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ABSTRACT

When a severe earthquake takes place, the road network system often suffers
serious destruction and results in malfunctioning of network systems. In particular,
impassable roads and streets block transportation in the periods of evacuation, rescue
and restoration. How to maintain traffic functions to facilitate rescue missions and
save more lives will turn out to be an essential task during the post-quake period.

This thesis aims at developing a decision-making tool that can potentially be
used in managing the traffic flows of emergency vehicles and controlling those for
private use in earthquake disasters. Methodologically, it addresses a multi-objective,
two-modal network flow problem based on the concept of bi-level programming and
network optimization theory. The objective of the Basic Model is to allow as many
non-rescue vehicles to enter the disaster areas as possible with two requirements: not
to disturb necessary rescue vehicles entering the disaster areas and not to exceed the
left available roadway capacity.

In order to balance travel demand and traffic supply and to find the minimum
travel time path for emergency rescue, the Revised Model sets two levels of
objectives and takes both the needs of rescue and non-rescue vehicles into
consideration. Given the route choice behavior and the most likely OD trip
distribution pattern, the lower level objective will meet the above two levels
objectives and integrate the CDA (Combined Distribution/Assignment) concept into
the minimum link travel times. To prove the feasibility of the model and make it more
efficient, the fuzzy interactive algorithm and genetic algorithm (GA) will be applied.
Lastly, a hypothetical scenarios analysis shows that this study can create an effective
way to implement traffic regulation during earthquake disaster.

Keywords: traffic regulation, bi-level programming, emergency vehicles, genetic

algorithm, fuzzy interactive programming, CDA (combined
distribution/assignment model)



ABSTRACT L e
CONTENTS e I
TABLE CONTENTS ..o VI
FIGURE CONTENTS ...ttt VI
CHAPTER 1 INTRODUCTION .....cociiiiiieiiecie e
1.1 Research Background ..........cccceeiiiiieeeiiiiiiee e siiiee e esieee e s sneeee e 1
1.2 Research Motivations and ObjectiVes...........cccoovvveiiiiciecineennenn, 2
1.3 RESEAICN SCOPE ....cvveiieiieie ettt 2
1.4 Research Method ... 3
1.5 Dissertation Framework...........ccccooviiiiiniiienenieese e, 6
CHAPTER 2 LITERATURE REVIEW .....cccooiiiiiiieee
2.1 Damages of Road Network System in Earthquake Disaster ............... 9
2.1.1 Road Network Conditions after Chi-Chi Earthquake ............... 9

2.2

2.3

CONTENTS

2.1.2 Road Network Conditions after Hansin-Awaji
Earthquake ..o 11

2.1.3 Road Network Conditions after Northridge

Earthquake .........c.ooveiee e 12
Post Earthquake Traffic Regulation ISSUES............cccvrvvvrieeererisinen, 13
2.2.1 The Characteristics of Travel Behavior..........c...ccccccovveivennenne. 14

2.2.2 Priority of Trip Purpose in Different Post-Earthquake

STALES .. 16
2.2.3 Development of ITS Technology Against Major

Earthquake .........c.oov e 16

Past Researches on Traffic Regulation Strategy in Disaster Area ...... 19



2.3.1 Comparison of Emergency Response Operations................... 19

2.3.2 Traffic Regulation Strategies in Disaster Area..........c...c.c...... 23
CHAPTER 3 RESEARCH METHODOLOGY .....ccccooviiiiiiiinieeieen, 26

3.1 Bi-Level Programming ..o 27

3.2 Fuzzy Interactive AIGOrithm ..o 29

3.3 Genetic AlGOrtNM.......cc.ooiiiiiiiee e 33

3.4 Hypothetical Scenario ANalYSIS.........ccceveiieiiieieiiieneese e 40

CHAPTER 4 BASIC MODEL AND BI-LEVEL PROGRAMMING....42

4.1 Traffic Regulation Problems and Strategies ..........cccooevenienienvnennne. 42
4.1.1 Traffic Regulation Problems ..o, 43
4.1.2 Traffic Regulation Strategies...........ccoovvririeieienene e 44

4.2 Traffic Regulation Decision-Making Systems Framework ................ 46

4.3 Formulation of Basic Model ... 56
4.3.1 Model ASSUMPLION ....c..civviieiieceece e 56
4.3.2 Model FOrmulation...........cccooeiieiiiiniiniee e 57

4.4  Properties of BasiCc MOEL...........cccoiiiiiinine e 62

4.5 Numerical Example of a Simple Case: Fuzzy Interactive Algorithm. 62

4.5.1 Applying Fuzzy Approach to Solving the Model ................... 63

4.5.2 Numerical EXamples......c.ccccevviieiieiicic e 67
CHAPTERS5 DEVELOPMENT OF REVISED MODEL ...................... 71

5.1 Weaknesses of BasiCc MOdel............cccccooiiiiiiiiiiiiiicce, 71

5.2 Properties of Revised Model...........ccooviiiiiiiiiiiee 73

5.3 Formulation of the Revised Model ............cccoovriiiiiiniiiice 73

5.4 Key Features of the Revised Model............ccccovevviiiiieicieiece 80



5.5 Numerical Example of a Simple Case: Genetic Algorithm ................ 81

CHAPTER 6 CASE STUDY ..ottt 91
6.1 Problem DeSCriptioNS........cccvveiieieiieieee e 91
6.2 Solution by Genetic AlgOrithm ........cccocoeeiiiiiiiie e 96
6.3 ANAlySiS Of RESUILS .....ocvviiiiiiiiie e 103
6.4 DiscusSions and SUMMAIY .........cccoovrrririeriienienie e 109
CHAPTER 7 CONCLUSIONS AND SUGGESTIONS .......ccccooveiienne. 112
7.1 CONCIUSIONS.....cviiiiiiieiciiste et 112
7.2 SUQUOESLIONS ...uveeniiiiieiiie it siee sttt sttt sbe e nne s 114
REFERENCES ...t e 116
APPENDIIX ..o 122



