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EXECUTI VE SUMVARY

A prelimnary evaluation of In-Vehicle Information Systens (IVIS)

has been conducted by a research teamat |ITS and a final report

entitled "Potential Benefits of In-Vehicle Information Systens in
a Real Life Freeway Corridor under Recurring and Incident-Induced
Congestion® [July 1988] [i1] has been submtted to the PATH
program The principle end-products of the nmentioned effort were
t he devel opnment of a sinulation test-bed for the Santa Monica
freeway (SMART) corridor and the estimation of the travel tine
savings to potential (IVIS) users under two traffic scenarios:

recurring congestion non-incident and non-recurring congestion
I nci dent scenari os.

A key assunption in the |ast year study was that an incident on
the freeway system does not affect travel times on the surface
street system because the percentage of vehicles diverting to the
surface street systemis small

As only two traffic scenarios were analyzed in the |ast year
report, the research in this working paper continues along the
same line but with nore traffic scenarios. The research uses the
sane assunptions of the previous study, assunptions are |isted at
the beginning of chapter Il. The objective of this research is to
conduct traffic demand and incident sensitivity analysis of
potential benefits of IVIS. This is acconplished by studying the
variations in in traffic demand |l evels, variations in incident
severity, and variations in incident |ocation. An experinent is
designed as shown in Figure 3, chapter Il as a work plan for
sensitivity analysis. Demand is divided into three |evels:

average, noderately heavy, and heavy traffic demand. Average
traffic demand refers to the "typical day" traffic demand | eve

analyzed in the last year base case of the non-incident typical
day recurring congestion traffic scenario. Mderately heavy and
heavy traffic demand |l evels are 5% and 10% hi gher than the |eve
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of a typical traffic day respectively. Incident severity is also
divided into three levels : no incident, noderate incident, and
heavy incidents. The noderate incident is defined as a 45 mnute
duration incident with approximtely two | ane bl ockage on the
mai nline of the freeway, while a heavy incident is the same as
t he nmoderate incident but with a 90 m nutes duration.

Two incident |ocations were considered: one is upstreamand one
i s downstream of the freeway. For the upstream incident all
possible traffic scenarios (a total of nine scenarios) were
considered and travel tinme savings were analyzed. For the
downstream i ncident only noderate incident scenarios (a total of
three incident scenarios one for each traffic demand |evel) were

anal yzed.

The conclusions fromthe investigations nade are based on the
assunptions previously identified. The sensitivity of potentia
benefits of In-Vehicle Information Systens (IVIS) to traffic

demand, i nci dent severity and |ocation can be summarized as

foll ows:

1. Potenti al benefits are very nmarginal and  consi dered
insignificant under the non-incident average traffic demand
situation.

2. Potential benefits for long distance freeway to freeway
travel ers can be significant under non-incident conditions but
only when freeway demands are five or ten percent higher than
normal .  Travel time savings are on the order of 3 mnutes to
a maxi mum of 13 minutes for an average trip length of 30
m nute during the peak hour.

3. Potential benefits for long distance freeway travelers can be
significant during the duration of incidents under average
traffic conditions. Tine savings on the order of 5 to 10
mnutes for a 30 mnutes average length trip were observed.
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Under upstream incident conditions increasing demand by five
or ten percent does  not increase potential benefits

significantly.

Under downstream incident conditions increasing demand by five
percent increases potential benefits significantly. \Wen
I ncreasi ng demand by ten percent, the maxinmum travel tine
savings were observed in this study (14 mnutes savings for a
30 mnute average trip length).

Under both incident conditions, when an incident duration is
doubled, the tine period during which there are potenti al
benefits (or significant travel tine savings) slightly nore
t han doubl es.

Under both incident conditions and five or ten percent heavier
freeway demand, travel potential benefits were large. Trave
tinme savings were significant (a range of 4 to 14 mnutes) for
a 30 mnute average trip length. However, i ntroduci ng
i ncidents under such conditions did not increase the potential
benefits significantly.

The effect of the location of the incident on potentia

benefits was studied only under noderate incident conditions.

The mmjor conclusion of the conparison between the two
incident locations is that under heavy traffic demand | evel
t he downstream i nci dent gave higher travel tinme savings than
that of the upstream incident.

Potential benefits were generally different for each origin
group in the study. It was noticed that the furthest the
originis fromthe freeway the larger time savings are for
trips starting at that origin. Trips originating at origins
downstream of the incident did not have any potential benefit
under incident conditions.
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10. The so far exhaustive sensitivity analysis predicted a range
of travel tine savings between 0 and 14 m nutes for the 30
mnutes average trip length. These estinmates of potential
benefits are optimstic and further refinenent to such
estimates is expected to give |lower estinmates.

Recommendations for future research are made in the |last chapter
and the main direction is an evaluation towards nore realistic
assessment of potential benefits of IVIS. This can be achi eved by
anal yzing the key assunptions in the previous oneand half year
study such as increasing traffic demand | evel on the surface
street links, consideration of drivers currently diverting under
i ncident conditions, increasing the percentage of IVIS equipped
vehicles, studying the constraints and limtations of surface
street system for the diverted traffic.



CHAPTER 1

INTRODUCTION

A. Background

A prelimnary evaluation of In-Vehicle Information Systens (IVIS)
has been conducted by a research teamat ITS and a final report
entitled "Potential Benefits of In-Vehicle Information Systens in
a Real Life Freeway Corridor under Recurring and Incident-Induced
Congestion" [July 1988] [I] has been subnitted to the PATH
program The principle end-products of the nentioned effort were
t he devel opnent of a sinulation test-bed for the Santa Monica
freeway (SMART) corridor and the estimation of the travel tine
savings to potential (IVIS) users under non-incident and incident
situations. The real life Santa Mnica freeway corridor in Los
Angeles, California, was sinmulated using the FREQB and TRANSYT-7F
simul ation nodels. The Santa Mnica freeway corridor represented
a typical congested freeway corridor. The freeway study limts
were: San Diego freeway in the west to Harbor freeway in the
east; \Venice boulevard in the north to Adans boul evard in the
south. The limts are shown in Figure 1. The study period was
from6:00 a.mto 10:00 a.m and covers the nmorning peak period in
the inbound direction. The four hour time period was divided into
sixteen time slices of fifteen mnutes each. The traffic counts
provi ded by CALTRANS and LADOT were gathered from several vyears
of data (1984-1988) and based on neetings with CALTRANS and LADOT
It was assuned that these traffic counts represented traffic
counts of a "typical day" on which the analysis in the nentioned
report was based.

The out put of the FRE@ and TRANSYT-7F sinmulation was travel
times on the freeway links and the surface street links. Travel
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times for both the freeway |inks and surface street |inks from
these nodels were transforned to a network nodel devel oped
entitled PATHNET. PATHNET was utilized to determ ne the travel

times for the "shortest path" between any origin and destination
point in the corridor or for any other path in the corridor so
desired (e.g user selected path). A survey was conducted to
determ ne typical routes used by actual commuters in the Santa
Moni ca freeway corridor in the hone to work trip. The survey
suggested that the preferred route for the majority of drivers
interviewed was a freeway biased route. The survey sanple size
was small and was taken from a selected group of drivers.

The shortest path is assuned to be the perfect information path.

Conparison between the "shortest path" travel tinme and the trave

time of the freeway biased path was made for a set of four origin
points and three destination points, see Figure 1. These
conpari sons of travel times were the basis of determning
potential benefits of (IVIS)

Under the recurring, non-incident congestion scenario, the travel

time savings when utilizing the "shortest path" were generally
negligible (less than three mnutes for a 20-25 mnute trip) when
conpared to the travel time of the freeway-biased path. Under the
non-recurring, incident congestion scenario (where the incident
was created on the freeway), travel tine savings were found to be
significant (greater than three mnutes for a particular trip),

when conparing the "shortest path" travel tine with the trave

tinme of the freeway-biased path during certain times in the study
period. The greatest travel time savings occur during the tine
slices following the introduction of the freeway incident, from
6:45 to 7:15 a.m wth a maxi num savings of 10 mnutes for a 30
mnute trip

The results of the study were specific to the corridor under
investigation and other limtations and constraints, e.g tinme of
the study and the 12 O D pairs selected as in Figure 1



A key assunption in the study was that an incident on the freeway
system does not affect travel times on the surface street system
because the percentage of vehicles diverting to the surface
street systemis small.

For further detail of the nethodology used in the previous
anal ysis the reader should consult last year's final report [I].

B. The Problem

In addition to sone restrictive assunptions used in analyzing the
two scenarios (one non-incident scenario and one incident
scenario) in the last year report, the two scenarios discussed
were inadequate to observe the sensitivity of the potential
benefits of (IVIS) to different factors such as traffic demand
|l evel, incident severity, and incident |ocation. The next step in
continuing this research was to study the sensitivity of
potential benefits to variations in the nmentioned factors.

