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Abstract. Fractal dimension is one of the parameters for characterizing the fracture surface of
materials quantitatively, and is also the basis for analyzing the fracture mechanism of materials, so
it is very important in mechanic of materials. In order to improve the efficiency of calculation on
fractal dimension of fracture surface of materials by triangular prism surface area method (TPSAM),
a program for TPSAM based on Matlab 7.1 was compiled and verified by using of two different
samples. The results indicated that the program was easy to be read and operate, and the calculated
fractal dimension of the samples was in a range from 2 to 3. Therefore, the program was accurate
and could be used widely.

1.Introduction

The mechanical properties of material are determined by its internal micro structure and
experimental conditions, and the micro structure and the experimental conditions also affect the
morphology of fracture surface of material. The researchers could study the relationship between
the micro structure and the mechanical properties of the material by analyzing the characteristic of
the fracture surface of the material. Therefore, how to characterize the morphology of the fracture
surface of the material correctly and effectively was taken attention widely for a long time, and the
researchers put forward many characteristic parameters. The parameters could be divided into three
types. The first type is the qualitative characterization by the terms of the smoothness, flatness,
coarseness, etc., thereby the fracture mechanism of material could be described as the brittleness,
toughness and the combination with brittleness and toughness. The second type is statistic
parameters including two dimensional parameters based on surface profile curve and the statistics
and the three dimensional parameters based on the statistics [1]. The third type includes the
roughness index including the roughness indexes of the profile curve of fracture surface and the
ones of the fracture surface [2]. The parameters mentioned above had shortcomings of themselves.
For example, the quantitative parameters can not evaluate the objective characteristics of the
morphology of the fracture surface of the material, the number of the traditional statistic parameters
and the roughness indexes of the fracture surface is too large and they are unstable [3].

The fractal theory was founded at the end of the 70s and early 80s in last century by Mandelbrot.
The theory can be used to observe the fine structure hidden in the confused phenomena by using the
similarity principle. So it is a new method for people to comprehend the world from the locality to
the global. In 1984, Mandelbrot proposed firstly that the morphological characteristic of the fracture
surface of the metal material could be described by the fractal theory [4]. With more than 30 years’
development, the fractal theory had been used to characterize the engineering surface, interface, and
the the morphological characteristic of the fracture surface of the different material quantitatively
[5~11], and at the same time, many methods used to measure the fractal dimension were proposed,
which can be divided into two classes. The first one is indirect measurement method including the
Secondary Electron Beam Scanning Method(SEBSM), the Vertical Section Method (VSM), and
Silt Island Method (SIM), the second one is direct measurement method that includes the Pixel
Covering Method (PCM) [12-13], The Projective Covering Method (PCM) [14] and Triangular
Prism Surface Area Method (TPSAM) [15] etc..Among them, the TPSAM is earliest method and is
widely used based on the grey image. Many researchers wrote the calculating procedures for the
method to improve the calculating efficiency based on the C procedure language [16-17]. But, the
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source codes of the C procedure language is too long, always more than 300 procedure statements,
and its operation efficiency is relative low [15].in this paper, the authors wrote the calculating
procedures based on the Matlab 7.1 for shortening the procedure statements and improving the
operation efficiency.

2.The basic principle of TPSAM

The measuring principle was show in Figure 1(a) and Figure 1(b). The sign A and B in Fig. 1
represents the true fracture surface and projective network covering the true facture surface
respectively.

S j+l)

(a) (b)
Fig.1 the TPSAM: (a) The projective network, (b) the projective grid
If one chooses the grid abed (a, b, ¢, d point is the vertex of the grid respectively) with size 6*d
to cover the facture surface at k time, and h(i,j+1), h(i+1,j+1), h(i+1,j) and h(i,j) are the height of
the points a, b, ¢ and d, respectively (as the Fig.1b shows) . Four triangles S1, S2, S3, S4 are used to
instead of the true coarse morphology of abcd. Then one can calculate the area Sij of the coarse
surface enclosed by the projective grid of the abcd. If the number of the projective grids is N(3) and

to calculate the surface area of the zone 6*3, one gets the total surface area[15] :
N(5)

S(§)Zzsi,j (1)

i,j=1
Then, the fractal dimension of the fracture surface can be calculated by the following equation
[15]:

{i+1. j+1)

S(8) oc 57 (2< D, <3) )

If taking a bi-logarithmic system for the Eq.2, fitting the data linearly, and letbe the slipe of the
linear « , one can get:

D, =2-« 3)
3.The calculation method based on Matlab 7.1
3.1 The theoretic fundaments of calculation

In gray scale image, each pixel stands for a sampling color, and the image normally displays
from the darkest black to the most the brightest white. In the corresponding matrix, a number from
0 to 255 is used to represents a pixel, O represents the color of black, and the 255 white. The Fig.2
shows the one portion of the gray scale image, and corresponding matrix is shown in the Fig.3.
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Fig .2 gray scale image

is S(8).Lastly, one can get the fractal dimension according to Eq.2 and Eq.3.

