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Abstract 
Based on a three-dimensional spatial measurement, several parameters to 
analyze quantitatively features of fracture surfaces different types of 
cementitious composite materials are presented. The parameters are ratio 
of real surface area to the projected area, interface area, orientation of 
facets in the fracture surface, surface fractal dimension, and line fractal 
dimension. Then the fracture properties and resisting mechanisms are 
discussed with relation to these parameters. 

1 Introduction 

It has been generally accepted that crack growth in concrete is associated 
with a nonlinear region in front of crack tip, called fracture process 
zone (FPZ), but detailed mechanisms are still ambiguous. While 
fracture energy has been found to be a nonlinear fracture mechanics 
parameter to the crack resisting properties concrete, G F is 
defined as the energy absorbed to create a unite area of projected 
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surface 1985). Studies on such as the crack face 
AA~,_, .... ,,,_, in concrete by Van Mier (1991), microcracks in terms of three­

....,,,_u_ ... u.., .. 'V' .... by Mihashi and Nomura (l 992a), 
X-ray technique by Otsuka (1994) suggested 

occurred inside the final 
specimens and that topological measurements 

to characterize the whole fracture 
However, researchers often experience that 

amount of is usually gained in concrete whose fracture surfaces are 
rough. Sometimes cause of large fracture energy is explained by 

_.,,",..,,,1,...,...,"'U.,l,l!F, real fracture surface, though any qualitative studies have 
yet. It mean that a certain information about 

properties is in the features fracture surfaces. 
( 1989) showed the fractal dimension is 

............. ,, ........ """,,,,,,,, and glass-ceramics. 
is to study parameters which can ..,,. .............. JI,_._ 

characteristics of in the fracture surf ace such as ratio of 
>JY,JLJL ....... ,..,, area to the projected area, interface area, orientation of facets in 

2 

surface, surface fractal dimension, and line fractal 
as well as distributions of these parameters. 

surfaces 

surface 
is measured by means of a 

displacement censor 1) at intervals 0.2 or 0.4 mm which 
constructs a fracture surf ace map as triangular network of 251 x25 l 

2) to digitize realistic fracture surface. 
it is hardly possible to characterize features of fracture surfaces 

concrete excluding influence of aggregates in order to study 
mechanism, information of aggregates is essential to 

means of a video camera, the photographs are input into 
processing apparatus in which the analogue information of 

mm2 is transformed 800x800 picture elements to 
image information. Then on the basis of 

... ., ....... Jl,J_._._, these images are correlated to the mesh 
treatments relate location, shape of mortar-aggregate 

broken aggregates to the surface map. 
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laser displacement 

u s 

sensor 

1 Measurement Fig.2 

surface area 
basic problem true magnitudes 

nonplanar fracture is elevation information 
a fracture surface must be In case of cementitious ...,.._,, .......... ...,,._, ........... 

materials, the summation areas of triangular elements 
estimation fracture surface area. Although this procedure 
fracture surface area to be it is essentially no more 

of irregular fracture 
..,. ............ ..,. .................. measured area of same fracture surface 

interval size decreases. 

measurements become .......... ,., .... "" ........ ,..,,,_,..,...,..., 
measure complex curves and surfaces. There is a way, 
measure the degree of the complexity by evaluating how fast 
or surface area increases the measurement 
smaller scales. The is to assume that the two '"" ..... u. ............. JL....,...,, 

- i.e. length or surface, and scale - don't vary arbitrarily 
related by a law. The which seems to be relevant 

the form y ex xn and exponent is called fractal .............. .,., .... ._, .... ..., ..... 
Surface determined by eq.( 

=So· 

Ds-2 
2 

.... .,., ..... , ..................... .,.,'"'"by eq.(2). 

where 11 is the mesh to measure, S(112) is the area and 

(1) 

length measured with the mesh size 11 , So and Lo are constants. 
represents the roughness of a profile, while Ds 
properties of the whole this study, variation 
measured for scanning lines two directions on the 
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besides Ds. 
applied to 

• S(11)=3200mm2 11 =Imm 

present 

,-..... 
N 

~ 
'-' 
ti) 

S(TJ)=4242mm2 

counting ........... ,, ......... ._,, ...... 
dimension, the accuracy 

(mm2) 
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Fig.4 Scanning lines for fractal dimension 

..... ...,.._..IL ............. ~ in Fig. 5. 
every 5 meshes in this 

..,, ............ ._, ... .., simple relationships 
surface roughness 

finest mesh 

a facet 
angles e 

mean values 

the fracture surf ace is very rough, angle e distributes 
closely to 90 ° . On other hand,8 is .............. Ul'U''-'" 0 ° when the fracture 
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behavior is the surface very flat. facets are 0 ° 
the whole mode is purely Mode I. If ........ ..__,Ll .. ...,~ mode 
locally occurred the fracture process. 

Angle <1> shows the orientation cracking. 
is observed 
the probability ............... '-" ..... 

may be subdivided three patterns as 
related to a brittle fracture, pattern 
uniformly distributed inclusions, pattern 
deflection caused by quite heterogeneous structures. 

