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Salt expansion rate prediction model of sandy sulfite saline soil
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(1. School of Highway, Chang’an University, Xi’an 710064, Shaanxi, China; 2. CCCC Second Harbour
Engineering Co. Ltd. , National Enterprise Technology Center, Wuhan 430040, Hubei, China)

Abstract: In northwest China, central Asia and west Asia, there is a large number of sandy
sulfite saline soil. How to effectively use it relates to the healthy development of the ecological
environment, economy and construction in these regions. In order to make full and effective use
of the regional resources and clarify salt expansion rate prediction model and effect weight of salt
expansion five elements for sandy sulfite saline soil, based on fine sandy sulfite saline soil and the
soluble salt content experimental method of screening method of 5 mm, using quadratic
regression orthogonal design to determine test factors level, through 25 groups of salt-heaving
experiments, salt-heaving rate regressive equation was established. Then the equation and

regression coefficients’ significance were verified by the analysis of variance. Moreover, the
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simplified salt expansion rate prediction model of sandy sulfite saline soil was established. The
calculated values were compared and verified with the actual values. The primary and secondary
relations of affecting factors of sandy sulfite-saline soil salt-heaving rate were determined by SPSS
stepwise regression analysis. The results show that the sensitive parameters of sandy sulfite
saline soil effects on the salt heaving rate sequentially are salinity (0. 612), load (0. 12), water
(0.116), interaction of salinity and moisture (0. 107), interaction of salinity and load (0. 025),
interaction of water and load (0. 006). The contribution of the soluble salt to the salt heaving rate
of sandy sulfite saline soil is more than 50%. The overlying load is relatively little inhibitory
effect on the salt expansion rate of sandy sulfite saline soil. The interaction of four factors of salt
expansion for sandy sulfite saline soil is mainly reflected in the soluble salt and water, the soluble
salt and the overlying load. The research results can provide technical reference for engineering
design and construction in the sandy sulfite saline soil area. 8 tabs, 2 figs, 23 refs.
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Tab. 1 Particle size distribution
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Bz 2>d>= | 1>d>= |0.5>d>=(0.25>d>
d/mm 1 0.5 0.25 0.075

d<<0.075
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Tab. 2 Physical property indices
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Tab. 4 Trial arrangement and results based on

