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Mechanical properties and microstructural analysis of lignin

fiber-lime composite expansive soils

LIU Haotong’, WANG Yejiao', WANG Taian’, GUO Zhaomin'

(1. School of Mechanics and Engineering Science, Shanghai University, Shanghai 200444, P. R. China;
2. Shanghai Shentong Metro Construction Group Co.,Ltd, Shanghai 201103, P. R. China)

Abstract: Expansive soil is a typically problematic soil that exhibits the engineering characteristics of swelling
and shrinkage. It is highly sensitive to climatic changes, often leading to engineering disasters such as slope
instability and landslides. While traditional inorganic chemical modifiers (such as lime, cement, etc.) can
effectively improve soil strength, these modifiers are associated with environmental issues, particularly high
carbon emissions. This study investigated the use of a novel green, low-carbon material-lignin fiber (LLF)-for the
modification of expansive soil. Unconfined compressive strength test, direct shear test, free swell test, mercury
intrusion porosimetry, and scanning electron microscope were performed to analyze the mechanical properties of

lignin fiber improved expansive soil. The effects of modifier dosage and curing age on the mechanical properties
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and microstructure of lignin fiber-lime composite-treated soil were also studied. The results indicated that 8%

lignin fiber significantly improved both the shear and compressive strengths of expansive soil. After the optimal

treatment, the mechanical properties of the composite improved soil were comparable to those of 4% lime-

treated soil. Lignin fiber can effectively enhance the micro-structure of expansive soil by enhancing the bonds

among soil particles. The results illustrated that lignin fiber, as a new low-carbon material, can significantly

improve the engineering properties of expansive soil, to partially replace or reduce the use of traditional

modifiers in the field of soil improvement.

Keywords: lignin fiber; lime composite improvement; expansive soil; mechanical properties; microstructure
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Fig.2 The relationship curves between axial stress and

strain of lignin fiber modified soil
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Fig. 3 The relationship curves between lignin fiber

content and compressive strength
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Fig.4 Relationship between lignin fiber content and

compressive strength of composite improved soil
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Fig.5 The relationship between compressive strength and

curing days of improved soil under different ratios
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Table 4 Strength parameters of improved soil with
different lignin fiber content
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Fig.7 Relationship between lignin fiber dosage and shear

strength of composite amended soil
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Fig.8 The relationship between cohesion of improved soil

and curing days under different ratios
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Fig.9 Relationship between internal friction angle and

curing days of improved soil under different ratios
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soil under different ratios at the curing age of 28 days
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Fig.13 Pore size distribution density curve of improved

soil with different proportions
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