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Critical events in the pastCritical events in the past

� Two types of critical events:
– Explosion of the attack type

• Tain-l’Hermitage in 1983
• Brunoy in 1986
• Madrid in 2004

– Explosion of type disaster on chemical site 
• Blaye in 1997
• AZF in Toulouse in 2001
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Terrorist attack in Terrorist attack in BrunoyBrunoy, France, France

On March 17, 1986 , an 
explosion occurs into the 
luggage compartment of the 
coach 06 of the TGV 627 
PARIS - LYON whereas the 
train is in top of a viaduct 
crossing a river. After an  
emergency braking the TGV is 
immobilized by itself at the 
Brunoy train station.

SNCF 1986

SNCF 1986
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Terrorist attack at Terrorist attack at TainTain--LL’’HermitageHermitage

On December 31, 1983 , a bomb had been placed in the luggage compartment inside a TGV on the 
line between Marseille and Paris. It exploded close to Tain-L'Hermitage in the south of Lyon. This 
terrorist attack made 5 deaths and 50 injured.

SNCF 1983 SNCF 1983
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On March 11, 2004, 10 bombs had been exploded from 7h37 a.m. at the Atocha Train 
Station in Madrid on board of 4 trains. This terrorist attack made 191 deaths and 1900 
injured. 

Madrid (Spain) train bombingsMadrid (Spain) train bombings

www.materialboerse.ejo.de
www.materialboerse.ejo.de
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Explosion of a cereal silo in 
Blaye (France)

On August 20 1997 , an explosion occurred in a 
cereal silo. The downfall of a big part of this 
installation caused 11 deaths and 1 injured.

www.aria.ecologie.gouv.fr 
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AZF Explosion of chemical factory AZF Explosion of chemical factory 
AZF (Toulouse France)AZF (Toulouse France)

L‘usine AZF après l'explosion survenue le 21 septembre 2001 (Sipa)

On September 21, 2001 , a huge explosion
occurred in the AZF fertilizer factory.
The disaster caused 29 deaths and 2500 seriously 
wounded and 8000 light casualties. 
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Numerical Simulation of an Numerical Simulation of an 
explosion inside trainexplosion inside train

� Explosion in luggage compartments
– Simulation on a slice of vehicle 2D plan

• The model takes into account : 
– Fluid Structure Interaction (FSI)
– Euler Lagrange Interface (new interface type 18 in 

Radioss software)
– Deformable Structure of railway vehicle
– Explosive Modeling JWL/TNT
– Blast Effect
– Event time <5ms
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– Problems raised by this application  
• Big distortions of the structure bound to the exploding solicitation  
• Impossibility to manage a fluid mesh coincident to the structure

mesh. 
– Interest of the interface 18:  

• Coupling between Lagrangian structure and fluid Eulerian leaning 
on a mesh that doesn't distort himself.  

• Secondary effects of the blast : fragment projections  
– Examples of applications of the interface 18  

• Ditching (forced splashdown)  
• Explosion of mine under vehicle  
• Fragmented charges  

– Inherent difficulties to the interface 18  
• Determination of the good stiffness of interface  
• Required finely of fluid mesh to get a good precision in the FSI

Numerical Simulation of an Numerical Simulation of an 
explosion inside trainexplosion inside train
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� Use of finites element of vehicle having been 
the subject of a complete study in passive 
safety of Lagrangian type.

� A slice of this model is included in a 
controlled 3D solid mesh. All of this model is 
limited to the necessary environment to the 
survey of an explosion. 

590 shells
81900 solids

165458 nodes
Size of the fluid mesh :

• mini 10 x 10
• maxi 35 x 35

Numerical Simulation of an Numerical Simulation of an 
explosion inside trainexplosion inside train
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Assessment of results with:
•Mass distribution adjusted on material 
density;
•Taking in account of the influence of strain 
rate in the law of material behaviour of the 
structure.

Numerical Simulation of an Numerical Simulation of an 
explosion inside trainexplosion inside train
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Characterization of the Characterization of the 
explosion modelexplosion model

� Survey of sensitivity of the parameter 
«stiffness of interface» in the fluid 
interaction structures

� Variation of the stiffness according to the 
distance between explosive and structure

� Comparison with a fluid structure merge 
model of reference.
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Survey of sensitivitySurvey of sensitivity

� Define the speed of the airblast according to the distance between 
the explosive and the structure.
– Use of a coinciding fluid structure model of reference. 

