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Abstract. In the present study, strategies are developed to enable time-efficient models for
structures subjected to blast loading, appropriate for use in a structural design process. Dy-
namic substructuring is employed to obtain reduced models with localized nonlinearities, such 
as predefined plastic hinges in a beam–column structure. The parts of the substructures that 
remains linear elastic are modeled by Ritz-vectors whereas parts with a nonlinear response are 
retained as physical degrees-of-freedom. Furthermore, a time-stepping method is presented 
that is shown to be suitable for reduced models including local and predefined rigid–plastic 
behavior. The proposed methodology is applied and demonstrated in a numerical example of a 
concrete frame structure. Both the well-established Craig-Bampton method and reduction ba-
ses enriched by so-called correction modes are evaluated. For the load case studied, it is shown
that the standard Craig-Bampton technique is suitable for reducing the substructures. Further-
more, it is shown that only a few Ritz-vectors are needed to sufficiently describe the deformation
of the structure. However, additional modes are needed to ensure an accurate representation
of the interface forces between the substructures. 

2544

EURODYN 2020 
XI International Conference on Structural Dynamics 

M. Papadrakakis, M. Fragiadakis, C. Papadimitriou (eds.) 
Athens, Greece, 23–26 November 2020 

Available online at www.easdprocedia.org
EASD Procedia EURODYN (2020) 2544-2564 

ISSN:2311-9020 © 2020 The Authors. Published by EASD Procedia.
Peer-review under responsibility of the Organizing Committee of EURODYN 2020. 
doi: 10.47964/1120.9207.19160



1 INTRODUCTION

2 SIMPLIFIED MODELING OF CONCRETE STRUCTURES SUBJECTED TO 
BLAST LOADING
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2.1 Impulse pressure due to unconfined explosion

2.2 Reduced models for design of concrete members

3 DYNAMIC SUBSTRUCTURING OF STRUCTURES WITH PLASTIC HINGES
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3.1 Craig-Bampton method
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3.2 Craig-Bampton with Modal Truncation Augmentation
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3.3 Substructure coupling procedures

primal dual
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4 TIME-STEPPING METHOD FOR STRUCTURES WITH RIGID–PERFECTLY 
PLASTIC JOINTS
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4.1 Time-stepping algorithm
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4.2 Remarks on performance and accuracy 

β γ β γ
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5 NUMERICAL EXAMPLE: CONCRETE FRAME SUBJECTED TO BLAST 
LOADING

t

5.1 Frame structure model reduced by dynamic substructuring
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5.2 Dynamic response analysis and results
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