral speed-flow curve, which mcludes an expression
for mtersection delay (Ref 19) The specific link travel time relstionship employed
ln Edmonton is

T=TF+ Ts ’ -
3600%0/SR
(1.0 - (GT/100n° wCL)

Tt

~
L]
W

whaere:

SR = { 1/3» (4wSL) - SCN -
4/3 » (SL - SO » (v/er)

when SC > SR, then

SR = 100/(SL - SC) » V/C) - &)
T - link travel time

w‘
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GT - % green time in the signal cycle (CL)

This travel tme expression and traffic assignment model were calibrated
 ageirist 1970 fink volumes for Edmonton At that time. underssturated conditions
existed in aimost all portions of the network

The expression for travel time consists of a free flow portion and a
signal delay portion (which is exciuded for true free—flow links) The signal delsy
's comparsble to the uniform delay of queueing theory Link capacity is taken as
either the true nk capacity (freeways) or the 1965 Highway Capacity marual
ssturstion fiow st the stopime of finks ending at a signal or priority ruled

The extent of the discrepancy between the travel time predictions using
Edmonton's traffic assignment model and delsys based on field messurement st
signalized intersections is ilustrated in Figure 2.1 Figure 2.1 that little
difference exists between te two Yravel time curves until v/c approsches

100%. Beyond thws point, however, the traffic operstions model calibrated to

actual delays predicts significantly longer travel times than the traffic assignment
ﬁ-a\xf time model This agrees with the findngs of Branston (Ref. 8) that most
exifng travel time equations ignore or fail to adequstely trest the fr:u:t: of
ssturation on link travel times

In sddition to the discrepancy noted here between operstions and

planning model predictions. othar limitations to the application of traffic
assighment models exist At a signal. changes in timings, phasing or h;n
restricions can result in S&bl‘l’lﬂ and delay chenges The sssignment
model makes use of either fixed link capacity or fixed signal timings, on the

assumption that program input represents an ‘optimal’ initisl condition Many TSM
improvements can simply not be modelled with assignment modeis. For example:
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revisions of signal tmings or phasing
inroduction of signsl co-ordination
neighbourhood traffic control plans
change in interssection controls

W L A

transit priority
In summary, the use of conventional traffic assignment models for
evalusting transportation management strategees is not considered adequste for
the following reasons
'Y Signsi trmings sre asssumed fixed As a result, signal timings and
phasing cannot be altered as volumes change
b intersections are not representad m a form that sllows detasiled
snelysis of turmng movements.
.G Most travel time expressions are designed for relative comparison, and
do not agres with actus! travel times in :rtéﬁ:l natworks
d  The problem of operation at capacity 15 not adequately desit with in

\
existing assignment modeizs oo

B. Traftic Operstions Simulation y

Another major contribution to urbsn transportstion modeling s made
through traffic operations techniques. Thls section presents a description of
‘trafﬁc operations techniques that are spplied in Alberta The models fall into the
cstegory of individual intersections. and systems of intersections. As a common
feature. each technique assumes that a set of fixed design volumes is known
The discussion here is restricted to signalized intersections only, as these
represent the most common form of arterial traffic control Additional techmques
do exist for modeliing priority rul-d intersections and freeway operations
s The Isoistsd Interssction

The analysis by Webster Ref 42) and Webster and Cobbs Ref 43)
form the basis of signslized' intersection capacity analysis as applied in a
number of jurisdictions Both references outiine methods of computing signal
settings such that overall delays st the intersection are minimized (for critical
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directions). The optimum cycle time (ie the Cycle st which delays sre mirwnized
can be shown to be (Ref 42}
Copt = (15a + By(1 - v
Copt - aptm.m Cycle time
Lik;ﬂmulﬁm—g—mmwhmfbwdaumtw
Y - sam of critical lane demand to saturation flow ratio for each phase
~ corresponds to the percentage of cycle time to clear criticsl approach
vohmmes
The crifical elements of the CyCle tme deterrmnation are the demand and
the saturstion flow Demand is determined from a count of the intersection,

while saturation flow. or capacity is determined by a detsiled analysis of
conditions st the ntersection it |s possible to snalyze ntersection operation on a
lane by lsne basis, n contrast to network assighment modeis The capacity of
each lane directly accounts for signal phasng and mtersection characteristics
such as parking geometrics and pedestrian flows Ref 18 provides detsiled
procedures for determining intersection capacity for Abberta conditions
Thapﬁvﬂﬂl@;nﬁnafﬁmmsﬁgswﬁnybcdifmdn
r sovers ways Am'ra-d often selected. for rts smmplicity. 1s the technique of
balancing demand/capacity ratios for critical isnes of each phase Other techniques
used inchude baslancing probability of clesrance for critical lanes, or rmwnimizing
overall intersection delsy. in each case, the models have been. both theoretically
Methods exist for the assesment of both delsys and queues., for s given
set of signal timings. As these factors are considered ,to be important in the
cost of travel' along a route. considersblaeffort has' been put forth in the
development of delay and queue models A typical delay formula, which has been
verified by field measurements iﬁ,E-;fﬁﬂntﬂm consists of two parts; ‘uniform’ ﬁ.
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The uniform delay is that which would occur considereing queueing
mv with a uniform arrival rate over the hf:u: (Ref. 23) Random delay is
mtended to reflect the delasy which occurs due to predictable fluctustions sbout
the mesn arrival rate. The formula presented here was derived by Whiting (Ref.
36). To calcuiste average queue lengths at an intersection, the total hourly delay
(vehicle seconds) is divided by 3600 seconds per hour
nto computer programs. One such program is the SINTRAL system (Ref 38)
which ensbles cycle time selection, green allocation and delay/queue analysis
SINTRAL is currently used extensively by both cities and consulting firms n
Alberta *

b Network Modeis

When a signal is part of a network of intarcomectsd, fixed time sgnels,
the analysis becomes three dimensional In addition to determining cycle time and
green intervais, the relstive offset of one signal with respect to others in the
network must be determined The typical network problem is reduced to a



system of links and nodes as shown in Fi@.ro 22 In contrast to network
assimmem models, turning movements, and bus movements are often coded as
separate links. '

One of the most widely used programs for network signal design and
smulstion is TRANSYT (TRAffic Network StudY Tooll The TRANSYT program was
developed by D. Robertson o.f the British Transport and Road Research
Laboratory (TRRL) in the lste 1960's. The program algorithm uses s detsiled and
quite accurste model for simulating traffic movements in a natwrxk Arrival and
discharge patterns at signals (nodes) in the network are deveioped by
consodenng the dispersal of vehicle platoons as they traverse a link connecting
2 nodes. Greater dispersion occurs on longer links The resulting arrival and
discharge patterns during one cycle are referred to as cychc flow profiles In
additon to traffic simulation, an optimum set of timings can be determined by
miimizing the network performance function The performance function is |
quantified by:

Pl = Fidelays, stops)

The ability exists to separstely model the movement of different vehicle
modes. enabling the minimization of passenger ddlay by the program Past
experiences with TRANSYT indicste that predicted performance indicators agres .
weil with measured values (Ref 35).

May (Ref. 34) has developed an extension to the TRANSYT program that
mnciudes vehicle emissions and fuel consumption as a3 part of the performance
index. This work has been modified and included into TRANSYT version 8,
recently relsased by the Road Resesrch Lasboratory.

Delay simuiation in network optimization modeis has been dealt with using
a varisty of techniques In the mmsv:r 7 model, delays are spiit into uniform
and random components. Uniform delays are computed directly from the cyclic
flow profile for esch link Random delays are caiculated from the Whiting
formula, as outiined in the prwioui section. Queue csiculstions are performed
drectly after delsys have been determined

oy
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in addition to TRANSYT, other network signsl design models include
SIGOP, SSTOP and the GLC Combinatior method These models are designed to.
deveiop trmings by minimizing delays and stops Although they are useful for
some practical purposes, the traffic - representation in these models is not

generally accurate enough to permit the model to be used for detailed
simulstion. in addition to detailed signal design
c Limitstions of Existing M-thei;:

The preceding discussion indicates that traffic sngmaering techniques and
modeis have developed to a point where refined methods exist for the design
and analysis of both mdividual signals and networks of siﬁa

These methods, however, asre limited to designing or evaluating on the
basis of the volumes and network configurations that are provided it is not
possible to incorporste the possibility of flow re-assignment mnto any of thesa
4nodels, other than through manual estimation As a resutt. only a partial analysis
and comparison of transportation mansgement proposals can be made. Secondary
effects (such as relocation of congestion, 'shortcutting traffic) can often not be
anticipated or predicted in advance.

As with traffic sssignment models. the techniques included here form
only part of the development of a model capable of avdujﬁig and predicting

equilibrium changes in the network. ff_a

A number of researchers have been sble to develop working models to
analyze portions of a roadway network for the purpose of assessing
ransportation mang vent plans These modeis combne a level of detail used in
network operations modeis with the ability to vary route selection The models

consist of two major components:
a  » traffic assignment routine that builds a network tree and loads
flows such thst travel time is minimized
b. a traffic operations model that evalustes signal delsy and link travel
" times for flows in the network
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€. models may include a routine to re—optimiza signal timings after each
of the previous steps are complated
Easch of these steps are r.e—itarsted untit convergence occurs (usually after
several passes through the model)

TTIoe of the better documented models for urban arterial networks are
discussed here. A number of other models related strictly to freeway corridors
slso cxist: but these are not discussed here. it was felt that for Alberta
conditions, freewsys do not form a major component of the transportation
system, indicating that arterial based models are more suitable.

8 University of Californis - Traffic Management Model

The extensions to the basic TRANSYT 6 package deveioped by May (Ref.
34) to evsluste the impact of improved signal settings on fuel consumption and
vehicle emissions represented an initial step to evaluste T.SM proposals. A
further extension to TRANSYT. 6 was developad by May (Ref 33) to consider
possible route and mode change rasulting from the mplementation of optimizad
timings. These quantities are estimated by considering the response of drivers to
a stimulus. .

§

Sensitivity*Stimulus

% passengers shifted from one route or mode to

E

Sensitivity = attractiveness to shift given by spare capacity on asiternate
routes, and availability and seryice guality of transit service

Stimuli = difference in travel time between alternste routes and modes
_in references 28 and 34, 3 number of arterisl traffic _management
strategies were compared for two routes: Wilshire Boulevard n Los Angeles, .
snd San Psbio Avenue in Berkeldy. The objective of thase studies was to
. determine what strategy was asble to minimize passenger delay, fuel consumption,

S



or other network performance 'indicator. In both cases, the use of the model
was confined to a linaar network. On the basis of the relative comparison
between - strategies, a preferred T.SM pian was selected

The results of model evalustion provide a relative Cmiﬁ.’!ﬁ betwean
ﬂtmuﬁvas,Mﬂnmﬂmﬁ;ﬁ:@ffémﬁymtbah;fﬁﬂm
aliows direct use No detailed explanation of model parameters was given As the
use of this model is confined to linear networks, it wmﬂé have only limited
application to the evalustion of TSM projects

Recognizing these limitations, May has extended his work to the
development of a model to simulate dense networks, such as residential areas
or central business districts. The model, Micro-Assignment. is documented in Ref
33, and is intended to permit the ev;h:,atmﬂ of TSM strategies in very
localized areas Intial model results are provided in Ref 33 for the San Jose,
Caiifornia downtown area, and for a residential area of the neighbouring
community of Palo Alto.

For application to large scale TSM projects, such as Project UNI
evalustions, it would not be possible to use any of the models discussed here
that were developed by May The modets for analyzing dense networks, however,
sopear to be more suitable than the other models that are presented in the
" following sections (CONTRAM. TRANSIGN). due to the representation of signal
co—ordination snd priority ruled intersections.

b CONTRAM .

CONTRAM (CONtinuous TRaffic Assignment Model) was developed by the

Transport and Road Research Laboratory in England to enable the prediction of

the economic and environmental impact of various traffic m ant schemeas

Ref. 29) The basic principles of CONTRAM are expisined in the following
Vehicles are loaded onto the network by time slices. (ie 10 or 15§ ’

minutes), to enable the simulation of pesking behaviour. Within eacH time siice,

vehicles in ‘packets’ of sbout 10 vehicles are successively assigned to the

network, avel via the shortest time path to their destination Travel time, in




CONTRAM is taken as link free flow time plus queusing time at junctions
(signal, roundabouts, priority ruled). This process is continued until all vehicles in
a p.ir’ba.dr bme slice have been losded onto the network After the latdmg of
each packet, delays are updated '

The full loading of the network is performed for a number of iterations
In each case. the delays from the previous iteration serve as the starting point
for the traffic assignment After sufficient iterations, an equilibrium assignment
should result (although the program does not guarantee an equilibrium

CQNTRAM also has the ability to re-calculate signal timings based on the
results of the traffic assignment (using the British methodology) in this way,

present. the model can only perform a single re-calculation of signal timings,
after the firét full network loading -Wi::fk 15 currently underway to enable the
re—calculation of signal tmings after each iteration of the traffic assignment
CQN(ﬁAM represents a major advancement in the d:uhty to model TSM
sb'itagues The ability to simuitaneously adjust assignment and network assighment
(signal tmings), while analyzing flows at an operations level of detail represents
& major improvement over previous models The caiculation of delays and queuves
by time interval also enables an accurate assesment of saturated conditions
Several limitations in the ﬁse of CONTRAM remain, however Some éf
these limitations are listed below )
a CONTRAM is designed for the evalustion of traffic management plans.
As such, sn evaiustion of TSM. schemes involving more than one
mode (ie bus lane, bus priority) cannot show changes in mode
selection.
b. Dﬂgmgdgstmtnan data is fixed, meaning that temporal re-assignment
cannot be modelled
¢ Signal co-ordination cannot be adjusted by CONTRAM For application
to dense networks of signals ie the CBD), this would require a
simuitaneous use of CONTRAM and TRANSYT.
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The origins of this model are described n a number of papers (Ref.
6.7.12,13) by. A"S@ppi and Charlesworth in Ref. 7. it was recognized that traffic
signal settings could affect traffic assignment, and that a network optimum
might not correspond to the case of drivers mimmizing ther own travel time.

Charlesworth, of the University of Newcastie has developed a working
model entitied TRANSIGN. which combines an equilibrium assignment model
TRAFFIC' and a signal optimization model TRANSYT. TRAFFIC is an equilibrium
assignment model developed by Florian Ref 22 and tested In Winnipeg (see
section 2.2). The network description uses a link-node representation, that
permits the same network format to be used for both 'TRAFFIC and TRANSYT.