� Highlight the best behavior  according to the stiffness of the interface 
type 18.

� Establish a compromise between interrelationship perfect of results 
and the computing time.

� Identification of comparison criterion:
– Time history:

• Internal energy absorbed;
• Displacements of nodes;
• Pressures.

– Animations:
• Elasto-plastic strain;
• Iso-value of pressures.
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ReferenceReference teststests
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Analysis of resultsAnalysis of results

The reference tests permit to define 
targeted features according to the respect 
of criterion as well as possible.

The analysis of the sensitivity of the 
stiffness highlight that it is not necessary to 
increase it in an excessive way. it justifies 
the utility of the evaluated criteria.

The taking into account of all the criteria 
makes it possible to optimize the interface 
stiffness value  with a good compromise for 
the computing time.  
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Stiffness value too highStiffness value too high

Good compromiseGood compromise

StiffnessStiffness value too lowvalue too low

Case of referenceCase of reference
(without interface(without interface ))

Interface SensibilityInterface Sensibility
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Stiffness FormulationStiffness Formulation

This study permits to verify the use of a direct formulation of the calculation 
of the interface stiffness.

This equation permits:
– To be freed from an analysis of sensitivity at each new study;

– To have a good evaluation of every studied case.
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All parameters are defined close the structure:
V = Wave speed
� = Density
S = Section of structure shell element
G = Gap = f(l)

l
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Real damage evaluation of Real damage evaluation of 
structure of railway vehiclestructure of railway vehicle

� Simulation in 3D:
– Nb DDL fine mesh
– Windows and interior floor is added to the 

existing model; 

– Dynamics characterisation of material law:
• High speed of deformation;

• Rupture Criteria in fonction of Eps. (Johnson Cook) 
New V5 Radioss
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Explosion in low zoom coach floorExplosion in low zoom coach floor

Damages caused by the air blast effect of 
an equivalent explosion of 8 kg of TNT.
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Explosion in high zoom coach floorExplosion in high zoom coach floor

Damages caused by the air blast effect of 
an equivalent explosion of 8 kg of TNT.
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Simulation in 3D of an explosion and Simulation in 3D of an explosion and 
comparison with real casecomparison with real case
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� Simulation of the AZF explosion:
– Make visible the possible roll over of the train
– Plane wave representing a faraway explosion 

in border of the fluid mesh
– Characteristic of the blast from TM5 1300 

reference document
• Pick of pressure 
• Time
• Linear decrease

– Time of blast effect > 150ms

Simulation of an explosion Simulation of an explosion 
of a SEVESO siteof a SEVESO site
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The imagined Scenario The imagined Scenario 

Epicenter of explosion is 
situated at 250 m of railway
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The analysis of consequences of this The analysis of consequences of this 
explosion leads to estimate this explosion leads to estimate this 
explosion equivalent to 35 tons of TNT.explosion equivalent to 35 tons of TNT.
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AirblastAirblast Parameters versus distance for Parameters versus distance for 
TNT Hemispherical Surface BurstTNT Hemispherical Surface Burst

TM5 1300TM5 1300Calculation  of the Reduce distance        (m.kg-1/3)R

4 ms4 ms

0,8 b0,8 b
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Roll over of the railway structureRoll over of the railway structure

Time = 2.100e-02 Time = 3.200e-02

Time = 2.480e-01Time = 3.600e-02
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ConclusionsConclusions

– The methodology is adapted to the studied 
phenomena (trapped luggage and explosion 
of SEVESO site)

– A survey of sensitivity by numeric 
experimentations of the interface parameter 
stiffness has been done. A complementary 
step of tentative interrelationship could 
reinforce this analysis.
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ProspectsProspects

– Problem issued to the exploitation of very high 
speed train.

• Requirement for the calculation of the bridge and 
tunnel design for high speed line;

• Crossing of trains at very high speed.

– Use of the defined method in complement of 
expertise and analysis of tragedy in the past.

• Experience feedback;
• New technical specifications.


