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Abstract: X-ray microfocus computed tomography (CT) is a powerful tool in the 3D visualization 
of fracture initiation and propagation in brittle materials, based on the attenuation of X-rays. Aim of 
this paper is to present the experience obtained at the Building Materials and Building Technology 
research group in using CT for the experimental study of failure mechanisms in brittle construction 
materials during three test programs, focusing on following issues: (i) triaxial behaviour of mortar 
joints, (ii) effect of pore saturation on micro fracture in sandstone and (iii) influence of flow 
distance on fibre distribution and orientation in fibre reinforced concrete. The resolution limit of the 
applied system is in the order of micro meters (microCT). Common goal of the presented 
experimental programs was to analyse the material’s inner structure and fracture propagation at 
microscale, in support of studying local failure mechanisms and developing numerical models. For 
each test program, setup optimization and resulting failure modes will be discussed. Several types 
of in-house-made loading stages were applied for observation of step-wise induced failure 
mechanisms. As a general conclusion, most test results supported the theoretical framework 
relevant to the effects of varying conditions (relative stiffness, pore saturation, viscosity) on the 
observed failure modes. However, sample size / image resolution balance remains an important 
focus point. Additionally, future research is briefly discussed, in relation to the experience gained in 
the described test programs.   
 
 

1 INTRODUCTION 

X-ray Computed Tomography (CT) is a 
non-destructive observation technique that was 
initially implemented in the medical field but 
has found its way into materials research [1]. 
The technique allows to visualize the inner 
structure of a non-transparent specimen, based 
on the attenuation of X-rays [2]. It can be used 

to study the internal structure of porous 
building materials such as mortar, bricks, 
concrete paste and natural stone [3-6]. In 
medical applications, a scanner-detector 
system rotates around an object while in 
applications of microfocus CT or microCT, the 
object rotates and the scanner-detector system 
remains immobile. 
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further as the volume would no longer be 
representative for low quality Diestian 
ferruginous sandstone. This sandstone type 
contains grains and coagulated fragments 
having a size up to 1 mm, only 10 times 
smaller than the chosen specimen diameter. 

3.3 Results 

As a result of the microCT tests, horizontal 
slices were obtained which show the inner 
structure of the ferruginous sandstone samples 
during the stepwise compression tests. 
Representative microCT results of a dry, 
Brusselian sandstone and saturated, low 
quality Diestian sandstone sample are 
presented in fig. 5. An indicative porosity 
value, as calculated form the scan images, is 
indicated below each image. Also the related 
stress-axial strain curves with an indication of 
the scan moments are presented. In these 
graphs, the small stress increase during 
fixation of the cap of the load cell and stress 
losses due to relaxation during scanning are 
not shown, since they could not be recorded 
with the applied setup [15]. 

The ‘paired’ compressive tests indicated a 
decrease of 40-60% in compressive strength 
for the saturated samples, with a larger 
decrease for the lower quality test specimens. 
Comparing the results of the stress-strain 
curves and from the microCT images, it is 
observed that the saturated samples show a 
less brittle behaviour with a more progressive 
crack growth smeared out over a longer time 
period, compared to the dry test specimens. On 
the scans of the saturated samples, the crack 
initiation and growth was observed in an early 
stage during the compression test. The effect 
of saturation was thus quantified by comparing 
results for dry and saturated samples of the 
same sandstone quality. In addition, the 
influence of cementation degree, grain size 
distribution and clay content was observed 
when comparing results from different 
sandstone qualities. 

In general, the scan resolution was not 
sufficient to observe the very initiation of 
micro cracks and the behaviour of the clay 
minerals. However, crack propagation, quartz 

grains (0.1-1 mm), coagulated clay fragments 
and relatively large pores could be 
distinguished on the microCT results. 

 

4 THE INFLUENCE OF CONCRETE 
FLOW ON SPATIAL DISTRIBUTION 
AND ORIENTATION OF FIBRES IN 
STEEL FIBRE REINFORCED SELF-
COMPACTING CONCRETE 

4.1 Problem statement 

Steel fibre reinforced self-compacting 
concrete (SFRSCC) combines the benefits of 
self-compacting concrete (SCC) in the fresh 
state with the enhanced performance of fibre 
reinforced concrete (FRC) in the hardened 
state. For the design of structural elements, 
fibres are often assumed to have a 
homogeneous and isotropic reinforcement 
contribution [17]. By better understanding the 
mechanisms that influence the spatial 
distribution and orientation of the fibres, it is 
possible to increase the number of applications 
where SFRSCC is an economically 
competitive solution.  

The distribution and orientation of the 
fibres is of great interest since the residual 
tensile strength and the toughness of the 
composite material is proportional to the 
number and the orientation of effective fibres 
bridging a crack. Therefore, the influence of 
the flow distance on fibre distribution and 
orientation is investigated in SFRSCC by 
means of X-ray computed tomography [18].  

4.2 Test setup 

Two steel fibre reinforced self-compacting 
concrete mixtures are investigated in this 
study. Both self-compacting concrete 
compositions are designed so as to obtain SCC 
mixtures with a similar flowability but a 
different viscosity (and compressive strength) 
in order to examine the impact of this viscosity 
on the flow-induced fibre orientation and the 
spatial distribution of the fibres. The mixture 
proportions can be found in [18]. The fibre 
content is kept constant at 30 kg/m3 (≈ 0.38 
vol%) of hooked-end steel fibres. 
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Secondly, results obtained by microCT will 

be applied to evaluate numerical models, such 
as discrete element models which are currently 
under development. For this purpose, the 
results of the microCT tests on ferruginous 
sandstone (second test program) can be 
applied. The setup of the X-ray scanning on 
masonry couplets will be further optimized 
and scans will be repeated with higher 
resolution in the framework of an ongoing 
project which focusses on the influence of 
different brick–mortar compositions on the 
failure modes of masonry under compression. 
The models under development are required 
input in further research in advanced 
numerical modelling to couple the mechanical 
behaviour at the material level with the 
structural performance at the component level. 

 

6 CONCLUSIONS 

Microfocus X-ray computed tomography 
offers interesting possibilities to visualize the 
inner structure of materials and to observe 
failure mechanisms. In this paper, three studies 
of the Building Materials and Building 
Technology research group of the KU Leuven 
were presented. For each test program, setup 
optimization and resulting failure modes were 
discussed. Sample size, image resolution, 
combination with acoustic emission data and 
strain mapping as obtained from microCT and 
from numerical modelling are the most 
important focus points in the development of 
future research programs. 
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