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Summary 

The project tackles the very important subject of the seismic protection of historical and monumental 
buildings, namely of constructions dating back from the ancient age up to the mid of the 20th century. Its 
main objective is to develop sustainable methodologies for the use of reversible mixed technologies in the 
seismic protection of existing constructions, with particular emphasis to buildings of historical and artistic 
interest. Reversible mixed technologies exploit the peculiarities of innovative materials and special devices, 
allowing ease of removal if necessary. The endpoint of the research is a proposal of codification for the use 
of such technologies in the seismic protection of existing constructions, which will meet the most up-to-
dated codification issues at European level and will comply with layout, language and philosophy of 
structural Eurocodes. 
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Description (NTUA) 

A pioneering method has been developed for joining together fragmented structural elements using 
threaded titanium bars inserted in the marble, in predrilled holes filled with cement mortar used as an 
adhesive material. A combined experimental and numerical analysis was undertaken in an effort to 
enlighten the failure mechanisms related to the possible pull-out behavior of such anchors and to study 
parametrically the various factors affecting the resulting response. The dynamic behavior of the ancient 
temples is ruled by the independent rocking and sliding of the stone blocks that during a strong 
earthquake creates an external energy absorption mechanism. Due to the highly non-linear behavior 
making an analytical approach almost impossible for such type of structures, an experimental and 
numerical investigation was undertaken to check the suitability of possible intervention methods in the 
restoration process of a classical monument. 

Experimental investigations 

 The experimental work included series of 3P-B, 4P-B and DENT tests as well as pull-out tests on 
prismatic Dionysos marble specimens. The parameters studied included the depth and the pitch of the 
reinforcing bars’ thread. It has been shown through the introduction of possible limit states that the 
form of the thread has an influence on the carrying capacity. 

    

Three different geometrical configurations of the columns, characteristic for many ancient monuments 
found in the high-seismicity areas of the Eastern Mediterranean, were examined; the single 
freestanding columns and the columns in a row or in a corner connected with architraves. After the 
behavior of this temple sub assemblages was studied, a new series of experiments considering 
intervention methods was implemented. 

                           
 



Numerical investigations 

 A potential failure mechanism of the proposed intervention for the connection of marble fragments, 
was modeled in the form of debonding between the binding mortar and the inner surface of the 
connected marble structural members. The sensitivity of the pull-out behavior was checked with 
regards to parameters such as the thread pitch, depth and anchorage length. A simplified model was 
created using the code ABAQUS and was calibrated to architrave multi-point bending experiments, to 
provide an easy-to-use tool for the design of different intervention scenarios. 

     

 
Fig. 1: ABAQUS 3D and axisymmetrical models of pull-
out test 

Fig. 2: Pull-out experimental vs numerical 
results as Load-Slip curves 

  
 At a larger scale, the verification, calibration and selection of the most suitable numerical modeling 
technique were obtained by comparing the numerical results with corresponding experimental ones. 
Three alternative modeling methods were used by application of the general purpose Codes ABAQUS 
and 3DEC and their results are compared with the results obtained from experiments, on the 6-degree-
of-freedom earthquake testing facility of the Earthquake Engineering Laboratory of the National 
Technical University of Athens. 

      

 

  

Fig. 3: ABAQUS model: experimental vs 
numerical results (displacement w.r.t time) 

Fig. 4: 3DEC model: experimental vs numerical results 
(displacement w.r.t time) 
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