C. (bjectives

The objectives of this sensitivity analysis study is to
investigate how sensitive are the potential benefits of (IVIS) to
the fol |l ow ng:

1. Variations in traffic demand levels fromthat of a typical day.
2. Variations in incident severity level, and

3. Variations in incident |ocation.

The three factors: traffic demand level, incident severity |evel
and incident location will be discussed in the follow ng chapter.

The results of last year's investigation are incorporated in this
report.



CHAPTER 2

STUDY APPROACH

A. Assunptions

There are three constraints used in the previous year's report
that will be investigated in the analysis in this working paper
these constraints are the follow ng:

* Several traffic demand |levels other than that of a typica
day will be considered.

* Several incident severity levels will be considered instead
of one |evel.

* More than one location for the incident wll be considered.

Nonet hel ess, because of the conplexity and the |arge anount of
work needed to investigate all assunptions and constraints at
once, several assunptions and constraints of the |ast year
analysis report wll continue to hold throughout this study,
these are the follow ng:

* An incident on the freeway system does not affect travel
times on the surface street system because the percentage
of vehicles diverting to the surface street systemis
smal | .

* Variations in traffic demand |evel will be only considered
on the freeway not on the surface streets.



* Drivers who self divert in case of an incident are not
consi dered and therefore network equilibriumissue is not
handl ed.

* The SMART corridor is a typical corridor

* The sinmulation results apply only to the inbound norning
peak period.

* Sane 12 OD pairs wll be used for analysis, see Figure 1
* The user selected route is the freeway biased route.
* The nunber of |anes blocked by the incident is two |anes.

* The beginning time of the incident is 6:30 a.min all
I nci dent scenarios anal yzed.

* The only MOE neasure used in the estimation of the
potential benefits of (IMS) is travel tine.

* Travel tinme on congested links of the freeway has the same
unit cost value as travel tine on free flow links of the
freeway.

* In the analysis of tinme savings for the two traffic
scenarios, it was assumed that tine savings of |ess than or
equal to three mnutes are insignificant. Not only the
savings m ght be masked by random vari ations and dri ver
behavi or, but the threshold at which drivers mght perceive
benefits fromoptimumrouting is unlikely to be |less than
three mnutes.

It is expected that future work will be directed to investigate
the effect of constraints listed above.



B. Desiagn of the Experinent (The 3-D Matrix)

1. First Incident Location

The first incident location is in the upstream subsection (Venice
On-ranp to Washington On-ranmp), sSee Figure 2 and Table 1. This
subsection is coded in FREQ as eastbound SS#20. It is roughly
| ocated in the first third of the freeway when travelling
i nbound. SS#20 is a five | ane subsection with a normal capacity
of 9300 vph. The incident is designed as a two-|ane bl ockage
incident. The capacity reduction was 4300 vph except for the |ast
fifteen mnutes of the incident where capacity of SS#20 recovered
a 500 vph due to the initial process of incident clearance. The
incident occurs at 6:30 a.m in the norning and continues for 45
mnutes or 90 mnutes depending on the level of severity of the
incident as wll be explained |ater

2. Second Incident Location

The second incident location is in the downstream subsection
(Vermont Off-ranp to Vermont On-ranp), see Figure 2 and Table 1
This subsection is coded in FREQ as eastbound SS#34. It is
roughly located in the last third of the freeway when travelling
i nbound. SS#34 is a five |ane subsection wth a nornmal capacity
of 9400 vph. The incident is designed as a two-|ane bl ockage
incident. The capacity reduction was 4300 vph except for the |ast
fifteen mnutes of the incident where capacity of SS#34 recovered
a 500 vph due to the initial process of incident clearance. The
incident occurs at 6:30 a.m in the norning and continues for 45
mnutes (only one level of severity was considered at this
| ocation).

3. Final Design of the Experiment

Real i zing that the sensitivity analysis requires a significant
nunber of conputer sinulation runs and given the tinme and budget
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Table (1)

TWO | NCI DENT LOCATIONS (SS#20 AND SS#34)

IEASTBOUND SUBSECTI ON 20 (Ss#20)
(VENICE ON-RAMP TO WASHINGTON ON-RAMP)
MAINLINE NORMAL CAPACITY = 9300 VPH

EASTBOUND SUBSECTION 34 (SS#34)
{ VERMONT OFF-RAMP TQ VERMONT ON-RAMP)
MAINLINE NORMAL CAPACITY = 9400 VPH

MAINLINE NET CAPACITY DURING INCIDENT

MAINLINE NET CAPACITY DURING INCIDENT

INCIDENT {MODERATE |HEAVY MODERATE INCIDENT
SCENARIO |INCIDENT |INCIDENT
TIME (A M)

6:30 - 6:45 5000 5000 5100

6:45 - 7:00 5000 5000 5100

7:00 - 7:15 5500 5000 5600

7:15 - 7:30 N/A 5000 N/A

7:30 - 7:45 N/A 5000 N/A

7:45 - 8:00 N/A 5500 N/A
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constraints, an experinent was carefully designed to get the
optimal amount of information about sensitivity of potenti al

benefits of (IVIS) with the [east amount of conputer runs. Figure
3 shows the design of the experinment as a three dinensiona

matrix with two faces: face (1) or the front face and face (2) or
t he back face. Horizontal and vertical dinmensions are the same in
both faces. Face (1) simulates scenarios (matrix cells) related
to SS#20 or (Venice On-ranp to Washington On-ranp) incident,

while face (2) sinmulates scenarios (matrix cells) related to
SS#34 (Vernmont Of-ranp to Vernont On-ranp) incident.

a. Design of face (1) or SS#20 Incident Scenarios (A3 X 3
Matrix)

This is the front face of the 3-D matrix which sinulates
scenarios (matrix cells) related to SS#20 incident. Two types of
variations are considered in this face, one is the variations in
the level of traffic demand which is the horizontal dinmension and
the other is the variations in the level of incident severity
which is the vertical dinension

The level of traffic demand used for two traffic scenarios
anal yzed in the last year report was considered as that |evel of
a "typical traffic day" which could be referred to as "average
demand". Since tinme savings of the non-incident scenario were
negligible at the average demand |evel, it wll be nore
interesting to investigate time savings of scenarios wth higher
(rather than lower) traffic demand levels from that of an average
traffic day. Two other demand l|levels are analyzed in this
experiment: noderately heavy, and heavy traffic demand. The
noderately heavy traffic demand level is a 5%increase in traffic
demand over that of an average day traffic demand |level while a
heavy traffic demand level is a 10% increase in traffic demand
over that of an average day traffic. Therefore there are a total
of three traffic demand levels in the horizontal dinension
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FACE (2) SS#34 | NClI DENT

FI GURE (3) SENSITIVITY ANALYSI S: A THREE DI MENSI ONAL MATRI X

DEMAND
LEVEL AVERAGE| MODERATELY HEAVY
> HEAVY
1 NCI DENT 100% 105% 110
SEVERI TY
NO | NCI DENT NA2**[  N- M2
3 TS |MODERATE
| NCI DENT MA2 MM2
| l
| I
FACE (1) SS#20 | NCI DENT
DEMAND
LEVEL AVERAGCE [MODERATELY | HEAVY
HEAVY
| NCI DENT 100% 105% 110%
SEVERI TY
—=====E|=
NO | NCI DENT NAI * * NM1 NH1
MODERATE
| NCI DENT MAL1* * MMVIL VH
HEAVY
| NCI DENT HA1l 1 HM HHI

COWPLETED WORK FROM LAST YEAR PRQIJECT.
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average, noderately heavy, and heavy.

In the incident scenario analyzed in the last year report, an
i nci dent was introduced by blocking two [anes in SS#20. The
incident lasted for 45 mnutes starting at 6:30 a.m and ending
at 7:15 a.m just as the congestion peak starts. Capacity was
reduced by 4300 vph (out of 9300 vph which is the normal capacity
of SS#20) for 30 mnutes and then capacity was reduced by 3800
vph for the last 15 m nutes when the incident was being cleared.
The severity of an incident is defined, here, in terns of how
long the incident lasted. The incident level in the incident
scenario analyzed in last year's report is considered as a
moderate type incident. Three levels of incidents are considered
no incident, noderate, and heavy incident. The heavy incident is
defined relative to the noderate type incident to be as twice as
| ong. However, both incidents are at the sanme |ocation and start
at 6:30 a.m The heavy incident continues until 8:00 a.m,
therefore overlaps in time with the heavier norning peak traffic
and this adds nore to its 90 mnutes length severity.

Wth the three demand | evels and the three incident l[evels, a 3X3
matrix having all possible combinations is fornul ated, see upper
matrix in Figure 4. The nmatrix has cells with a three characters
code: the first character is a letter that refers to the incident
level, e.g N refers to "No Incident”, while the second
character is a letter that refers to the demand level, e.g "A"
refers to "Average" demand level. The third character is a nunber
that refers to what face (incident |ocation) one is analyzing,
e.g in upper matrix of Figure 4 "|I" refers to face (1) which is
SS#20 i nci dent.