An iterative procedure is used by TRANSIGN. intially assigning traffic. and
then optimizing signal settings. This n:m':m is repeatsd. until steady state
_conditions are arrived at after 5 to 10 iterations Ref. 13 indicates that the size
of traffic management scheme being studied may asiter the level of detail
selected for the network evaluation As an exampie, more detasil would be used
in dense networks such as the CBD No discussion of simulation of priority

_ ruled intersections was provided

- A major advsntage of TRANSIG‘I\I 15 the m&dgllmg of vehicie piatoons
through the use of the traffic model from TRANSYT Other ﬂmﬂsﬂ festuras
.of TRANSYT, such as the sbility to model bus movements and: shared stopiines,
can be included in the simuiation The model does provide sn extension to the
TRANSYT simuistion model to enable the simaistion of freeway operstions

No detasiled examples of TRANSIGN were provided in sny of the
references reviewed, so all limitations of the mode! are not known The program
descriptions reviewed to date appear to indicate the following limitations:

a The use of the TRAFFIC assignment routine in saturated networks has
not been discussed in any of the references axamined As a result, it
is uncertain whether realstic delays are (Eeing predicted

b Flows are un-constrained at bottienecks (ie not accumulsted).- and the
time to disperse queues is not considered
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-

c The simulation p-anod considers flows over the entire peak hour,
rather than performing the analysis in a number of time intervals As a
result, the model cannot be used to predict pesking behaviour.

-~ d  The use of TRANSYT to determine signal settings requires the use of
3 common cycle time throughout the network This may restrict the
program flexibility n large networks

e As wrth CONTRAM, T.SM strategies thst invoive either a change in
mode. of a change in origin-destination data canvnot be avaluated

d Comparison

As indicated. the three techniques discussed above represent some of the
more well documented programs for the analysis of TSM strategias. One
mitation, common to all models of this type, is a lack of testing and
application with real traffic networks it also appears, based on thws discussion,
that problems remamn n the treatment of saturated networks. The current stats

of TSM modeling was well sﬁtad by Chsriesworth (Ref 13!

"there exists no technique at the presant time which combinas the
advantages of a mathematically rigorous assignment maethod with the ability
to deal properly with time dependence and overioads”

Each of the models described in this section dealt only with route
assignment, with the exception of May's model, which incorporates modal choice.
Due to the nature of the input (fixed origin — destination table), m of these
mdﬁls can be used to assess the variation of traffic demand over time '
(temporal re-assignment). Thus, the ability to simulate TSM strategies such as
peak hour pricing, flexible working hours, or the introduction of extreme
congastion during part of the pesk cannot be evaluated

in summary, then, the models presented here do’not represent a
complete solution to the problem of assessing transportation manegement
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D. Other Aspects of Equilibrium
a Travel Budget Theory
mEconomicTheory,timecmbemodasasca-cecorwnodny,asoNy
a imited number of hours per day are available. One could expect, therefore.
thatthehowsspemperdayhtrcvolwoudnotoxcoodsometpperhmit
Beyond this limit, nsufficient time would be available for other activities
h.mhdivid.d:joumytowork.quudoxpoctmﬂdw
patterns to develop in recognition of this ‘travel budget. At the ssme time, a
chmqohnemorkcondiﬁonswoddboexpectodtorosdtnhdwdopmun
of a new equilibrium It could be anticipated that people would behave in such |
wayﬂmwﬁmomu'wﬂhgiskoptcommtAnyhcrmohpodrm
travel time might be expected to shift non-work trips to some other time. In
this way. the totsl time spent traveling would remain constant The effect of a
network capacity loss might then be:
a route re-assignment, as traveliers attempt to reduce travel time to
previous valves
b. if route re-assignment is not sufficient, then temporasl re-assignment
would next occur so thst travel time 'ns reduced by traveling at »
time Other than the pesk '
c modal switching might be considered if neither of the above succeed
in reducing travel time to an scceptable vaiue '
Chumak and Brasksma (Ref 15) present the results of research conducted
n several Canadian cities which indicate a remarkgbie similarity in the amount of
time that persons sre willing to devote to travel For both Canadian and
American cities. an average of 1.1 hours are devoted to travel
This concept l&&s, intuitively, to a8 more complex view of travel decision
making The traditional traffic assignment model has not yet made extensive use
of this concept Viewed in a more long term comext, travel budget . theory has
implications for both the land use and structure of the city. For example, the
construction of a new transportstion corridor wc;utd be expected to result in a
cChange in the land use along this routs

’
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b Temporal Re-assignment

In the ltersture reviewed by this suthor, the only discussion of temporal
re-assignment noted was in the context of evahating flex—time proposals Alfa
ﬁmmfé)prmﬂ;mdalfBrMEanMQf
traffic. Costs are sttached for delay, and for early or iste arrivals A pesk
profile 15 deterrmwned by successively attempting to reduce costs from an initial
state. where all traffic tries to arive st the destinstion st the same time in the
case of flex—time, a broader and less peaked peak period is projected The
approach presented by Alfa and Minh appears reasonable, but no practical
applications of this model were noted

In examining the current 'state of the art in TSM modelling Horm Ref.
25) notes that a French model (THESEE SATURATION) is able to ré*;ssi@
demand in both space and time. No other discussion of this model was noted
¢ Equilibrium Studies

Surprisingly few studies were noted mn this literature review where
‘before’ and ‘after’ equilibrium states are compared in a network. Only two
studias were found where sttempts to track the development gf a new
equilibrium through flow monitoring had been made.

Levn and Brewer Ref 30) used Inear regression to study the change in
equilibrium following the introduction of rsmp controls on a freeway in Houston,
Texas Volumes on three parallel arterials. together with the freeway facility,
were monitored after the network change. A period of six study days was
required to re-estsblish equilibrium in study area, as defined by linesr

regression Unfortunately, this article did not indicate the magni of route

volume shifts, travel time or queueing ‘before and 'sfter’
Yigfﬁaf;M)Mildﬂuiﬁpactafmgifgwiﬁmﬁura,idwiy
network of Kitchener, Ontario. It was concluded that most users decided upon
Mfridrmuwrﬂmlwm:fmﬂumefﬁmfmm
equilibrium study was restricted to an evaluation of volumes on two ;n:r!ﬂd
routes foliowing the opening of the new facility Some evidence of oversi|

volume increases dus to route re—assignment from other corridors was

=



presented No discussion of altered network travel times or other detsils of the
equilibrium change was presented

E. Summary of Existing Research 7

In the preceding sections, a summary of current studies and models
retasted to network equilibrium and TSM evalustion have been prgsen’tzd This
Wtersture review is not considered exhasustive, but does present a cross-section
of availsble techniques.

The examinstion of modeis here appears to indicate that additionsl
developmant and ressarch yviu be reqgured before these techniques can be used
for evalusting TSM rt:h&gsmdd hrrtations fall into two general categories:
the examination of travel behaviour and network state.

1) Network State
a Conventional traffic assignment models do not examine arterial
networks in a sufficient level of detail to permit the assessment of
many TSM strateges v
b.  Traffic Operations e required to enable sufficient detsl
for an accurste assessment of intersection snd network operation

These methods are required to calculste travel time, delays, queues

.6 All assignment models examined here considered only travel time and
intersection delay in their determination of equilibrium flows.

2) Travel Behaviour

a  Traffic assignment modeis are shle to predict route selection for .
given network travel times Efficient aigorithms exist for determining

b. A theoreticpl model exists to predict the temporal assignment of
traffic caused by congestion and the cost of easrly or late arrivals

c The Travel Budget prcept indicates ﬂ‘m aversge daily travel time is »a
constant This implies that a change in network stste may result in
more than route re-assignment, if the travel budget would be sitered



As & resuit
The relstionship between travel behaviour and network state must be
understood before any techniques can be generally spplied to the assessment of
TSM strategies The development of combined operstions and assignment models
s an attempt to reiste these two factors Additional reasearch and model
development is needed before these modeis can be effectively used in TSM
evalustions. The current state of these models is:
&  All operations and assignment models examined here can only deal
with route re-assignment rasulting from travel time and capacity
changes. ) A o
b. No models or techniques were found that considered the influence of

*

network factors other than travel time and delsy on flow assignment.
c Temporat or modsl re—assignment, as a caﬁsmg of a network
change has not been well studied
‘' d  The aspplication of any of these models for TSM evalustion has been
primarily restricted to research using hypothetical examples. Littie
testing of these modeis against actual traffic situstions has been



Il. STUDY LOCATIONS AND PROCEDURES
-

A. Study Locations .
hwd«ﬁmﬁﬁsis@j&:ﬁvuemﬂdkﬂﬂwsmcﬂym
field messurements of factors affecting equilibrium, and changes in travel
behavioury be undertaken The only way that this could be done was through the
measurement of travel behaviour ‘before’ snd ‘after a change in the capacity of
the road network After the network change occurred, the establishment of a
new equilibrum was observed through daily monitoring of flows, queues and
delays.
M schemes proposed for 1979
implementation in Edmonton were reviewed, to determine which locations would

in spring. 1979, all traffic mana

be most suitable for study The selection of study locations was based on the
following criteria ’

a The only network change permitted within the study "srea was that
being Assessed in the equilibrium study This excluded areas where
rosd con:&uctmn or detours disrupted either 'before’ or ‘after traffic
in the study area

b. A variety of projects, providing s range of impacts from localized to

’ area—wide, were required. "

C Locstions being studied had to consider both capacity improvement
and capacity loss, ! ‘

d  Only projects where significant delay and Queusing impacts were
expected were :modarad as candidstes for study

e Study areas were selectsd with consideration of the manpower
available. ’

Manpower used for data collection involved personnel from the City of
Edmonton, Engineering Department and Transportation Systems Design Depertment
These were supplemented by graduste students from the University of Aberta
Limited resources made it possible to study only 3 locstions in 1979 Locations
selected were: Fort Road - 66 Street, Kinnaird Bridge detour and Stony Plain

35



Road - 142 Street The study locations within Edmonton are shown in Figure
3.1 The roadway networks affected by each traffic management scheme are
shown in Figwes 32 33 and 34
a Fort Rosd snd 86 Strest

The Fort Road - 66 Street traffic management plan, shown in Figure

35, was implementad on July 11, 1979 This scheme introduced the following

a Westbound left turns on Fort Road at 66 Street were banned, and 2
left turn rerouting scheme was introduced

b Signal phasing was simplified from 3 full phases (separste phases for
eastbound and wastbound), to a simultanecus green for east and waest

For ‘before conditions, the most savere congestion occurred in the PM
peak. Intersection snalysis usng the SINTRAL system aiso indicated that the PM
peak period would experience the grestest reduction in delays. after the
implementation of the traffic management plan For this reason. the PM Pask was
selected for study, In recognition that the mixture of work and shopping trips
would complicate the 'before’ and ‘after ;aﬁ’ﬁtisa;x
b Kinnaird detour

in May, 1979, the Kinnsird Bridge on 82 Street south of 112 Avenue,
was closed to permit deck replacement This bridge carried AM peak flows in
excess of 1200 vehicles per hour in the critical southbound direction As a
result. a rmajor impact to volumes and delays on adjacent arterials was
expected .

To minimize the most serious impacts of the closure, an initial estimate
of flow re-distribution was determined This indicated that a number of control
changes would be required in the area These changes, shown in Figure 36
included

& timing changes st a number of intersections in the area
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b. restrictive signal }$ on 82 Street. and on 112 Avenue to prevent

blockage of the LRT crossings in the area
c. closure of the left lane of 112 Avenue westbound, east of 82
, Strest

To accomodate detoured traffic, sngﬁed detour routes directed traffic to use
Stadium Road, as this was the closest artery parallel to 82 Street Capacity
analysis indicated that the 112 Avenue - 86 Strest signal would be overicaded.
resuitmg in a diversion of trips to routes further away than Stadium Road In
anticipation of flow shifts, signal timings along both 95 Strest and 106 Avenue
were aitered to increase capacity for detoured traffic along these routes

Caridltlms ‘r.'mc;rr to the closure. during both pask periods. were relatively
-uncongested With the closure of Kinnard Bridge, significant capacity problems
were anticipated in both pasks, particularly at 112 Averue — 86 Street The
morning peak was selected for study in this area. as this time period was
expected to show the largest increase in congestion The morning pesk traffic
- consists mainly of home to work trips, which were expected to give a better
‘before’ and 'sfter’ carrﬁtis& than PM pesk traffic
c Stony Plain Road snd 142 Street

in the fall of 1979, a number of changes were introduced on radial.
srterials from the downtown to the west end of Edmonton, in order to
Road - 142 Street intersection Congestion at this location had %—am more
severe over a number of years, and was resulting in ‘shortcutting traffic
problams on residential strests in the area

The most severe congestion ‘before occurred during the morning peak
period As the traffic improvements were expected to produce higher delay
savings during the morning peak, this time period was selected for study.

The key network change in the area, to implement the west end

imporvements occurred at the Stony Plasin Road - 142 Street intersection,
where the foliowing improvements were made:
a The Stony Plain Road - 142 Street signal was placed on computer
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control. The westbound delayed left turn phase was deleted in the

morning pesk period to provide more green time to critical

| and eastbound flows.

b Additionsl lanes were provided siong Stony Plain Road between 142
Steet and 139 Street This ensbled the implementation of a
northbound double right tum off 142 Street and a double left turn
onto Stony Plsn Road at the junction with 102 Avenue.

¢ The nearby intersection of Stony Plain Road - 102 Avenue was
signalized
At the same time, minor improvements were made at other signals in the

area to accomodste the expected higher flows through Stony Plain Road and
142 Street These changes consisted of signal timing revisions, pavement rﬁ!‘kvﬁg
siterstions and signage changes Improvements were made at ail signalized
imersections between 124 Street and 156 Street along 107 Avenwe, 102
Avenue and Stony Plain Road

B. Dsta Requiramants
The dsta collected in sach of the studies was intended to meet the
objectives outlined in Chapters 1 and 2 The data collection enabied the
definition of network state ’b;fare' and ‘sfter’ the implementation of traffic
management plans. An accompanying study of travel behaviour enabled s better
understanding of the 'before’ and 'after equilibrium states The development of a
new equilibrium was monitored through a daily count of one or more
intersections in each study srea, following the introduction of the network
For ‘before’ and ‘after’ conditions, the following messures of ‘network
stata were sxamined :
a vehicular delay
b queue length
c.  general observations of driver behsviour o -
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b Travel Behaviow

Only three aspects of travel behaviour could be assessed due to the
short length of time between 'before’ and 'after comparisons. Changes in route
sﬂxﬁmwsﬁysﬁdﬁdf&hﬁiﬁd:g,nﬁswgﬁQﬁyb&lﬁcﬁ-

where changes m comparative suto and transit travel timas wers expectsd
To examine the relationships between travel behaviour and natwork state,

more than a ‘before’ and ‘after’ comparison was considered necessary. To gain a
better understanding of the deveiopment of network equilibrium, flow data was
collected immedistely after a network change was introduced intersection flows
were monitored continually, until it was clear that no further volume changes
would occur The assessment of when flow stability was established was based
on a judgement of the situstion In no case. however, were less than two
weeks of data c@llected before the commencement of the ‘after study of
network stste and travel behaviour.

