Contents

1 Introduction ... 1
1.1  Evacuation Planning..............ccooiiiiiiiiiiiiiiiiiiiiiiiiies 1
1.2 Basic Network Flow Problems............ccoooiiiiiiiiiiiiiiiii ... 4
1.2.1 A Generic Network Flow Model .............................. 7
1.2.2 A Generic Network Flow Model with Waiting on Arcs...... 8
1.2.3  ODBJECHVES . ..uutiiiiiii e 10
1.3 Crossing and Merging Conflicts ...............ccoiiiiiiiiiiiiann. 12
1.4 Chapter SYNOPSIS .. vvvtitiiiiiititiiit e 14
References ... e 15
2 Literature Review .......... ... 17
2.1  Flow-Based Optimization Models ...................cooviiiiiin. ... 17
2.2 Evacuation Models with Traffic Management Strategies............. 26
2.3 Further Problems in Evacuation Planning ............................. 28
2.4  Simulation Approaches ............c.ooiiiiiiiiiiiii 30
2.5 SUIMMATY .ottt et e et 32
References ...t 33
3 An Urban Evacuation Problem................................ 39
3.1 A Network Representation .............ooooeeiiiiiiiiiiiieeiiiiine... 40
3.2 A Mixed-Integer Urban Evacuation Model ........................... 43
3.2.1 Decision Variables and Additional Parameters ............... 43
3.2.2 Model Formulation..............oooiiiiiiiiiiiniiiiie... 45
3.3 An Extension of the Urban Evacuation Model: Waiting
0] (o (o1 53
3.4  An Extension of the Urban Evacuation Model:
A One-Way Evacuation Model ..., 56
3.5 Examples of the Variations of the Urban Evacuation Model ......... 59

3.5.1 An Example Considering Different Objective Functions .... 60
3.5.2 An Example Considering Evacuation Models
with and without Waiting ... 62

vii



viii

Contents
3.5.3 An Example Considering the Two-Way and
One-Way Model.........coooiiiiiiiiiiiiiiii i 65
References . ....ueeee e 66
A Relaxation-Based Heuristic Approach for the Mixed-
Integer EvacuationModel ... 67
4.1 A Relaxation-Based Heuristic Solution Approach.................... 67
4.1.1 Preliminary Considerations...................oovvveeveeenn.... 69
4.1.2 Adjustment Algorithm .................oviiiiiiiiieee..... 77
4.2 Adjustments for the Evacuation Model with Waiting
and the One-Way Urban Evacuation Model........................... 87
4.3  Computational Study .........ovviiiiiiiiiiiiiiiiiiiiiiiiiiees 87
4.3.1 Computational Study: Two-Way Heuristic
APProach ... 90
4.3.2 Computational Study: One-Way Heuristic Approach ........ 96
References . ...t 100
A Pattern-Based Evacuation Planning Model for Urban Areas ........ 101
5.1 A One-Stage Pattern-Based Urban Evacuation Model ............... 101
5.2 Patterns of Street Sections Between Intersections .................... 107
5.3 Patterns of Intersections..........oovviiiiiiiiiiiiiiiiiiiiiiiieeenean... 108
5.3.1 Graphs and Patterns of Intersections .......................... 109
5.3.2 Number of Crossing Conflicts .............cooviuiiinnnn.. 112
5.3.3 Planar Graphs and Patterns ................coooviiiiiiiinnnn. 116
References ........uuiiiiiii 128
A Two-Staged Heuristic Approach..............................o...... 129
6.1  First Stage of the HeuristiC............oooiiiiiiiiiiiiiiii ., 129
6.2 Second Stage of the HeuristiC..............oooiiiiiiiiii ... 133
6.3 Computational Study ............ccooiiiiiiiiii 136
6.3.1 Sets of INStanCes..........eeveeiiiii i 137
6.3.2 Models for CompariSOn .............ueeeeiiiiiieeeeinninnnn... 138
6.3.3 Computational Results...............ccooiiiiiiiiiiii... 139
REfEIreNCe ...ttt e 144
A Multicommodity Urban Evacuation Problem.......................... 145
7.1 Introduction and ASSUMPLIONS .......ovuuuuteeeeeaiiieeenaiieenn.. 145
7.2 A Multicommodity Evacuation Model ........................ooo. .. 149
7.2.1 A Network Representation................coooeiiiiiiiin... 149
7.2.2 Parameters and Variables .............coooiiiiiiiiiiiiiii, 150
7.2.3 Objective and CONSraints. ..........oeeeeeiuieeeeeeniinnnnnn... 152
7.3 An Illustration of Solutions of the Multicommodity
Urban Evacuation Model.........................ooooeL L. 157
A Four-Staged Heuristic Approach to Solve the Urban
Multicommodity Model ..................... i 163
8.1  First Stage of the Multicommodity Heuristic ......................... 165

8.2  Second Stage of the Multicommodity Heuristic ...................... 169



Contents ix

8.3  Third Stage of the Multicommodity Heuristic ........................ 173
8.4  Fourth Stage of the Multicommodity Heuristic ....................... 180
8.5 Computational Study .........coviiiiiiii i 181
9 Conclusions and Future Research...........................o. 185
References . ...o..ueieii it 189

A Information About the Computational Study of the

Relaxation-Based Approach ... 191
A.1 Reference Values Used to Compare the Results
of the Relaxation-Based Approach .......................o.. 191

A.2 Network Representation................ccoooiiiiiiiiiiiiiiiiiiii 191



2 Springer
http://www.springer.com/978-3-642-28758-9

Mathematical Models for Evacuation Planning in Urban
Areas

Bretschneider, 5.

2013, XV, 193 p. 79 illus., Softcover

ISBN: 978-3-642-28B758-9





