Hybrid testing for non linear analysis of reinforced structures
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Seismic loading generates severe damage on civil engineering structures: yielding, buckling, collapse,
loss of concrete... These pathologies are difficult to model accurately and influence greatly the whole
structure. A complex numerical model often needs expensive calculation time to obtain only approximate
results. To avoid hazardous modelling, laboratory tests provide a good alternative. The behaviour can
then be observed for laboratory structures under severe loading, but not for real (large) civil engineering
structures as bridges, multi-framed buildings ...

Quick observations of damaged structures are enough to note that severe damage is often localized in a
small part of the structure, the others ones remaining virgin or lowly damaged. Consequently, a domain
decomposition approach [1,2] using numerical modelling and laboratory tests appears the best approach.
The critical parts can be physically tested (in pseudodynamics or in real time, [3-4]) while the remaining
part is simulated by Finite Element. Such hybrid tests are currently used with linear elastic subdomains
for the simulated parts. However the global behaviour of the structure strongly depends on the numerical
model used for these simulated subdomains [5] and even more when they are damaging [6] .
Consequently, an accurate model for reinforced concrete must be used. The anisotropic damage model [7-
8] is such a suitable model for quasi brittle material as concrete, with the dissymmetry
tension/compression due to induced damage anisotropy and with unilateral effect (microcracks closure).
Written in the thermodynamics frame, this model is quite robust to perform simulation until ultimate
behaviour. The 3D model implementation can be costly and for real time performance a multifiber finite
element adaptation reduces much the computational time required.
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