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Abstract: Taking the ancient building wall of Longshengzhuang in Inner Mongolia as the research object, the damage
and failure law of ancient building blue bricks under freeze-thaw cycles were investigated by digital image correlation
(DIC) technology. Two-factor—damage degree factor and damage localization factor were used to characterize the
uniaxial compression damage process of ancient building blue bricks. Based on the two-factor damage evolution curve,
a damage evolution model was established under different freeze-thaw cycles. The results show that the failure
process of ancient building blue bricks under uniaxial compression can be divided into four stages—initial damage
closure stage, linear elastic damage stage, elastic-plastic damage stage and plastic damage stage. With the increase
of freeze-thaw cycles, the strain concentration on the surface of blue brick increases, resulting in a decrease in bearing
capacity. Freeze-thaw cycles will shorten the linear elastic stage in the two-factor curve. At the same time, the damage

evolution model established by the two-factor can effectively reflect the damage evolution process of the ancient
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building blue brick material under the action of freeze-thaw cycles.

Key words: ancient building blue brick; freeze-thaw cycle; digital image correlation(DIC) ; strain cloud diagram;

damage evolution
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Table 1 Mineral compositions(by mass) of ancient blue brick and antique blue brick

Brick Si Ca Al Fe K Mg Na Ti Miscellaneous
Ancient blue brick 45.58 19. 36 13.13 9.84 3.96 3.01 2.37 1.26 1.49
Antique blue brick 47.51 16.95 14. 00 9.69 4.15 3.56 2.07 1.10 0.97
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Table 2 Performance of ancient blue brick and antique blue brick
Ancient blue brick Antique blue brick
Performance Quantity
Mean value Standard deviation Mean valu Standard deviation
Density/(g-cm ) 1.90 0.24 2.10 0.35 30
Water absorption(by mass)/ % 1.68 0.09 1.72 0.12 30
Apparent hardness/MPa 121.12 0.17 130.76 0.34 30
Compressive strength/MPa 8.81 2.35 10. 26 2.17 30
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Fig. 1 Microscopic morphologies of blue bricks under different freeze-thaw cycles
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Fig.2 Uniaxial compression load-displacement curve

and failure process of blue brick
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Fig. 3 Uniaxial compression stress-strain curve of blue brick
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Fig.4 Cloud diagram of ¢, field distribution of blue brick under different loading levels before freeze-thaw cycle
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Table 3 Cloud diagram of ¢, of blue brick after freeze-thaw cycles
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Fig. 6 Spatial distribution of of transverse strain at different loading points during uniaxial compression process(N=250)
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Table 4 Parameters of fitted equation of damage degree factor
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Table 5 Parameters of fitted equation of damage localization factor
n/times
Parameter
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