C. Determination of Study Areas

Prior to beginning data collection, the study i‘és had to be defined A
review of litersture revesied no procedures to permit an assasgment of the
size of the study area As a result, study areas were established using empirical
methods. The wrea studied was intended to include a large enough section of
the network that few trips would be shifted outside the study area The ares
8iso was intended to inciude all locations where a change m network
characteristics or flows was expected The following procedures were used to
define study asreas for the three locations examined o~
s Fort Rosd - 88 Street

The delay reductions in the PM pesk, st this location wsr;frﬁcp:mdtc
be large enough to attract traffic to either Fort Road or 86 Street northbound,
from alternste routes across the CNR screenline. The ciosest routes were
considered. 82 Street, and 50 Street These routes represent the nearest railway



crossings east and west of Fort Road and 66 Strest Intersections adjacent to
the CNR railway crossings genersity form the major bottieneck i northeast
Edmonton for northbound traffic in the PM pesk The study area Fgg;g 32
was saxtended south to Yellowhead Trail, in order to include a major turning
movement from the east to the north This ﬂa;v was axpected to cause
increased flows on 66 Street, and reduce traffic volumes on 82 Street
b Kinnsird Bridge

Congestion at the 112 Avenue - BE Street intersection (on the main
detour route) was expected to cause traffic diversion to 95 Street and 106
Avenue. Some diversion to 96 and 97 Streets was also considersd, but 97
Strest was feit 10 be predominantly serving flows from a different srea of
north Edmonton Including this major flow would have caused a major expansion
in data collection, with littie difference in the final results 118 Avenue was
also considered as s possible ahtternate route for traffic that used 112 Averue
westbound before the bridge closure

As a result, the study area. shown in Figure 3.3, was confined to 118
Avenue ani the north, 96 Street to the west the Capilano Freeway to the east
and 106 Avernue on the south ..
c Stony Plasin Road and 142 Street

the Stony Plan Road - 102 Avenue corridor was expected to cause a fiow
shift to this corridor from other east-west corridors in west Edmonton The
nesrest parallel corridors are 107 Avenue, to the north, and Whitemud |,
Freewsy/Keillor Road to the south The study area boundaries, shown in Figure
34, included all major intersections between 149 Street in the west and 124
Street in the east between Keillor Road and 107 Avenue.
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D. Methodology
a Intersection Studies

Each study area was comprised of a network consisting mainly of arterial
roadways. As a resuit, the network equilibrium states were governed primarily by
the operation of signalized intersections. The primary performance indicstors at
signshized intersections are vehicular delays and queueing As a result, the major
task of data collection to assess network operation was concentrated on the
measurement of these two parameters.

A measurement of total vehicular delsy at a signal is generally only
possible using time lapse photography. which was not avsilable for this study.
The ‘time in queue delay serves as a close approximation to approach delay,
but is again difficut to measure directly. As a resutt, delays were deduced from
Queue iength measurements. using a foc;fniquo documented by Sagi and Campbell
Ref. 37).

Using queuveing theory. (Ref 23) it can be shown thst vehicular delay is
equivalent to the srea under 3 curve of queue length versus time. Sagi and
Campbell Ref 37) determined that recording queue length in each signal cycle
(at start of green and start of red). together with a record of discharge per
cycie provides enough information to caiculate delsys. If queue length and
diachtoedwhgewhcytﬂrteknom,tha‘ﬁmoinquwe'dohycmbo .
determined difectly. A representation of typical qQueueing patterns for
undersstursted and satrsted intersections are shown in Figures 37 and 3.8
Delays are computed as follows by the method of Sagi and Campbeit

M+ M K

£pj = ri2e€Qj +5vj + CeSA-1)

J"‘ J‘\ J‘: ):‘
where:

Dj - total delay (vehwsec) over | cycles
- M - number of underssturated cycles

K - number of oversaturated cycles plus undersatursted cycles
A with queue st start of red
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) : Qj - Arrival Rate
S — Departure Rate

Atj-1)

. Figurs 1.8 Queueing Patterns st an Overssturated Signal



Qj - queue at stat of green for jth undersstursted cycle
Vj - discharge on tﬁe fth overssturated cycle

'A(j;ﬂ - foue at start of prévi@us red phase for cycle |
C - cycle length (sec)

R - effective red interval

Average delay = Dj / total discharge for j cycles

ﬂisfmﬁmmﬂmmmmmhvﬁcbste
delayed, on average, for one half the effective red interval. This corresponds to
random arrivals. For sm.r:ted Cycles, vehicles in queue at start of red are
assumed to have a one cycle delay.

This formulation is based on a fixed time signal The traffic actusted
signal may siso be studied, but the delsy must be determined on a cycle by
Cycle basis, rather than using average effective red and cycle length, for the
simuiation mterval.

To apply this methodology to field surveys, a lsne by lane, cycie by
.tycle record of discharge and queues is required The dats sheet shown in
Figore 39 was used for surveys in all three network seas that were studied
At traffic actusted signals, a record of cycle by cycls timings must aiso be
maintained To ensure sn accurate calculation cf&hys. the start of signal timing
surveys must be co-ordinated’ with the start of queue and discharge
measurement The experience of this study was that queus lengths in excess of
25 vght:les per lane cannot be counted by an observer who was also counting
discherge.

initially, long queues were measured by accurmulating arrivals at the rear
of the queue during time infervals of 30 seconds or one minute. Initial
experisnce with this method indicated that a cumulative error occurred, due to
vehicies entering or leaving the route between the rear of the queue and the
intersaction (e 'shortcutting tratfic). The magritude of error (up to 100 veh/hr
mtﬁmﬁmamﬁgdhgtcmusﬁhms;fms-xm
25 vehicles per lane, an estimate of queve length using a known reference
point (such as light poles or block lengths) had to be used, with another
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observer recording discharge.

Some difficulty was noted with the interpretation of queue lengths at the
start of red For all surveys in this study, queue at start of red was tsken to
include both of the following: & all vehicles who were present st the start of
green and did not clear, pius bl any vehicles who atived during green, came
to a full stop, and did not clear.

Under extreme congestion, Fiﬁiﬁrﬁdmh@ﬁta;ﬁﬁam
lengths and delays. Delay fiming from a helicopter was used to capture Day 1
of the Kinnsird closure. This was necessary due to extremely long queues in the
area that could not be measured by an observer on the ground At Stony Plain
Road - 142 Street, a fim of ‘before’ conditions was taken from the top of
Crescent Place Apartments. From this vantage point. queue lengths exceeding one
half mile could be measured
b License Plste Surveys

Direct measurements of route salection and pesking bshsviour were made
using vehicle license piste surveys, for Fort Road - 66 Street and Kinnaird
Bridge In the Stony Plain Road - 142 Street area it was not possible to
conduct license plste surveys due to manpower hmitations.

Observers recorded vehicle license pistes, for all traffic passing a survey
station. using cassette recorders The time was recorded at the end of each 5
minute interval throughout the survey. The experience of this survey was that
one observer was sbile to record volumes up to 800 vehicies per hour with
minimal  error, under average traffic speeds (40 km/hr). Higher volumes wp to
1100 per hour) were recorded under congested, ‘stop and go' operation

Using license plate dsta, it was possible to establish the routesing of
vehicles through the network by comparing vehicles passing each survey station
A comparison of ‘before’ and 'after data traffic passing the same survey station
was siso made use of This data provided sn indication of changes in route

Before’ and ‘after’ comparisons of the time selected for travel in the
network were aiso conducted This was performed in two stages. Surveys on
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successive days under ‘before’ conditions were performed in order to establish
typical fluctustions. in the time of travel of vehicles in the network The 'before
and ‘after’ vehicle match was then compared to the typical daily fluctustion in
-order to establish if a significant shift hgd occurred in the time the trip was
made.

Unfortunstely, errors in license plate surveys are cumuistive The past
experience with license piste surveys in Edmonton (comparing dsta between two
stations), was that errors of at least 20% can be expected in the dsta
coliection and decoding process. The studies performed here nvoive matching
paths through up to 4 or 5 survey stations, which would significantly increase
orrors. Before' snd ‘after’ license piste comparisons were expected to further
reduce the proportion of vehicles that couid be matched, both due to different
vehicle sets. and recording errors.

c Mods Selection o

it was féit that Kinnsird was the only study ares where a significant
change in relative auto and transit travel times occurred between ‘besfore and
‘after’ conditions. This observation, coupled with manpower limitations meant that
'mode sefection data could only be collected for the Kinnaird Bridge area

in the Kinnard area, the Northeast Light Rsil Transit line forms the
primary transit corridor. A dsily record of morning pesk (6:30 - 800 transit
ridership was collected by LRT fare coliectors The dsta was collected for a
period between two weeks '‘before the road ciosure and one week 'after’ ’

d Other Observations

General intersection observations were conducted st the same tme as
intersection surveys were performed This was intended to indicate factors
sffecting network operation and travel behsviour that could not be directly
measured. This included f

~a  incidents (sccidents, stalled cars) )
b. criticat incidents (illegal maneuvres, unsafe or erratic driver bohtvoou') /
' ’

c. traffic pressure



E. Data Coliection and Analysis
8 Intersection Studies

‘Before’ and ‘after’ counts were conducted at all ﬁmcr arterial
ntersections within each study area where it was felt that significant flow or
delsy changes would occur. At the key intersections of the study wress (i@ 112
Avenue - 86 Street and Fort Road - 66 Street. daily counts were conducted
after the changes were introduced to monitor the restoration of equilibrium In
the case of Kinnaird, daily counts were also conducted at kay intersections
along the secondary detour routes (i@ 111 Avenue - 9% Strest and also 106

udil it was clesr that
no further volume shifts or pesking changes were occurring

of manusl techniques and
computer analysis. Computer analysis of discharge, delays and queuss was only
ﬁ:fmdnmnpﬁmcmwmwmajmtmafh

Dsta was snalyzed using 2 combinat

Thecmmyilléfmmfmmuﬁﬂfm
L
programs. DFIX snd DACT, for fixed time and traffic actusted signals,

these programs is availsble in Resource Documents Program -inputs are:

Queus length at start of red and start of green

signal timings (fixed time)

cycle by cycle signsl timings (traffic sctusted)

number of simulston intervals, and minutes and cycles per interval
Analyss was normally performed on a lane by iane basis, with wp to
three movements lie left, through, right) being permitted in one lane. with only
ﬂuraﬁhaﬁfmbﬂm&wdmﬁrmhhmaf fixed time
signals, delays were sveraged over the durstion of the simulstion interval For
traffic actusted signals, delsys were accumuisted over esch cycie of the

- S B
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Program m ;ﬁ: - )
a  echo - check of input timing information and location description
c demand and discharge for each movement (ie left, through or right
d maximum queue per time interval
Sampie program outputs from DFIX and EACT‘SE shown in Figures 3.10
and 311 For sstursted intersections with fixed time signals, lane saturation flows
may be directly détermined using sverage discharge per cycle
Computer time rmm for DFIX and DACT e

sl A typical

;miy;:ils would require 1 to 2 seconds with the University of Alberta Armndashi

470 V-8 computer.

b Vehicle Travel Bahaviowr )

» Lﬁmpﬁ:mwm’fﬁmFmRméEﬁSn‘mﬁﬁﬁﬁd
study sreas sre shown in Figures 312 and 313 A total of over 20000
vehicies were followed in the 4 license pists surveys thet were conducted
‘Before' and ‘sfter’ surveys each covered a period of two hours during pesk

recorders to survey forms The forms were, in turn, keypunched snd transferred
The snalysis' of license piste data utilized three computer programs

written by Doug Hut. who was an undergraduste student in Civil ngineering at

the University of Alberta, st the time of this research Documentation for uch

of these programs is avasilable A brief description of the programs is provided
. Route Selection - Programs PLPS apd PLPSN

Thn::mscvgrﬁwv-undtau:ﬁn-fbwsmirmh

accepted, while for PLPSN, the user specifies the number of characters

mﬂhmnm-mmmﬂmmnrmﬂ



FIXED TIME SIGNAL DELAY COMPUTATION
SAGI anD CAMPEELL ETHOD

LACATION: Fort Roed - 66 Street

APPROACH: EBD Curp Lare

JATE AND TeE OF SURVEY: Tuesaay, July 17, 1979 46 pa
OMMENTS: Oay S

CYCLE LENGTH: 100. 3ec. : 2

NUMBER OF CYCLES FER INTERVAL: 4

EFFECTIVE GREEN: %4 Sec. .

MINUTES PER INTREVAL: [0

JI[SCHARGE PER MOVEMENT FOR EACH INTERVAL

&

55

INTERVAL ALHT THROUGH
1 26.00 35.00

2 27.0 49.20

3 23.00 56.00

a la.20 a7.00

5 .1.00 81.00

6 i5.00 78.00
-7 5.00 36.00
s 31.00 $8.30

9 28.00 23.00

10 2.0 A 3.0
1l 17200 - 44.00
12 17.00 27.00
TITALS 261.00 670.00

CANE UELAYS, JEMANO AND OISCHARGE FOR EACM INTERVAL

TOTAL AVERAGE LJADED MAX.
INTERVAL OISCHARGE OEMAND OELAY DELAY CYCLES QUEE
(per interval) (verr/sec) (sec)

MAX PER CYQ.E
O ISCHARGE

i 59.00 39.00 363.00 6.24 o] 7.00 13.00
2 86.00 86.0 506.00 5.88 0 7.Q0 2.2
3 79.00 79.00 352.00 6.99 9 7.00 18.00
“ 61.00 61.20 368.00 6.03 0 5.20 14.30
S 96.00 96.00 343.00 9.82 0 11.00 21.00
] 97.00 97.00 736.00 7.5%9 0 10.20 2.00
7 91.00 91.00 828.00 9.10 Y] 10.00 17.00
8 39.00 89.00 621.00 6.98 0 6.00 20.00
? 77.00 77.00 329.00 5.37 o] 3.Q0 15.00
19 71.00 71.00 440.20 6.48 o] 7.0 i6.00
11 61.00 £1.00 437.00 7.16 0 6.00 18.00
12 44.00 44.00 .61.00 3.66 0 3.0 10.20
TITALS 911.00 991.00 6309.00 7.18

Figure W10 DFAX1 Sampie Output
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65 Steset

LICENSE PLATE SURVEY STATIONS
(30 ST AT CNR NOT SHOWHN)

Figure HL12 License Plate Survey Stations - Fort Road and 66 Street
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Figure W13 License Plats Survey Stations - Kinnard Bridge



the following informstion is provided
a number of vehicles passing the station
b. number of vehicles entering and leaving the route since the
previous station ‘
€ number of vehicles who came along the route from the previous
station
d  number of vehicles who have followed the route from the initial
station . .
‘Before’ and ‘After’ Comparison - Programs PlPBA and PLPBAN
Programs PLPBA and PLPBAN were. used to compare ‘before’ and
after’ data for flows along the same route As with the previous two L
programs, PLPBA is used for exact matches. while PLPBAN siiows the user .
to specify the number of characters that will be accepted as !ﬁ axact
match Program input is provided ss follows, for two routes. A and B

data for first station on route A

»

b. data for first station on routs B

‘data for second station on route A

o

data for second swution on route B

>5

This is- continued, until data for all stations has been entered The -
program initislly produces the same results as program PLPSN for route A,
and then repests the process for route B in addition, flows on routes A
and B are then compared to provide the following sdditionsl outputs for
number of vehicles passing both stations

o

station on route B

c m:rbartrm;us“dﬂﬁstmananrmsbmdndnatmﬂg
station on route A

d number of vehicles that came from previous station on both
routes :

e number of vehicles that came from the previous station. on route
N .



