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Abstract

To investigate the mechanical response of solidified soil pavement base materials under complex
stress states, indoor three-point bending tests on small beams were conducted, and a finite element
numerical calculation model was established based on the dual-modulus theory. The study com-
pared the calculation differences between the traditional single-modulus model and the dual-modu-
lus model considering tension-compression anisotropy under bending-tension conditions. The re-
sults show that solidified soil materials exhibit significant differences in tension and compression
moduli; the mid-span deflection calculated by the traditional single-modulus model deviates signifi-
cantly from the measured value, failing to accurately reflect the deformation behavior of the struc-
ture. After introducing the dual-modulus constitutive relation, the finite element simulation results
showed a significant improvement in agreement with the experimental curves. The research findings
reveal that neglecting the difference in tension and compression moduli is a significant reason for
the unsafety of traditional designs, and can provide a more accurate theoretical basis for the crack-
resistant design and life prediction of solidified soil pavement base materials.
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Figure 1. Soil gradation curve
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Table 1. Basic physical and mechanical properties of the soil used in the experiment
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Figure 2. Loading device and specimen for uniaxial tensile test of solidified soil
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Figure 3. Typical curves of uniaxial tensile load-displacement in solidified soil
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Figure 4. Fitted surface of dynamic resilient modulus of solidified soil with respect to volume stress and shear stress
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Table 2. Regression parameters of the dynamic resilient modulus model for solidified soil
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Figure 5. Loading site of the three-point bending test of the solidified soil beam
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Figure 6. Schematic diagram of Ambartsumyan’s bimodal constitutive model
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Figure 7. Dimensions and mesh generation of the finite element model of the three-point
bending of the solidified soil beam
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Figure 8. Horizontal stress distribution cloud map of solidified soil beams under different modulus modes. (a)
Stress contour plot of a single-modulus model; (b) Stress contour plot of the dual-modulus model
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Figure 9. Comparison of time history curves of dynamic response to
mid-span deflection
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