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Freeze-Thaw Damage of Ancient Architectural Blue
Bricks Based on Fractal Theory
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Abstract: The apparent morphology, mass loss rate, relative dynamic elastic modulus, compressive strength and
pore structure of blue bricks after freeze-thaw cycle were studied. The relationship between fractal dimension and
compressive strength, porosity and frost resistance was established based on fractal theory. The results show that
with the increase of freeze-thaw cycles, the small pores on the surface of the blue brick deteriorate into large pores
and gradually extend into cracks, resulting in an increase in the mass loss rate, and a decrease in the relative dynamic
elastic modulus and compressive strength. After freeze-thaw cycle, the internal pores of the blue brick have obvious
fractal characteristics, and the fractal dimension is distributed between 2.964 2 and 2.982 7. The fractal dimension
of blue brick after freeze-thaw cycle is positively correlated to compressive strength and negatively correlated to
porosity, and its fractal dimension is also highly correlated with frost resistance. The fractal dimension can be used
to evaluate the microscopic pore structure change of the blue brick, and can also reflect the influence of the complexity
of the pore structure on the macroscopic properties of the blue brick after freeze-thaw cycle. The research results
provide a basis for the protection and durability damage of ancient architectural blue bricks in cold regions.
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Table 1 Comparison of physical and mechanical properties of ancient blue brick and antique blue brick

Type Density/(g-cm ™) Water absorption(by mass)/ % Porosity(by volume)/ % Compressive strength/MPa
Ancient blue brick 1.62 18.94 9.51 7.73
Antique blue brick 1.74 17.42 6.24 11.23
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1—Quartz; 2— Albite; 3—Potash feldspar; 4— Anorthite
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Fig.1 XRD patterns of blue bricks
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Table 2 Comparison results of mass loss of blue brick and ancient blue brick'*

1

Mass loss rate per unit

Mass loss/g Mass loss rate/ % Mass loss per unit area/(g+cm )

N/ area/ %

e Azzgie Cgorr;tljgl Antique brick Control group Antique brick Control group Azzgllje C;:):gl

0 0 0 0 0 0 0 0 0

15 0. 564 0.013 0.2700 0.2900 0.022 56 0.000 18 0. 500 0.135
30 0.328 0.020 0.427 1 0.600 0 0.013 12 0.000 27 0.291 0.207
45 0.667 0.027 0.746 0 0.7800 0.026 68 0. 000 36 0.592 0. 280
60 1. 035 0.027 1.2420 0.890 0 0.041 40 0. 000 36 0.919 0. 280
75 0.781 0.043 1.6220 1.2700 0.031 24 0.000 58 0.693 0.445
90 1.132 2.1580 0.045 28 1. 000
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Fig. 3 Changes of relative dynamic elastic modulus of

blue brick with different freeze-thaw cycles
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Table 3 Fractal dimension and correlation coefficient of blue brick

N/times D R*

0 2.9827 0.962 2
15 2.980 1 0.9735
30 2.979 5 0.973 4
45 2.974 6 0.9921
60 2.9697 0.9326
75 2.966 6 0.989 4
90 2.964 2 0.964 8
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