Qoviously the two cells "NAI" and "MAI" are those cells which
have been analyzed in the last year report. There are seven
additional cells to be analyzed in face (1).
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FI GURE 4 FACE (1) AND FACE (2) MATRI CES

FACE (1)
INCI DENT IN ss#20 (VENICE O\ WASHI NGTON  ON)
DEMAND
LEVEL AVERAGE | MODERATELY | HEAVY
HEAVY
| NCI DENT 100% 105% 110%
SEVERI TY
NO | NCI DENT NA| ** NML NH1
3 TS MODERATE
| NCI DENT MAL* * MVL VH
6 TS HEAVY
| NCI DENT HAI HML HHI

** COVPLETED WORK FROM LAST YEAR PROJECT.

FACE (2)

I Nct DENT 1IN ss#34 ( VERMONT OFF- VERVONT  ON)

DEMAND
LEVEL AVERAGE| MODERATELY] HEAVY
SP> HEAVY
| NCI DENT 100% 105% 110%
SEVERI TY
NO | NCI DENT NA2* * NIVR* * NH2* *
3 TS MODERATE
| NCI DENT MA2 MR VH2

** SAME CELLS OF FACE (1)
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b. Design of Face (2) or SS#34 |Incident Scenarios (A 2 X 3
Matrix)

Face (2) is parallel to face (1) and is the back face of the 3-D
matrix. Face (2) investigates scenarios of incidents at another
| ocation which is SS#34 or (Vernmont Of-ranp to Vernont ON-ranp)
subsection. This subsection has the sanme nunber of |anes as
Ss#20.

Face (2) horizontal dinension is identical to face (1) horizonta
dinension. There are the sanme three levels of traffic demand:
average, noderately heavy, and heavy.

There are only two incident levels in the vertical dinmension, one
is the no incident |evel and the second is the noderate incident
level. The definition of the noderate incident level is exactly
the sane as that of face (1).

As shown in the lower matrix of Figure 4, the no incident cells
NA2** — NMR** and NH2** are exactly the sane as NA **, NM, and
NH1 of face (1) respectively.
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CHAPTER 3

STUDY RESULTS - FIRST I NCI DENT LOCATI ON

A. I ntroduction

The main output of this working paper will be the results of the
two faces of the 3-D matrix experinent sunmarized in (12) twelve
tables of travel time savings of the shortest path (SP) vs. the
freeway biased path (FB) for different OD pairs. There will be
al so twelve queue diagrans acconpanying these tables. The queue
di agrans are obtained fromthe output of the FREQ sinulation
runs.

The differences between travel tine for the (SP) and travel tine
for the (FB) rounded off to the nearest mnute are sunmarized in
these twel ve tables.

In this chapter scenarios of the first incident location will be
di scussed as in Figure 4. There is a total of nine tables with

their associate queue diagrans.

B. Conparisons Between Tables of Travel Tinme Savings

Wth four origins and three destinations selected in the study
there are twelve possible OD pairs. The twelve OD pairs are
grouped into four O D groups as shown in Figure (5).
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FI GURE (5) 4 O D GROUPS

DEST. | D D2 D3 oD
PAI R
ORIGN GROUP
01 a-Di(JI-D2|0d -D3|GROUPL
02 02-D (| 32-D2 | 02- D3 | GROUP2
03 03-D (| 33-D2 03- D3 | GROUP3
04 04- DI (| 34-D2 04- D3 | GROUP4

Locations of origins one through four and destinations one
through three are shown in Figure 1, Chapter I. Oigin-l is on
the Santa Monica freeway mainline (just west of the San Di ego
freeway) and represents the begi nning point of the study on the
freewmay. Oigin-2 is the intersection of National and Sawtelle
boul evards which is west of the San Diego freeway and is fairly
close to Oigin-1. Oigin-3 is the intersection of Venice and
Sawtel | e boulevards. Oigins 1,2,3 represents entrance gateways
to the corridor. Oigin-4 is one that is in between the eastern
and western study limts and is |located at the intersection of
Adans and Fairfax boul evards. It should be noticed that Oigin-3
is the furthest origin fromthe freeway anong all four origins.

Destination 1 represents the end of the study limts on the
freeway (just east of the Harbor freeway). Destination 2 is the
intersection of Figuroua and Venice which represents drivers
| eaving the freeway to enter Downtown Los Angel es. Destination 3
is located at the intersection of Wstern and Veni ce boul evards
and it represents a destination between the beginning and the end
of the study limts.
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In the following analysis travel time savings |arger than three
mnutes are considered to be significant.

C. Analvsis

The study results related to the first incident |ocation are
presented and discussed in this chapter. The first three sections
of the analysis part are devoted to assessing the effect of the
three traffic demand | evels on the three levels of incident
severity. In relation to the previous Figure 3, this would
represent a horizontal conparison of cells in the front face of
the design of experiment. The final three sections of this
chapter are devoted to assessing the effect of incident severity
under three levels of traffic demand. In relation to the previous
Figure 3, this would represent vertical conparisons of cells in
the front face of the design of experinment.

In each of the follow ng sections conparisons of travel tine
savings will be nmade for each of the four origin groups. These
savings are intended to represent the differences between travel
time used by current notorists without IVIS and travel tine by
the shortest routing anticipated to be used by notorists with
IVIS. The travel tinme savings have been rounded off to the
nearest mnute. For each origin group there are three distinctly
different destinations. The travel tinme savings for each origin
and destination conbination are presented for each of the sixteen
15 mnute tine slices between 6:00 a.m and 10 00 a. m

1. Effect of Traffic Demand Under No Incident Situation

Three traffic demand | evel s are consi dered: average, noderately
heavy, and heavy. These three cells are denoted as cells NA
NM, and NHL in the previous Figure 3 which depicted the design
of experiment. These results will be discussed in the next three
subsections in order of increasing traffic demand |evel
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a. Average Traffic Denmand Level (INAl)

The freeway congestion pattern under the average traffic demand
| evel without an incident is shown in Figure 6. The horizontal

scale is distance along the freeway with traffic noving fromleft
to right. The vertical scale is tine with the beginning tine of
6:00 a.m at the bottom of the diagram and increasi ng upwards.

The freeway |ocation where trips fromthe four selected origins
currently enter the freeway and trips to three selected
destinations currently |eave the freeway are shown at the bottom
of this Figure.

Congestion begins at about 6:30 a.m and continues until 9:15
a.m There are three bottlenecks as indicated in subsection 21
28, and 36. Except for traffic entering at origin 4 and/or
| eaving at destination 3, all other origin-destination trips nust
pass through all three bottlenecks if the notorists choose to use
the freeway. The heavi est congestion is encountered from 7:30 to
8:00 a.m

The travel tine savings under the average traffic demand | evel
wi thout an incident is shown in Table 2. The four sub-tables
denote trips wth origin at location 01, 02, 03, and 04
respectively. Each sub-table includes the results for trips with
destinations at location D, D2, and D3 respectively. The
hori zontal scale of each sub-table is tine and results are shown
for each of the sixteen 15 mnutes tine slices. Travel tine
savings over three mnutes are considered significant and the
values are circled. Savings over five minutes are considered to
be very significant and are enclosed in double frane squares.

Except for trips originating at origin 4 between 7:30 and 8: 00
am all other travel tine savings are not considered to be
significant. This inplies that current users under the average
traffic demand | evel w thout an incident appear to bal ance the
corridor route usage and there is little difference between
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FIGURE 6

CONTOUR DIAGRAM OF QUEUE LENGTH

NAT CELL: NO INCIDENT AVERAGE TRAFFIC DEMAND SCENARIO (INCIDENT SS#20)
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TABLE 2

Travel Tine Savings in Mnutes (Rounded to Nearest M nute)
(NAI') Scenario (Shortest Path vs. Freeway-Biased Path)
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freeway travel time and non-freeway travel times. This is not a
surprising result for a peak period hone-to-work trip pattern
where the nmotorists know "normal" traffic conditions and
experinment with route choice until alnost all choices result in
essentially the same travel tines.

Trips originating at origin 4 and destined to destination D, D2,
and D3 between 7:30 a.m and 8:00 a.m have predicted significant
travel tine savings of 4 to 6 mnutes. Only the downstream nore
congested freeway section is used by these notorists. Current
users under the average traffic demand |evel w thout an incident
could have significant travel tine savings by using the shortest
route which is the alternate surface street route rather than the
freeway biased route. However, the travel time savings for trips
between origin 04 and destination D3 may be overestimated because
current notorists may not be freeway biased notorists and sone
may "Know' the shortest route.

b. Moderately Heavy Demand Level (NML)

The freeway congestion pattern under the noderately heavy denand
| evel without an incident is shown in Figure 7. Congestion began
at 6:30 a.m and continued until lo:15 a.m The two nmajor
bottl enecks are indicated as occurring in subsection 21 and 36.

