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	[bookmark: _Hlk193304144]Fig. 1 Comparison diagram of ancient grey brick and antique grey brick: （a）Ancient brick;（b）Brick specimens.
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	Fig. 2 XRD composition analysis of antique grey brick/ancient brick.
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	[bookmark: _Hlk193568977]Fig. 3 Freezing and thawing cycles test chamber.
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	Fig. 4 Uniaxial compression test of grey brick.
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	Fig. 5 Experimental process. 



	


	Fig.6 Grey brick debris mass distribution diagram.
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	Fig. 7 Grey brick debris distribution diagram. 
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	Fig. 8 Characteristic size ratio distribution diagram of grey brick debris: (a) 0 cycles; (b) 10 cycles; (c) 20 cycles; (d) 30 cycles; (e) 40 cycles; (f) 50 cycles; (g) 60 cycles; (h) 70 cycles.
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	Fig 9. Fractal dimension determined by particle size-quantity relationship: (a) 0 cycles ; (b) 10 cycles; (c) 20 cycles ; (d) 30 cycles ; (g) 60 cycles ; (h) 70 cycles.
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	Fig 10. Fractal dimension determined by mass-granularity relationship: (a) 0 cycles ; (b) 10 cycles; (c) 20 cycles ; (d) 30 cycles ; (g) 60 cycles ; (h) 70 cycles. 




	


	Fig. 11 The variation of fractal dimension during cycles of freeze-thaw.
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	Fig. 12 The variation of compressive strength, energy dissipation per unit volume, and fractal dimension with the amount of cycles of freezing and thawing.
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	Fig. 13. Diagram of crack evolution characteristics of grey brick during loading: (a) 0 cycles ; (b) 10 cycles; (c) 20 cycles ; (d) 30 cycles ; (g) 60 cycles ; (h) 70 cycles.
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	Fig. 14 Diagram of fracture fractal dimension calculation process.
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	Fig. 15 Crack fractal dimension fitting curve schematic diagram: (a) 0 cycles ; (b) 10 cycles; (c) 20 cycles ; (d) 30 cycles ; (g) 60 cycles ; (h) 70 cycles.




	


	Fig. 16 Change diagram of fracture fractal dimension.



	


	Fig. 17 Change curve of damage factor of grey brick.
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	Fig. 18 Crack propagation morphology distribution diagram at key points.
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	Fig. 19. Grey brick damage factor evolution curve diagram: (a) Quantity of cycles of freeze-thaw; (b) Strain normalization.






Table 1. Performance distribution table of ancient grey brick / antique grey brick.
	[bookmark: _Hlk190191067]Specimen/
Physical property
	
Density/
	Water absorption/%
	Apparent hardness /MPa
	Compressive strength /MPa

	Longshengzhuang ancient grey brick
	Mean value
	1.9
	1.68
	121.12
	8.81

	Antique grey brick
	Mean value
	2.1
	1.72
	130.76
	10.26
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	Fig. 20 The varying curves of different parameters with the amount of cycles of freezing and thawing: (a) First fitting parameter; (b) Strain value.






Table 2. XRF quantitative analysis of antique grey brick/ ancient brick.
	Specimen
	SiO2
	CaO
	Al2O3
	Fe2O3
	K2O
	MgO
	Na2O
	TiO2
	Other

	Antique grey brick
	47.51
	16.95
	13.98
	9.69
	4.15
	3.56
	2.07
	1.12
	0.97

	Longshengzhuang ancient grey brick
	45.58
	19.36
	13.13
	9.84
	3.96
	3.01
	2.37
	1.26
	1.49



Table 3. Statistics of grey brick debris screening test. 
	[bookmark: _Hlk174822270]The mass fraction of compressed debris of grey bricks after different freeze-thaw cycles（%）

	Freeze-thaw cycles
	Particle size range（mm）

	
	Coarse grain group
	Medium grain group
	Fine grain group
	Microparticle group

	
	>30
	1030
	510
	25
	12
	0.51
	0.250.5
	0.0750.25
	0.075<

	0
	51.94
	7.84
	3.59
	7.86
	7.08
	7.44
	4.82
	6.39
	3.04

	10
	60.02
	6.85
	3.18
	5.92
	3.68
	5.71
	4.71
	6.57
	3.37

	20
	63.06
	7.51
	3.51
	4.43
	5.01
	3.97
	3.86
	6.44
	2.21

	30
	65.11
	6.01
	2.63
	5.17
	3.02
	5.44
	4.04
	5.79
	2.83

	40
	65.96
	8.39
	3.71
	4.32
	2.68
	3.75
	3.81
	4.95
	2.46

	50
	68.38
	6.79
	5.27
	4.44
	2.77
	3.62
	3.79
	3.55
	1.39

	60
	71.57
	7.49
	5.32
	4.47
	2.68
	1.59
	2.36
	2.38
	2.13

	70
	73.03
	5.14
	6.33
	3.58
	3.26
	3.09
	2.43
	2.33
	1.83



Table 4. The scale ratio and morphological distribution of compression debris of grey brick.
	Freeze-thaw cycles
	Length to thickness ratio

