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Macro-micro Evolution Characteristic Function of Solidified
Loess under the Effects of Dry-wet Cycles
JIAO Yuanfan, YAN Changgen, CHANG Zhou, JIA Zhuolong,
ZHANG Yibo, LIANG Zherui, ZHANG Jiahui
(School of Highway s Chang’an University, Xi'an 710064, China)
Abstract: [ Objective ] To reveal the durability of solidified loess slope protection in long-term service.
[ Methods | Under the condition of dry-wet cycles, direct shear, permeability mechanical tests of solidified
loess were carried out to study the evolution law of the macro-properties of stabilized loess, and the damage law of
dry-wet cycles on the morphology of the microstructure was analyzed by using scanning electron microscopy and
image processing technology. The micro-mechanism of improvement of the dry-wet cycle durability of the macro-
properties of loess by biological glue was discussed, and the macro-micro-evolution feature function was established
based on the macro-performance index and the micro-structure view parameters to describe the numerical response
relationship between the macro-properties and the micro-structure under the dry-wet cycle conditions.
[ Results] The biological glue inhibited the deterioration of mechanical properties of solidified loess, and the
inhibitive effect was positively correlated with the content of biological glue; the change of permeability of
solidified loess was increased by biological glue, and the change amplitude was negatively correlated with the
content of biological glue. The dry-wet cycles resulted in the failure of loess cementation, particle damage and
pore increase. The biological glue enhanced the loess cementation, slowed down the particle damage and
changed the pore development pattern. More than 95% of the predicted points fell within the mean square

error line. The addition of biological glue could improve the durability of the macroscopic properties of loess
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under dry-wet cycles. The sensitivity analysis of the characteristic function showed that the porosity had the

greatest influence on the mechanical properties, and the large porosity with pore size > 32 um had the

greatest influence on the permeability. [ Conclusion] The research findings can provide a theoretical basis for

the engineering application of biological glue for the technology of soil solidification and slope protection and

subsequent improvement of the technology.
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Fig.11 Macro-performance evolution
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Table 3 Cohesion-microstructure evolution characteristic function, functional coefficient and predictive value

EYRBE/ % N/ s % A, B, Bc/% ;/kPa c/kPa
2 1.775 8 0.933 8 0.652 0 1.185 5 0.126 0 83.260 1 85.04
4 1.801 1 0.872 4 0.642 8 1.168 7 0.285 9 72.731 8 76.42
Lo 6 1.814 0 0.837 1 0.638 2 1.160 3 0.457 1 61.462 7 65.29
8 1.810 3 0.831 4 0.639 5 1.162 7 0.639 5 49.451 4 52.74
2 1.441 9 0.947 9 0.802 7 1.459 4 0.106 1 79.231 9 78.62
4 1.387 8 0.801 3 0.833 6 1.515 7 0.291 5 67.793 7 68.22
0-5 6 1.500 8 0.794 5 0.770 9 1.401 7 0.515 1 54.001 8 54.55
8 1.514 5 0.696 6 0.763 8 1.388 8 0.763 8 38.656 6 38.36
2 1.253 7 0.958 4 0.922 9 1.678 1 0.090 1 67.912 7 64.84
4 1.265 5 0.812 6 0.914 1 1.662 0 0.288 9 57.533 5 53.66
0 6 1.289 7 0.716 6 0.896 8 1.630 5 0.561 0 43.319 3 37.52
8 1.306 8 0.613 6 0.884 9 1.608 9 0.884 9 26.403 6 20.39
R4 NEZA-MUEHRCHTEIBENBUSE . EBRBHRHHTNE
Table 4 Internal friction angle-microstructure evolution characteristic function, functional coefficient and predictive value
EMKBR/% N/K A i, C A, B, Do/ % /) ¢/ ()
2 1.775 8 0.874 4 0.989 3 0.687 1 0.981 5 2.539 4 27.776 3 27.94
4 1.801 1 0.781 0 0.972 6 0.683 2 0.976 0 5.005 0 27.073 6 27.32
1.0 6 1.814 0 0.733 4 0.939 5 0.685 3 0.979 0 7.451 2 26.376 4 26.55
8 1.810 3 0.681 3 0.901 6 0.695 9 0.994 2 10.028 5 25.641 9 25.64
2 1.441 9 0.839 3 0.979 6 0.872 7 1.246 8 2.233 2 27.482 3 27.44
4 1.387 8 0.565 1 0.956 6 0.934 0 1.334 3 5.337 7 26.609 6 26.73
0-5 6 1.500 8 0.5417 0.922 7 0.865 6 1.236 6 8.739 5 25.653 3 25.72
8 1.514 5 0.448 5 0.876 4 0.877 2 1.253 2 12.641 1 24.556 6 24.34
2 1.253 7 0.965 7 0.985 1 1.012 2 1.446 0 1.964 9 26.469 5 26.26
4 1.265 5 0.730 4 0.952 1 1.018 2 1.454 6 5.353 4 25.554 6 25.30
0 6 1.289 7 0.5211 0.911 2 1.022 5 1.460 7 9.678 9 24.386 7 24.25
8 1.306 8 0.387 5 0.8511 1.040 0 1.485 8 14.987 1 22.953 5 23.11
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Table 5 Saturated permeability coefficient-microstructure evolution characteristic function, functional coefficient and predictive value
4 _ K/ K/
N N/ n s g 7 A. B. AK /% i
KB/ % ] ! ' ’ ’ ' (10 °cm * s~ ) (10 °cm * s D)
2 1.612 3 1.771 9 1.617 0 2.072 3 0.927 6 0.773 0 101.235 0 3.500 4 3.130 58
Lo 4 1.444 7 1.783 4 1.683 0 2.265 3 1.004 2 0.836 8 179.172°1 4.856 1 4.803 29
' 6 1.284 2 1.796 8 1.766 6 2.380 9 1.056 5 0.880 4  261.356 9 6.285 7 6.298 34
8 1.405 7 1.653 4 1.968 8 2.2857 1.025 9 0.854 9  326.928 6 7.426 3 7.296 94
2 1.569 5 1.2779 1.483 3 1.604 0 0.809 7 0.674 8 101.262 2 3.828 3 3.431 06
0 4 1.269 0 1.513 2 1.322°5 1.380 7 0.729 6 0.608 0 152,555 1 4.804 0 5.013 38
)
6 1.378 2 1.513 3 1.5313 1.557 9 0.783 9 0.653 2 207.010 8 5.839 8 6.033 30
8 1.379 1 1.513 4 1.5325 1.658 3 0.818 2 0.681 9  260.760 0 6.862 2 6.890 63
2 1.615 2 1.257 0 1.256 2 0.845 6 0.546 9 0.455 7 92.656 5 5.110 8 5.182 42
0 4 1.787 5 1.3711 1.1715 0.667 0 0.463 3 0.386 1 112,984 2 5.650 1 5.422 54
6 2.101 1 1.327 1 1.184 5 0.534 3 0.410 6 0.342 2 118.592 7 5.798 9 6.059 77
8 2.354 9 1.295 7 1.173 6 0.443 2 0.375 4 0.3128 119.628 9 5.826 4 6.237 22
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Fig.13 Functional parameter sensitivity analysis
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