3.2 Calculation steps

The block diagram for the calculation program for surface fractal dimension by TPSAM is shown in

Fig.4.

Read the original image

'

Convert the original image to gray scale image

v

Transform the gray scale image to data document

v

0=2

d is less than setting value z

Extract the all of the matrix k*k,
calculate the whole surface area S(o)

y

6=+l
|

v

Take a bi-logarithmic (Igd, 19(S(9))),
fit the data linearly, and get the Dg

Fig.4 the calculation program for surface fractal dimension by TPSAM
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Fig.3 matrix of the gray-scale image

When the TPSM is used to measure the fractal dimension of the gray scale image, the size of the
projective grid (as in Fig. 1(a) shows) can be instead of by the number of pixels. For example, the
pixel matrix 5*5 represents a projective grid; to change the size of the projective grid can be
realized by changing the dimension of the pixel matrix. As calculating in the computer, one can
extract the four vertexes of the each matrix 5*5 firstly, and then gets the surface area of each
projective grid N(5) and the whole surface area S(5) of all of the matrixes 5*5. If the dimension of
the pixel matrix is 10, the number of projective grid is N(10), and the whole surface area is S(10). If
the dimension of the pixel matrix is 6, the number of projective grid is N(5),the whole surface area




The main steps are following:
Stepl: Input the image took by the Scanning Electron Microscope (SEM) into the computer.
Step2: Read the image by the software Image Pro-Plus (IPP).
Step3: Delete the irrelevant information in the image such as the label, the ruler, and the date, and
So on.
Step4: Open the Matlab 7.1 and write the procedure according to the principle of the TPSAM.
Step5: Simplify the procedure and calculate the fractal dimension.

4.Case study

The procedure based on the Matlab 7.1 was used to calculate the fractal dimension of fracture
surface of two different material samples (sample 1 and sample 2) in order to verify its accuracy.
The SEM images of fracture surface of the different materials were shown in Fig.5 (a) and (b).
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Fig.5 the SEM images of fracture surface samples 1 and 2: (a) sample 1, (b) sample 2

Early in 1978, Sayles believed that the surface morphology is a non-stationary random process.
From Fig.5 (a) and (b), we could find that the morphology of the fracture surface of sample 1 and 2
is not flat. That is to say, there are so many ups and downs. So, the traditional statistic parameters
could not characterize the randomness and the detail feathers. The parameter fractal dimension
makes it possible that the fracture surface toughness can be characterized quantitatively, and the
difference among the different fracture surface can be distinguished easily [5, 12-15]. So, the
fracture surface fractal dimensions of sample 1 and 2 were calculated by using the calculation steps
in Fig.4. When the setting value Z is 100, the calculated curve of fractal dimension of fracture
surface of samplel and 2 were shown in Fig.6 (a) and (b):
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Fig.6 the fractal dimensions of samples 1 and 2 as Z is 100: (a) sample 1, (b) sample 2
It can be seen from Fig.6 (a) and (b) that the digital points (-1gd, lg S(3)) are almost linear. In
order to investigate the fractal characteristic of the fracture surface of the material at the different
level, the paper considered the relationship between the fractal dimensions, correlation coefficients
R of least squares linear regression analysis and the setting value Z, as Fig.7 (a) and (b).
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Fig.7 the fractal dimensions of samplesl and 2 at different Z value: (a) sample 1, (b) sample 2

The Fig.7 (a) and (b) indicated that the calculated fractal dimension is in a range from 2 to 3.that
is to say, the procedure wrote in this paper based on the Matlab 7.1 could calculate the fractal
dimension accurately. From the Fig.7 (a) and (b), we could also know that the fractal dimension and
the R decreased with the increasing of the setting value Z, and as the Z is larger than certain number,
the R is less than 0.95.this is reason that fractal characteristic of the fracture surface and engineering
surface is limited, when calculating the fractal dimension, if the measuring size is less or larger than
a certain value, the calculating results would deviate the true value [15-18].

Conclustion

The procedure was easy to be read and operate, and the calculated fractal dimension of the
samples was in a range from 2 to 3. Therefore, the program was accurate and could be used widely.
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