
Michael Ortiz
ESMC2012

M. Ortiz
�������	��
�	�
�
�
�
��
����	�����


�	
���������
��	
��
��


��
��
����
�����
��
��	 ����
�!���	���



��
"��#� 

����������





$
�
%���&��	
"��� 
!����	���
��	����	��

�%"!�'()'�



*��+�
���
����
,���
))�
'()'




-&
�#��.���	�&��
�
��	
!�������

�&&��/�#�
��	
"���#��





Michael Ortiz  
ESMC2012

DoE/ASC/PSAAP Centers
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Solids under Extreme Conditions
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Predictive challenges, tools
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Optimal transportation theory
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OT time discretization – Euler fluid
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OT time discretization
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J Symplectic, time reversible
J Exact conservation properties: linear and angular 

momenta, energy (with time-adaption) 
J Strong variational convergence in the sense of �-

convergence (work in progress…)
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Meshfree spatial discretization 
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Meshfree spatial discretization 
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Meshfree spatial discretization 
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Meshfree spatial discretization 
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Max-ent spatial interpolation 
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Max-ent spatial interpolation
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Max-ent spatial discretization 
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OTM ���
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Example: Water sloshing in tank
(free-surface, compressible NS)
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Example ������������	
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Convergence – Non-interacting particles
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OTM verification �����������������
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Lecture plan
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Fracture – Element erosion
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OTM – Material-point erosion
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Verification – Mode-I edge-crack panel
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Verification – Mode-I edge-crack panel
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Verification: Mode I-III 3-point bending

•Mixed-mode 3-point bending tests, PMMA  
plates (260x60x10 mm, a = 20 mm)

•Inclination of notch: 75°, 60°, 45°
•E = 2800 MPa, n = 0.38, Gc = 0.54 N/mm 
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Predominant Mode I (� = 75°)
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Mixed Mode I-III (� = 60°)
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Predominant Mode III (� = 45°)
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Verification: Mode I-III 3-point bending
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Validation – Explosively driven cap
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Validation – Explosively driven cap
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Validation – Explosively driven cap
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Validation – Explosively driven cap
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Validation – Failure waves in glass rods

Ao 

cf 
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V0 V0=250 m/s 

Lo= 170 mm 

d=12.7 mm   
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Solids under Extreme Conditions
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Application to hypervelocity impact

Impactor 
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Application to hypervelocity impact

-�!
��#���
��	�
5�'
7#8��
D���	8��:(:).�:�

'(
#�����	
&��	
�




Michael Ortiz  
ESMC2012

Validation – Hypervelocity impact
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