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Cross-section

Weak part
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p0 Peak pressure, 2000kN/m2

c1 Speed of the pressurewave ~1800 m/s
c2 Akoustic speed of hot gas ~800 m/s
t0 Constant of time 0.01s
|x| Distance to the centre of the explosion
t Time
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First engineering approach

Apply p0 as a static load

FAILS

Be smarter, use DIANA
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4 meter

23.3 meter

Location 2
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Start 
detonation

Developing detonation
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X=17.475m
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Point DLF

1 0.57

2 0.95

3 1.35

4 1.49

5 1.29
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Conclusion

If the load of an detonation has to be applied on the tunnel, 
large areas need to be loaded with 2000MPa x DLF, which 
will result in a failure of structure in the Ultimate Limit State. 
Significant strengthening of the structure is needed to resist 
this load
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Conclusion

You do not want a tunnel if you want to resist this load

3 recommendations left:
• No tunnel
• Heavier tunnel
• Exclude this load using a probabilistic approach

Explosion in a tunnel
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Be more smart

Use DIANA non-linear
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Starting points

� Nonlinear dynamic approach
� Concrete nonlinear
� Reinforcement nonlinear
� Damage may occur, but must be repairable
� Draw a conclusion

Explosion in a tunnel
DOV lezeningenavond 29 November 2012

(����

0�����

���������������������


8���
��9:�
������
������
�

"����
����
��
�

���

�����
��������
�������

4�
� �����+�.,,��



13

Explosion in a tunnel
DOV lezeningenavond 29 November 2012

*�
���������


����
����

�� 5��� ����
��
�����
��
��


φ/.�/,,�;�
φ'/�/,,

<2%<��/9� #&.�

φ/.�/,,�;�
φ/,�/,,

2,/.��/9� #&$�

φ/.�#,, 2$,$��/9� #&2�

����
����

�
�

5��� ����
��
�����
��
��


φ#<�#., #'2,��/9� /&,�
Φ#<�//. =$2��/9� '&=�

Vertical Horizontal

���+�.,,�(-�
�+/#,,,,(-�
ρ+%=.,� �9�'

������������1�����
���3
�9#,,,

ε

σ

Explosion in a tunnel
DOV lezeningenavond 29 November 2012

������
�

� ��+�'2,,,(-�
� ����������
�

������� ������
� 4���
����
����
�+�#&='(-�
� ��������
����
����
��+�'%&.�

(-�
� (��&�
���
����
��
��+�,&.>�ε����
���
� ����
��
���������
��

���

β+,&,#
� ρ+/.,,� �9�'

ε

σ

'%&.(-�

1.83MPa

0.5*εyld



14

Explosion in a tunnel
DOV lezeningenavond 29 November 2012

:������������
�������
��

Explosion in a tunnel
DOV lezeningenavond 29 November 2012

2
8

Linear dynamic
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Nonlinear dynamic
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Nonlinear dynamic
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Nonlinear dynamic
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Nonlinear dynamic
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Nonlinear dynamic
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Nonlinear dynamic
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Nonlinear dynamic
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Nonlinear dynamic
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Nonlinear dynamic
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Nonlinear dynamic
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Nonlinear dynamic
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Nonlinear dynamic
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