A, but did not do so on routse B

¥ [}

f.  the reverse of the pmv:aggf?ﬂ 7 N, ™
g the number of vehicles that have come siong both routes .
entirely. ;
h  the number of vehicles that have come along route A entirely,
. but did not do so on route B
i the reverse of the previous point )
J which station in each pair had the larger number of vehicles
pass, and by how much
Tempora/ Re-sssignmem - Program PLPTP
While the previous two programs provided substantial information
sbout route selection, no informstion about changes in the time when
vehicies pass through the network was provided Fortunately, the license
piate surveys did record time at the end of sach 5 minute interval A
comparison of 'before’ and 'sfter data st the same survey station would
yieid the following information about travel pstterns:
& the distribution of 'before’ snd 'after’ vehicles at the same survey
b.  what shifting from a typical dasily fluctustion has occurred
Program PLPTP enables s comparison of the distribution of ‘before’
and ‘sfter’ trips st the same survey station in general, the analysis must be
performed in two stages. Initisily, a measurement of ‘typical' daily -~
fluctustions under the same traffic conditions must be performed (ie data
on two successive days). Using the results of this dsta comparison as a
m-mnmafmmafnmmm:mmd
‘assignment can then be determined For the use of PLPTP, the number of
vehicles that constitutes an exact match must be input Time intervals need
not be in successive order for snalysis to be performed Program outputs
re
- & the distribution of ‘before’ and ‘after vehicle matches, relstive to
time of the before survey (in number of vehicles, percentage,



and graphical distribution)
b. htgtjmsme‘ﬁc&giﬁﬁmaypﬁi@d
used for other programs praviously discussed This was done to enable a
more efficient comparison of data
A typical PLPTP output is shown in Figue 314,

All of the programs described here accept license platas with 8
Characters. and a maximum of 12 license plates per line of data All license
plate analysis used in the ‘Emmﬁ studies made use of a 5 character match
to be equivalant to an exact match

A typical snalysis, comparing 3000 license plates on a two station route,
using PLPSN would require between 20 and 25 seconds of computer time with
the University of Alberta Amdahl 470 V-8 computer. Costs increase linearly with
the number of vehicles and the number of survey stations. Slightly higher costs
~would result with the use of PLPBAN or PLPTP.



DAILY FLUCTUATION

5 OR MOHE CHARACTERS COMSTITUTES A UNIT MATCH

1855 PASSED 82 STREET LY 28781 AMD 1524 PASSED 82 STREET JAY /81
A TOTAL OF 720 MATCHED

LISTIMG FOR EACH TIME: THE MUMEER AND PROPORTION THAT MATOMED FOR
EACH TIME

82 ST. JALY 28781 82 ST JAY X0/81 . MMEER MATOHED  PROPORPION sATOMED
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Q.19
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Q.00
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0.0
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0.00

62

455

0

708

710

715

70

725

70

L 740

7458

7%0

755%

a0

805

810

815

L} EI
. - 825

— . aX»
as
840
845

o
8

8888888

OO0 DO Q0 D D e OO OO DD v B Oy
"

o Y-T-F-Y-F-F-¥-1

UDUDPDDOD‘
B88BEBEL -8

713

8
W S e T e

-—Figure 1iL14 Program PLPTP - Typical Output
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A. Overview

This chapter presents the results of the Edmonton survays for aach
study area Procedures that were used here have been described in Chapter il
The analysis of results is presented in two stages. intislly,. measured changes in
network state and traffic equilibrium, consisting of results of intersection
studies, are presented Secondly, individual travel behaviour changes ars discussed

using the results from the license plate survey analysis.

B. Network States and Traffic Equilibrium

In each study area, the analysis of network state and traffic equilibrium
focussed on a 'key intersection approach’ The incentive for traffic re—assignment
n a network is a change in relstive travel time between routes in the network.
Each volume increase is then reflected by a volume decrease on some other
route in the network (or in another time interval or mode) This assumes that
equivalent transportation demand exists in the ‘befors’ and ‘after comparison

In the intersection studies. aqunhbr*un changes were monitored at two
locations. the key intersection approach and the key intersection approach of
" the primary siternate route. The primary siternate route represented a2 route
which intuitively was expected to show the grestest flow impact due to a
capacity or delay change on the critical intersection spproach

Characteristics examined in sach study area are the development of new
equilibrium (volume and pesking changes) along with ‘before’ and 'after
comparisons of delays, queues and pesking characteristics. Thess values will be
compared for the key intersection approach and the main siternate route. in the
case of Kinnaird Bridge. travel time comparisons for alternstive routes through
the network were also determined. '
a Fort Road - 68 Strest

Following the revision of interspction phasing and timings at this signal,
an immediate improvement in traffic flows and operating characteristics was

63



noted On the first day of the control change. northbound
slievisted. but long queues existed for eastbound left turns from Fort Road to
66 Street As a result, a timing change had to be made prior to the second
afternoon pesk period THis timing change lengthened the eastbound left turn
phase. and relieved the queueing observed for this movement Further minor

timing changes were made one month after the control change was
implemented

‘After’ surveys conducted in September, 1979, indicated that northbound
volumes across the CNR cordon (50 Street to 82 Street) between 16:00 to
17:50, increased slightly from 7246 to 7260 vehicles The difference in total
flows between the ‘before and after data is sufficiently small that no net
volume change was considered to have occured The same 'before’ and ‘after
comparison showed no change in volumes northbound on either 82 Street or
50 Street. Wwplying that the Fort Rosd - 66 Street intersaction was the focus
of most changes The west and south approaches of Fort Road - 66 Street
were therefore used as the basis for evalusting network state and E!fﬁt;
equilibrium changes

Figures 4.1 and 4.2 show the development of a new squilibrium for tha
south and west approsches to Fort Rosd and 66 Strest As had been expectad,
4, gradual increase in south approach volumes was observed, with a slight
decrease in west approsch vohsmes siso being noted Comparing Figures 4.1 and
43 some oOgciliation in flows is apparent This behaviour might be attributed to.
vehicles trying different routes on different days in a search for the shortest
routé through the network. Stabilization in approach volumes was apparent after
a 2 wesk period

‘Before’ and ‘after’ delays and Queueing are compared for the south and
weast spproaches in F;g,rgs 43 tvough 4.6 Litle change in sither queuss or
delays occured on the west approach Conversely, a8 major improvement was -
observed on the south approach On the south approach, delay reductions were
Over 4 minutes per vehicle, and queue lengths declined by 40 vehicles per lane,
over the entire pesk period
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_Examining the pesking characteristics for the west and south approaches,
shown'in Figures 4.7 and 48, s sharper pesk appesrs to exist st both
'mhh'ﬁw“ﬂnwmofmmﬂppmmfor
the south approsch to Fort Roasd - 66 Strest is shown in Table 4.3. These
results show 3 lerge fiuctustion in the proportion of fiows within the peask.

. Nwmfwm:nmm«mﬁonrodwofm
interest An intersection count was conducted st Fort Road - 66 Street in
October, 1880. This count revesied that pesk period (1600 - 18:00) volumes
on the west and south approaches, combined. had increased by 5% from the
;m, 1979 values (from 3533 to 3712 vehicies). The pesking
cheracteristics st Fort Road snd 66 Street have maintsined the sharper profile
ostablished after July, 1978. No msjor delsy incresses heve occurred since the
iMergection improvements were made This may asiso réflect the construction of
8 northbound right turn bey in the fall of 1979 which incressed south
a_pbroachcapacny.bymzox. ' '

' b Kinosird Bridge

Thomdymafﬁul(indrdlruwnmoconpbx,duotolhrm
study sres with meny siternste routes being avaisbie. A factor present in this
ru‘Mwumtm’tomoﬂthm,wuhconpm
closure of a mejor link in the network The presence of a totsl closure forced
all drivers thet used this link to select siternsts routes, a result which would
not have occurred with ony a partisl fink closure

To neure thet before and aﬁor‘ resuits were comparable, ‘-ﬂ signel
timing changes mede for the detouwr were in plasce for one week or more
before the actusl closure begsn (with the exception of signsis immedistely
adjscent to the bridgel Surveys st these signsiized intersections were conducted
ufac'u"mmmmgmmmammw
signel timing changes could be from flow changes caused by the
detour Thees couws ndicsted thet timing changes alone did not cCause
fiow verigtions outside the normel deily trsffic fiuctustion




Table V.1 Pesking - S Approach - Fort Rosd & 66 Strest

1600 - 1610 -
1800 1710

Aprit 19 1281 636
July 10 1260 669

Day 1) 1330 744
2 1402 765
3 1352 710
Day 4 1238 652
8
7

Day 1708 885
Day 1431 793

August 2 167€ - 88t
Sept 20 ‘ 1594 847
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Figwre V.8 Pesking Cheracteristics - West Approsch - Fort Road and 66 Strest
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A comparison of ‘before’ and ‘after flows from the northeast revesied
that volumes between 7.00 and 900 declined from 7301 to 6373. a 13%
decrease. Aimost all of this decresse consisted of flows originating from the
north Up to 400 vehicles of this decrease could consist of 'shortcutting traffic,
which was not recorded The remaimng difference was attributed to shifts of
flows outside the study area, most likely to 97 Street or to 118 Avenus No ,
ldmsﬂ-nant factors were applied to volumes in the study area

Two major fiow patterns were impacted by the closwre of -Kinnaird
Bridge; flows from the east to the CBD and flows from the north to the CBD.
Figwe 4.9 illustrates alternate routes availsble for these fliows For flows from
the north, the key intersection approach was the north approach to 112 Avenue
- B6 Street while the key approach for flows from the east was at 112
| Avenue and ‘82 Street Flow changes on the north approaches to both 112
Avenue - BE Street and 111 Avenue - 95 Street were monitored to
determine volume shifts. For flows from the east, the locations cmgd were
the east approaches to 112 Averua, - 82 Street snd 106 Avenue - B4 Street

Flows from the North
The development of volume equilibrium for the AM paak period is

Avenue - BE Street and 111 Avenue - 95 Strest Volumes at both
locations appear to have stabilized within 4 days of the Kinnaird ciosure.
Table 4.2 indicstes travel times for ih:srn-ta routes from the north
to the CBD.
These travel times assumed free flow travel at the speed Imit, between
inter sections. At signals, delays were caiculated using SINTRAL, for
undersaturated signals, and DFIX1 for oversatursted intersections Signal
delays were then added to link travel times to obtain total route travel
Travel times are shown to initially increase. then decrsase after
traffic flows had stabilized Travel times from the north, after network



Table V.2 Travel Times from North to the CBD

Route

Before

(min)
7.2
58
6.0

Day 1

After
fmin)
7.4
10.2
n/a

Day 7
Atter
75

7.0
n/a



o sssssssnes FROM EAST TO CBD.
temmemm FROM NORTH TO C.B.D.

CAPILANO

FREEWAY

112 AVENUE

Figure V.9 Alternste Network Routes for Travel Time Comparison in Kinnaird
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Figure IV.11 Development of Traffic Equilibrium - North Approach - 111

Avenus and 95 Street
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previously existed

Delay and queue comparisons, ‘before and ‘after, for the north
spproach to 112 Avenue - B6 Street (Figures 4.12 and 4.13) indicate an
increase in both delays and queues from values that existed prior to the
Kinnaird closure. Comparisons for 111 Avenuse — 95 Street ars not
provided, as satursted conditions were never reached in the ‘after’ case at
this signal (ie no significant increase in either delays or queues)

Peaking characteristics are shown in Figures 4.14 and 4.15 for the
north approaches to 111 Avenue - 95 Street and 112 Averwe - 86
Street ‘After’ conditions show littie change in the shape of the pesk at
111 Avenue - 95 Strest At 112 Avenue - B6 Street. however. the peak
has fisttened in the after situation, but total volumes ‘hiv's incressed from
pre—closure levels

The varistion with tme of the proportion of flow within the peak
hour at 112 Avenue - 86 Street and 111 Averiue - 95 Street are
shown in Tables 43 and 44 These results indicate that little change in the
peak proportion of flows occurred at 111 Avenue - 95 Street At 112
Avenue - B6 Street. however, a noticesble change in peaking behaviour
occurs by Day 5 of the Kinnard detour, and remains even after the
removal of barricades on 112 Avenue This may suggest temporal
re—assignment, or the shifting of pesk hour tiiffic: to some other route (ie
‘shortocutting’)
Flows from the East

Traffic volume changes over tme are shown in Figures 4 16 and
4.17 for the east approaches td 112 Avenue -, 82 Street and 106
Avm - 84 Street At 112 Averue - 82 .Sfreet. a major control change
was made 3 weeks after the start of the detour. This: change removed the
barricades in the left lane of 112 Avenue, east of 82 Street, resutting in
an additionsl traffic lane through the signal st 112 Avenue - 82 Street
This change in strategy was not planned, but had to be made in response
to numeroUs public complasints sbout excessive delsys along 112 Avenue

4



Table V.3 Pesking. — N Approach -

=
&

Volume
0700 -
0900 .

1291
1794
1524
1567
1271
1431

112 Averwa & BE Strest

Volume
0715 -
0815

762

1055
721
795
792
682
724

Table V.4 Pesking- N Approach - 111 Averwe & 95 Street

Date

ﬁ(il 5
Viay 2
Day 2)
Day 4
Day 6
Day B

0700 -
0900
1271
1786
1791

1843
1755

Percent
in Paak

625

623
633
636
627
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Figure V.15 Pesking Characteristics ;Narm Approach - 111 ASN and 95
treet
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Volumes on 112 Averus incressed sfter this control chengs Was made As
8 result. it is uncertain whether traffic flows from the esst hed resched
an equilibrium level prior to the removal of the 112 Avenus berricades.
Figsre 4.16 sppesrs to indicaste thet vokume stabillty was re—established
within 4 to 6 deys after the detour commenced The continustion of public
complaints about excessive delsys even sfter the first two weeks of the
Closure provides evidence thet complets flow stabikizstion had not occurred
nwwst'wm&rmm’MMr;&:dmm
first week of the detour.

