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Abstract. The paper deals with the analysis of the fractal dimension of 
fracture surfaces of concrete specimens tested in a three-point bending 
configuration. Fifteen representative specimens were chosen out of a 
bigger set for the fractal dimension analysis. Their fracture surfaces were 
scanned by 2D optical profilometry and analysed by the FracDiM software 
created in the Java programming language. The resulting values of fractal 
dimensions for specimens of three different sizes are presented. 

1 Introduction  

The aim of this paper is to analyse the geometrical properties of fracture surfaces of 
concrete specimens tested in a three-point bending (3PB) configuration [1]. This type 
of test is characterized by a higher level of constraint at the tip of a propagating crack. The 
presented study is a part of the research focused on the development of a complex 
multilevel approach to experimental–computational determination of mechanical fracture 
parameters of concrete, which is a typical and frequently used quasi-brittle material in civil 
engineering practice. A total of 42 specimens of different sizes, depths of notches and test 
configurations were tested in a laboratory. Half of the specimens were tested in 3PB 
configuration with the size ratio of 1:3. This set consisted of specimens with three different 
nominal sizes and two depths of notches –or three for the smallest specimens– designated 
as shallow “S”, middle “M” and deep “L”, see Table 1. Fifteen representative specimens 
were chosen out of this set for fractal dimension analysis. Their fracture surfaces were 
scanned by 2D optical profilometry [2, 3, 4] and analysed by the FracDiM software [5], 
created in the JavaTM [6] programming language. The software provides the values of 
fractal dimensions D [7, 8, 9] for each scanned row, which is perpendicular to the direction 
of the evolving crack. 

2 Test Specimens  

A total of 15 fracture surfaces of 15 tested specimens were selected for the fractal 
dimension analysis. All specimens (Fig. 1) have the same breadth of 100 mm, but they 
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differ in depth and length. Nine specimens are of small size (with the depth of 100 mm), 
three of them are of medium size (200 mm) and three of them are of large size (300 mm). 
The notch depths relative to the specimen depths were 0.2 (S), 0.33 (M) and 0.5 (L). The 
length of each specimen is four times its depth. Their nomenclature is listed in Table 1. The 
name indicates the size of the test specimen accompanied by the notch size and order 
number (three samples of each notch size were tested). The last letter of the name indicates 
which half of the fractured specimen was analysed (A or B), e.g. the specimen with 
nomenclature B_100_M_2_B has a depth of 100 mm, middle size of initial notch, it is the 
second specimen from the set and for fractal analysis its part B was used. All specimens 
were made of C30/37 concrete with maximum aggregate grain size of 16 mm. 
 

 
 

Fig. 1. Set of test specimens differing in length and depth with different initial notch sizes (notch size 
range is visible as white rectangle). Adopted from [10]. 
 

Table 1. Nomenclature and nominal sizes of test specimens. 

width in mm notch size nomenclature 

100 

S 
B_100_S_1_A 
B_100_S_2_B 
B_100_S_3_A 

M 
B_100_M_1_B 
B_100_M_2_B 
B_100_M_3_A 

L 
B_100_L_1_A 
B_100_L_2_B 
B_100_L_3_A 

200 L 
B_200_L_1_A 
B_200_L_2_B 
B_200_L_3_A 

300 L 
B_300_L_1_B 
B_300_L_2_A 
B_300_L_3_B 

3 Optical Profilometry in 2D  

The determination of the fracture surface profiles was done by optical profilometry, which 
is widely used in a number of industrial applications nowadays. It is a non-destructive and 
non-contact method which serves for the analysis of changes in a surface plane (in a way of 
spatial analysis). A laser 2D profilometer generally operates with a defined wavelength 
semiconductor laser and uses the principle of laser triangulation for two-dimensional profile 
detection on different target surfaces. The diffusely reflected light from the laser line placed 
above the specimen is replicated on a sensitive sensor matrix by a high-quality optical 
system and evaluated in two dimensions. The obtained output are the values in a two-
dimensional coordinate system (an array which contains values of “depths” in the scanned 
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plane). The distance of 50 μm was selected between the scanned lines, and the spacing 
between adjacent points was also set to 50 μm within one line. A typical illustration of the 
cracked ligament area during scanning is depicted in Fig. 2 where the test specimen is lying 
on a moving table. 