The heavi est congestion occurred between 7:15 and 8:00 a.m A
conmpari son between Figure 7 and the previous Figure 6 indicates
that increasing the traffic demand Ilevel from average to
moderately heavy (a five percent increase), significantly
increased the length and duration of congestion. This is
particularly true upstream of the bottleneck in subsection 21.

Because of the "metering" effect of this bottleneck, the increase
in severity of congestion in the downstream section is not as
great.

The travel tinme savings under the noderately heavy traffic demand
| evel without an incident is shown in Table 3. The nost
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FIGURE 7
CONTOUR DIAGRAM OF QUEUE LENGTH

NM1 CELL: NO INCIDENT AND MODERATELY HEAVY TRAFFIC DEMAND SCENARIO (INCIDENT SS#20)
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TABLE 3
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significant savings occur between 7:15 and 8:00 a.m for all
origin-destination conbinations and vary from4 to 11 m nutes.
Savings before 7:15 a.m appear to be insignificant. Savings
after 8:00 a.m also appear to be insignificant except for trips
originating at origin 03. Trips fromorigin 03 continue to have
significant savings after 8:00 a.m because the origin is further
away fromthe freeway, there is a good direct surface street
connecting the origin to destination freeway on-ranps, and the
freeway is heavily congested during this period of time.

A conparison between Table 3 and the previous Table 2 indicates
that increasing the traffic demand level from average to
noderately heavy (a five percent I ncrease) significantly
increased the travel time savings particularly between 7:15 and
8:00 a.m Travel tine savings increased froma range of 1 to 6
mnutes to a range of 2 to 11 mnutes. The savings were the
| argest for the upstreamorigins 01, 02, and 03 because of the
extrenmely heavy congestion on the upstream portion of freeway.

Another difference is that significant tinme savings to trips
originating at 03 continue until 10:00 a.m These results inply
that relatively small unexpected increases in the traffic demand
| evel more than doubles the travel tine savings during the peak
hour and for certain OD trips this trend continues for two
additional hours. (The furthest origin fromthe freeway has the
| ar gest savings).

c. Heavy Demand Level (NH)

The freeway congestion pattern under the heavy demand | evel
wi thout an incident is shown in Figure 8 Congestion began at
6:30 a.m and continued wuntil 10:00 a.m The tw ngjor
bottl enecks are indicated as occurring in subsection 21 and 36.
The heavi est congestion occurred between 7:15 and 8:00 a.m but
the longest queue occurred between 8:45 and 9:00 a.m A
conmpari son between Figure 8 and the previous Figure 7 indicates
that increasing the traffic demand | evel from noderately heavy to
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FIGURE 8

CONTOUR DIAGRAM OF QUEUE LENGTH

NH1 CELL: NO INCIDENT HEAVY TRAFFIC DEMAND SCENARIO (INCIDENT SS#20)
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heavy (a five percent increase), significantly increased the
| ength but not the duration of congestion which occurred between
6:30 and 10: 00 a.m The same netering effect was observed as in
the previous non-incident noderately heavy traffic demand
scenario (NMl) caused less congestion in the downstream
bottleneck. Travel time savings under the heavy traffic demand
| evel without an incident are shown in Table 4. The maxi mum
significant savings were only 2 mnutes larger than those of the
noderately heavy traffic demand |evel w thout an incident.

Significant time savings occur between 7:15 and 8:00 a.m for al

origin-destination conbinations. Tinme savings vary from4 to 13
mnutes. Except for 04, savings before 7:15 appear to be
insignificant. Savings after 8:00 a.m also appear to be
i nsignificant except for 03 where the savings pattern is simlar
to that of the noderately heavy traffic and no-incident scenario.

A conparison between Table 4 and the prevoius Table 3 indicates
that increasing the traffic demand |evel from noderately heavy to
heavy (a five percent increase) did not increase travel tine
savings significantly between 7:30 and 8:00 a.m, however, a
significant increase is noticed between 7:15 and 7:30 a.m The
range of 2 to 6 mnutes has increased to become 5 to 9 mnutes.

The savings were largest for the upstreamorigins 01, 02, and 03
because of the extrenely heavy congestion on the upstream portion
of the freeway. It is also noticed, as in the previous Table 3,

that tine savings to trips originating at 03 continue to be
significant until 10:00 a.m

2. Effect of Traffic Denmand Under Mdderate Incident Situation

Three traffic demand | evel s are considered: average, noderately
heavy, and heavy. These three cells are denoted as cells M,
MM, and MH in the previous Figure 3 which depicted the design
of experinent. These results will be discussed in the next three
subsections in order of increasing traffic demand |evel
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a. Average Traffic Demand Level (VA1)

The freeway congestion pattern under the average traffic demand
| evel with a noderate incident is shown in Figure 9. The 45
m nutes two | ane bl ockage incident introduced in SS#20 is shown
as a dotted black bar that extends from6:30 to 7:15 a.m on the
queue diagramin Figure 9. Congestion began by introducing the
incident at 6:30 a.m and ended at 10:00 a.m The downstream
bottl eneck SS#36 shows | ess congestion than in the non-incident
scenarios discussed earlier. This indicates that the incident
bottl eneck in SS#20 has a large metering effect (larger than that
of the bottleneck in SS#2| for non-incident scenarios). A third
but rather small bottleneck appears in SS#28.

The travel time savings under average traffic demand level wth a
noderate incident are shown in Table 5. Al travel tinme savings
between 6:45 a.m and 7:15 a.m are considered to be significant
except for trips originating at origin 4. This is due to the fact
that the incident started at 6:30 and continued until 7:15 a.m
t herefore causing a considerable difference between the travel
time of the FB path and the SP during the last 30 mnutes of the
incident occurrence. Oigin 4 is |ocated downstream of the
I nci dent and hence the FB path is exactly the sanme as the SP
after the incident occurrence and consequently there is no
savings for this group. Significant time savings are in the range
of 4 to 10 mnutes. Trips originating at 03 and destined to D,
p2, and D3 have predicted significant savings also from 7:15 to
8:00 aam and later from9:00 to 9:15 a.m This strange behavi or
can be interpreted if one recalls that TRANSYT-7F sinulation is
based on one hour periods and therefore surface streets |ink
travel time changes on an hourly basis while freeway |ink travel
tinme attained from FREQ changes on a fifteen mnutes basis.

b. Mderately Heavy Traffic Demand Level (ML)

The freeway congestion pattern under the noderately heavy traffic
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demand level wth a noderate incident is shown in Figure 10.
Congestion began at 6:30 and ended at 1000 a.m A conparison
between Figure 10 and the previous Figure 9 shows that both
upstream and downstream congestion has increased in the
noderately heavy traffic demand and noderate incident scenario.
The | ongest queue upstream of the incident section occurred
between 8: 15 and 8:30 a.m Sane "netering" effect of reducing
congestion of the downstream bottleneck is observed.

The travel tine savings under noderately heavy traffic denmand
level with a noderate incident are shown in Table 6. Except for
trips originating at origin 4, all travel time savings between
6:45 and 7:15 a.m are considered to be significant. Trips
originating at 03 exhibits significant tinme savings also from
8:00 to 1000 a.m Also trips originating at 03, as usual, have
the maximum tine savings anong all trips originating at other
origins. Oigin 4 has zero time savings for the same reason as in
section C 2.a above.

The range of time savings for both average and noderately heavy
traffic demand | evels under the noderate incident scenario are
very close (4 to 10 mnutes conpared to 4 to 11 minutes).

c. Heavy Traffic Demand Level (NMH)

The freeway congestion pattern under the heavy traffic demand
level with a noderate incident is shown in Figure 11. Congestion
began at 6:30 and ended at 1000 a.m A conparison between Figure
11 and the previous Figure 10 shows that congestion of both
upstream bottl eneck (or incident subsection) and downstream
bottl eneck has increased over the previous noderate incident and
noderately heavy traffic scenario. The |argest queue |ength
occurred between 8:45 and 9:00 a.m Sane "netering" effect of
reduci ng congestion of the downstream bottleneck is observed.

The travel tinme savings under MH or noderate incident and heavy
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traffic demand | evel scenario are shown in Table 7. Except for
trips originating at origin 4, all travel time savings between
6:45 and 7:15 a.m are considered to be significant. Time savings
follow a simlar pattern as in C 1.b above (or the noderate
incident and the noderately heavy traffic demand scenario).

Oigin 3 has the maxi numtine savings between 6:45 and 7:15 a. m

Savings are largest in this period for all origin groups except
for origin 4 group which has no savings at all. Oigin 4 as usua

has zero tinme savings for the sanme reason as in section C 2.a
above.

