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Abstract The study of the interaction between beams and saturated soils is of great significance in both mechanics
and engineering fields. In this paper, the fractional Merchant model is adopted to solve the rheological consolidation
of saturated soils, which can simulate the time-depending characteristics of the soils more accurately than the common
integer order viscoelastic models. Based on the solution of consolidation for multilayered cross-anisotropic viscoelastic

saturated soils, the finite element method (FEM) and the boundary element method (BEM) are coupled to investigate the

2020-12-23 Yitfi, 2021-02-28 3% FH, 2021-03-01 M4 K K.
1) K ARG (41672275) BEBIUE .
2) W, B, FEGR TN &+ KM F T2, E-mail: zhiyongai @tongji.edu.cn
IR R 5, R, Fed it EWR0 BN B A b Ik 5 ZEIL R F IR 2800 2. 02224, 2021, 53(5): 1402-1411
Ai Zhiyong, Wang He, Mu Jinjing. Time-dependent analysis of the interaction between multilayered fractional viscoelastic saturated
soils and beams. Chinese Journal of Theoretical and Applied Mechanics, 2021, 53(5): 1402-1411




% 5 SR AR R B R A T Ak I 5 IR FH B IR BRI A 1403

puf

interaction between beams and fractional viscoelastic saturated soils. The beam is discretized into a number of elements
according to the Timoshenko beam theory, and then the global stiffness matrix equation of the beam is obtained. The
precise integration solution of the viscoelastic soils is considered as the kernel function of the boundary integral, and the
flexibility matrix equation of soils is established by the BEM. Finally, by coupling the FEM and the BEM, the solution
of the interaction between multilayered fractional viscoelastic saturated soils and the Timoshenko beam is derived by
introducing the displacement coordination condition and equilibrium condition for forces between them. The soil model
adopted in this study is degenerated into the Kelvin model, and the results obtained are compared with those in the existing
literature, which shows a good consistency. On this basis, the effects of the fractional order and stratification of soils on the
interaction between beams and viscoelastic soils are discussed. Numerical results show that: the consolidation velocity of
viscoelastic saturated soils with higher fractional order is obviously faster; for layered soils, the reinforcement of topsoil
can effectively control the ground settlement and reduce the differential settlement. In practical engineering, the effects of

rheology of saturated soils and soil stratification should be well considered to analyze the interaction between beams and

soils more accurately.
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Table 1 Parameters of three different saturated soils
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Soil 1 15 75 1.0 x 10° 0.8 1 0.35 50x 1078 5
Soil 2 30 15 1.0 x 107 0.8 1 0.35 50x1078 10
Soil 3 20 — — — 1 0.25 5.0% 1078 20
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Table 1 Three cases of different multilayered soils

Case Case 1 Case 2 Case 3
Layer 1 Soil 1 Soil 1 Soil 2
Layer 2 Soil 1 Soil 2 Soil 1
Layer 3 Soil 1 Soil 3 Soil 3
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