	Width to thickness ratio

	Length to width ratio
	Blocky debris /%
	Plate debris
/%
	Flake debris /%
	Thin flake debris
/%

	0
	1.066.01/2.99
	0.953.36/1.89
	0.493.24/1.59
	75.32
	23.39
	1.29
	0

	10
	1.016.26/3.19
	0.952.44/1.69
	0.913.41/1.88
	66.24
	31.89
	1.87
	0

	20
	1.036.31/3.29
	0.183.59/1.94
	0.193.36/154
	63.21
	32.91
	2.88
	0

	30
	1.247.47/3.69
	0.54.43/2.13
	0.473.68/1.76
	59.32
	35.02
	5.66
	0

	40
	1.127.55/3.72
	1.063.9/2.09
	1.014.03/1.81
	57.54
	38.29
	4.17
	0

	50
	1.237.76/3.79
	0.923.69/2.04
	0.824.28/1.87
	54.65
	40.62
	3.79
	0.94

	60
	1.128.22/4.08
	0.915.53/2.57
	0.863.22/1.59
	49.95
	42.67
	6.09
	1.29

	70
	1.048.69/4.01
	0.874.81/2.23
	0.913.37/1.72
	45.06
	45.95
	7.10
	1.89



Table 5. Debris fractal dimension obtained by different calculation methods.
	Numbering
	Relevant parameter
	Freeze-thaw cycles
	Fractal dimension
	Correlation coefficient

	①
	
Equivalent side length -cumulative number
	0
	1.994
	0.972

	
	
	10
	1.926
	0.971

	
	
	20
	1.903
	0.964

	
	
	30
	1.866
	0.973

	
	
	40
	1.746
	0.978

	
	
	50
	1.601
	0.971

	
	
	60
	1.449
	0.971

	
	
	70
	1.266
	0.968

	②
	
Equivalent side length -cumulative mass
	0
	2.687
	0.932

	
	
	10
	2.668
	0.943

	
	
	20
	2.653
	0.931

	
	
	30
	2.648
	0.942

	
	
	40
	2.626
	0.919

	
	
	50
	2.613
	0.953

	
	
	60
	2.604
	0.936

	
	
	70
	2.581
	0.942

	③
	
Maximum length  - cumulative number
	0
	1.757
	0.947

	
	
	10
	1.668
	0.971

	
	
	20
	1.625
	0.958

	
	
	30
	1.584
	0.935

	
	
	40
	1.452
	0.912

	
	
	50
	1.329
	0.905

	
	
	60
	1.266
	0.939

	
	
	70
	1.162
	0.913

	④
	
Maximum width  - cumulative number
	0
	1.825
	0.962

	
	
	10
	1.771
	0.908

	
	
	20
	1.735
	0.907

	
	
	30
	1.689
	0.933

	
	
	40
	1.602
	0.914

	
	
	50
	1.513
	0.939

	
	
	60
	1.431
	0.921

	
	
	70
	1.332
	0.948

	⑤
	
Maximum thickness -cumulative number
	0
	2.089
	0.939

	
	
	10
	1.951
	0.929

	
	
	20
	1.847
	0.952

	
	
	30
	1.746
	0.934

	
	
	40
	1.704
	0.924

	
	
	50
	1.627
	0.901

	
	
	60
	1.511
	0.923

	
	
	70
	1.305
	0.941



Table 6. List of parameters of the fitted equation.
	Parameter
	Cycles of freeze-thaw /N

	
	0
	10
	20
	30
	40
	50
	60
	70

	

	1.054
	1.045
	1.037
	1.029
	1.009
	0.993
	0.991
	0.977

	

	0.0445
	0.0562
	0.0471
	0.0603
	0.0747
	0.0868
	0.0911
	0.111

	

	-152.934
	-95.095
	-86.161
	-40.731
	-159.734
	-102.691
	-43.049
	-14.366

	

	0.118
	0.115
	0.126
	0.138
	0.094
	0.101
	0.119
	0.158

	


	0.998
	0.989
	0.995
	0.992
	0.994
	0.981
	0.989
	0.955
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