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Emergency Evacuation Scenario Study of Urban Metro
Vehicle Running on Elevated Guideway
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Abstract : There have been recently introduced new types of urban metro vehicles called LRT (Light Rail Transit) run-
ning on elevated guideway such as Uijeongbu VAL(which stands for Véhicule Automatique Léger: Automatic Light
Rail Vehicle) system, Yong-In LIM(Linear Induction Motor) system, Incheon international airport MAGLEV(Mag-
netic Levitated Vehicle) system and Daegu monorail system. Most of accidents by the vehicles are bound to happen on
elevated guideway. Therefore, it is of vital importance to analyze hazards related to vehicles running on elevated gui-
deway and study emergency evacuation scenarios applicable in case of accidents on elevated guideway so as to secure
the safety of the new types of urban metro vehicles. In this study, FTA(Fault Tree Analysis) model was developed to iden-
tify all possible hazards, and all possible evacuation scenarios were studied. It was also confirmed that each hazard can
be corresponded to one or more evacuation scenarios. This result shows that passengers can be evacuated according
to one of the scenarios identified in this study in case of an accident of “Train Stranded on Elevated Guideway”.
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Fig. 2. Push pull train rescue,
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Fig. 3. Side to side train evacuation,
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Fig. 4. Evacuation for saddle type monorails,
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Fig. 5. FTA (Fault Tree Analysis) model for train stranded on guideway.
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Table 2. Failure scenarios of trains stalled on elevated track
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Table 3. PHA and SHA results and evacuation scenarios
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Al2=8] A4 A A7 R ugth]
. ) . Stalled train
Motor Motor failure (<50%) Poor maintenance Cl Push pull recovery
(movable)
Motor failure (=50%) | Poor maintenance or Stalled train Side evacuation to rescue train on other track /End
overheating (immovable) Bl evacuation to rescue train on same track
. . Poor maintenance or Stalled train Side evacuation to rescue train on other track /End
Axle/Wheel/Bearing Gearbox seized . . ; .
overheating (immovable) Bl evacuation to rescue train on same track
. . Stalled train
Coupler Coupler separation Poor maintenance (immovable) Cl Push pull recovery
Wheel (Tyre) Tyre failure Tyre deflation Pamal'stabllny/ Bl Side evacuation to rescue train on other track /End
adhesion loss evacuation to rescue train on same track
Tyre failure Tyre blow-out Explosion damage Bl Side evacuation to rescue train on other track /End
under car evacuation to rescue train on same track
Gearbox Gearbox failure Gearbox stripped Stalled train Bl pide evacuatll on to rescue tral'n on other track /End
evacuation to rescue train on same track
Gearbox scized Stalled train Bl Side evacuation to rescue train on other track /End
evacuation to rescue train on same track
Power collection Power system failure Collector failure Stalled train C2 Push pull recovery
Breaker failure Stalled train C2 Push pull recovery
Inverter failure Stalled train C2 Push pull recovery
HT cable failure Stalled train C2 Push pull recovery
. . Side evacuation to rescue train on other track /End
. . . Terrorism /Vandalism/ . ;
Train fire Fire on-board train Smokine efc In-car fire B3 |evacuation to rescue train on same track /Rescue
g ladder/ Hydraulic lift from ground vehicle
Side evacuation to rescue train on other track /End
Overheating Under frame fire B3 |evacuation to rescue train on same track /Rescue
ladder/ Hydraulic lift from ground vehicle
Doors Door system failure | Coincident door failure Evacqatlon Cl Push pull recovery
restricted
Side evacuation to rescue train on other track /End
Derail-ment Derail- Only possible with | Train movement B2 evacuation to rescue train on same track /Rescue
ment of train major civil failure prevented ladder/ Hydraulic lift from ground vehicle/
Emergency chute/Winch
Stalled train A3 [Rescue ladder /Hydraulic lift from ground vehicle/
Emergency chute/Winch
. L Side evacuation to rescue train on other track
Collision of train with . . .