Table 4.5 presents travel times from the esst to downtown vis
sitensts routes After 7 days. travel times siong the 112 Avenus routs had
'sﬁnnotdoa'ouodtomywhoromu'th.ﬁmviahomwoonsﬁdgo
routs. This reluctance of drivers to use 108 Avenue may roﬂoct'a
percieved additionsl travel time due to this route having two river
crossings. It is of interest that a ‘perwity’ for muitiple river crossings has
been incorporated into many route assignment models The data coNected
here suggests that a ‘penaity’ of up to 4 minutes could be assigned to a
route iNvolving two river crossings. it is not known whether, in the long
term, travel times would hsve stabilized as more people became aware of
the existence of the 106 Avenue / Dawson Bridge route Following the
removal of barricades on 112 Avenue. travel times on both routes from
the east wore'roducod

Queuss and delays on the east approach to 112Av\onue—82
Street are shown in Figures 4 18 and 419 for ‘before’ and”aftor'
conditions. The ‘before’ queuss and delays are not shown prior to 7:40, as
the 112 Avenue - 82 Street signal was operating in the wrong timing
ptan, causing sbnormal queusing and delays. These figures show that a
major degradstion of both performance messures occurred at 112 Avenue
- 82 Strest aftey the closure. Queue lengths of up to 100 vehicies were
MhWWM&mwmmmhrmd\’
berricedas on 112 Avenus. queues and delays retuned to levels which hed
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existed before the detour began

. Dehysy\d-msonvn‘mtppromtoIOSAvmmded
Street did' not show any substantial mcrease’ as a result of increased
volumes. Delays of up to one or two cycles did exist for the pesk 1%
mifiutes. witf the bridge closure in place. These deiays were only observed
on some days. . ! _

Pesking characteristics ‘before’ and ‘after are compared in Figures

420 and 4.2) for the east spproach to 106 Avenue - 84 Street and
112 'Avenue - 82 Street A §Lbsunthl flattening of the peak occurred for
flows alomg 112 Avenue This brOldu. of the peak occurs to such an
extent that 10 munute volumes fluctuate within a range of only 50 veh‘icles

e

Over the entire two howr morning pesk period On 106 Avenue, some .
sharpening of the peak was noted in the ‘after _case. This may be
attributed to a higher proportoon of traffic shifting to 106 Avenue from
112 Avenue within the peak 30 minutes.

The development of new pesking x:h'aracter:stics with time, are '
showand)hs 46 and 47 At 106 Avenue - 84 Street. the peak
;Dpoars to sharpqn in the first days of the detour., but returns to
pre—detour values by Day 6 of the closure At 112 Avenue - 82 Street, »
a flatter pesk is apparent after Day 5 of the detour "As with flows from
the north, this may imply either temporal re- assignment, or a change ]
toute selection, or a combinstion of these factors. ’

¢ Stony Pisin Road - 142 Street '

The traffic control changes st Stony Pisin Rood = 142 Street were
performed in a number of stages. lnmally con'putonzod traffic control was
implemented at Stony Plain Road - 142 Streot The ollmmmon of the westbound
. left turn phase st this location. in the AM peak ponod, resulted in some
improvement to through traffic flows both mtbomd and northbound. i the
second stage, road widening was complotod on Stony Plain Road between 142
Street and 139 Street As part of this widening, the critical norﬂ'bomd right

turn movement was changed from a singie lane to a two lane movement As

-



Table V.6 Pesking - E Approach - 112 Auenue & 82 Street

Date

x';il 19
. 1)

Day 5
Day 7?7

Day 12).

Table IV.7 Pesking- E Approsch - 106 Avenue

Date

il 6
2221‘27
May 2
Day 2)
Day 4
Day 6

Day 8
May 18

Volume
0700 -
0900 -

2233
1946

1507
1483

“ 1734

Volume
0700 -
0900

¢
128
116
1484
1461
1544
1492

1540
1419

Volume
0715 -
0815

1314 .

1148

878
768

908

& B4 Street

Vahn-
071% .-
0815’

797
788
952"
974
952
940

(S
=@ © @
T @W O

LT
=~ {0

FH‘ cant

Percent
n Peaak

' 621

63.7

64.2
66.1
631 1}
638
610 -
624
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well, mmmmhﬁles"@mnﬁmwswmﬁ
st the Stony Plain Road - 102 Avenwe mtersection. These measures. in
combination, resulted in major reductions .n delays and queues for northbound -
right tuns, as well as further improving eastbound traffic operation

Esstbound flows across the Grost Rosd screenline in the AM pesk period

were 6500 and 6600 vehicles. 'before’ and ‘after This figure indicated that a
hegligible change had taken pisce in total flows from the west end batween
. before’ and ‘sfter' data collection Anslysis of ‘after volumes showed that no
shift fram 102 Avenus / Stony Pisin Road to either 107 Avenue or Keillor

Hcmd .had occurred In addition, no change in flows had occurred at study arsa
boundary nntersac;baﬂs along either 149 Street or 124 Street It was therafore
concluded that, in the short term impacts of the Stony Plain Road - 142
Street ~a'fic management scheme appeared to be localized The following section
discusses these iocal mpacts. ¢ ,

From the south, on 142 Street, major flows exist for both through
traffic and right tun movements, st the Stony Plain Ro#d intersection The right
twrn movement axperienced the highest delay prior to the traffic managemeant
'scheme, rasulting in the through movement being an sttractive atternate route. As
& resuit. the impact to all northbound fiows had to be considered in the traffic

The Stony Plain Rosd - 142 Street es 15 somewhst unique, in that
drivers have the ability to select siternate routes (ie through or rightl with the
knowiedge of queue lengths on both routes Daily flu:méng n queues
iresulting from incidents, westher or traffic volumes) resulted n » large d.iy to
day fkncm«pn in the distribution of northbound traffic.

The development of traffic volumes for each stage in the improvement
is shown in Figwre 4.22 for the northbound right tum lane. and Figwre 4.23 for
northbound* through lsnes. The develiopment of equilibrium here is not well
defined This is due to construction activity, an incident which affected roadway
capacity and traffic distribution on aimost a dsy to day basis

L}
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Unfortunately, traffic vokmes® betore’ (une) and one: month after . .
December) were 10 to 15% lower than volmes that existed when the
construction was c:ﬁirpiat-ﬂ n November, 1979 As a result delay and queus
comparisons in this section are between October and Navm é.:u aven
mhmmb\rﬁmeffﬂm&nﬂbﬁ

A before’ and 'sfter comparison of average delay for both through and
right tun lanes Figures 4.24 and 4.25) indicates s reduction delays for both
comperison (Figures 4.26 and 4.27) siso indicstes a major reduction in queueing
for ther right turn lane (40 veh). *

i the ‘before’ case. delays for fhe right turn were comparable to delays

for triffi:— through and using a2 'shortcut’ route to access Stony Plain

Road In ha after’ case. the removal of delays for right turns removed an
mcentive to ‘shortcut As a result, through volumes have been r’ﬂ;eed., resufting
in improved operstions. The ‘before’ data here does not reflect the severity of
through delsys that occurred during the tighest vah;na céﬁdmms as data was
collected after thi signal phasing change in October. 1879

Peaking characteristics ‘before snd ‘after are compared n Figures 4.28
and 429 1t be seen that most of the increase in right turns during the peak
hour was paralieled by a égcrma in northbound ﬁ‘raug-r traffic in the adjacent
lanes This effect was further encouraged due to the ability of motorists to
view queuss in both through snd right turn lanes at the same time.

in the short term, total volume on the south approach to Stony Plan
Road - 142 Street did not change. An intersection count conducted in
September, 1980, indicsted that AM peak period volumes have increased by 2%
(from 3694 to 3769 vehicles) on the south approach since November, 1979
Morning pesking characteristics for the northbound right turn lane have remained
simiILtci those for November, 1979, as delays have remained low for this
movement This indicates that even in the long term, only a localized met to

traffic ﬂgws has occurred
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C. individua! Travel Behaviour

Individual traved bﬂnvm was sﬁ.:ltad prm:nly trough the analysis t:f
license piste survey results Mode choice was evaluated only for Kinnaird Bridge,
temporal assignment for Fort Road - 66 Street and Kinnsird, and route
- assignment for all three study areas
) License plate surveys™ matchirg "baﬁ:re’ and 'aﬁer‘idata 'ﬁdﬁ;‘tad a2 match
rate bétween 40%, fi;nr Fort Road. and 57% for Kinnaird Nﬁn‘l‘ﬁitﬁfﬁﬂg vehicles
may have resiited fram errors in license plate recording, vehicles' shifting n or
out of the study area. or different vehicle sets

Thé ax;:m:tgd match rate in license plate surveys is naar 80% C‘.cmprnng
‘before’ and ‘after’ dsta separated by up to six months, one would expect 3.
lower number of Fﬁttt;hgs. Flow ,;_arﬁp:aﬂsaﬁs show little difference between t,ét;l
.v&ms before and after’, indicating thl’t few vetucles shifted in or out of the
study area Different vehicie sets would be most likely in the Fort Road - 66
Street area, where the survey of PM pesk trps mncluded many shopping trips.
When comparing shopping trips magde on different days, one would expact that,
aithough the number of trips may be the same. hveﬁ.eles#&dlymmﬂﬁ
trvps would be different In this case license plate surveys would show few )
matches -

To perform an asnalysis of temporal a‘ssnm license plate surveys
were performed on ,July 28 and July 30. 1981 (from 645 to 8:45), on 82
" Street south of 112 Avenve A comparison of data for these two days was
used to provide a ‘typical daily distribution of times ﬂwt vehiclas pass a may
station. The reauits of these surveys suggested that. on average, 50% of
vehicles travel within the same 5 minute time_interval, or the 5 minute ic'ntsr;ral
immediately preceding or following the 'before time interval This data was then
used as a basis for comparng license plate data from the Fort Fh::ad ~ 66
Street snd Kmnaird sreas
s Fort' Road ; 66 Street

The ‘before’ and ‘after' route selection in this study ares is shown in

]

Figores 4.30 ‘and 431 It appears that 66 Street has experienced major flow
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to the presence of rp Purposes other than work to homae.

7

increases as a result of the diversion of trips from both Yellowhead Trail and

Fort Road *ﬁamleﬂ results of the license plate matches are shown in Table
48 .

Trig;s using Fort Road northbound, before the traffic management plan,
had major trip origins in either the south Industrial area. or the central business
district Following the deiay reductions on 66 Street, traffic from the south
fﬁu')dEESb*eattébaashcﬁaffﬁutaﬂmfieﬁhmdtahmsttu
The trips that divertéd from Yelowhesd Trail to 868 Street have m ) _so fo
avoid long delays in the vicinity of the 82 Strest railway m:uss These trips

‘have the north or northwaest aess as aasnn;baj;

Figure 4.32 illustrates the distribution of travel times past stations on 66
Strest and Fort Moad Unfortunately, no ‘base’ daily fiuctustions for the PM pesk
were measured It appears that less than 60 % of ‘before traffic has travelled
in the same time interval ‘after It would be expected that a smaller prspaartncn
t::f vehicles would remamn in the same time mterval than in the AM pesk, due

Examining Figure 4.32, the only ‘pcnnts where temporal re-assignment may
have occurred (as given by less than 30% of vehicles traveliing within the same
time interval) are:

a 66 Street - between 1635 - 1645 and 1725 - 17:35
b Fort Road - after 17.30

These results are considered to be inconclusive

- b Kinneird Bridge

*

! Figures 4.33 and 4.34 iliustrate route selection ‘before and ‘after' the
Kinnasird .:Eriégg closure For flows from the north, shifts have occurred from 82
Street to both Stadium Road and 95 Street Due to overioading of Stadium
Road, a shift to 95 Street is observed for trips that formerly used Stadium
Road '

The' license plste surveys in Kinnerd were conducted more than one
month after the bridge closure By this time, ﬁ'ia control revisions on 112
Avenue (additional lanel had been in place for some time. 112 Avenue volumes
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Table V.8 Route Selection Fort Rosd and 66 Stset

Before After Match Vol. Vol

Before After
66 St 66 St 367 1748 2491
Fo Rd Fo Rd 536 1976 . 1868
Fo Rd 66 St - 229 1984 2491
82 St 66 St 120

» est
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traffic control change on 112 Avenue did result in some vehicles returning to’
112 Avenue from the 106™Avenue / Dawson' Bridge route Numerical results of
license plsta matches are shown in Table 4.9

Figwres 4.35 and 436 -lhnsﬁ;t- the proportion of ‘before viﬁc—hs‘
travelling within 10 mrtas of their before arrival time mn the after survey. In
both cases, 1979 license, piste survey matches are compared with the typical
daily fluctustions ms:;; n July, 1981 These typical daily fluctustions,
measured on B2 Street south _.;;f': 112 Averwe, are tsken to be representative
of the Kinnard area in the AM pesk period In Qonersl. between 40% and 80%
of vehicles selected the same time interval, or travelied A the 5 mwnute nterval
adjscent to the previous time of travei

For tiows from the north, before’ and ‘after matches of traffic on 95
Street and Fort Rmd were performed On 95 Street. between 30% and 70% of
‘before’ traffic travelied at th(x?-fna time ‘after’. matching closely the typical
daily pmimj;g-mr:l the results for Fort Road asiso fall into this 30% to
70% fm ::iEQQd results for the times ending 7:55. 810 and 825 show
less than 30% of vehicles travelling st the same time Additionsl ‘before and
‘sfter’ temporal matches were cmmd for fiows that shifted (ie 82 Street
‘before’ to 95 Street 'after). These results .were inconclusive, due to a small
sample size, which caused a wide fiuctustion in results v

Fiows from the east do provide evidence of termporsl re-assignment
Ruults for the Dawson Eﬂd? stion closely match typical fluctustions, with
between 40% and 70% of vehicles traveling st the same time For traffic on
112 Avenue, s much higher proportion than expected has shifted from the
previous time of travel This behsviour is confined to the period from 7.30 to
8:05. when less than 30% of traffic travels at the same time This carrupands
to ee tme at which traffic counts indicated thst the traffic pesk wass fm
siong 112 Avenue The temporsi re-assignment at this location is still in
_ evidence. despite the {a€t that license plate surveys wers conducted two weeks
after the barricades had been removed on 112 Avenue. As a result delays on 7



Table V.9 Route Selection - Kinnaird Bridge

Before

Jd Ave

Sta Rd
Sta Rd
112 Av
S S 112 Av
. 82 St

After

Sta Rd
95 St
Sta Rd

112" Av
Dawson
For Rd

Ve .

571
376
510
212
620
229
257

Vot
Before

1969
19689
1356
1356
1944
1944
1969

. 102

Vol
After

2164
2011
2164
2011
1891

1161
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112 Avenue st the time of the license plateérvey had been reduced by 4 to
5 minutes in the peak hour. ’
No change m Light Rail Transit ridership was apparent within the first
week after the Kinnaird ciosure began AM pesk LRT ridership remmanad 4000
passerigers (between 6:30 and 9:00), inbound Possible reasons for f\ﬁ- change in
LRT. ridership are B
. &  mode re-assignment did pq r, & an nsignificant change occurred
n ramiveg auto and

b. mode re-assignmen to the temporary nature of
the Kinnaird detour .

