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Abstract: The study of the wetting-induced deformation mechanism of loess is of great importance for engi-
neering disaster prevention and control in the Loess Plateau region. This research focuses on the Qs;p and Q,p
loess from Fuxian County, northern Shaanxi, aiming to reveal the deformation behavior and underlying mecha-
nisms of loess from different geological eras under wetting conditions. A comparative study of the engineering
properties of the two types of loess was systematically conducted through a series of physico-mechanical tests,
mineral composition analysis, scanning electron microscopy (SEM) observations, and multi-condition consolida-
tion-collapse tests. The results indicate that the consolidation deformation process of both types of loess can be
divided into three stages: slow deformation under low pressure, accelerated deformation under medium pressure,
and stabilized deformation under high pressure. Under high pressure conditions, the consolidation deformation
becomes more sensitive to changes in initial water content. With increasing initial water content, the compres-
sion deformation of the Q;p specimens intensifies significantly, while that of the Q,p specimens weakens. In col-
lapse tests, the two groups exhibited fundamentally opposite deformation characteristics: the Q,p specimens
showed typical collapse behavior, with the collapse coefficient initially increasing and then decreasing with ris-
ing pressure, whereas the Q,p specimens displayed certain expansion characteristics. As the initial water content
increased, the collapse coefficient of the Q,p specimens gradually decreased, while the expansion tendency of
the Q,p specimens also weakened. Microstructural analysis revealed that the stability of the loess microstructure,
particularly the presence of large pores, provides the necessary space for compression and collapse deformation.
Mineral composition analysis indicated that the dissolution of soluble salt minerals (e.g., calcite) exacerbates soil
compression and collapse deformation, while the water-absorbing expansion of clay minerals (e.g., illite) partial-
ly suppresses these behaviors. This study elucidates the controlling mechanism of the coupling effect between
mineral composition and microstructure on the wetting-induced deformation behavior of loess, providing impor-
tant theoretical support and practical guidance for engineering construction and geohazard mitigation in loess re-
gions.

Keywords: Loess; wetting-induced deformation; Scanning Electron Microscopy; microscopic mechanisms
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Fig. 1 Variation of collapsibility coefficient in site loess layers
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Tab. 1 Statistical table of basic physical properties of loess specimens
HWIZE BFEHEE (m) RAFEFEp(gem’) THEEp(gem’) FAHKo(%) FLBitbe WRW. (%) WHRW(%) I,
Q:p 1 1.64 1.35 18.80 1.00 29.9 20.0 9.9
Q.p 25 1.80 1.49 20.90 0.82 29.8 19.9 9.9
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Fig. 3 Particle size distribution of specimens (a) grading curve and (b) accumulation curve
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Tab. 2 Statistical table of mineral composition of

loess specimens
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Fig. 4 Test results of consolidated compressive deformation of the original loess
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Tab. 3 Statistical table of specimen compression parameters and structural yield stress

Q,pik £ Q,pist i
KR (%)
18.8 24.7 27 30 37.01 20.90 24 27 30 30.21
JE 4 & $a, /MPa’ 1.12 1.15 1.17 1.20 1.48 0.66 0.61 0.59 0.54 0.54
JE 4 15 i E/MPa 1.74 1.70 1.67 1.63 1.32 2.75 2.98 3.08 3.36 3.36
45 ¥4 i IR L 71 P, /kPa 68.4 56.5 48.0 40.5 35.1 92.1 86.8 82.2 75.7 75.1
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Fig. 6 Curves of collapsible coefficient versus vertical pressure for (a) Q;p and (b) Q,p loess specimens

with different water contents
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Fig. 7 Collapsible coefficient surfaces of original loess with different initial moisture contents for (a) Q;p and (b) Q,p
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Fig. 8 Microstructural characteristics of (a) Q,p and (b) Q,p original loess specimens
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Fig. 9 Microscopic pore size distribution of Q;p and Q,p origi-

nal loess specimens
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Fig. 10 Distribution of microscopic pore classification of (a) Q;p and (b) Q,p original loess specimens
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