Increasing traffic demand |evel under moderate  incident

conditions by 5% or even by 10% did not have as expected effect

on increasing travel time savings. This is related to the
"metering" effect of the incident bottleneck upstream of the
freeway which caused |onger queues that back further upstream
when traffic demand |evel was increased. The queue extends
upstream of origin 1 (which is the beginning of the study limt)

in both MV and MH scenarios. Therefore, it should not matter

for a driver who starts at originl and wants to travel to
destination DI (for exanple) how |long the queue behind himis

3. Effect of Traffic Demand Under Heavy I|ncident Situation

Three traffic demand |evels are considered: average, noderately
heavy, and heavy. These three cells are denoted as cells HAl,
m , and HH in the previous Figure 3 which depicted the design
of experinent. These results will be discussed in the next three
subsections in order of increasing traffic demand |evel

a. Average Traffic Level (HA1)

The freeway congestion pattern under the average traffic demand
level with a heavy incident is showmn in Figure 12. Congestion
began at 6:30 and ended at 1000 a.m A black dotted bar of
| ength proportional to the duration of a 90 mnutes incident
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FIGURE 12

CONTOUR DIAGRAM OF QUEUE LENGTH
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extends vertically (between 6:30 a.m and 8:00 a.m). This is the
definition used for a heavy incident. The downstream congestion
is conpletely elimnated by the "nmetering" effect. The | ongest
queue observed is between 7:30 and 7:45 a.m Table 8 shows trave

time savings under the heavy incident and average traffic denand
scenario (HAI). For all origin groups and except for origin 4
group travel tine savings are significant between 7:00 and 8:00
a.m Travel time savings for origin 3 group are also significant
between 8:00 a.m and 10:00 a.m and between 6:45 and 7:00 a. m

b. Mderately Heavy Traffic Denand Level (HM)

The freeway congestion pattern under the noderately heavy traffic
demand level with a heavy incident is shown in Figure 13.
Congestion began at 6:30 and ended at 10:15 a.m A conparison
between Figure 13 and the previous Figure 12 shows that
congestion under the heavy incident and noderately heavy traffic
demand |l evel (HM) has increased upstream of the freeway and
maxi num queue | ength extended upstreamof origin 1 and becane
| arger than that of the previous (HA) nmaxi mum queue |ength. The
maxi mum queue |ength occurred between 8:15 and 9:00 a.m

Table 9 shows travel tinme savings under the heavy incident and
noderately heavy traffic demand |level. Travel time savings are
significant for a period of one hour and fifteen mnutes (6:45 to
8:00 a.m) for all origin groups (except origin 4 group). Simlar
pattern of tinme savings for origin 3 group hold as in the
previous (HAlI) incident scenario. The increase in travel tine
savings over the (HAl) scenario (the traffic demand of which is
5% less) is alnost negligible (or Iess than two minutes) for
most cells in the table.

c. Heavy Traffic Demand Level (HH)

The freeway congestion pattern under the heavy traffic demand
level with a heavy incident is shown in Figure 14 and travel tinme
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FIGURE 13
CONTOUR DIAGRAM OF QUEUE LENGTH

HMI' CELL: HEAVY INCIDENT AND MODERATELY HEAVY TRAFFIC DEMAND SCENARIO (INCIDENT SS#20)
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FIGURE 14

CONTOUR DIAGRAM OF QUEUE LENGTH

HHI CELL: HEAVY INCIDENT AND HEAVY TRAFFIC DEMAND SCENARIO (INCIDENT SS#20)
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savings are shown in Table 10. The only noticeable difference
bet ween congestion in Figure 14 and that in Figure 13 (HM)is
t hat queue |l ength has extended further upstreamof origin 1 in
Figure 14. One would expect that this is not going to affect
travel tinme savings for drivers travelling fromany of the four
origins to any of the three destinations. This conclusion is
reflected in Tables 10 and 9 which |look nore or less identical

The general conclusion that one can nake about the heavy incident
scenarios in SS#20 is that increasing traffic demand |evel from
average to noderately heavy to heavy did not make a significant
difference in ternms of travel tinme savings.

4. Effect of Incident Severity Under Average Traffic Denmand
Level :

Conparison between travel tine savings for three incident
severity levels are considered: no incident, noderate incident,
and heavy incident. These three cells are denoted as cells NA,
MAl, and HAL in the previous Figure 3 which depicted the design
of experinent. These results wll be discussed in the next three
subsections in order of increasing incident |evel

a. No Incident Situation (NA)

This scenari o has been discussed in detail in section C. 1.a of
this chapter

b. Moderate Incident Situation (M)

The reader is referred to section C. 2.a of this chapter where ML
scenari o has been discussed in detail. However, a conparison of a
situation with no incident and another with a noderate incident,
bot h under average traffic conditions, [i.e a conparison between
(Table 2, Figure 6) and (Table 5, Figure 9) respectively] reveals
that significant changes in both congestion pattern and the
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magni tudes of travel tinme savings has occurred. The congestion of
t he downstream bottl eneck in NAl scenario has been reduced by the
metering effect of the upstream incident (bottleneck). Wile
congestion in both NAI and MAl1 scenarios started at 6: 30,
congestion ended at 9:00 a.m in NA scenario but ended at 9:45
a.m in MAL scenario. In case of NA scenario travel time savings
were insignificant (except for origin 4 group). In case of MAl
scenario travel time savings were significant and were in the
range of 4 to 10 mnutes for all origin groups (except origin 4

group 1.

c. Heavy Incident Situation (HA)

A conparison between the three queue diagrans (Figure 12, Figure
9, and Figure 6) shows that under average traffic demand |eve

congestion of the downstream bottl eneck decreases gradually as
one noves from NAl to HAL scenarios, i.e the heavier the incident
is, the Jlarger the metering effect is. At the sanme tine
congestion of the upstream incident bottleneck increases
gradual Iy and the queue |ength becomes | arger

In terms of travel tinme savings HAL obviously has the |argest

savings and HA1 has peak significant travel time savings for one
hour (for origin 1 and 2 groups) and for one hour and fifteen
mnutes for origin 3 group. Since the freeway downstream of SS#20
becane uncongested, both the shortest path and the freeway biased
path for trips originating at origin 4 and destined to D, D2,

and D3 becane identical and travel tine savings are consequently
equal to zero.

The difference in magnitude of travel tinme savings between HAl
and MAL is large in the period from7:15 to 800 a.m This is due
to the fact that incident of HAL scenario is 45 mnutes |arger
than incident of MAl scenario.
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5. Effect of Incident Severity Under Mderately Heavy Traffic
Demand Leve

Conparison between travel time savings for three Incident
severity levels are considered: no incident, noderate incident,
and heavy incident. These three cells are denoted as cells NM,
MML and HM in the previous Figure 3 which depicted the design
of experinent. These results will be discussed in the next three
subsections in order of increasing incident |evel

a. No Incident Situation (NM)

This scenario has been discussed in detail in section C.1.b of
this chapter.

b. Mderate Incident Situation (MJ)

The reader is referred to sections C.1.b and C.2.b for a detailed
di scussion of NML and MML scenarios respectively.

A conparison between MML and NML or (Figure 7, Table 3) and
(Figure 10, Table 6) respectively shows that the congestion of
downstream bottl eneck has decreased in ML fromthat of NML while
the opposite is true for the <congestion of the wupstream
bot t | eneck.

A conparison between travel time savings in NML and MML scenari 0s
shows that both scenarios have peak significant savings for a
period of half an hour for origin groups 01, 02, and 03. However,
the one half hour period with significant time savings in case of
NML (no incident) is from7:30 to 8:00 a.m while it is from 6:45
am to 7:15 a.m in the case of MML scenario. This is explained
by the fact that the incident started at 6:30 and ended at 7:15
a.m The range of 4 to 11 mnutes tinme savings hold for both
traffic scenarios: NML and MM.
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c. Heavy lIncident Situation (HM)

The reader is referred to sections C 3.b for a detailed
di scussion of HM scenario.

A conpari son between HM and MML or (Figure 13, Table 9) and
(Figure 10, Table 6) respectively shows that the sanme trend in
congestion holds as in part C 5.b above. Travel tine savings for
HM are significant for a period of one hour and fifteen mnutes
(from 6:45 to 8:00 a.m) while it is only significant for a
period of half an hour for MML (between 6:45 and 7:15 a.m). This
is because the duration of the incident in HM (90 mnutes) is
twce as nuch as it is in MML (45 mnutes). The range of trave

time savings is 4 to 10 mnutes and is alnost identical for both
scenari os.