Table 2.1
Table 2.2

Table 4.1
Table 4.2
Table 4.3
Table 5.1
Table 5.2
Table 6.1
Table 6.2
Table 6.3

TABLE CONTENTS

Priority of Trip Purposes Post-Earthquake ............cccccveveviverveiiesnennn, 16
Comparison of Emergency Response Operation and Loss in ............ 22

Major Earthquake

Conceptual Framework of Basic Model.............cccooeviiiiiiininniens 59
Notation of the Basic MOdel.............cooiieiiiiiiieie e 60
Parameter for Fuzzy Traffic Regulation Problems...........c.ccccccevvnee. 68
Notation of the Revised Model...........cccoiiiiiiiiiiii s 78
Link Data for the Example Road Network...........ccccccevvveviiiiiiciinenenn, 83
Production and Attraction TriPS.......ccooeiierierenie e 94
Parameters for Traffic Regulation Problems..........ccccoooiiiiiiiiiennnn, 94
Comparisons of Performance Measures in Revised Model ............... 109

VI



Figure 1.2
Figure 2.1
Figure 2.2
Figure 2.3

Figure 2.4

Figure 2.5
Figure 2.6
Figure 3.1
Figure 3.2
Figure 3.3
Figure 3.4
Figure 3.5
Figure 3.6
Figure 4.1
Figure 4.2

Figure 4.3

Figure 4.4
Figure 4.5
Figure 5.1
Figure 5.2
Figure 5.3

Figure 5.4

Figure 5.5

FIGURE CONTENTS

Flow-Chart of DISSertation ............cocooevvreneienineneieseseeseseeee e 7
Distributions of Major DiSaster Areas............cccvevveiveeieeiesieeseesieseeineas 8
Changing LOS Before/After Chi-Chi Earthquake.............cccccoeiveeinnn 9
Changing Travel Speed Before/After Chi-Chi Earthquake................. 10

Basic Framework of Road Traffic Regulation Management System

POSE-EQrtNQUAKE .......eoveeeiecieceee e 19
Example of Regulated Areas ...........coceeveieeieniieieeie e e 23
Traffic State on Earthquake Disaster Areas..........cccocveveveevveiveseennnnn 24
Bi-level Interactive DeciSion ProCesSeS.........ccoveveiereneneneseseeenns 28
Chromosome COAING .......coiiiieiiiiiei e 34
Example of One-Point CroSSOVEN ..........cccooeiiiieieieie e 36
Bit Mutation on the Fifth Bit.............ccoooiiiiiiicc e, 36
Conventional Genetic Algorithm Cycle .........c.ccooveveveeiiieieeeceee 37
The Process of Genetic Algorithm Approach.........ccccccvieiveieiienen, 38
Traffic Regulation Decision-Making Systems ..........cccccoveveeneninnnen. 48
Traffic Regulation Frameworks in Earthquake-Raided Area.............. 54

Traffic Regulation Decision-Making Concept and Model

FOMUIALION ...t s 55
Fuzzy Interactive Decision-Making ProCess .........cccceververesvernennenn. 65
Test ROAA NEtWOIK ......oveiiiiiiiiiciceee e 67
Test Road Network. All Links Are Two-Directional ............c.ccccceene.. 82
Solution Algorithms by Visual Basic.NET Code...........cccccevivverunennnn. 84
Numerical Results by Genetic Algorithm............ccocovviiiiieicncien, 85

Determination of Allowable Vehicle Flows under Degraded Road
NEtWOrK CapACILY ....ocvveeeeieiieiieee e 85

Some Emergency Vehicles Exceed Degraded Road Network

VIl



Figure 5.6
Figure 5.7
Figure 5.8
Figure 5.9

Figure 5.10
Figure 6.1
Figure 6.2
Figure 6.3
Figure 6.4
Figure 6.5
Figure 6.6
Figure 6.7
Figure 6.8
Figure 6.9

Figure 6.10

Figure 6.11

Figure 6.12

CAPACILY .. 86
Test Result of Traffic Flow by Genetic Algorithm ..........c.ccccoviienin. 87
The Maximum Traffic Volume in Each Generation .............c.ccceene. 88
Parameters Change in Each Generation by GA..........cccccovevveiecnnenn, 88
The Shortest Path Travel Time of Every Population in Each
GBNEIALION......cuiiiiec e 89

The Convergence of Genetic Algorithm Iteration ...............cccceene..e. 90
Emergency Rescue Road Network of Taipei City......c.cccccecvvevvrvennenn. 93
Test Road Network of Taipei City ......cccccvevveiieiiiie i, 93
Flow-chart of Cumulative Genetic Algorithm Approach ................... 96
Chromosome COAING .......coiiiiiiiiiieie e 97
Roulette Wheel SeleCtions............cocovviiiiiiiiiiicciec s 101
Visual Basic.NET Program Execute by Genetic Algorithm.............. 104
Road Network Capacities and Traffic Volumes.............cccccveveivennenn 105
Process of Genetic Algorithm Iteration .............ccccevveveiceieeie e, 105
The Shortest Path Travel Time of Every Population in Each........... 106
Generation

The Convergence of Genetic Algorithm Iteration ..........c.ccccvevnee, 107

Effect of the Different Crossover Probability for Medium-size ..... 107

Network

Effect of the Different Mutation Probability for Medium-size

NEEWOTK. ... 108

VIl