The results suggest that mode re-assignment might have occurred it the
detour  would have lasted for a longer period of time. Furthér dsts at other
locations is reduured befor; any conclisions could be made sbout the infiuence.
of network changes on modal chorce.
¢ Stony Plain Road - 142 Street

Although no hcense plate surveys were conducted in the Stony Plain
Road - 142 Street area an snalysis of volume data indicates that some change
m driver route selection did occur in the immediate vicinity of the traffic
management plan ‘Before’ and ‘after volume comparisons indicata:

a No change in tgtal volumes on the south approach :t::.\ Stony Plain
Rosd - 142 Street occurred during the peak period. -

b No cha‘nge m total eastbound volumes on r Stony F‘l:liﬁ Road or
102 ;venue was observed at 124 Street

C. AtStony Plan Road - 142 Street. northbound rnght tuns in the peak
hour increased by 300 veh/hr, while northbound through traffic
decreased by the same smount

The only reasonsble explanation for the volume changes observed near
Stony Plafn Road - 142 Street is that the traffic menegement pian hes
displaced ‘shortcutting’ traffic from bcal streets back to the arterial roadways.
This change in route selection 'before’ and ‘after is lustrated in Figures 437
and 438
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The attraction of 'shortcutting traffic from local streets back to the
aterial rosdways may be Iﬂj’?ﬂad to two factors First. and most import
the conversion of the curb lane of 142 Street to free flow

mmfm%swmraﬂn:rmﬂgfﬁm‘fﬁ
traffic to shortcut At the same time, ‘after delays for tvough traffic were
longer than that for the right tuming traffic (15 ssconds versus no delay).
Tratfic that approsched 142 Strest from the south woud be expected
to make the decision® to ‘shortcut based on prevaiing traffic conditions If the
right tun queue was short, a-r non—-eaxistent, vahnchs would tend to remsin on
the arterial route (Stony Plsin Road) as this would be the quickest route to the

east ,

R is possible that temporal re-assignment did occur -on the south
approach to Stony Plan Road - 142 Strest in the short term The proportion
aftewmmmﬁmmmmﬁsqsﬁnn
before case. to 61% in the ‘after case This in itself does not to provide
sufficient evidence to conclusively show that temporal re—assignment has
occusred, i ? ’ !

The Stony Plain Road™ 142 Street traffic management plan provided
good evidence of the importance of acceptable arterial operating dwn:t;m:
n discouraging ‘shortcutting traffic. A reduction in flows of 300 vehicles per
hour fepresents a significant improvement for residents on local residentisi
.streets. The results of this traffic m-ﬁ:gnngm plan also poit out the nmuty
of including local streets when evalusting the impact of u—m
C t measures. The reduction in ‘shortcutting actweved at Stony Pisin Road
~ 142 Street was not foreseen when the traffic
originslly develpped

Y
D. Summary of Results ° - .
ﬁugﬁ;mmmmsmmmmmmﬁmn
network operstion and travel behsvior occur as a result of network changes
(such a3 the implementstion of T.SM piane).

«
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results were common to all’ smdy areas, but some results were only Ry

mm It:c:tians’lh Edmonton surveys led to the following result:.

. Flndlng Cammcm To ali Arass 7

1. A combination of queues, intersection delays md travel time are ﬂpm
influences on travel behaviour.

2 Routs re-sssigment was noted following a change in network capacity,

A change of 3 minutes in route travel time induced significant traffic

rerouting.

4. A chenge in queue lengths of 40 vehicles per lane results in significant
traffic rerouting. L3

W

5.  Traffic rerouting was observed with both an increase and a decrease in
. foute travel times. ' ¢ ‘

6. Peaking characteristics were observed to change only when travel time
changed by over 4 minutes and/or Queue length changed by over 40
vehicles.

7. Conclusive evidence of temporal re-assignment was confined to one route '
within the Kinnaird study area

8. No evidence of further changes in route assighment over the long term

b Findings of Specific Study Areas

1. A queue length reduction of 40 vehicles rgmﬁgd in the elimination of a
neighbourhood 'shortcutting traffic- problem at Stt:ny Pisn Road - 142
Street

2 I the Kinnaird area, no thange in mode selection was observed foliowing
the closure of Kinnaird bridge.

3. in the Kinnaird area, drivers were reluctant to switch to the 106 Avenue /
Dawson Bridge route, possibly dus to two river crossings.

4  AtFort Road - 66 Strut volume stability acf within two weeks

f
=
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after the traffic management pian was in place.

Equilibrium was re-established in the Kinnaird Bridge ares within one week
‘after’ the detour commenced It is not kywn whether this was a stable
equilibrium pattern.

Peaking characteristics began to change several days asfter route
re-assignment began for flows from the east and north In the Kjnnaird

area | . X
TM re—sssignment was confirmed for westbound traffic on 112
Avl'onue, in the Ksmurd area This occurred as a result of travel time

changes exceeding 4 minutes per vehicle.

Q,‘



V. CONTRAM SIMULATION o /
n Chapter 2, a review of the state of the art in traffic modelling was
presented it was shown that a number of new modeis are now being
developed m;‘t attempt to combine a traffic assignment with detailed traffic

The University of Alberta was able to obtan, in 1979 3 copy of the
pre-release version of CONTRAM, from the Transport and Road Research
Laborstory for research pUrposes. As yet, official release of CONTRAM has not
occurred It was feit that the Kinnawrd Bridge study area would form a useful
test of CONTRAM, due to the extensive data collected in this network In
particular, the license piste survey data that was collected enables a direct
© determination of the origin-destination table for the network. '

The analysis using CONTRAM attempted to calibrate the model to
observed conditions. This calibration should reveal the difference in results caused
by considering route assignment alone (ie Ignoring temporal and modal
re—assignment).

ltmhapqdﬂmﬁlxprmethuﬁafcmAMmiyfm:
useful input into the continuing development of the model.

A. Theory

A description of the theory of CONTRAM is provided in detail in Road
Research Laboratory report TRRL 841 (Ref. 29). Some of the more important
aspects of data requirements. theory and program output are discussed in this
a Data Resquirements

Three types of data sets are required for the execution of CONTRAM
Ref. 40} ’

Traffic demand data

iInformation on traffic demand is provided in the form of an

origin—destination table indicating flows between up to 50 origins and 50
destinations. This information is provided for esch time slice being simulated



in one run of the model The size of these time sices a ange between
minutes and how's, and il slices need not be unifo < between
oriqin—dostinatior; pairs are loaded onto ﬂ’ra network in packets of a size
specified in the nput data (typical packets are 10 vehicles) The option
exists to constrain certain flows to specific routes between ofigins and
destinations. This could be used. for example to simulate bus or truck
routes. ! :
Network data
The basic network description in CONTRAM 15 in the form of lnks
and nodes. where nodes represent sign:li:;gd intersections, Bﬂglﬁi or
destinations. Three types of lIinks can be modalled
a uncontrolled or free-flowing links
give-way links, used to represent stop or yield intarsections, or
used to simulate merging in a freeway or traffic circle @ single
give-way link may yieild to up to two uncontrolied links)
c. signal coptrolied links s
For each link, mformation must be provided on link length, free
running time, saturgtion flow, and. optionally, sterage space. A single link
may feed up to 5 links The description farrsiggl controlied links must
discharges The percentage éf phase tme may be adjusted to reflect such
futuesasphausfwingrxt;rnmg movements on gaps L4
- Contro/ Data . - .
For up to 50 signalized intersections, a number of signal timing
plans may be specified. Allowing more than one tming plan st a signal
enables the simulstion of variable phasing. and different timwng plans within
each time interval Signal timing details provide cycle time and effective
green intervals. At sach si‘gngL the timing plan used during each simulation
interval is specified
The option exists to yse timing plans with fixed cycle time and
signal splits, optimized splits with a fixed Cycle time. or both optimized

N
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splits and cycle time. Optimized tmings, if requested, make use of
Webster's optimum cycle formula and determine signal splits by balancing
degree of saturation
The number of iterations of the model is specified in control data,
b Traffic Assignment
Figure 5.1 illustrates the procedures used for assigning flows in a
CONTRAM network Packets of vehicles are assigned, together, to the route of
shortest travel time between an orign and a destination After all flows have
been loaded to the network, packets are re-assigned with the full knowledge
of route delays Test examples used by the Road Research Laboratory indicate ;J
rapid convergence after 2 or 3 iterations Em‘hlgﬁxﬁsmt 15 m;:f
Quaranteed by the model. but results should be close to the giobal optrmum
¢ Delay Caslculstion
CONTRAM uses route travel time as the Only criteria when assigning
ratfic flows to routes n the network. The initisl queue and delsy times are
provides for each time interval as outputs of the program Travel time consists
of tves components
Free Running Time
This quantity is directly irn;tltc} the model.
Signal Delsy
The delay at a signsiized intersection consists of uniform and |
random delay. These are given by
T4 = el ~ Q/aN%/2(1 - q/s) \15
+ 36(6%q/Q - 4%) |
whera:
d - delsy
c = cycle time
s - saturstion flow
Q‘Eﬁﬁ@éfhﬁ:ﬁ;fqhtmmﬂibﬂmsﬁﬂm
q - intisl queue plus arriving flow in the time interval being
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flow data and signal data

Subtract packet size

from the flow .
stimates on the

linfls of the packest's
previous routs

| —

Set flow estimatas to zero; )
MTBNgE DECKES in time order '
Take first
pecket
First No
imration o
\?
Yo — - » - -
Estimate paciket’s new quickest )
routs, using new junction delays :

Add packet size to the flow estimates on
the links of the packet’'s new quickest routs

Flow estimates
= squilibrium flow distribution
(subject to convergence)

Figure V1 CONTRAM Traffic Assignment (Source: Ref 28)

114



The uniform delay term here corresponds to that obtained from
Queueing theory, while random delay uses 3 model simiar to tat found
in TRANSYT 5 Under ssturated conditions, the form of the equation is

Random delay on give way links uses the following form derived
from queung theory . o
d = q/2«Q@Q - q)
quiisﬁ’!mﬁéfﬁﬁf%ﬁ@famlﬁ!mﬁyh
Overssturstion Delay f
For packets entering a2 link which has an initial quaue, oversaturstion
delay represents the m tirmne rmpﬂ before vehicles delayed in
m can exit from the link For utmﬁ-all-d links, overssturation delay is
the only delay that 1 considered
The gffict of .a co-ordinated signal system is taken into sccount
rmanually. Fﬁrlﬂﬁ link that is co-ordinated, the percentage of signal delsy
assigned to the link is reduced by some pre-determined vaive

B. Network Desoription

For the Kimnsird Bridge ares, two basic situstions were analyzed: the full
network prior to the bridge closure, and a revised network repressnting
conditions ‘after’ the closure These two examples allowed sn avalustion of the
performance of CONTRAM in both undersstrated and setwrated metworks

Figure 52 indicates the link - node diagram for the CONTRAM network.
Ten signalized intersections, 8 origins and & d-m: were included Two
priority ruled intersections (111 Averue - 96 Strest and 106 Averus -
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Figure V.2 CONTRAM Network - Kinnaird Ares

ﬁ
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Capilano Freeway) were simulsted

" The network origin-destingtion table considersd flows to the CBD from
the north and east Flows to two major srterisls (107A Avernue and 111 Avenue)
to the waest, frmnmmmtwr-isemm’ﬁﬁmhmm
n the network representation was that flows from weast and destined to
Hﬂ@wﬂdhﬂvaaﬁmmmﬂum area This would include
trips from 111 Avenve. Kingsway or 107A Avenue using 95 Street or 96

Street to access the CBD. Trips originating within the study ares from residents
&reas north and west of the Northeast Light Rail Transit line were ignored in
the asnalysis. This was expected to creste some error and underestimation of
flows at the destination end :

a Origin - Destination data

from the license plate surveys, and assumed vakes

nformation used a combi of messured vaiues

origin 103 - 112 Avenue
Lﬁm piste surveys conducted on 112 Avenue, and the
intersection count conducted at 112 Avenuve - Capilano Freeway indicated.
the fc:lk:swﬁgi trip distribution
zone 902 - 18%
one 904 - 23%
zone 903 - 59% aq
No through trips to zone 901 were identified by the kcense plate survey
matches This result was sccepted for purposes of this analysis Practically,
though. at least 5% of trips would be expected to travel through on
R 111/112 Avenus. .
origin 104
All trips were assumed to be destined to zone 901
origin 106 and 107
Ahtipi were assumned to have zone 903 as a destination To
determine ﬂ‘niﬂmtud- of trips from zone 106, the 106 Averwe - 84
Street intersection count was used, subtracting trips from zone 103

A



ndicated to use IQﬁAvmbyhhc?mm“vws
origin 105
Trip percentages here were asauJQQd to be 15% to zone 901,
the remainder to zone 903
origins 101 and 102 (82 Street and 115 Avinue)
ﬂ“M“ﬁﬂ?@ﬂbﬂﬁ\@“.ﬂﬁm?P

exist when trips were spit 15% to zone 901, 25% to zone 902, and
60% to zone 903 Rt is doubtful if better resufts could have been achweved
with license piate srvey results License plate survey stations did not match
nmmmwm 101 and 102 as used in CONTRAM

origin 202

< A ‘dummy’ origin and destination slong 111 Avenue were provided
tgm:smafﬁﬁvcwwﬁsidim&ﬁm

across 111 Avenue eastbound onto 96 Street
ﬁﬁfbwimmmmkfrmlima@nmmaf
ntersechon c:&.rvts conducted as part of the ‘before’ evslustion of Kinneird
lorigin 105 h;d to use a 1978 ntersection count st 118 Averue - 95 Street)

\

Flows ware brakan up nto 15 minute intervals, Covering the time period from
7:00 to 900, n sach origin Packet sizes of 10 vehicles were used, except fﬁ_
very small flows, where 5 vehicle packet sizes weres used
b Network Dsta ’

The basic network 1s as shown in Figure 52 Whenever exciusive ngfrt or
left turn lanes existed, these lanes were simuilsted separately from the ﬂ’rt:up
lanes. This representation sllowed a more sccurate representstion of network

capecity. "

79 Streeti and the Light Rail Transit crossings.
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‘Saturation flows st signalized intersections were Caicuisted using signal
tinhgshex:stmcenthetmp«iodbohgm,wodonthecayof
Edmonton Ssturation Flow Manual (Ref 18, arti measdred capacities. Uncontrolied
Hsf“&\gdosﬁr\aﬁonzmsnndouseofmmmthecmcnyofthe
governing signalized ntersection, or the link capacity (ie Dawson Bridge) Delay
reductions to reflect co-ordination were only used on 112 Avenue, between 82
Street gnd 86 Street. as no signal co—ordinstion existed elsewhere in the
netwark.