6. Effect of Incident Severity Under Heavy Traffic Demand Leve

Comparison between travel tinme savings for three Incident
severity levels are considered: no incident, noderate incident,
and heavy incident. These three cells are denoted as cells NH
WMHL and HH in the previous Figure 3 which depicted the design
of experinent. These results will be discussed in the next three
subsections in order of increasing incident |evel

a. No Incident Situation (NH)

This scenario has been discussed in detail in section C 3.b of
this chapter

b. Mderate Incident Situation (IVH)

The reader is referred to sections ¢c¢.2.¢c for a detailed
di scussion of MH scenario.

A conparison between MH and NH1L or (Figure 11, Table 7) and
(Figure 8, Table 4) respectively shows that the usual trend of
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congestion pattern (downstream congestion decreases while
upstream congestion increases under incident situation when
conpared to a non-incident situation for the same traffic denmand
level). This also tells that the netering effect of incident
SS#20 is larger that of the natural bottleneck of SS#21 even
under the heaviest traffic demand | evel used (which is 10% over
normal traffic demand level). This explains the strange behavior
in travel time savings for MA and NHL (Tables 7 and 4
respectively). For NH1 (the non-incident scenario) significant
time savings expand over 45 to 60 mnutes period depending on
what origin group one is looking at, while travel tine savings
expand only over a 30 mnutes period under the noderate incident
situation and sane traffic demand level. Even in magnitude trave

time savings for the NH1 scenario is still higher ( the maxi num
is equal to 13 mnutes) conpared to a maxi num of 11 mnutes in
the MH scenario.

c. Heavy lIncident Situation (HH)

The reader is referred to sections <c¢.3.¢c for a detailed
di scussion of HH scenario.

A conparison between HHL and MH scenarios or (Figure 14, Table
10) and (Figure 11, Table 7) respectively shows that the
congestion of the downstream bottleneck has been elimnated
because of the netering effect where the upstream incident
bottl| eneck becane the worst possible anong all incident scenarios
for SS#20 (recall that HH stands for Heaviest |ncident and
Heaviest Traffic Demand Level at SS#20 in face 1 of the
experinent in Figure 3, chapter 2).

A conparison between travel tine savings for both HH and M
(Tables 10 and 7 respectively) shows that travel tine savings are
significant for a period of one hour and fifteen mnutes for al

origin groups except for origin 4 group in the HH scenario while
travel time savings are very significant for only a period of 30
mnutes for the first three origin groups in the MH scenario.
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The range of values of significant tinme savings is simlar for
both scenarios (5 to 11 mnutes).

The general conclusion for the heavy traffic demand |evel
scenarios is that doubling the incident duration from 45 m nutes
to 90 mnutes (therefore doubling incident severity) nore than
doubles the period during which travel time savings are
significant (30 mnutes to 75 mnutes).

It is noticed that for all traffic incident scenarios in SS#20
maxi mum travel tinme savings for all origins occur from7:00 to
7:15 a.m wthout exception, while nmaximumtravel tinme savings
for all non-incident scenarios for all origins wthout exception
occur between 7:30 and 7:45 a.m (the norning peak traffic
peri od).
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CHAPTER 4

STUDY RESULTS - SECOND INCIDENT LOCATION

A. |Lntroduction

The study results related to the second incident |ocation are
presented and discussed in this chapter. The initial section is
devoted to assessing the effect of the three traffic denmand
| evel s of the noderate incident situation. In relation to the
previous Figure 3 this would represent a horizontal conparison of
cells in the second row of the back face of the design
experiment. The final three sections of this chapter are devoted
to assessing the effect of an incident under three traffic denmand
| evel s

B. Effect of Traffic Demand Under Mbderate |ncident Situation

Three traffic demand | evel s are consi dered: average, noderately
heavy, and heavy. These three cells are denoted as cells MA2,
MV2, and MB2 in the previous Figure 3 which depicted the design
of experinent. These results will be discussed in the next three
subsections in order of increasing traffic demand |evel

1. Average Traffic Level (MA2)

The freeway congestion pattern under the average traffic demand
| evel with a noderate incident is shown in Figure 15. The 45
m nute two-|ane bl ockage incident introduced in SS#34 shown as a
dotted bl ack bar that extends from6:30 to 7:15 a.m on the queue
diagramin Figure 15. Congestion began when the incident occurred
at 6:30 a.m and ended at 9:30 a.m There are two other
bottl enecks: one downstream of the incident subsection which is
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FIGURE 15
CONTOUR DIAGRAM OF QUEUE LENGTH

MA2 CELL: MODERATE INCIDENT AND AVERAGE TRAFFIC DEMAND SCENARIO (SW34 INCIDENT)
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SS#36 and the other one is upstream of the incident subsection
which is SS#2l. Travel time savings are shown in Table 11. Travel
time savings are significant for all origin groups between 7:00
and 7:15 a.m (or the last fifteen mnutes of the incident
duration). Travel time savings are significant for origin 3 group
also from7:30 to 9:00 a.m and for origin 4 group from7:00 to
8:00 aam In this scenario travel tine savings are significant
for origin 4 group because SS#34 (or the incident subsection) is
| ocat ed downstream of origin 4 and therefore a driver travelling
fromO04 to any destination downstreamusing the freeway will have
to go through SS#34 bottleneck. This has created a significant
difference between the freeway biased travel time and the
shortest path travel tine (which does not use the freeway). The
difference was in the range of 4 to 8 mnutes for 04 group

2. Moderately Heavy Traffic Demand Level (M)

The freeway congestion pattern under the noderately heavy traffic
demand level with a noderate incident is shown in Figure 16.
Congestion began at 6:30 and ended at lo0:15 a.m A conparison
between Figure 16 and the previous Figure 15 shows that the only
difference is in the size of the upstream congestion (tine and
space wi se) where the maxi num queue length in Figure 16 extended
upstream of SS#9 (i.e origin 1 location) while the maxi num queue
length was still downstream of origin 1 in Figure 15 (MA2
scenario).

A conparison between Table 12 (for MW scenario) and Table 11
(for MA2 scenario) shows that travel time savings becane
significant over a longer time period for all origins. Also the
magni tudes of travel tine savings for M2 are larger than those
of MA2 (a range of 4 to 10 mnutes conpared to a range of 4 to 7
m nutes respectively).
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FIGURE 16

CONTOUR DIAGRAM OF OUEUE LENGTH

MM2 CELL: MODERATE INCIDENT AND MODERATELY HEAVY TRAFFIC DEMAND SCENARIO (SS#34 INCIDENT)

11:45

- 11:30
- 11:15

11:00
10:45

- 10:30

*k

Fkkkhhkkkhikdhikhihiiiid

kkkkkhkhhhhkhkhhkhkhhirkhid

ddkkkdhkihiddkdkkhkkhhhkidkki * Rkk
Thkhkhkhkdhdkdkhhihhrhihiirkiir Rhkdk hhkdk  kkk
KhkAkkkkkXhkkhkkkrhrkrkArhkkkkhhhky Kkddkd KkkRhkkd
AR EARAERNRIARERAE LRI AL Rdkid *hRhkkkhhhhkikihikkik
kg dedhdrddrk ki kil i ki kkik *kdedk ki ki ddedek ki

RRRAARENAARAIR Rk hhkirihd hdekdkkkdkihkhiddiiiihi
Fedededededdrdedededkdedr ke drdedede ok dedededede sk dedededrde e ke ek ke ks ke Ak ke
e e e v e e o e o e e e e e 9 e e o ok v ke e o ok e 9k e o e e e o o de e ok o v e e ok ok
FhRAAIAAA LRI AARATEIhhkhdhkhkhdkhht Tkkrd
**********ﬁ**iii*i***************l

*****ﬁ*****************‘ <===

*k*******l 45 MlN.
INCIDENT IN
SUBSECT’ION #34.

--------------------------------------------------------------------------------------------- Leveee s
01 02 03 04 05 06 07 08 09 12 21 29 34 36 40
|
SUBSECTION NUMBER | | = | | f
| | | | [
01 02, 04 D3 D2 DI

03
BLANK DENOTES MOVING TRAFFIC. ASTERISK DENOTES PUEUED VEHICLES DUE TO MAINLINE CONGESTION.
M DENOTES OUEUED VEHICLES DUE TO MERGING. B DENOTES PUEUED VEHICLES DUE TO MAINLINE CONGESTION AND
MERGING. (WHEN BOTH OUEUES EXIST, LENGTH OF DISPLAY REPRESENTS MAINLINE CONGESTION.)

01, 02, 03, AND 04 : DENOTE LOCATIONS WHERE TRIPS ORIGINATING AT 01, 02, AND 03 JOIN THE FREEWAY.

DI, D2, AND D3 : DENOTE LOCATIONS WHERE TRIPS DESTINING TO DI, D2, AND D3 LEAVE THE FREEWAY.

10:15

- lo:oo

9:45
9:30
9:15
9:00
8:45
8:30
8:15
8:00
7:45
7:30
7:15
7:00
6~45
6:30
6:15
- 6:00



55

TABLE 12

M nut e)

Freeway- Bi ased Pat h)

Time Savings in Mnutes (Rounded to Nearest

Travel
(MM2)

Path vs.

