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Table S1. Optimal Latin hypercube test sample and optimization target results (PGS).
	Number
	A
	B
	C
	D
	E
	F
	Hardness-
compressive force
	Volume reduction-compressive force

	1
	0.3034
	4.45
	0.238
	59.03
	1
	-0.00759
	774.1
	1147.32

	2
	0.3517
	1.28
	0.155
	76.1
	35.14
	-0.00672
	724.76
	517.83

	3
	0.3586
	2.66
	0.266
	41.97
	96.59
	-0.00586
	924.53
	1028.38

	4
	0.2345
	2.1
	0.348
	96.59
	14.66
	-0.00862
	508.5
	851.71

	5
	0.2069
	3.34
	0.597
	24.9
	93.17
	-0.00655
	862.7
	1167.14

	6
	0.2
	1.55
	0.845
	55.62
	41.97
	-0.00793
	421.22
	832.54

	7
	0.2897
	4.86
	0.321
	28.31
	52.21
	-0.00517
	996.72
	1231.61

	8
	0.37
	3.21
	0.21
	65.86
	55.62
	-0.00983
	504.62
	1017.21

	9
	0.34
	4.31
	0.79
	69.28
	21.48
	-0.00948
	558.45
	1353.91

	10
	0.25
	1.14
	0.293
	45.38
	79.52
	-0.00845
	314.99
	302.76

	11
	0.39
	1.83
	0.734
	72.69
	65.86
	-0.00810
	528.48
	1086.72

	12
	0.28
	2.52
	0.128
	1.00
	28.31
	-0.00741
	794.51
	630.82

	13
	0.23
	2.24
	0.376
	52.21
	24.90
	-0.00500
	952.54
	951.14

	14
	0.22
	4.59
	0.679
	79.52
	38.55
	-0.00690
	814.88
	1349.71

	15
	0.26
	3.48
	0.762
	11.24
	11.24
	-0.00707
	805.25
	1297.97

	16
	0.34
	3.90
	0.9
	48.79
	62.45
	-0.00534
	1040.64
	1495.91

	17
	0.28
	4.17
	0.183
	14.66
	89.76
	-0.00897
	699.92
	1040.45

	18
	0.21
	3.62
	0.459
	35.14
	31.72
	-0.01000
	449.22
	1138.74

	19
	0.24
	3.76
	0.1
	82.93
	69.28
	-0.00724
	890.87
	958.86

	20
	0.26
	2.93
	0.652
	93.17
	82.93
	-0.00966
	412.5
	1203.36

	21
	0.32
	2.38
	0.817
	86.34
	4.41
	-0.00638
	814.23
	1199.5

	22
	0.27
	1.97
	0.624
	89.76
	86.34
	-0.00569
	850.07
	1038.18

	23
	0.39
	1.69
	0.403
	4.41
	72.69
	-0.00879
	464.13
	895.16

	24
	0.30
	3.07
	0.872
	21.48
	76.10
	-0.00931
	420.52
	1271.26

	25
	0.32
	5.00
	0.569
	62.45
	100.00
	-0.00776
	681.88
	1393.88

	26
	0.3793
	4.72
	0.514
	7.83
	45.38
	-0.00828
	670.05
	1343.4

	27
	0.331
	1.41
	0.541
	38.55
	7.83
	-0.00914
	308.18
	779.56

	28
	0.3724
	4.03
	0.431
	100
	48.79
	-0.00621
	880.86
	1248.28

	29
	0.4
	2.79
	0.486
	31.72
	18.07
	-0.00552
	927.53
	1200.35

	30
	0.3103
	1
	0.707
	18.07
	59.03
	-0.00603
	600.13
	602.56


Table S2. Optimal Latin hypercube test sample and optimization target results (MCC).
	Number
	A
	B
	C
	D
	E
	F
	Hardness - compressive force
	Volume reduction-compressive force