quadratic regression orthogonal design
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35 61 U5 T 58 1 155 3R 3] [ 2 7K OF L [ 22 K F 2 2.60 10.36 | 95.83 0. 65 1. 144
AN 5 ISR SURAR L 5. T os [hos oot [ ow [ o
®3 WBRARKPRE 5 2.60 7.24 | 95.83 3.77 1.322
Tab.3 Orthogonal factor level 6 260 7 24 95. 83 0.65 1.783
AN PR/ V| KER ) Y\ ESEEE/ Y| fif 3/ kPa 7 2. 60 7.24 90. 17 3.77 1.426
it 1 e 3 4 8 2. 60 7.24 90. 17 0. 65 1. 881
KT (0) e 5. 80 93, 00 5. 21 9 0. 86 10.36 | 95.83 3.77 | —o0.022
7 A4 1 (A) 0.870 | 1.556 | 2.830 | 1.563 10 0. 86 10.36 | 95.83 0. 65 0.279
AT o0 TR TR o 11 0. 86 10.36 | 90.17 3.77 0.078
P o - T e 12 0. 86 10.36 | 90.17 0.65 0.202
13 0. 86 7.24 | 95.83 3.77 0.014
FREECEL 4D | 2.96 11.00 | 97.00 1.42 m T TR o N
FRSH LD 0.5 6.6 89.0 0.0 15 0. 86 7.24 | 90.17 3.77 | —0.054
A Z 5 KT, 25k B 20 2 4 3 TF J ik 16 0. 86 7.24 | 90.17 0. 65 0.123
W T 5 — 625 A1t 2 R I 42 414 W 17 2.96 8.80 | 93.00 2.21 1.658
18 0.50 8.80 | 93.00 2. 21 0.002
WNMRIS IR 22 . B IKE A A2 253 A HH R 56 20 1.73 6.60 | 93.00 2.21 0.962
it 60 4R . 21 1.73 8.80 | 97.00 2.21 0. 884
22 1.73 8.80 | 89.00 2.21 0.920
2 RIEER NI HEIMIRES 23 1.73 8.80 | 93.00 4.42 0.320
24 1.73 8.80 | 93.00 0.00 1.126
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Tab.5 Quadratic regression orthogonal design calculation
i 2o x1 2 x5 x4 xixe | xixs | xias | xexs | x| xsxy | ox) x5 x5 xy [k %
E R
1 1 1. 000 1. 000 1. 000 1. 000 1 1 1 1 1 1 0.2 0.2 0.2 0.2 0.231
2 1 1. 000 1. 000 1. 000 | —1. 000 1 1 —1 1 —1 —1 0.2 0.2 0.2 0.2 1. 144
3 1 1. 000 1. 000 | —1.000 1. 000 1 —1 1 —1 1 —1 0.2 0.2 0.2 0.2 0.230
4 1 1. 000 1.000 | —1.000 [ —1.000 1 —1 —1 —1 —1 1 0.2 0.2 0.2 0.2 1.099
5 1 1. 000 | —1.000 1. 000 1.000 | —1 1 1 —1 —1 1 0.2 0.2 0.2 0.2 1.322
6 1 1.000 | —1.000 1.000 | —1.000 | —1 1 —1 —1 1 —1 0.2 0.2 0.2 0.2 1.783
7 1 1.000 | —1.000 | —1. 000 1.000 | —1 —1 1 1 —1 —1 0.2 0.2 0.2 0.2 1. 426
8 1 1.000 | —1.000 | —1.000 | —1.000 | —1 —1 —1 1 1 1 0.2 0.2 0.2 0.2 1. 881
9 1 | —1.000 1. 000 1. 000 1.000 | —1 —1 —1 1 1 1 0.2 0.2 0.2 0.2 ] —0.022
10 1 —1.000 1. 000 1.000 | —1.000 | —1 —1 1 1 —1 —1 0.2 0.2 0.2 0.2 0.279
11 1 | —1.000 1. 000 | —1.000 1.000 | —1 1 —1 —1 1 —1 0.2 0.2 0.2 0.2 0.078
12 1 | —1.000 1.000 | —1.000 | —1.000 | —1 1 1 —1 —1 1 0.2 0.2 0.2 0.2 0.202
13 1 —1.000 | —1.000 1. 000 1. 000 1 —1 —1 —1 —1 1 0.2 0.2 0.2 0.2 0.014
14 1 | —1.000 | —1.000 1. 000 | —1. 000 1 —1 1 —1 1 —1 0.2 0.2 0.2 0.2 0.178
15 1 —1.000 | —1.000 | —1.000 1. 000 1 1 —1 1 —1 —1 0.2 0.2 0.2 0.2 ] —0.054
16 1 |—1.000 | —1.000 | —1.000 | —1.000 1 1 1 1 1 1 0.2 0.2 0.2 0.2 0.123
17 1 1.414 0. 000 0. 000 0. 000 0 0 0 0 0 0 1.2 —0.8| —0.8] —0.8 1. 658
18 1 |—1.414 0. 000 0. 000 0. 000 0 0 0 0 0 0 1.2 —0.8| —0.8] —0.8 0.002
19 1 0. 000 1.414 0. 000 0. 000 0 0 0 0 0 0 —0.8 1.2 —0.8|—0.8 0. 307
20 1 0.000 | —1.414 0. 000 0. 000 0 0 0 0 0 0 —0.8 1.2 —0.8|—0.8 0.962
21 1 0. 000 0. 000 1.414 0. 000 0 0 0 0 0 0 —0.8]—0.8 1.2 —0.8 0. 884
22 1 0. 000 0.000 | —1.414 0. 000 0 0 0 0 0 0 —0.8]—0.8 1.2 ] —0.8 0.920
23 1 0. 000 0. 000 0. 000 1. 414 0 0 0 0 0 0 —0.8]—0.8|—0.8 1.2 0. 320
24 1 0. 000 0. 000 0.000 | —1.414 0 0 0 0 0 0 —0.8]—0.8|—0.8 1.2 1.126
25 1 0. 000 0. 000 0. 000 0. 000 0 0 0 0 0 0 —0.8|—0.8|—0.8]—0.8 0.736
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Tab. 6 Quadratic regression analysis of variance

P PR V3705 F0 | B H ¥y F1{H

1 5. 681 1 5. 681 533.168
2 0. 949 1 0. 949 89. 086
x5 0.001 1 0. 001 0.053
x4 1. 060 1 1. 060 99. 490
12 0.991 1 0.991 93. 029
173 0.004 1 0. 004 0. 389
174 0.233 1 0.233 21.913
o3 0.001 1 0. 001 0. 060
B 0. 056 1 0. 056 5.298
324 0. 003 1 0.003 0. 270
1 0.007 1 0.007 0.618
5 0.128 1 0.128 11.992
1-; 0. 000 1 0. 000 0. 040
) 0.054 1 0.054 5.071
5] 5 - 5 Fn 9.168 14 0.655 61. 460
Bk 22 °F 5 il 0.107 10 0.011

SO 9.275 24 0. 386
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Tab.7 Quadratic regression analysis of variance

o U8 s 107 J5 | B Y75 F F 1
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v, 0. 949 1 0.949 118. 651
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x5 0.128 1 0.128 15.972
z 0. 054 1 0. 054 6. 754
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Fig. 2 Error between the theoretical values and the experimental data of fine-grained-soil sand sulfurous saline soil
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Tab.8 Model summary

B R R? —— I Ramis] HM G Durbin-
PREIRZE | R L F P df dfs Sig. F g | Watson
1 0.783" 0.612 0.596 0.395 0.612 36. 355 1 230 0. 000
2 0.852b 0.727 0.702 0.339 0.114 9.198 1 22b 0.006
3 0.913¢ 0.834 0.810 0.271 0.107 13.503 1 21¢ 0.001
4 0.968¢ 0.936 0.923 0.172 0.102 32.030 1 204 0. 000
5 0.980¢ 0.961 0.951 0.138 0.025 12.321 1 19¢ 0. 002
6 0. 987" 0.975 0.967 0.114 0.014 9.920 1 18! 0.006
7 0. 990¢ 0. 981 0.973 0.102 0.006 5.463 1 17¢ 0.032
8 0.993" 0. 987 0. 980 0.087 0. 006 7.108 1 16h 0.017 2.776
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