C‘ruiﬁ minor connections within the network were ignored, as filows on
these routes did not affect overall network capacity These links include 92
Street (107A Avenue to Jasper Avenue) where measured volumes on 82 Street
were combmed with 95 Street volumes to permit a comperison to 'CONTRAM
predictions.
¢ Control Dsta

Signal trrwngs used in the Kinnaird CONTRAM simulation were the bmings
" place at the time period beng examined Only a single fixed time and fixed
splits plan were used for easch signal. As 2 resuit. some ‘approximation of actual
timings had to be used to represent traffic-actusted signals in the area

The fixed cycle and optimized spiits festure was used during one anslysis.
to compare the results with optimized timings to those with the timings actusily
used
d Program Exeoution

L4

Five iterations were permitted in each run of CONTRAM Using the
University of Alberta Amdshi 470 V-8 computer, simulstions required t‘ntwun
17 and 20 seconds of conputor‘ tme to complete, a time comparable to
TRANSYT7.Ti'naddiﬁonofthingoptiniutionat3sWsrnunodhm
wmofhnvmmmhrmwoxocuﬁonm



C. Before Simuiation
c&ﬁmmﬂxmﬁasnﬁwtahsﬁéc&@ncwﬁ:m

that alimost all links were underssturated The ‘before’ ' using CONTRAM
Emfmﬁsrm mhmxmmnﬁmmm 14 vehicleg
on hnk 68 (112 Am@ﬂwaﬂtam Avenue) Table 51 inchcates
the discrepancy between pesk hour (715 - B 15) predicted and actusl demands
At entry points to the network. all predicted flows must equal actual derrand.
Table 5.2 compares predicted and actus travel times for the routes compared

m Figure 49 for the P{innirdfu
Total flows compared at outflow points from the network ndicate a

generation. and ignoring flows from: the west destined to the CBD (destination
903) )

The magnitude of error on ndividual links 15, in general. less than 10%,
or 100 veh/hr. A difference of 10% or 100 veh/lr is the maximum acceptable
range of daly traffic varistions Considering errors larger than thus range.
CONTRAM results differ significantly from measured volumes st the following

a 96 Street Sbd (links 524, 83 and 502)
As 96 Street forms the west boundsry of the study area this
route is most likely to have a serious eror due to flows from the
west being ignoréd The combined traffic from the west on 111
Avenue and 108A Averue would contribute “over 150 veh/tw of the
measured error. The remaining error can be sttributed to the
of destination 903 in the network. The 95 Street

representatior
connection to zone 903 is coded as & more direct route dus to
mtﬁ'ﬁuwcﬂb&nﬂnﬂeh@ﬁhwwﬂ
b. 111 Avenue WBD (links 64, 53 and 44)
The error in prediction hir- is primarily attributed to ignoring
traffic genersted within the ﬂuﬂy area The assumption that no trips
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Lank Volume Volume Predicted %
, Predicted Measured .~ Measured Error
: . veh/tr veh/lr veh/hr
14 270 360 ° -90 -25%
23 690 ' 565 125 22%
24 125 320 -195 -61%
28 ' 205 - 225 -20 -9%
a3 250 - 495 -245 -49%
43 430 400 : 30 8%
47 - 375 390 -15 . =4%
44 430 745 ~-318 -42%
53 7685 770 =5 -1%
/ 54 - 655 - 770 -115 -15%
63 730 785 -55 -7%
64 620 -~ 550 70 13%
83 30 300 =270 -90%
84 €75 760 -85 -11%
93 ' 420 y — 490 -70 -14%
94 _ 290 970 20 2%
J04 820 800 20 2%
524 30 270 -240 ‘ -84
506 765 900 -135 -15%
50% 670 735 . -85 -9%
502 30 300 : =270 -90%
501 730 660 70 1%
503 1370 1300 . 70 5%
504 1150 1170 -20 -2%
513 140 120 20 18%
—_
Table V.2 'Before Compsrison - Route Travel Times
Route Predicted Actusl Diff-
Travel Travel arence
Time Time {rnin)
{rrn) {rnin)

1 66 ’ 7.2 0

2 54 58 0.

3 54 6.0 0.

4 65 65 0.

5 58 5.8 0.

€ 6.1 84 0.

WooOmBMm



\h‘

from origin 103 have a destinstion to the west on 111 Avenue
would also contribute to this error.
"flows from origns 101 anck 102
Examining lnks immediately adjacent to origins 101 and 102
ndicstes thst excessive traffic from orgin 102 is asssigned to 82
s Street. and origin 101 fiows are Over-assigned to Stadum Road The
net error is not significant, however, when flows beyond the network
82 Street and 115 Averue - Fort Road

n\

entry signals (115 Avenue
are considered

The travel time COMparison of Table 5.2 reveals that predicted and actusl
Ewd times are within 30 sec for aach route being compared This is not
considered to be a significant error, in that ‘measured travel times used an
intersection delay caiculsted with program SINTRAL Ref 38). The routs travel
mmnmmstam-mmmmmmdnﬁm
produces similar results to-that used n sm This result, In wrn, sgrees well
with fielkd messurements &t both sstursted and undersatursted signals,

The issue of concern in evalusting errors is whether these errors sre of
sufficient magnitude to cause a poor design The resuits of Tables 5.1 and 52
meﬁmcmmEﬁthmﬁmfwmwm
one adm:munt flows on 111 Averue westbound must be increased by 300
veh/lr to reflect internal trip  generation and through n—-fffu:. After this
adjustment, the predicted flow pattern could be used with confidence for

nmsmmcwﬁm:saunfummmmfwh
simulation of undersatursted network conditions.

D. After Analysis
in the analysis of ‘after conditions, a key revision was made to the

_ﬁiiw@rkh}m!hlﬁQ‘Amiﬂﬁhﬁﬁéf 112 Avenue westbound
-8t B2 Street (inks 503 and B88). Adjustments to m/m’é and saturation

fbwwt‘ﬁ‘ﬂﬂﬁﬁﬂwlﬁm“s#i‘dﬂhunmaﬁﬁ



first day of the Kinnaird closure.
i 8 Initial Resuits
Table 5.3 indicates a comparison between measured and predictad values.
Some caution must be used when examining measured values, as all counts on
routes other than 112 Avenue reflect conditions after the removal of the 112
Avenue barricades.
In general, predicted flows do not match well with measired values
Some of the more serious errors Sg;: ]
a Fiows remaining on 82 Street are over—estimated by more than two
timas the actual volume

Flows on 112 Avenue WBD at 82 Strest were accurataly predicted,

o

total, flows from the east were over—predicted by aimost 300 veh/hr
or 12%
¢ Flow diversion to 115 Avenue and 95 Street was over—pradicted.

Of particular interest, the sum of total flows exiting the network
indicates that measured and predicted flows are equal This balance occurs due
to the flow under-estimation on 111 Avenue and 107A Avenue canceling out a

~ flow’ over—estimation on routes entering the CBD.
E!‘p‘l!ﬂﬁ‘iéﬁ of Error

For flows origingng in the east it was suspectad that too much
flow diversion to the Dawson Bridge had been predicted by CONTRAM due
to the lack of measures available to simulate a travel time ‘penalty’ for this
longer route which involved two bridge crossings.

The over assignment of flows from the north to both 82 Street
and 115‘Avm may have resuited from ignoring ‘shortcutting’ traffic near
112 Avenue and 86 Street Field observations in the first days of the
detour indicated substantial traffic volumes on both 113 Avenuve -and 114
Avenue bypassing the signal at 112 Avenue - 86 Street

-~



Table V.3 initial 'After’ Comparison - Peak Hour Demand

Link

14
23
24
28
33

43
47

53
54
63

83
84
93

o8
104
524
506
505

502
501

513

Voiume
Predicted
veh/hr

690
575

475
355
355
830
625

420
730
1205
365

285
825

835
610
1150

275
730
650
440
1280
1500
500

1160
1325

124

$ 25%°
-18%

22%
97%
15%
-4
32%
-47%
-9%
18%
161%

~27%

-14%

10%
10%
13%
72%



125

b ’‘Shortcutting’ Permitted

In light of the observations in the first ‘after analysis, severai network
. revisions wers made.

'Shortcutting’ traffic through Parkdale and Norwood was permitted by the
provision of link 153, connecting &il flows passing through 115 Avenve - Fort
Road with 111 Avenbe east of 95 Street A speed of 40 km/br was assigned
to this route ’

To simulate the ume penalty from a dual river crossing via the Dawson
Brigge, 3 minutes was arbitrarily added to the trave time across the Capilano
B.ridge, This measure was expected to increase the relative travel time on this
route t€ such an extent that some traffic would be diverted back to 112
Avenue.

Flow Predictions

Examining flows from the north, the insertion of a ‘shortcutting link

resulted in a shift of 355 veh/hr from the arterial roads onto local
streets. Examimning the results in Table 54, it is apparent that the majority
of the traffic has shifted from 82 Street Overall all links from the north
s:fww very close agroemém between predicted and actual flows in fact,
aimost no links experience errors outside the tolerance of 10% or 100
veh/hr.

A slight discrepancy was noted in the vicmity of 111 Avernue - 95
Street Although total flows through this intersection are correctly predicted,
an error in turning movements is indicated, due to the existence of two
parallel routes south of 111 Avenue (95 Street snd 96 Street)

From the east the introduction of an additional three minutes of
travel time on the Dawson Bridge route does not alter volumes during the
peak hour This suggests that congestion has reached a level where even a
3 or 4 minute delasy will not affect flow assighment. In fact, both 112
Avenue and 106 Avenue sre predicted to Operate st capacity for the
durgtion of the peak hour. b -
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Travel Time Predictions

Predicted versus actusl travel times in the study area are shown in Table
55 Predicted and actual travel times from the north indicate extremely
close agreement For these routes, moderate congestion was experienced in
the ‘,iftaf‘ case, but queue lengths did not ever exceed 25 vehicles
From the east on 112 Avenus the predicted route travel tme of
137 minutes corresponded abmasét exactly with the 14.6 minutes
experienced on Day 1 of the closure The apparent difference in travel
time between routes 4 and 6 is due to CONTRAM predicted delays st
112 Avenue - Capilano Fréaw:y not being included in the travel time
figures With these delays inciuded, CONTRAM predicts aimost equivalent
travei times for routes 4 and 6 (due to a large delay for westbound left
turns onto the Capilano Freeway). ‘
Working with fixed traffic demsnds from the east. no opportunity
existed for traffic to find alternate routes, as both 112 Avernue and 106
Avenue were loaded to capacity. t sppeasrs, then that working with a fixed
@@nand. it would never be possible. usng CONTRAM to lower travel times
to the values experienced 2 weeks after the Kinnaird closure began This
suggests that temporal re-assignment of demand must be allowed to occur”
Permitting 'shortcutting traffic resolved ail volume discrepancies that
existed for flows from the north in ‘the case of fiows from the east however
ﬁ Sppesrs that both queue lengths and delsys have resched intolerable levels. For
example, 112 Avenue WBD- st 82 Street is predcicted to experience peak delays
of over 5 minutes, and queue lengths exceeding 100 veh/hv. These vaiues of
Queus length and delay are above the values where pesking characteristics were
obaortqd to change The Edmonton dsta presented in Chapter 4 indicated that
Peaking characteristics chsnge when delays exceeded 4 minutes. or when QuUsues
in excess of 40 vehicles existed In the Kinnaird area, temporal re=-assignmant
wss measured after the bridge closure, and Causes an over-estimate of 200
veh/ir in CONTRAM predictions for flows from the gast



Table V.4 'Shortcutting Permitted - Peak Hour Demand Comparison

Lirk

505
502
501
504
513

183

V.5 'After’ Compsrison - Route Travel Times

Route

MONE (R —

Predicted
veh/hr

600
785
475
355
95
830
550
590
720
710
935

B40

350 -

620
780
820

1200

340
730
650
320
1370
1510
530

w
M\
L]

Volumns
Maasuresd

1

]
1

Predictad

Travel

Time
imin)

75
70
n/a
137
n/a
6.6

550
700
440
290
180
740
650
450
790
780
020
140
800
390
880
750
750
540
970

280
850
840
400
160
325
290

@

Actusl

Travel
Time

75
7.0

n/a -

103
n/a
85

127
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ﬁrm;afmissivﬂiﬁmtgeimhm&:gcm
The model is able to desl adequately with satursted flow conditions, ‘as
demonstrated in the accuracy of flow and travel time predictions from the
north When demands resuit in serious over—saturation, CONTRAM is not able to
effectively predict flows In the Overssturated range, however. the queue langths
and delays predicted by CONTRAM are accurate. and provide an indication
conditions when temporal re-assignment may be expected
¢ N2 Avenue Barricades Removed

To simulste conditions existmg 3 weeks or more after the Kﬁ\ii_rsd
closure began a revision was made to link 64 (112 Avenue WBD) to double

the saturation fiow. This Compensated for the opening of a second waestbound
laneé on 112 Avenue east of 82 Street

Flow Predictions

The snalysis with barricades removed is the only ‘after coOmparisoh wheres
full data exists for all Inks in the network The predicted resuits of
CONTRAM are compared with measured fiows in Table 56 The program
run with the 112 Avenue barricades removed results in better agreement
between measured and predicted values. particularly on 112 Avenue Other
areas showing a better match are 95 Street and Stadium Road, where the
dissipation of queueing on 112 Avenue sllowed flows to increase Some
orors do remain in the prediction
&  An over-assignment of flows to Dawson Errdgn remans, aithough
112 Avenue flows correspond simost exactly to measured values
b.  Flows using 95 Street to access the CBD are over-predicted, ’
L This error is due
to motorists accessing the CBD to the west of 96 Street This

while 107A Avenue traffic i under—g

result was expected, as routes such as 87 $treet or 101 Strest
w“ﬁéﬁﬂilﬁﬁiﬁﬂﬁjﬂj!ﬂﬁ@ﬂ@ﬁw
the use of 95 Strest and sast-west arteries.

C At the 111 Avenue - 95 Street iNtersection, the error noted
esrlier in tuning movement projechons, remains.
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Table V.6 Bsrricades Removed -\Lniiiiar Demand

Link Volume ~ Volume Predicted %
Predicted Measured = Measured Error
veh/hr veh/tr veh/tr
14 615 550 65 12%
23 - 855 700 155 22%
24 "~ 480 440 40 9%
28 350 290 : 60 21%
33 75 180 -10% -58%
34 830 740 110 15%
43 570 650 -80 -12%
47 800 450 150 33%
44 775 790 -15 -2%
53 710 780 =70 -9
54 1035 1020 15 1%
63 75 140 : -6t 46%
64 960 920 40 4%
83 375 390 -15 -4%
84 730 - 880 -150 -17%
83 800 * 750 50 7%
94 730 - 750 =20 =3%
98. - 600 540 60 11%
1Gdii 1120 890 230 26%
524 360 280 BO - 29%
506 760 . 850 -80 I -11%
505 650 840 : -180 -23%
502 420 400 20 5%
~ 501 1410 1160 250 22%
504 1460 123% 225 18%
513 460 290 170 59%
153 355 - @



&

130

Pesking Predictions
In addition to fiow projections. the peaking characteristics predicted
by CONTRAM are of interest Figures 54 through 57 compare CONTRAM
predictions with actual pesks for 4 k:yﬁrmbm approschas (e north
approach of 111 Avenue - 95 Street & 112 Averue - B6 Street. and
east approach of 112 Avenue - 82 Street & 106 Avenue - B84 Street)
h From the north. predicted and messured pesking characteristics
exhibit good agreement From'the east. however, a poor fit exists
CONTRAM fails to predict the observed flatterung of the pesk at 112
Avenue - B2 Street. and over—predicts all fh:w‘; on 106 Avenus This
mw'smmhMtomwcfmﬁﬁlﬂgﬁCWm
fiatten the pesk through adjusting origin - destination data
d Revised Demand
To estimate the impact of temporsl re-assignment. the origin - *
destinstion data used by CONTRAM was sitered to refiect the ocbserved
flattersng of the peak aidng 112 Avenue Flows from orig;n 103 to ali
destinstions other than 904 (south on the Capilanc Freeway) were changed to
unitorm demand in all time mntervals between 700 and B45
Two program runs were made. frrst with conditions as they existed st
the start of the detour, and then with barricades removed on 112 Avenua

Program Results

The program resuits for fiows from the esst are compared to measured
vduosinTm&?.Ththridwmearﬁﬁmshhf'irit:ﬁ,g-afﬁ
Closure shows good agresment between predicted and actusl flows.
Although some over-assignment to Dawson Bridge remans, the error is
less than 10% of totsl volume. The predicted travel time on 112 Avenus is
‘9.6 minutes, which agrees welifwith the 10.3 mihutes measured two weeks
after the closure began

With berricades removed on 112 Avenus., an over—assignmant of
flows to Dawson Bridge remains (ie no shift back to 112 Avenue). An
additionsl anaslysis was made using 8 two minute travel tme _penaity across
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Table V? Pask Volumes with Adjustsd Demand

Maasured
800
920
290

1325

J

Analysis

810
800
480
1140
1470

820
1020
190

1235

131

460
1110
1480
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the Capilsno Bridge. With this artificisl incresse in travel time, flows
predicted resch good agreement with measured flows

These resuits suggest that with under—ssturated flows, people e
less likely to switch to the route whers two river crossingi are involved

This travel time ‘penaity’ ¥ppears to become less important with satursted

conditions, as it forms a smailer proportion of overall travel time

e Optimized Timings

To further assess the performance of CONTRAM, an snalysis was made
allowing the program to aptmize signsl tmings st three key intersections: 112
Avenue - 86 Street. 107A Avenue - 95 Street and 111 Avenue - 95 Street
Cycle times were fixed to ther previous values.

