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Experiment and Application of Multi-component Polymer in
Muddy Soil Improvement
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Abstract; To improve the engineering properties of sludge soil and mitigate its engineering hazards, this
paper conducts an experimental and application study on the modification of sludge soil using a multi-
component composite admixture consisting of basalt mineral powder, calcium hydroxide, and
polypropylene fiber. First, single-factor experiments were carried out to determine the optimal dosages of
basalt mineral powder (MP), Ca(OH),, and polypropylene fiber ( PP) for sludge soil modification.
Subsequently, the Box-Behnken design ( BBD) response surface methodology within the Design-Expert
software was adopted for multi-factor experimental design, a response surface regression model was
established to investigate the cross-interaction effects of MP-Ca( OH) ,-PP on the engineering properties
of modified sludge soil, and the optimal mix ratio of the composite admixture was determined. The
experimental results show that the sludge soil achieves the optimal modification effect with the maximum
unconfined compressive strength (UCS) when the mass ratio of MP : Ca(OH), :PP is 16.95:5.68 :
0.25. The measured average UCS value is 797kPa, while the predicted value from the response surface
model is 825kPa, with a relative error of merely 3. 51%, indicating the high prediction accuracy of the
established model. A field application was implemented in a subgrade engineering project in Huzhou,
where the sludge soil was paved in layered and compartmentalized sections, mixed with the MP-Ca
(OH),-PP composite admixture at the optimal ratio, and cured to the specified age. Test results
demonstrate that the modified sludge soil subgrade meets the design requirements for compaction in

highway engineering, verifying the feasibility and applicability of the sludge soil modification scheme
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using the multi-component composite admixture.

Keywords ; subgrade ; muddy soil ; improvement ; mineral powder; polypropylene fiber; response surface

method ; tests
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Table 1 Geotechnical property parameters of muddy soil
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Fig.1 Particle size distribution curve of soil
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Table 2 The chemical composition content of MP
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Table 3 Physical and mechanical parameters of PP
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Fig.3 Sample preparation process
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5 10 15 20 25 0.05 02 03 04 05 2 8 8 0.20 552 703
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a MP b PP 3 2 22 0.20 515 690
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& 750
3 7 2 15 0.35 513 700
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Ca(OH, B /%
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Fig.4 Variation of UCS of soil samples with different 15 5 15 0.20 636 809
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17 5 15 0.20 639 793
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