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Fractal Characteristics of Dry-Wet and Freeze-Thaw Erosion Pore
Structure of Mold-Bag Concrete
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Abstract: In order to explore the damage characteristics of mold-bag concrete under dry-wet and freeze-thaw cycles,
based on the scanning electron microscope (SEM) test, the fractal dimension of the damage evolution characteristics
was calculated by the box-counting methods. The fractal dimension of the pore volume was calculated by the nuclear
magnetic resonance (NMR) test. The mathematical relationship was established between the porosity, permeability,
and the fractal dimension. Furthermore, based on the fractal theory, using relative dynamic elastic modulus as damage
index, the dry-wet and freeze-thaw damage model of concrete based on wavelet transform regression estimation can
characterize the functional relationship between permeability and relative dynamic elastic modulus. It shows that the
fractal dimension can be used as a damage parameter to evaluate the dry-wet and freeze-thaw resistance of concrete.
The fractal dimension quantifies the microscopic characteristics of concrete and establishes the relationship between
micro- and macro-damage. The results can provide a basis for the quantitative description of dry-wet and freeze-thaw
damage of mold-bag concrete lining.
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Table 1 Mix proportion of mold-bag concrete

kg/m’
Concrete Cement Fly ash Silica fume Coarse aggregate Fine aggregate Water Admixture
A 410.0 0 0 910.0 847.0 205.0 12.3
F10S8 336.2 41.0 32.8 910.0 847.0 205.0 12.3
F20S4 311.6 82.0 16. 4 910.0 847.0 205.0 12.3
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Fig.4 SEM binary images of mold-bag concrete
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Table 2 Results of fractal dimension from SEM binary images

JZS F10S8 F20S4
n/times Binarization H R Binarization b R Binarization b R?
threshold ° threshold s threshold s
0 0.5333 1.746 3 0.999 0.4980 1.6824 0.998 0.3843 1.680 3 0.998
3 0.5294 1.758 8 0.998 0.4353 1.743 5 0.998 0.388 2 1.702 3 0.999
5 0.466 7 1.761 2 0.998 0.4275 1.773 1 0.999 0.407 8 1.753 2 0.998
8 0.4549 1.764 7 0.998 0.607 8 1.792 4 0.998 0.4118 1.794 8 0.998
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Table 3 Fractal dimension calculated based on nuclear magnetic resonance method
JZS F10S8 F20S4
n/times
I)me R2 I)Vm:\x RZ I)\r’mm R2 I)szvx RZ I)\/min RZ I)Vm:\x Rz
0 2.7600 0.89 2.6352 0.91 2.770 0 0. 86 2.696 6 0.84 2.704 0 0.75 2.698 0 0.90
3 1.814 5 0.87 2.7058 0.91 1.4100 0. 90 2.7577 0.89 1.468 0 0.89 2.7100 0.90
5 1.647 0 0.78 2.7620 0.89 0.7230 0.83 2.7719 0.76 0.8710 0.89 2.7200 0.90
8 0.0250 0.83 2.804 0 0.90 0.2100 0.87 2.844 8 0.87 0.2310 0.87 2.8250 0.83
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Table 4 Comparison of calculated and measured volume porosity
%
JZS F10S8 F20S4
n/times - - - - - -
Theoretical Experimental Theoretical Experimental Theoretical Experimental

0 0. 060 0. 064 0.068 0.072 0.093 0.098

3 0.113 0.120 0.128 0.136 0.117 0.124

5 0. 360 0.381 0. 364 0.385 0. 349 0.369

8 0.448 0.474 0.453 0.480 0.488 0.516
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Table 5 Comparison of calculated and measured permeability
pm”®
JZS F10S8 F20S4
n/times
Theoretical Experimental Theoretical Experimental Theoretical Experimental

0 4.13X10 ° 0 6.61x10 ° 0 5.00x10* 0

3 0.006 4 0.0050 0.007 0 0.006 0 0.0270 0.024 0

5 0.4250 0.3945 0.2150 0.199 0 0.3800 0.3530
8 0.4790 0.4556 0.399 6 0.3790 0.728 0 0.6910
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Table 6 Relative dynamic elastic modulus of mold-bag concrete

%
n/times 1ZS F10S8 F20S4
0 100. 00 100. 00 100. 00
3 82.27 81.47 79.06
5 76.22 68. 89 70. 36
8 64.68 62.75 51.16
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