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Abstract: The machine-made sand concrete has been widely used in building engineering and its
fracture characteristic is a research focus in the world. White light digital image analysis in
frequency domain has the advantages of whole-field, non-contact measurement and the simple
measuring system and can obtain displacements by frequency domination correlation arithmetic. In
this paper, the method was introduced to study fracture characteristics of machine-made sand
concrete. The results show the usability of the method for studying fracture characteristics of
machine-made sand concrete.

1 Introduction

Because of low cost and enough strength, the machine-made sand concrete has been widely used
in building engineering and attracted many researchers to study its material behaviors which mainly
includes mechanical and chemical behaviors[1-2]. But few papers show its fracture charactersitics
which is very important for the safety of whole structure of building.

White light digit image analysis in frequency domain is based on white light speckle method and
digital image coherent analysis in frequency domain. The images before and after deformation are
recorded by CCD camera and analyzed in computer to obtain the displacements of measured
fields[3-4].

Because of the advantages of this method, in this paper, white light digit image analysis in
frequency domain was introduced to study fracture characteristics of machine-made sand concrete.

2 Principle of white light digital image analysis in frequency domain

CCD camera was used to record gray images before and after deformation and analyze them in
computer to obtain the displacement information. A small region in images is considered that the

displacements of the small region are equal. Let o denote the gray distributions of one

point. % (X ¥) js the location before deformation of specimen (X% Y)is the corresponding

0, (X,y) =S (X+U,y +V)

location after deformation and as shown in Fig.l. d s the

displacement vector, € is included angle between d and Xaxle.

Fig.1 small region before and after deformation
g is the sum of light intensity before and after deformation and we can obtain

g(x,y) = (X, y)+,(x+dcosd,y+dsin ) @)
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According to Eq. 1, Fourier transformation is used to obtain the spectrum
G(X,Y):ZGO(X,Y)a+eXp04ﬂ(2i6» (2)
where  Gy(X,Y) =35, (x, )} = [[5,(x y)exp(-27i(xX +yY))dxdy=1 ., K} is  Fourier
transformation, (x,y)is the coordinate on object plane, (X,Y)is the coordinate on spectrum plane.
0,(x,y) and G,(X,Y)denote the gray distribution of small region in images and its Fourier

transformation respectively.  is the coordinate vector on spectrum plane.
The distribution of light intensity on spectrum plane can be obtained

| =G"G = 4cos’[(r-d)] 3)

According to Eq.3, when7("*d) =n7 I can pe its maximum; when7(r-d) =(N=1/2)z | j5 the
minimum.
A series of parallel fringes can be shown in the form of image.
n bright fringe

rd= n=0,+1,+2,... 4
n —% dark fringe ( ) “

We consider that the displacement of every point in small region is equal. Nand N'=N+1
denote fringe values of adjacent fringes and we have
rg.d=N,r,,,.d=N+1.

So d=(N+1)-N)/(r,,—r,) and

d=— (5)

where Ar is the fringe separation.
Clearly, the displacement vector is vertical to the fringe direction and its magnitude can be
obtained according to Eq. 5.

The imaging lens in CCD is used when images are recorded, so the real displacement dr js

d 1
=—=— 6
T M Mar ©)
where M is image multiple.
According to domination transformation theory, we have
Ar=—1_AK @
Lced
where Lccd is target dimension of CCD, AK is pixel number between the fringes.
Substitute Eq. 7 into Eg. 6 and we obtain
Lccd
d, =—— 8
TS M AR (8)

u,vare the components of d,on x,y axle respectively.

3 Experiment

The specimen is a rectangular machine-made sand concrete and its dimension is
160mm x 40mm x 40mm

The specimen is precracked and the length of crack is 6.2mm. The surface of the specimen was
sprayed with speckle for enhancing its surface characteristics. It is fixed on the experimental
machine and the loading method is three-point bending load as shown in Fig.2.

CCD camera used is MV-AD040SC and was placed before the specimen as shown in Fig.3.
Before and after loading, the crack-tip field images were recorded by CCD camera.

596



CCD camera
[ ] «— | shot field
T cralck T specimen \:]
£ £
2 2 computel'
Fig.2 loading method Fig.3 recording system

4 Experimental results

The images of crack-tip field before and after loading were recorded by CCD carema and input
into computer as shown in F|.4 )

(a) before Ioadlng (b) after Ioadlng
Fig. 4 the images of crack-tip field
A part of the images before and after loading were elected as the measured field. The
displacements of the measured field were obtained using white light digital image analysis in
frequency domain and shown as follows.
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Fig. 5 the displacements of measured field

The # displacements were chosen to calculate | type crack tip stress intensity factor K,
according to the formula

1+‘”K \F[(Zk l)cos——cos 9],

and we obtained the average value X, :0.0546MPaJE . Compared with the theoretical value

0.0517MPa+/m , the error is enough little and the usability of white light digital image analysis in
frequency domain is proved.
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5 Conclusions

In this paper, white light digital image analysis in frequency domain was introduced to study the
fracture characteristics of machine-made sand concrete. The images of crack-tip field of the
specimen before and after loading were recorded using CCD camera and input into computer. The

displacements of measured field were obtained. and then | type crack tip stress intensity factor Ki
was calculated. Compared the experimental results with the theoretical ones, the usability of white
light digital image analysis in frequency domain for studying the fracture characteristics of
machine-made sand concrete is certified.
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