. . . . . Train stranded /End evacuation to rescue train on same track
Collision another train or fixed Signalling failure . B3 L
object between stations /Rescue !adder/l—lydrauhc lift frorp ground
vehicle/Emergency chute/Winch
Maintenance vehicle left Train stranded c1 Push pull recove
on track between stations P vy
Susp enswnlfallure / Train stranded Side evacuation to rescue train on other track/End
deflation . BI . .
between stations evacuation to rescue train on same track
On-board Signalling Manual mode
(ATO/ATP) failure unprotected c Push pull recovery
Operation of emergency| Train stranded
stop handle by passenger] between stations a Push pull recovery
Operation of emergency| Train stranded . .
stop handle by attendant| between stations a Train proceeds to-station
Human error whilst .
. T Train stranded
driving train in manual . Cl Push pull recovery
between stations
mode
Brake failure Failure of brake system | Hydraulic hose failure | Brake seized on Bl pide evacuation o rescue train on other track End
evacuation to rescue train on same track
Mechanical brake failure Brak'e not Cl Push pull recovery
functioning
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Collision with . . .
Object on track bjcct and stranded  BI Side evacuation to rescue train on other track
train /End evacuation to rescue train on same track
Air Condition-ing Failure| Fa11ure‘ of air condition- 2 Push Pull recovery
ing system
. Loss of air -
Aux Power Supply Failure of aux power . P Rescue ladder/ Hydraulic lift from ground
Failure system Inverter failure conc}ltlop ng A2 vehicle/Emergency chute/Winch
/ lighting
Structural Catastrophic failure of . Train stranded pide evacuation fo reseue train on other track /End
Corrosion/ poor evacuation to rescue train on same track /Rescue
Body/ car body or under frame| . . . between B2 P
. maintenance/ inspection . ladder/ hydraulic lift from ground
Structure failure components stations vehicle/Emergency chute/Winch
Car body pancls Body panels fall on| End evacuation to rescue train on same track
High Wind Damage to trains damaged rybl? wn off | Persons on road /| B2 /Side evacuation to rescue train on other track
ged or blown o footpath below (high winds preclude other evacuation options)
Injury to
Wind gust as train Train strikes station |passengers + train B3 End evacuation to rescue train on same track
enters station structure on entry stranded outside
station
S . Lightning strike causes .
Lightning strike Lightning strike on structural damage to Train stranded on B3 Side evacuation to rescue train on other track
structure . damaged guideway
guideway
. . P . . | Electrocution of End evacuation to rescue train on same track
Lightning strike on train [Lightning strike on train passengers B3 /Side evacuation to rescue train on other track
Multiple trains -
Extcrne_ll Power Loss of power to b Tine Power outagd stranded between A2 Rescue l_addcr/Hydraullc lift fror_n ground
Failure monorail . vehicle/Emergency chute/Winch
stations
. Equipment over Train equipment failure| Train stranded
High Tempera-ture temperature due to over temperature| between stations c Push Pull recovery
Electrical short End evacuation to rescue train on same track
Heavy Rain Rain storm during Water ingress to resulting in train B2 /Side evacuation to rescue train on other
Y operation equipment becoming track/Rescue ladder/ Hydraulic lift from ground
immobilized vehicle/Emergency chute/Winch
Water on track beam | Loss of traction Bl Side evacuation to rescue train on other track
surface /adhesion
Damage to piers L
Impact Road vehicle impact [Road vehicle strikes pierl and collapse of B3 Rescu:cﬁgﬁ: e/;iélfgdszlcﬂ|cd111uf:c/f\r3$c§mund
guideway sency
. Foreign conducting o .
[Electrical shorts On POWen - erial (ex. dropped by| Electrical short B2 Rescue ladder /Hydraulic lift from ground vehicle/
rail . Emergency chute/Winch
birds)
Large object dropped s
Falling material/objects | onto guideway from Stranded train Bl Rescuselllaigl(l %rﬁidﬁsh%éﬁefxﬁcﬁmund
building sency
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