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Abstract

Foam lightweight soil has the advantages of low mass, high strength, fluidity, self-standing ability, and
adjustable density. Considering the background that Xinjiang region is located in a remote area and the cost
of transporting a large quantity of subgrade construction materials is relatively high, and taking into
account the improvement of the utilization rate of idle resources and solid waste resources, an attempt is
made to use aeolian sand and oil sludge pyrolysis residue as admixtures to prepare a new material, namely
Aeolian sand oil sludge pyrolysis residue foam light soil (SOFS). Applying SOFS to subgrade construction
can not only effectively utilize solid waste and idle materials to achieve green development, but also reduce
the cost of subgrade construction.

In this study, first of all, different factor levels affecting the performance of foam lightweight soil are
determined through preliminary tests, and an orthogonal test design is carried out. Secondly, fluidity, wet
density, unconfined compression, splitting tensile, and flexural tests are carried out to study the physical
and mechanical properties of SOFS and the influence of different factor levels on the physical and
mechanical properties. Through variance analysis, range analysis, and comprehensive balance method, 5
groups of mix ratios with better physical and mechanical properties are screened out from 25 groups of mix
ratios, and the feasibility of applying this material to subgrade construction is verified. Then, based on the 5
groups of mix ratios screened out from the physical and mechanical tests, drying shrinkage, freeze-thaw
cycle, and dry-wet cycle tests are carried out. The influence of different influencing factors on the
durability performance of SOFS is studied, and the optimal mix ratio is screened out. Finally, taking the
screened optimal mix ratio as a fixed quantity, four different foaming agents are selected for mechanical
tests and durability tests to study the main factors affecting the performance of SOFS from the perspective
of foaming agents. The main research achievements are as follows:

(1) Through preliminary tests, the dosage range of aeolian sand in each cubic decimeter of sample is
determined to be 0-150 g, the dosage range of oil sludge pyrolysis residue is 0-150 g, and the selection
range of the water-solid ratio is 0.29:1-0.33:1. The best type of foaming agent screened according to the
bleeding rate, foaming multiple, and density is the HT composite foaming agent. Through the variance
analysis of physical and mechanical tests, it is found that the factor with the greatest influence on fluidity is
the dosage of aeolian sand, and the relationship between the dosage of aeolian sand and fluidity is
positively correlated. The factor with the greatest influence on wet density, unconfined compressive
strength, splitting tensile strength, and flexural strength is the volume ratio of foam to slurry, and all of
them are negatively correlated with the volume ratio of foam to slurry.

(2) According to the microscopic analysis, the C-S-H flocs generated by hydration are conducive to



the structural stability of SOFS specimens. If there are no cracks and through holes in the internal structure
of the specimen, the diameter of the hole shell is small and uniform, and the hole shell is evenly distributed
in the overall internal structure of the specimen, then the specimen has a relatively high compressive
strength. The results of physical tests and compressive strength tests show that the SOFS material can be
used for subgrade filling at a depth of 0-0.8 m from the bottom surface of the pavement in expressways.
Through the range analysis of physical and mechanical tests, 5 groups of combinations with better
performance and the corresponding mix ratios are determined.

(3) The water-solid ratio, the dosage of oil sludge pyrolysis residue, and the dosage of aeolian sand
have a great influence on the drying shrinkage performance of SOFS. The water-solid ratio, the diameter of
foam, and the total volume of foam play a major role in the dry-wet cycle and freeze-thaw cycle of SOFS.
Through physical and mechanical and durability tests, the optimal mix ratio screened out is H14. From the
perspective of foaming agents, the influencing factors of the mechanical properties and durability of SOFS
prepared by different foaming agents are the foaming multiple of the foaming agent, the stability of the
foam, the diameter of the foam, the distribution state of the foam in the slurry structure, and the wall
thickness between foams.

Key words: Aeolian sand; Pyrolysis residue of oily sludge; Foamed lightweight soil; Physical and

mechanical properties; Durability
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