Scenari o (Shortest

LEGEND

H GH.

SI G

TI ME

SAV.

SIG
TI ME
SAV.

0

O oMo

O o O O

11111 111(1(1

O 0 Mmoo

@I

1111|111 (1]}1

O 00 o o

1

o M~Mmo

ol 2 7] 3| 11 3] 1 1] 1]1|1|11]1]|1

o] 21 7}~

o M~o o

0

o| o} 3] 8] 3

0

o o Mmoo

o

D1

b2

D3

O O o o

From

01

to:

Ti ne:

N | N N
- | v |
N | N | &N
N | N | QN
- | = | &
N N N
~ | ~ | N
N N |«
SICC
N | &N | &
SlCl[C
~ f o f >
(< T I 5 B B o |
o | © ] O
o | © | ©
o | © | ©
A8 8
E
r o 2

— O O O

oo Mmoo

o o O o

OO0 Mo

O 0 oo

oM~ mmo

oM~ o o

o o Mmoo

O o o o

Ti ne:

ol o o| 2| 9| 7| 7|GAIC|GIGBIG] 5|C
of of o| 3[10] 7|(®)} 8|CASGCECC)| 5|®
oo o] 2| o] 7|G] 7|GIGIGGIGGIGIe

D1

D2

D3

From

03

to:

— O O o

oo Mo

o o O o

O 0 Mo

o 00 O o

oOM~Mmo

oMo o

O o Mo

O o O o

Ti ne:

o| o] o 3] s]|@Q@|G)| of of of o] of of of o

o| of o|(® 8|S 6| 1| 1| o] o| of o] o] o

ooos7@@@1ooooooo

D1

D2

D3

From

04

to:

— O O o

o oo Mo

O oo o

O 0 mMmo

O 0 oo

oM~ o

oM~o o

OO Mmoo

O o o o

Ti ne:



= N WA Ul N o ©

56

FIGURE 17

CONTOUR DIAGRAM OF PUEUE LENGTH

MH2 CELL: MODERATE INCIDENT AND HEAVY TRAFFIC DEMAND SCENARIO (INCIDENT SS#34)
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3. Heavy Traffic Demand Level (M2)

The freeway congestion pattern under the heavy traffic demand
level with a noderate incident is shown in Figure 17. Congestion
began at 6:30 and ended at lo0:15 a.m A conparison between Figure
17 and the previous Figure 16 shows that congestion in M2 has
i ncreased upstream of SS#21 and queue |ength extended for a few
ml|les upstream of origin 1. Wile downstream congestion has
increased very little. This is due to the netering effect of
SS#21 bottl eneck. A conparison between travel time savings (Table
13 for M2 with Table 12 for MW) shows that significant trave
time savings have extended over a larger tine period in case of
MH2 scenario (conpare a one hour period to a 30-45 mnutes
period). Maxinmumtravel tinme savings are observed for the M2
scenario anong all twelve scenarios discussed so far which are:
14 mnutes for origin 3 group, 12 mnutes for origin 2 group, 11
mnutes for origin 1 group, and 9 mnutes for origin 4 group

A general conclusion is that maxi mumtravel tine savings are
attained when a 45 mnutes incident is introduced in SS#34 with a
traffic demand level that is 10% higher than that of a nornal
traffic day |evel

C. Effect of Incident Severitv Under Various Traffic Demand
Level s

Conparison between travel tine savings for two Incident severity
| evel s are considered: no incident and noderate incident |evels.
There are two cells under each traffic demand |evel that will be
conpared in terns of travel tine savings. Under the average
traffic demand | evel these cells two cells are denoted as NA2 and
MA2 in the previous Figure 3 which depicted the design of
experiment. Under noderately heavy traffic demand | evel these
cells are denoted as NV and MWR. Under heavy traffic demand
| evel these cells are denoted as NH2 and MH2. These results
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conparing between each pair of cells nentioned will be discussed
in the next three subsections.

1. Effect of Incident Severity Under Average Traffic Demand Leve

This is a conparison between NA2 scenario (Figure 6, Table 2
which is identical to NAl scenario) and MA2 scenario (Figure 15,
Table 11) respectively. A conparison between the two queue
di agrans shows that congestion in MA2 is larger than NA2 (tinme
and space wise). Both congestions of NA2 and MA2 start at 6:30
a.m Wile NA2 congestion ends at 9:00 a.m and its nmaxi num queue
| ength extends upstreamto SS#14, MA2 congestion ends at 9:30
a.m and its maxi mum queue |ength extends upstream to SS#12 only.
Travel tine savings for MA2 are significant and obviously |arger
than those of NA2 which are insignificant and negligible for the
first three origin groups 01, 02, and 03.

2. Effect of Incident Severity Under Mderately Heavy Traffic
Demand Level

This is a conparison between NM2 (or NML scenario) (Figure 7,

Table 3) and M2 scenario (Figure 16, Table 12). There is not so
much difference between both congestion situations in ternms of
which is worse (for all origins). The two queue diagrans | ook
simlar in terns of the size of downstream and upstream
congesti on.

A conparison between travel tine savings shows simlar magnitudes
and the range is 4 to 10 mnutes in both scenarios. However, for
M2 scenario travel time savings start to be significant 30
mnutes earlier than the non-incident scenario (or NW2).

3. Effect of Incident Severity Under Heavy Traffic Demand Leve

This is a conparison between NH2 (or NHL scenario) (Figure 8,
Table 4) and MH2 scenario (Figure 17, Table 13). Queue diagrans
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are quite simlar in both scenarios and so are travel tine
savings. In general these two scenarios, gave the highest travel

time savings for all origins anong all scenarios. The maxi num
travel tinme savings were between 7:00 and 7:15 a.m for M2
scenario (which is the last fifteen mnutes of the duration of

the incident) while maximumtravel tine savings were between 7:30
and 8:45 a.m for NH2 scenario which is during the norning peak
peri od.
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CHAPTER 5

STUDY RESULTS - INCIDENT LOCATION EFFECT

A. I ntroduction

The study results are to assess the effect of incident |ocation
on the freeway congestion pattern and travel tinme savings are
presented and discussed in this chapter. The three sections are
devoted to assessing the effect of the incident |ocation under
three traffic demand levels. In relation to the previous Figure 3
this would represent a conparison of cells between the front face
and the back face of the design of the experinent.

B. Effect of Incident Location Under Average Traffic Demand Leve

This is a conparison between MAL scenario (Figure 9, Table 5) and
MA2 scenario (Figure 15, Table 11) respectively. The two queue
diagranms are significantly different. The downstream congestion
in MA2 scenario is nuch larger than that of the MAl1 scenario
because of the new incident |location at SS#34. Congestion
upstream of the freeway | ooks slightly larger in the MAL scenario
than in the MA2 scenario. Travel tinme savings for the MA2
scenario are less than those of the MAL scenario for all origin
groups after 7:00 a.m while the opposite is true from®6:45 to
7:00 a.m These unexpected results are due to the conplicated
configuration of the shortest route which uses different sections
of the freeway and changes over time. An exanple of such
conplications are shown in three tine periods fifteen m nutes
each (from6:30 to 7:15 a.m) for the MAL scenario in Appendix B

To explain why savings of MA2 scenario are |less than those of MAl
for sonme time periods, one has to |ook at shortest paths of both
scenarios in each fifteen mnutes time period and then conpare.
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It is beyond the scope of this research to |look at the shortest
paths for all traffic scenarios at all travel tinme periods,
however. This is an interesting study for future research.

C. Effect of Incident Location Under Mderatelv Heavy Traffic
Demand Leve

This is a conparison between MML scenario (Figure 10, Table 6)
and MR scenario (Figure 16, Table 12) respectively. Simlar
pattern is observed as one conpares between these two scenarios
as in section B above for the queue diagrans. The congestion of
the upstream bottleneck is larger in case of MML than it is in
case of M. Therefore the netering effect has decreased in the
MW scenario. A conparison between travel time savings for MW
(Table 6) and MW (Table 12) shows that, except for origin 4
group, travel tine savings are larger for MML than those for MW
between 6:45 and 7:15 a.m and the opposite is true after 7:15
a.m During the period 6:45 to 7:15 a.m the shortest path for
scenario MML (or SS#20 incident) avoids going through the |arge
queue upstream of SS#20 as shown in Figure 10. The shortest path
joins the freeway downstream of SS#20 where it is near free flow
conditions and continue until the end of the freeway study
limts. This creates a large difference between the freeway
bi ased route (which has to use the freeway all the way through
and consequently go through SS#20 bottl eneck) and the shortest
pat h which uses the surface street system (fromsay 01) and then
joins the freeway downstream of the incident subsection therefore
avoi ding the incident congestion. This explains why savings are
large in case of MV scenario. To explain why savings of MW
scenario are less than those of MML for some tine periods
(example 6:45 to 7:00 a.m), one has to |look at shortest paths of
both scenario in each fifteen mnutes tine period and then
conpar e.

