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Experimental on Mix Proportion of Restoration Soil for Kaifeng City Wall

YUE Jianwei*, YANG Xue', ZHAO Limin"*", ZHANG Dawet’

(1. School of Civil Engineering and Architecture, Henan University, Kaifeng 475004, China; 2. Key Laboratory for
Restoration and Safety Evaluation of Immovable Cultural Relics in Kaifeng, Henan University, Kaifeng 475004, China)

Abstract: In order to improve the ability of Kaifeng city wall to resist environmental erosion, sodium methyl silicate,
lime and rubber powder were used as admixtures, direct shear test, capillary absorption test and scanning electron
microscopy test were carried out on the samples of restoration soil with different mix proportion through orthogonal
tests to optimize the mix proportion of the restoration soil. The results show that the addition of sodium methyl
silicate, lime and rubber powder can effectively improve the mechanical property and water resistance of the
restoration soil. The influence order of admixtures on the cohesion of the restoration soil is lime>>rubber powder>>
sodium methyl silicate. The influence order of admixtures on the internal friction angle and water tolerance is sodium
methyl silicate>lime>>rubber powder. The optimum mix proportion of restoration soil is 2.0% of sodium methyl
silicate, 5.0% of lime and 2.0% of rubber powder.
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Table 1 Results of orthogonal tests

Orthogonal combination F/kPa a/() w/% Orthogonal combination F/kPa a/(%) w/%
AB,C, 65. 00 22.30 0 ABC, 94. 50 26. 50 58. 60
AB,C, 81.50 31.00 42.19 A,B,C, 90. 00 32.60 56.40
A B,C, 88.00 36. 50 39.21 A,B,C, 87.50 33.10 53.30
A B,C, 92.50 34.50 36. 50 A,B,C, 119. 00 28.50 55. 80
AB,C, 124.00 25.20 37. 10 AB\C, 63. 50 26.50 80. 90
A,B,C, 80. 50 28.80 57.40 A,B,C, 113.50 26.70 60. 80
A,B,C, 108. 00 32.50 43.20 A,B,C, 108. 00 32.00 56. 60
A,B,C, 112.00 35.80 42.50 A,B,C, 102. 50 35.90 51.80
A,B,C, 123.50 25.40 41.90

®2 EXRBEERESN
Table 2 Index analysis of orthogonal tests
F/kPa a/() w/%
Index

Factor A Factor B Factor C Factor A Factor B Factor C Factor A Factor B Factor C
K, 386. 00 320.00 379.50 127.20 112.80 132.50 155.00 239.08 190. 48
K, 424.00 399. 50 395. 50 122.50 128. 30 125.80 185.00 199. 60 209. 00
K, 391.00 400. 00 424.00 120.70 135. 40 113.10 224.08 188. 88 197.80
K, 387.50 469.00 389. 50 121.10 115.00 120. 10 250.08 186. 60 216.88
k, 96. 50 80. 00 94.88 31.80 28.20 33.13 38.75 59.77 47.62
k, 106. 00 99. 88 98. 88 30.63 32.08 31.45 46.25 49.90 52.25
k, 97.75 100. 00 106. 00 30.18 33.85 28.28 56.02 47.22 49.45
ky 96. 88 117.25 97.38 30. 28 28.75 30. 03 62.52 46. 65 54.22
R 38.00 149.00 44.50 6. 50 22.60 19. 40 23.77 13.12 6. 60
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Table 3 Results of efficacy coefficient

omnton 2 2 Dol mon < 2 D
AB,C, 65. 20 82.00 74.79 73.99 AB,C, 75. 60 73.00 85.73 78.10
A,B,C, 70. 40 93.00 72.81 78.73 AB,C, 72.00 85. 20 84.27 80. 48
AB,C, 74.00 89.00 71.00 77.99 AB,C, 70.00 86. 20 82.20 79.46
AB,C, 99. 20 70. 40 71.40 80. 33 AB,C, 95. 20 77.00 83.87 85. 35
A,B,C, 64. 40 77.60 84.93 75. 64 ABC, 50. 80 73.00 100. 60 74.79
A,B,C, 86. 40 85. 00 75.47 82.28 A,B,C, 90. 80 73.40 87.20 83.79
A,B,C, 89. 60 91. 60 75.00 85. 39 A,B,C, 86. 40 84.00 84.40 84.92
A,B,C, 98. 80 70. 80 74. 60 81.39 A,B.C, 82.00 91. 80 81.20 84.99
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Fig. 1 SEM images of A B,C, and restoration soil with optimum mixture ratio
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