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specimen 𝝈max 
(MPa) 

𝑬 
(GPa) 

𝝊 
(-) 

UP1-40 % 90.2 54.5 0.21 
UP2-60 % 135.1 54.1 0.24 
UP3-80 % 180.2 54.5 0.18 
UP4-BF 244.7 52.5 0.35 
UP5-AF 209.5 52.0 0.22 
UP6-afterF 215.6 51.7 0.18  

 

Fig. 2 Results of UCS tests. Left: Stress-strain relations of uniaxial deformation until termination. Right: Maximum axial 
stress 𝜎max, Youngs´s modulus 𝐸, and Poission´s ratio𝜐 of specimens loaded to 40 %, 60 %, 80 % of UCS, immediately 
before (BF), at (AF) and after failure (after F). 

3.2 Microstructural analysis 
In the reference specimen, 93 cracks were identified, most of which exhibit a sub-horizontal 
orientation. Crack lengths vary between 13 µm and 541 µm, with the maximum frequency occurring 
in the interval from 55 µm to 60 µm (Fig. 3). The mode representing the most frequent crack length 
after fitting a log-normal distribution is 48 µm. The total number of cracks increases with increasing 
axial stress (Fig. 4). A significant increase can be seen as the granite approaches its UCS. This applies 
to both tensile and shear cracks. The ratio of number of tensile to number of shear cracks increases 
from 0.15 to 1.04 (Fig. 4 b). At 40 % of the UCS, the orientation of the cracks is still largely similar to 
that of the reference specimen. With increasing maximum axial stress, tensile cracks increasingly 
dominate (Fig. 4Fig. 5). 

 
Fig. 3 (a) Frequency distribution of crack orientations in thin section of the Padang granite reference specimen. Radial axes 
are normalised to total crack number and radial scale ranges from 0 to 0.1. (b) Frequency (number of cracks) distribution of 
crack lengths (tensile and shear) in intervals of 5 µm. 

 
Fig. 4(a) Total number of cracks and (b) ratio of number of tensile to shear cracks in thin sections of Padang granite 
specimens uniaxially deformed up to different stages. 
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Fig. 5 Frequency distribution of crack orientations in thin sections of Padang granite specimens uniaxially deformed up to 
different stages. Radial axes are normalised to total crack number in each specimen and radial scale ranges from 0 to 0.1. 

Histograms of crack length distributions show a log-normal distribution for all specimens, an increase 
in the total number of cracks across most length intervals and an increase in maximum crack lengths 
from 2.0 mm to 5.8 mm (Fig. 6). The mode (most frequent crack length) shows an initial increase with 
increasing axial stress, which, however, is predominantly attributable to the first 60 % of the axial 
stress and already approximately twice as large as in the reference specimen at 40 % of the UCS (Fig. 
7a). Crack density and crack intensity also increase, in accordance with the increasing number of 
cracks (Fig. 7b, c). 

 
Fig. 6 Frequency distribution of crack lengths (tensile and shear) in intervals of 50 µm in thin sections of Padang granite 
specimens uniaxially deformed up to different stages. 

407



   Eurock 2026, Skopje, RN Macedonia 
 

 
 

 
Fig. 7 Mode of log-normal crack length distribution, crack density, and crack intensity in thin sections of Padang granite 
specimens uniaxially deformed up to different stages. 

4 Discussion 
The crack inventory of the investigated granite specimens shows a clear correlation between applied 
maximum axial stress and development of microcracks. As stress increases, the number, density and 
intensity of the cracks increase. The development in modal crack length with increasing stress 
indicates that damage is controlled by the growth and coalescence of microcracks. The subsequent 
flattening of the mode shows that, regardless of a further increase in stress, the dominant microcrack 
length remains constant, pointing to crack interaction at stresses as low as 60 % of UCS rather than 
further growth leading to macroscopic failure. For the systematic recording of the crack systems, only 
cracks filled with blue-coloured epoxy resin were considered and digitised manually using complete 
thin section images allowing to create a consistent and statistically reliable data basis. To minimise 
interpretation bias, all cracks were identified by a single person and analysed only after the entire data 
set had been recorded. The data set clearly shows the relationship between stress and microstructural 
crack development and offers potential for the calibration of numerical models. 

5 Conclusion 
This study presents a quantitative microstructural analysis of thin sections prepared from uniaxially 
tested granite specimens that were subjected to different stress levels. Crack properties were 
systematically related to increasing maximum axial stress. Total number, length, density and intensity 
of cracks increased with increasing stress, and a transition from shear- to tensile-dominated crack 
inventory was observed towards failure. Tensile cracks control the macroscopic failure of granite in 
uniaxial experiments, whilst dominant crack length does not change significantly beyond 60 % of 
UCS. A thorough microstructural analysis of the crack inventory is a direct and promising approach to 
quantify and better understand the mechanisms leading to macroscopic failure. 

Aspects of this work were performed within the projects BeNuQuA and MicroBeNuQuA (funded by 
the Swedish Radiation Safety Authority SSM, Sweden), and AGENS (funded by the German 
FederalMinistry for Economic Affairs and Energy). We acknowledge the support for our research. 
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