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Investigation on effect of crack geometry on permeability of

fiber/concrete based on fractal theory

DING Yining , MA Yue , HAO Xiaowei

(State Key Laboratory of Coastal and Offshore Engineering, Dalian University of Technology, Dalian 116024, China)

Abstract: Fractal dimension can characterize the geometric properties of cracks and can be used to analyze the

rupture surface roughness of concrete. Crack geometry plays an important role in water permeability of cracked

concrete. In order to investigate this effect, a series of crack widths were obtained through feedback controlled split-

ting test and a variety of rupture surface roughness was achieved by adjusting fiber types and fiber contents. Water

permeability test was performed to measure the permeability coefficients under different crack widths. 3D rupture

surface was re-established after scanning the real rupture surface via laser scanning device. The fractal dimension

was calculated based on the cube covering method. The function between fractal dimension and water permeabi-

lity coefficient was established by correlating the measured crack width and the effective crack width and solving

Darcy’s Law and Poiseuille’s Law simultaneously. The results show that fractal dimension calculated by the same

meshing approach increases as the fiber content increases. Water permeability coefficient reduces with the rise of

the fiber content. The results also demonstrate that both the absolute value of the exponential of fractal dimension

and the correction factor in the function decreases with crack width increasing.
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Table 1 Performance parameters of steel fiber (SF)
Type Form Length/mm Diameter/mm  Aspectratio Elastic modulus/GPa  Tensile strength/MPa  Pieces/kg

RC-65/35 Hooked

35 0.55

65

200

1345 14 500

x2 BREKSY (PP) HEESH

Table 2 Performance parameters of macro polypropylene fiber (PP)

Type Tensile strength/MPa Elastic modulus/GPa Elongation/%  Length/mm Diameter/mm Pieces/kg
WK-8 490 5 <30 30 0.4 96 000
*3 BEELAEL
Table 3 Mix proportion of concrete
kg:m™
Cement Fly ash Coarse aggregate (5-10 mm) Fine aggregate (0-5 mm) Water Superplasticizer
390 155 848 822 272.5 7.6

F4 FH/REIRGRS. FHBEEMREY

Table 4 Specimen number, fiber contents and pieces of fiber/concrete

Specimen number SF content/vol% SF/(pieces-m™) PP fiber content/vol% PP fiber/(pieces-m™)
PP0.5/concrete 0 0 0.50 432000
PP0.75/concrete 0 0 0.75 648 000
SF0.5/concrete 0.50 569 125 0 0

SF0.75/concrete 0.75 853 688 0 0

SF1/concrete 1.00 1138 250 0 0
SF0.5-PP0.5/concrete 0.50 569 125 0.50 432 000
SF0.5-PP0.75/concrete 0.50 569 125 0.75 648 000
SF0.75-PP0.5/concrete 0.75 853 688 0.50 432 000

Lk ER 1) R TR K, SRS AU A 1 PR 98
BEM . 2 AMEENTHBEELR, ¥EE
AR G b, TR A A 25
LR AL AR (LVDT), & — M 59 #54> LVDT 7351

B1 BiEER
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Fig.2 Permeability test under loading
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Table 5 Permeability coefficients k of fiber/concrete under different crack width

-1

pm-s
Specimen 100 pm 125 pm 150 pm 175 pm 200 pm 225 um 250 pm
PP0.5/concrete 8.50 13.00 19.90 28.40 39.90 49.30 59.80
PP0.75/concrete 5.50 7.65 10.80 15.40 21.90 30.00 41.80
SF0.5/concrete 0.27 0.70 1.84 2.68 3.88 591 8.96
SF0.75/concrete 0.07 0.26 0.97 1.73 3.18 4.94 7.54
SF1/concrete 0.01 0.05 0.23 0.70 1.59 3.17 6.19
SF0.5-PP0.5/concrete 0.19 0.47 1.20 1.92 3.03 4.94 7.75
SF0.5-PP0.75/concrete 0.04 0.12 0.35 0.61 1.38 2.50 4.57
SF0.75-PP0.5/concrete 0.01 0.04 0.10 0.38 0.42 1.78 2.39
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Fig.6 Permeability coefficient-crack width curves of fiber/concrete
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Table 6 Fractal dimensions of rupture
surface of fiber/concrete

Specimen F%ractal ‘ Cha.nge in
dimension D decimal of D/%

PP0.5/concrete 2.114 0
PP0.75/concrete 2.129 13.16
SF0.5/concrete 2.157 37.72
SF0.75/concrete 2.189 65.79
SF1/concrete 2.225 97.37
SF0.5-PP0.5/concrete 2.175 53.51
SF0.5-PP0.75/ concrete 2.199 74.56
SF0.75-PP0.5/ concrete 2.215 88.60
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Table 7 Relationship between permeability coefficient and
fractal dimension of fiber/concrete under
different crack width

Crack width/pm R Relationship
100 0.95 k=1.0510"p"123
125 0.98 k=6.9910¥Dp~101
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Fig.9 Relationship between permeability coefficient and fractal

dimension of fiber/concrete (Crack width w=150 pm)
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Table 8 lgp for different measured crack width

Measured crack width w/pm Igp

100 45.12
125 37.56
150 36.49
175 35.75
200 34.67
225 30.17
250 26.88
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