D. Effect of Incident Location Under Heavy Traffic Demand Level

This is a conparison between MH scenario (Figure 11, Table 7)
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and MH2 scenario (Figure 17, Table 13). A conparison between the
two queue diagrans is simlar to that of section C above.
However, travel time savings are nmuch higher in the MH2 scenario
than they are in the MH scenario. Mxinmmtravel tinme savings
for both scenarios are from®6:45 a.m to 7:15 a.m

The major conclusion of the conparison between the two incident
locations is that only under heavy traffic demand |evels that
SS#34 incident gives higher travel time savings than that of
SS#20 incident. O herwi se travel tinme savings are higher for
SS#20 incident than those for SS#34 incident. Such unexpected
results are due to the conplexity of the shortest paths
configuration which highly depends on traffic denmand |evel and
time when it is calculated. Also it is noticed that maxinmumtime
savings usually occurred in the last 15 or 30 mnutes of the 45
m nutes incident.
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CHAPTER 6

MAJOR CONCLUSIONS

As the last three chapters analyzed all traffic scenarios in
detail, this chapter tries to summarize the najor findings of the
(IVIS) traffic demand and sensitivity analysis.

The conclusions from these investigations are based on the
assunptions previously identified. Mjor conclusions are:

1. Potenti al benefits are very nmarginal and  consi dered
insignificant under the no-incident average traffic denmand
si tuation.

2. Potential benefits for long distance freeway to freeway
travel ers can be significant under no-incident conditions but
only when freeway demands are five or ten percent higher than
normal.  Travel tine savings are on the order of 3 mnutes to
a maxi mum of 13 mnutes for an average 30 mnutes trip length
during the peak hour.

3. Potential benefits for long distance freeway travel ers can be
significant during the duration of incidents under average
traffic conditions. Tine savings on the order of 5 to 10
mnutes for a 30 mnutes average length trip were observed.

4. Under upstream incident conditions increasing demand by five
or ten percent does not I ncrease potential benefits
significantly.

5. Under downstreamincident conditions increasing demand by five
percent increases potential benefits significantly. \hen
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i ncreasing demand by ten percent, the maxinmumtravel tine
savings were observed in this study (14 mnutes savings for a
30 mnute average trip length).

Under both incident conditions, when an incident duration is
doubled, the tinme period during which there are potenti al
benefits (or significant travel tinme savings) slightly nore
t han doubl es.

Under both incident conditions and five or ten percent heavier
freeway demand, travel potential benefits were largest. Trave
tinme savings were significant (a range of 4 to 14 mnutes) for
a 30 mnute average trip length. However , I nt roduci ng
I ncidents under such conditions did not increase the potentia
benefits significantly.

The effect of the location of the incident on potential
benefits was studied only under noderate incident conditions.
The mmjor conclusion of the conparison between the two
incident locations is that under heavy traffic demand | evel
t he downstream i ncident gave higher travel tinme savings than
that of the upstream incident.

Potential benefits were generally different for each origin
group in the study. It was noticed that the further the origin
Is fromthe freeway, the larger time savings are for trips
starting at that origin. Trips originating at origins
downstream of the incident did not have any potential benefit
under incident conditions.

The so far exhaustive sensitivity analysis predicted a range
of travel tinme savings between 0 and 14 minutes for the 30
m nutes average trip length. These estimtes of potenti al
benefits are considered to be optimstic because of the study
assunptions. Further refinenments to such estimates are
expected to give |ower estimtes.
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CHAPTER 7

FUTURE RESEARCH

A. 1ntroduction

As the objective of this report was only to study how sensitive
potential benefits of IVIS are to variations in demand, incident
severity and location, a conprehensive evaluation statenent of
potential benefits can not yet be made.

As the calculated travel time savings nmay be interesting for
express delivery, energency and police vehicles, they may not be
as such for a regular corridor driver. For comercial use of
IVIS, this study can be sufficient to start a marketing research
upon which a private sector enterprise decides whether to
i mpl ement  (adopt) such technology or not. However, for public use
of IVIS, further study is needed to refine such estinates taking
into consideration who will benefit and how nuch under nore
realistic assunptions.

This chapter gives suggestions of future research directions in
the assessment of potential benefits of IVIS systens. The chapter
briefly explores ideas that add in realism to the research
met hodol ogy used in the |ast year report and this report.

B. Basic Assunptions

A nunber of assunptions would have to be studied thoroughly
before one can nmake a conprehensive evaluation of potential
benefits of 1VIS. These assunptions are as follows:
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Consi deration of Diversion for Today's Drivers Under Incident
Condi tions

Studi es have shown that a portion of today's corridor drivers
who are unequi pped with VIS but famliar wth the corridor do
exercise diversion fromthe freeway to surface streets under
i ncident conditions. To have an idea about such activity, the
reader is advised to consult the study made in reference [2].

Traffic diversion by today's drivers who are unequi pped with
IVIS needs to be estimated when analyzing travel time savings.
Di versi on of such drivers when considered will reduce travel
time on the freeway |inks but increase it on the surface
street links. Therefore travel tine savings are expected to be
decrease and be lower than the estimates given in this
anal ysi s.

The next step in assessnment of potential benefits would be to
consi der such diversion.

2. Increasing the Percentage of Drivers Equi pped with VIS

| ncreasi ng the percentage of drivers equipped with VIS and
diverting to surface streets (if considered along with the
assunption 1 above) would Ilead to analysis of network
equilibrium This is a non-trivial task but estimates based on
nmore realistic assunptions could be attained.

3. Limtations and Constraints of Surface Street Capacities

When one is considering a large percentage of drivers to
divert to surface streets, one should not forget about the
inportant limtation of excess surface street capacities. The
constraint of maintaining a certain |level of service on the
route of diversion is binding and limts the amount of traffic
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that can be diverted. This inplies that diversion to one path
only (the shortest path) can be generally inpractical because
it will get saturated in no tine. A nulti-path diversion
strategy should be used in which drivers are diverted to sem -
optimal or near shortest paths instead of only one shortest
path. What routes to divert people to? When, where, and how to
divert drivers? are such three interesting questions for
future research

4. Increasing Demand on Surface Streets

Since the sensitivity analysis done in the previous chapters
considered increasing freeway demand only, another nore
realistic sensitivity analysis could be done by increasing
demand on surface streets as well. Since the time constraint in
this study was crucial, this subject is an interesting topic
for future research

5. Use of Dynam c Shortest Paths Analysis

This research so far used a quasi-dynam c shortest path
analysis, 1.e it was assuned that shortest path does not
change during a fifteen mnutes period. This is not quite
realistic. Al so shortest paths were assuned not to change over
the whole length of the trip when calculating travel tine
savings. A future research study would be needed to address
t he question of dynam c behavoiur of shortest paths in an
urban network.
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APPENDI X - A -

COWPUTER FI LI NG SYSTEM

A. FREQ Files

Al FREQ files are saved under simlar nanes used as in the 3-D
matrix (design experinent as in Figure 3, Chapter I11), for
exanmpl e: NAI.FRQ stands for scenario NAl or "No Incident and
Average Traffic Demand Scenario". The (12) FREQ files are saved
in subdirectory D:\AL-DEEK\FIN FREQ on the XT PATH persona
computer in room 107A Ml aughlin Hall.

B. FREO Transferred Files to the Maci ntosh Machi ne

All FREQ files are nade ready to transfer to the Macintosh under
filename XXX. CON, where XXX stands for the three code traffic
scenario used in this report (i.e NA) and "CON' stands for
converted. Al these files are saved in subdirectory

D: \ AL- DEEK\ CONVERT on the XT PATH personal conputer in room 107A
Mcl aughlin Hall.

C. Macintosh Files

The reader is referred to the PATHNET [3] docunentation so as to
| earn how to use this package. Al initial and final output file
settings for each of the twelve traffic scenarios are saved in
folders named as the traffic scenario enclosed in that folder

e.g NAl folder has got all NA scenario results and output files
init. Al such folders are saved in a bigger folder named "PATH
STUFF" in which the application package "PATHNET" is also

| ocated. A backup copy on a 3 1/2 'I floppy diskette containing

all of the Macintosh files is provided for extra security against
| oss or damage.



APPENDI X - B -

EXAMPLE OF CONFI GURATI ONS OF SHORTEST PATHS DURI NG
THREE TI ME SLI CES

Not e

Exanpl e shows configurations of shortest path fromorigin 1 to
destination 1 on the freeway for the (MA) scenario (the Mderate
| nci dent and Average Traffic Demand scenario) from6:30 a.m (or
start of incident in SS#20) to 7:15 a.m (end of incident SS#20).
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