Allowing timing optimization resulted in the foliowing changes to signal
phase lengths:

a . At 112 Avenue - B2 Street, east > west green tmo WEE increased
to 79 sec from 51 seconds.

b. At 111 Avenue - 95 Street, green tmes were reduced for
wuﬂbmmwmmfbwsmdhaouodfamf@t
nrnsmmCWMﬁmde}mmmmmform
right turns ag corresponding to eastbound green).

(] At 107A Avenue - 95 Street the westbound left turn phase was
expanded.

Unfortunately, the optimized timings designed by CONTRAM could not be
used in practise due “to the violation of minimum o times for pedestrisns At
® not as effective as the

111 Avenue - 95 Street the ‘optimized
Mwulymm.“tomphumgconvmuonrmodbyﬁ:prag‘n
Atthislocatson,no'ﬁxodgroontirmcoudbomformm:vdﬁm
trmwantbnolﬂbomwhﬁisdirocﬁw.

Flow Predictions

Table 5.8 compares flows using optimized timings with those predictad

mmmnmummmmmkqmm
be seen '



Table V.8 Optimized Timings - Pesk Hour Demand

Link

524
5086

502
501
504
513

163

(Table 54)
veh/hr

600
78%
47%
355

550

720
710
935

840
350
20
80
620
580
1200

340
730
650
320
1370
1510
530

355

‘@

137 .

Difference

veh/tr

150

140
-100



& Volumes have shifted back from the Dawson Bridge to 112
Avenue (100 veh/hr)

B More traffic is assigned to 96 Street and to southbound right
tums at 111 Averwe - 95 Streat

c. Anmmmwuﬁ;m:ﬁbﬂﬁ;nshsmidﬁ 107A
Avenue - 95 Street

Of more importance is the reduction iﬁb travel times noted along
112 Avenue The previous run with no adjustments to the origin ~

n table predicted a travel time of 148 minutes, while with
optimized timings this was reduced to ?Ammas; This result is equivalent
to that obtained with the removal of the barricades on 112 Avenue.

E. The Use of CONTRAM for Design

This chapter rus prayndad luffu;_’lt examples in the use of CONTRAM
that it is possible t,ﬁ “examine the ﬂtﬁi@mﬁs that the availability of CONTRAM
would have hgdﬁn the design of the Klm:rﬂ detour.

hﬁwwmwafmﬁmammnmm.u-mfmm

flow diversions to 106 Avenue would occur. it was also rd-rmﬁ-é that a

Ealﬁanlﬁt:n of flows from 112 Avenue WBD and B2 Street SBD would

avgﬂcud the 112 Avenue - 86 Street’ signal. Flow disruption to the Northeast

Ll@t Rail Transit Line was anticipsted, due to long queues extending from 112

Avm ~ 86 Strest To ensure that this flow disruption did not occur 112

AvmmrmgdmasmggwgmmmﬂEZSvﬁtﬁ

restrictive timings were used at 112 Avenve - 82 Street The resulting design

met the objective of ensuring no disruption to the Light Rail Traneit line, but
resulted in extreme congestion on 112 Averue. This led to both route and

temporal re-assinment, as well as the generstion of a high volume of public

The avsilability of CONTRAM for the detour design would have ndmt:fr:d
the following
& ‘Shortcutting traffic in Norwood could have been expected, together
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B
with reduced volumes on 82 Street
Westbound traffic on 112 Avenue need not have been as severely

restricted

The resuiting savings in fuel consumption and person delay would more than

justify

the use of CONTRAM for design

s Model Effectiveness

The simulations performed and discussed in this chapter sliow the _

following major conclusions to be made about the effectiveness of CONTRAM

2

For underssturated conditions, flow prechictions, pesking characteristics
and travel times predicted agree well with measured values.
For moderate congestion, CONTRAM agan provides accurste
predictions of flows, peaking and travel times.
in cases involving the introduction or removal of extreme congestion
as part of a network change, CONTRAM will not provide sufficient
rosunsd.ntothemodolboingmmdtorthegwentripmw
permit temporal re-assignment.
Difficulties in the use of the model were encourtered with travel
mmsnexccs'soft%m;nnos or queus length changes in
excess of 50 vehicies per Iane

\Tho use of a travel time '‘pensity’ was required to prevent
Over—assignment on a route using two river crossings.

b Suggested Improvements

Basod‘onvumofCONTRAMfordmmmoKimdrdbridgedetow,a

number of suggestions for model improvements are prc;posod

&

No facility currently exists for specifying minimum phase times when
signsl optimizstion is performed This mesns that pedestrian clearance
or minimum phase durations cannot be sccounted for.

No facility exists to “set s fixed percentage of green during signsl
optimization This is required in cases when not sil movements st sn
htorooctionaresirmhtod(ioifody3lir*sresirmhtodata4
phase signal).
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c Amafdawnafmmaﬁfgrmmﬁmmmd
would be of sssistance when comparing siternstive transportstion
management . strategies.

-. ¢ Dets Limitations b

© The major limitation in the use of CONTRAM for analysis remains,
however, in the availsbility of data to input into the model Of the three typas
ofdauromirod,ﬁaﬁgiﬂ*d:sﬁnﬁsnd:ui;ﬁmifﬁemmabﬁnh
the Kinnaird “srea, license piate surveys were used to synthesize a trip tabla In
most uses of CONTRAM, however, this data will not be available

Research is currently underway (Ref 24) to directly obtan
origiu-fdestmation dsta from intersection counts Until this technique is perfectad,

CONTRAM  will requre careful calibration to 'before’ conditions before it may be

used for prediction
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The Transportation Msnagement approsch has become accepted and is widely
used to provide solutions to transportstion problems TSM differs from aariier
approaches to transportation problem solving n that an emphasis is placed on
both sides of the transportstion problem: ie supply snd demand, rather than
concentrating on mm side through the provision of new facilities

4 Transportation Management has evolved in response to two problems
faced by transportstion professionals Construction cost incresses have meaant that
8 grester emphasis is being placed on ganing the best use of existing facilities,
before constructing additional facilities. Citizen mvolvement in planning, together
with iimited funding has meant that the mpacts of transportation system
changes must be known prior to implementation, to minimize nagative impacts,
and to permit the best investment per dolisr expended on trsnsportation

In order to evaluste transportation Improvements, techniques to predict
impacts must be known In addition to primary smpacts (ie delay reductions) the
secondary impacts after the re—establishment of equilibrium must be known in an
effort to predict the impact of TSM strategies, transportstion enginesrs have
tuned to computer modeliing The resulting efforts to davelop models _,m can
deal with both short term and Ioﬁg term wnpacts of TSM have not fully
succeeded. .

In Chapter 2. existing techniques used in the evahstion of transportation
demand and pu;ning were presented Traditionsl approaches tended to examine
transportation issues st one of two different levels These were either planning
{traffic assignment) or operations (traffic ‘engineering). in general, planning
techniques have been directed towards the study of large networks, and the
prediction of future demand for transportation and ransportation corridors. As a
result of this ‘macro’ approach, the predicted network operating cheracteristics
may not correspond to massured values. lﬁ' particular, delays at signalized
intersections are not well representad, although signal delays are one of the
most~important influences on route selection in arterial networks. in addition, the
level of detail used in planning models makes them unsuitable for evaluating

k]



smail sections of the road network, and schemes such as traffic management At

the same time, however, traffic engineering techniques r:f only deal with small
portions of the network. Although predictad operating ' characteristics agree with
observed vslues, traffic operstions tachniques «:ﬁ'ﬁm‘ be used for prediction,

unless constant demand on facilities is assumed

| A number of resoa‘rchors have recognized the shortcomings of - traditional
Wmmwmnﬁﬂ:urt:mmwm

with an accurste assessment of operating characteristics. Three of these models
(TRANSIGN. CONTRAM, and Micro - Assignment) were presented in Chapter 2.

The intention of each of these models is that they might be used to assess

various TSM strategies, and enable the selection of the most appropriste

strategy. with the knowledge of impacts of the strategy. An additionsl festure of ""
some of these modeis is the ability to simuitaneously myun arterial capacity -
(signal timings) while assigning tratfic flows Unfortunately, a number of limitati
< emain with these models. The most serious probiems are:

a testing of modeis with real traffic mﬁwh: has been limited

b operating characteristics other than travel trmes and delsys are not
generally desit with
C.  travel behaviour changes have been imited to an assessment of routs
assignment
In recognition of the need for actusl measurement of travel beshaviour,
prior to the development of T.SM modeis. data was collected st three locations
in Edmonton, in 1979 in each case. the development of a new traffic
equilibrium was monitored following the implementation of a traffic managerment
plan Assessment of the dsta coliected led to the following major conclusions:
al Travel behaviour was influenced by s combinastion of the changes in *
delays and queue lengths.
b.  Route re-sssignment observed when delay changes of 3 minutes
per vehicle occurred '
¢ Route re-assignment was observed when Queue length changes of 40
vehicles per lane were observed
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d derrmwsMnaﬁbﬂumMﬁgvm !
mmamdeAWIm;p:vﬁemmlmmaﬁldby
40 vehicles. and no alternste routes existed
¢ No mode shifts were observed in the ares studied (Kinnsird Bridge)
f Most route re—assignment was complete within one week, while
temporasl re-assignment required a ionger time
The importance of these findings is that only limited resesrch efforts to
dste have confirmed the occurrence of temporal re—assignment in sddition, the
conclusion thst both queue length and delays mfluance travel behaviour
represents ;‘_diéru:a from considering only travel time Unfortunately, this
ﬁﬁvwﬁﬁmﬁgtamﬁfmmgafgﬁhafﬂgg
dectors. )
' The Edmonton resuits for the Kinnewd Detour were used as an input into
the CONTRAM model to assess both the effectiveness of CONTRAM, and the
importance of “including temporal assignment The availability of hcense pllte
survey data made it possible to produce an accurats trip table as an input to

CONTRAM, together with measured network and control data The use of these
measured mputs led to a good match between model predictions and measured
volumes and travel times in the 'before’ situstion CONTRAM analysis of ‘after
conditions were aiso effective, with the foliowing exceptions:

a Flows and delays on one portion of the network were avspradictsg
by CONTRAM This occurred as the model does not have the ability gté
model temporal re-assignment, which had taken place in this srea

b Flows were over—predicted on a route that involved two river
crossings, as CONTRAM w:,r%\ unable to reflect the percieved additional
travel time via this route. A travel time ‘penalty’ of two minutes had
to be applied before resuits matched observed conditions.

8 An Approsch to T.8.M. Modelling )

The previous chapters have provided an insight into travel behsviour and
network equilibrium for three sections of the Edmonton network The results of
the Edmonton surveys, n turn, have been succesfully replicated through the use



of the CONTRAM model -
m:mmwmmwmm::m&:&nﬁm

demsw%nwwv“olbiﬁvm,ﬁsﬁjdbgmmpfﬁﬁm

advance. the impect of alternative Transportstion N nt strategies. Although

not all steps in this process have been verified, it is now possible to outhine a

methodology to be used in the assessment of TSM plans. The suggested

1. Perform intersection counts and network capacity nventory in ordgr to
devolopanetworku"ptd:&eﬁéhims

2. Assess existing conditions through the use of CONTRAM, and calibrate the
model by comparing actusl volumes to model predictions

3. Assess aternstive TSM pians with the use of CONTRAM. maintaining the

same orign—destination data, and sllowing the optimization of signal  timings

4 Adjust travel times. where necessary if flows on some routes appesr
unreasonable (ie dual river crossings) and repest CONTRAM analysis.

5. If delay changes of more than 2 minutes e pradicted, review the

network to determine if all feasible routes have been included (e ‘shortcut
routes). . .

6. Sprewmmdovuabraidsmbyiﬂjusthgﬁa‘iﬁt&h.if
predicted delay changes exceed 4 minutas per vehicle at congested
intersections. and then repeat CONTRAM anglysis.

7. If. after all of the above snalysis, delay changes in excess of 4 minuutes
remamn, then the possibility of mode shifing should be examined

Using this procedure. it should be possible to assess most' TSM options,
with an adequate knowiledge of network impacts. In dense networks with signal
co-ordinstion, it may be necesssry to use CONTRAM and TRANSYT
simultaneously to develop optimized timings and equilibrium flows.

b Recommendetions for Further Resesrch

The resuits of this thesis have lef to the deveiopment of a revised
technique for the assessment of T.SM strategies. With the ability to accur stely
fmmmu,hvwwish.mmmmm



145

recommend the course of action to be taken to resolve transportation problems

Or prevent negative impacts.

R has also been identified. in the course of this research that a number
of important impacts of TSM piasns have not been fully researched or
measured It is recommended, therefors, that research continue n order to
confrm that the T.SM planning approach outlined in the previous saction Igrns
with observed data Research needs identified from this thesis include
1. Addtbmmduofmdusw"wbeprftfrmrt;ﬁm

of locstions. The objective of this research would be to quantify the
magnitude of temporal re-assignment for different levels of congestion

2. The reistive importance of queue lengths versus delays in altering travel
behavior must be determined

3 Dotmmwhncmdmmsvmammorkdm@aemm-m
shifting. in both the short term and long term

4 The effects of signsl co-ordingtion on route selection must be deterrmined
The CONTRAM delsy and capacity relstions for priority ruled intersections
must be validsted for Alberts conditions.

6. The infiuence of road class on routs seiection should be mvestigated (ie
‘shortcut’ routes, arterial standard) to develop a set of travel time or
capacity ‘penatties’

7.  Additionsi testing and vslidstion of CONTRAM is requirad
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