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Compressive properties and microstructure of saline soil added
fiber and lime under freezing-thawing cycles

CHAI Shouxi, ZHANG Lin, WEILi, TIAN Mengmeng
(School of Geology and Geomatics, Tianjin Chengjian University, Tianjin 300384, China)

Abstract: Freezing in winter and thawing in spring lead to deterioration of the engineering property in the coastal
saline soil in north China. In order to study the effect of the saline soil added lime (lime-soil) and saline soil added
fiber and lime (fiber-lime-soil) on compressive capability, anti- freezing-thawing capability and microstructure, the
freezing-thawing tests, unconfined compressive test, scanning electronic microscopy (SEM) test, nuclear magnetic
resonance (NMR) test and mercury intrusion porosimetry (MIP) test are carried out, and the correlation between
the compressive strength and microstructure characteristics, anti-freezing-thawing capability and its variation rules
are systematically analyzed. The test results show that the compressive strength, pore volume and porosity of lime-
soil and fiber-lime-soil under the freezing-thawing cycles are varied by four stages, that is, stage one (1-3

freezing-thawing cycles), stage two (4—7 freezing-thawing cycles), stage three (8—10 freezing-thawing cycles),
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stage four (11—15 freezing-thawing cycles). At the same freezing-thawing cycles, the failure strains of lime-soil

and fiber-lime-soil increase with the increasing compactness, and the compressive strength and failure strain of

fiber-lime-soil are greater than those of lime-soil, but the porosity is lower than that of lime-soil. The more the

compactness is, the stronger the friction between fibers and particles, and the better the compressive properties.

The interleaved fibers and randomly distributed fibers jointly limit the deformation of the soil and enhance the

anti-freezing-thawing properties of the fiber-lime-soil. The results may provide the guidance in theory and

technology for engineering utilization in saline soil areas in northern China.

Keywords: freezing-thawing cycle; reinforced saline soil; compressive strength; microstructure; NMR
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Fig. 1 Stress-strain curves of lime-soil with three lime content
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Fig.2 Unconfined compressive strength of lime-soil and fiber-lime-soil in three compactness vs freezing-thawing cycle
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Fig.3 Decrease rate of the compressive strength of lime-soil and fiber-lime-soil with freezing-thawing cycle
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Fig. 4 Axial stress-axial strain curves of lime-soil and fiber-lime-soil in three compactness of different freezing-thawing cycles
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Fig. 5 Failure patterns of the lime-soil and fiber-lime-soil under different freezing-thawing cycles
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Table 1 Volume proportion of the lime-soil and fiber-lime-soil in
three compactness under some freezing-thawing cycles /%

LB i S FE90% S FE93% JESZE96%
KM B gy Wt mRE Wt mRE At

0 6394 5764 7672 7216 8250 8428
1 6201 5452 7170 69.89 7893  83.61
2 5756 5444 7023 6824 7627  80.57
5 5300 4850 6574 6393 7238 7624
LB
7 5281 4602 6228 6062  67.12 7238
10 5480 5428 6570 6118 6635  67.56
12 5631 5241 6422 6258 6690 6685
15 5549 5142 64.13 5929 6699 6527
0 1646 1594  13.15 1452 1089  9.85
1 1857 1878 1580 1638  12.66  10.54
2 2213 2007 1708 1803 1446 1244
52314 2322 1995 2058 1724 1516
/LB
7 2516 2403 2108 2179 1971 18.17
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Fig. 8 Pore distribution characteristics of the lime-soil under

different freezing-thawing cycles
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