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X-Ray radiography and computed tomography is an integral part of silicate matrix composites (SMCs) 

material research. In the field of SMCs production technology it provides feedback about volume fraction 

of the single phases, their geometrical shape and arrangement in a system, their interaction and 

properties of their contact. More significant is possibility of non-destructive material observation under 

different chemical and mechanical conditions for better understanding of material behaviour in time. This 

information leads to safe utilization and discovering of new SMCs applications. Observation of fracture 

process zone behaviour is made possible by advanced time lapse X-ray dynamic defectoscopy and 

computed tomography. 
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A novel dual-source/dual energy (DSCT/DECT) micro-tomography system was designed as a multi-

purpose X-ray imaging device equipped with two independent pairs of X-ray tube – detector in 

orthogonal arrangement. All components are mounted on a computer numerical control positioning 

system and can be independently adjusted to different positions as well as the operational movement of 

the observed object driven by a computer controlled motorized rotary stage allows scanning of objects 

larger than the detector area. Two disc holders of calibration filters controlled by stepper engines are 

employed in the setup for calibration in the direct thickness calibration method [1], [2]. 

A custom uniaxial loading device was specifically designed and developed for mechanical testing with 

simultaneous X-Ray observation of the specimen structure during loading. For this purpose the 

cylindrical chamber accommodating the specimen was manufactured from high-strength reinforced 

carbon fibre composite with very low X-Ray attenuation (comparative to less than 30 µm of aluminium). 

The specimen chamber is connected with the upper part containing the loading mechanism and a 

loading platen equipped with a load-cell. The loading is provided by a stepper motor with harmonic drive 

and ball-screw actuator attached to the frame with loading capacity up to 25kN [3], [4]. 

MECHANICAL LOADING TEST 
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EVALUATION OF VOLUME FRACTION AND GEOMETRICAL ARRANGEMENT 

A visualization of the sample — millimeter scale. Projections captured during loading: crack evolution. 

Load-displacement diagram. Absolute difference images between CT’s. 

3D visualization of the crack propagation within pores. 

Visualization of the volume fraction of the single phases. 

Wires orientation analysis Cut wire reinforced concrete sample 

CONCLUSIONS 

In relatively large volume, tomography as a non-destructive method provides detailed information about volume fraction of the 

single phases, their geometrical shape and arrangement in a system including the pores, interaction of individual phases and 

properties of their contact. For the needs of mechanical testing dynamic defectoscopy and tomography is advanced tool to 

obtain information about generation and propagation of cracks and evaluation of fracture process zone behaviour during 

mechanical loading.  
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The tomographic data were acquired and reconstructed using Fraunhofer software Volex 6 developed by the Fraunhofer Devel-

opment Center X-ray Technology EZRT in Fürth, Germany. The images were generated utilizing Fraunhofer software Volume 

Player Plus and Volume graphic software VGStudio MAX.  