	1
	0.3379
	79.52
	0.707
	1.93
	9.07
	-0.0329
	321.86
	272.43

	2
	0.3103
	45.38
	0.1
	6.59
	7.83
	-0.0081
	684.6
	99.94

	3
	0.3586
	14.66
	0.817
	2.24
	3.48
	-0.0314
	104.74
	41.66

	4
	0.3172
	41.97
	0.128
	9.69
	2.55
	-0.0345
	286.41
	96.16

	5
	0.2414
	69.28
	0.238
	1
	3.79
	-0.019
	527.61
	173.95

	6
	0.2
	65.86
	0.403
	4.1
	10
	-0.0283
	373.69
	192.24

	7
	0.3655
	18.07
	0.266
	3.48
	8.76
	-0.0376
	0.58
	-0.46

	8
	0.3793
	20
	0.486
	8.14
	5.34
	-0.0205
	112.3
	74.38

	9
	0.2759
	40
	0.597
	4.41
	7.21
	-0.005
	579.06
	179.05

	10
	0.2897
	28.31
	0.459
	5.34
	1.62
	-0.0066
	668.3
	113.04

	11
	0.2552
	35.14
	0.541
	1.31
	5.97
	-0.05
	85.15
	140.6

	12
	0.2276
	24.9
	0.624
	9.38
	7.52
	-0.0159
	449.62
	99.74

	13
	0.2828
	11.24
	0.569
	2.55
	8.14
	-0.0112
	472.1
	-52.05

	14
	0.331
	93.17
	0.734
	3.17
	1.93
	-0.0267
	430.88
	280.31

	15
	0.3241
	89.76
	0.155
	4.72
	6.28
	-0.0407
	327.03
	187.83

	16
	0.4
	55.62
	0.376
	1.62
	5.66
	-0.0128
	607.19
	210.33

	17
	0.3448
	76.1
	0.514
	9.07
	9.69
	-0.0252
	417.58
	238.31

	18
	0.2966
	62.45
	0.79
	10
	2.24
	-0.0236
	462.37
	247.85

	19
	0.2069
	48.79
	0.845
	3.79
	4.1
	-0.0221
	419.5
	215.79

	20
	0.3931
	59.03
	0.652
	6.9
	4.72
	-0.0469
	132.62
	239.77

	21
	0.2345
	72.69
	0.431
	5.66
	1
	-0.0453
	140.07
	210.02

	22
	0.2621
	38.55
	0.321
	8.76
	8.45
	-0.0484
	37.01
	128.27

	23
	0.3517
	31.72
	0.21
	2.86
	1.31
	-0.036
	187.01
	90.31

	24
	0.3724
	52.21
	0.9
	5.97
	6.59
	-0.0097
	652.08
	257.59

	25
	0.2138
	82.93
	0.293
	8.45
	4.41
	-0.0174
	557.58
	200.6

	26
	0.3862
	86.34
	0.348
	7.83
	3.17
	-0.0143
	604.68
	221.46

	27
	0.2483
	96.59
	0.762
	7.21
	6.9
	-0.0422
	196.3
	269.72

	28
	0.3034
	21.48
	0.872
	6.28
	9.38
	-0.0391
	36.01
	114.58
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Fig. S1 The curve of hardness versus compressive force for experimental and DEM simulations (PGS).
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Fig. S2 The curve of volume reduction versus compressive force for experimental and DEM simulations (PGS).
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[bookmark: _Hlk130147144]Fig. S3 The curve of hardness versus compressive force for experimental and DEM simulations (MCC).
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Fig. S4 The curve of volume reduction versus compressive force for experimental and DEM simulations (MCC). 
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Fig. S5 Kriging model accuracy validation results (PGS).
[bookmark: _GoBack](a: Hardness-compressive force; b: Volume reduction-compressive force)
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Fig. S6 Kriging model accuracy validation results (MCC).
(a: Hardness-compressive force; b: Volume reduction-compressive force)
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