¢ =270° ¢ 90° 

=>~ 
'-----~ 

~~~~~~ 
-180-90 0 90 180¢ -180-90 0 90180 ¢ -180-90 0 90 180 ¢ 

Pattern Pattern II Pattern Ill 
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3 test series 

are to 
TT'<l>r>T>~ra surface as 

Series I: Wedge splitting tests of mortar reinforced 
fibers, 

Series beam tests concrete 

Series concrete 

' / 

i! - - - mm x 

D 50mm 

Dimension of fracture surface in Series I 

Table 1. Properties fiber 

Fiberffype Length( mm) E(MPa) ft(MPa) Elongation(%) 

Carbon/PAN 6 235000 4217 1.8 

Carbon/pitch 6 33000 790 2.4 

PV ANinylon-AA 6 39500 1834 6.7 

mortar concrete containing a 
range grain size were tested (Table 2). Geometry 
specimen shown Fig. While the of fracture surface 250x 100 
mm2 was too wide to measure, following the crack propagation process, 

first 100 mm2 part (Par I) close to the notch and the second 
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1OOx100 mm2 (Part P) close to 
intervals of According to 

1992a), the head of the FPZ is located at about 90 mm distanced 
notch tip independently of the aggregate size 

was recorded. Therefore the Part I contain some 
fracture process, and the P may relate 

process of part the curve. 

E 
E 

0 
0 
c.o 

y 

..___4_4-0m-m--~ZOmm X 100mm 10mm 

Geometry 

Group Size( mm) G(kg/rn3) S(kg/rn3) C(kg!rn3) fc(MPa) 

AEM2 -5 1146 740 40.4 

AEC101 5-10 925 722 460 34.8 

AEC151 10-15 936 722 460 33.3 

AEC201 15-20 939 722 460 30.5 

AEC301 20-30 939 722 460 24.9 

AEC302 20-30 939 722 460 24.9 

coarse aggregates were 
Mix 

Superplasticizer was 
of 

were 

Geometry 
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Table 3 Mix proportion of concrete in Series III 

Group dmax(mm) W/(C+Si) W(kg!m3) C(kg/rn3) S(kg/rn3) G (kg/rn3) Si(kg/rn3) fc (MPa) 

A2 25 0.65 227 349 721 1006 0 21.4 
A5 25 0.4 160 340 721 1006 60 64.5 

AlO 25 0.2 111 444 721 1006 111 96.4 
B2 5 0.65 227 349 721 1006 0 20.9 
B5 5 0.4 160 340 721 1006 60 58.8 

Bl 5 0.2 11 444 721 1006 111 105.9 
C2 0.65 227 349 721 0 0 33.8 
cs 0.4 160 340 721 0 60 46.3 

4 and discussion 

dimension roughness parameter 
Surface fractal dimension Ds, line fractal dimension in two directions 

DLy) and roughness parameter Rs of fracture surface were 
as shown (Table A-1). Generally speaking Ds is 

1.5 : 2.0 2.5 

Roughness parameter 

Fig.11 Relation between Rs and Ds 
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most relevant parameter to describe the 
surface, as shown in Fig. 11. While Rs is an average 
roughness and it is insensitive to the local rough surface, Ds is .11. ........... "n"'JL""''"-''"" 

even by such a local rough surface. On the other hand, DL 
surface roughness on the measured stripe. DLx is generally 
DLy but both of them are almost same in plain mortar 
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e was r-.... t-lhar 

e was recognized 
<P 
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Fractal dimension and of fracture surfaces 

II 
Surface Line fractal D. Rs GF 
Fractal Dest.x Dest.y (N/m) 
D. 

AEM21 2.072 l.!133 1.027 I.301 103 

AEM2P 2.069 I.028 1.288 
PLN3 2.038 1.022 UH4 1.151 

AEC10H 2.121 1.072 1.056 1.516 129 
41 AEC!OlP 2.125 1.1174 1.515 

AEC15H 2.120 1.079 1.059 1.605 187 
PS3 2.024 1.014 1.007 1.098 

AEC151P 2.112 1.068 1.509 
VINYL! 1.100 Ul64 1.637 1443 

AEC2011 2.102 l.062 1.052 1.473 170 
VINYL2 I.049 1.455 

AEC201P 2.107 I.076 1.573 
VlNYL3 2.143 1.102 1.064 1.567 

1.049 1.510 221 AEC30H 2.098 1.062 
1.568 HHI AEC301P 2.095 1.049 1.461 
1.457 

AEC3021 2.094 1.048 1.047 1.451 155 
PITCH3 1.388 AEC302P 2.102 1.068 1.584 
PANI 1.863 2411 

1.552 

PAN3 2.180 1.138 1.097 1.961 

2.129 2080 
1.590 

Line fractal Rs ~ 
Dest.x Dest.y (Nim) 

D. 

265 

A2-2 2.192 1.099 176 

121 

124 

125 

118 

131 

129 

139 

93 

78 

89 

106 

115 

88 

95 

107 

C2-l 2.123 1.068 1.053 1.518 46 

95 

59 
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