 

 
 
Fig. 2. Typical process of laser optical profilometry. 
 

The image of the scanned test specimen ligament B_100_S_3_A is shown in Fig. 3. Each 
row of fractal analysis of interest is parallel to x-axis and the rows are distanced from each 
other along y-axis by 50 μm. 

 

 
Fig. 3. Image of the scanned area of interest of ligament’s profile, dimension z represents depth. 
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4 Evaluation of Fractal Dimensions 

The data of all scanned lines (their depths given by z-axis from Fig. 3) served as inputs to 
the FracDiM software, developed in the JavaTM programming language. Its name represents 
the key words Fractal, Dimension and Measurement. It serves for calculating fractal 
dimension values from the specimens’ scanned lines. The walking divider method [11] was 
used together with the adjustable arc length dimension and transformation according to [7]. 
The software processes fractal dimensions sequentially (row by row) and is also able to 
provide error of its calculation. The results of the fractal analyses for all the selected 
specimens were compared and examined with respect to the specimen sizes and depths 
of notches (three different sizes). In the following section the results for specimens with the 
deepest notch are presented. 

5 Fractal Dimensions Discussion 

The following graphs are used (Figures 4 to 6) in order to display the differences of fractal 
dimensions between the individual rows of a ligament. In all three figures, the horizontal 
axis represents the row number. It starts at a zero value, which denotes the origin of the 
crack (zero value of y-axis in Fig. 3). The vertical axis is the value of the fractal dimension 
D (note that the value D = 1.0 corresponds to the fractal dimension of a line). A comparison 
of the results for three ligaments of the test specimens with the depth of 100 mm and the 
same notch size (the longest one) are displayed in Fig. 4. The maximum value of D is 
1.0615 (in the case of B_100_L_3_A, standard deviation 2×10-4) and the minimum value is 
1.0129 (in the case of B_100_L_1_A, standard deviation 1.1×10-4). Certain sections of 
“peak” values for every specimen can be seen. It indicates the places where the profile of 
the ligament is not smooth. 

 

 
 

Fig. 4. Fractal dimensions of specimens with the depth of 100 mm and the longest notch used. 
 

Similar trends can also be seen in Fig. 5 and Fig. 6 which depict the results for the 
specimens with the depths of 200 mm and 300 mm with the longest initial notch. There are 
a number of peaks with a higher fractal dimension. The first parts of both graphs show that 
the same trend and noise of D values is not so high. After this region, there is a fluctuation. 
During three-point bending tests, stress distribution at the peak of the initial notch is 
completely in tension. After a crack occurs, there is a redistribution of stress and movement 
of the neutral axis of stress. It can change the structure of the cracked ligament. In general, 
although the fractal dimension values vary from row to row for different specimens, 
corresponding to the different shapes of their fracture process zones, the differences 
between specimens are relatively small. 
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Fig. 5. Fractal dimensions of specimens with the depth of 200 mm and the longest notch used.  
 
 

 
 

Fig. 6. Fractal dimensions of specimens with the depth of 300 mm and the longest notch used. 
 

6 Conclusions  

It was shown that it is possible to obtain the values of fractal dimensions along an evolving 
crack with very small standard deviations for scanned surfaces of cracked ligaments. 
However, no significant trend was found. Outlook of this pilot study is to add to the 
existing results for the rows perpendicular to the crack propagation, and also the analysis 
results for other directions, which may help to locate the places of interest (e.g. missing 
aggregate, damaged areas and degradation of material). This study opens certain venues for 
future research on different loading modes of test specimens with quasi-brittle matrices. 
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