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Abstract; In order to improve the refinement level of mechanical parameters of layered structures explored by
Rayleigh wave, this study constructed the Rayleigh wave dispersion equation in layered elastic semi-infinite stratum
based on the spectral element method. For the two stratum structures of semi-infinite and “upper soft and lower
hard” , compared and calculated the dispersion curves of multi-modes Rayleigh wave with spectral element method
and fast vector-transfer algorithm. The results show that the relative error between the calculation results of spectral
element method and the corresponding results of fast vector-transfer algorithm is under 0.05%, which has high
calculation accuracy. On this basis, for the three complex layered structures of “upper hard and lower soft”
pavement structure, containing “soft interlayer” and containing “hard interlayer” , this study derived the calculation
method of surface displacement based on spectral element method, and established an semi-analytical method to
determine the superposition coupling mechanism of multi-modes Rayleigh wave in complex stratum structure by

analyzing the contribution of each mode phase velocity of Rayleigh wave to surface displacement energy, which are
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in good agreement with the corresponding simulation results of velocity-stress finite element method, indicating that
it is reasonable and feasible to calculate the dispersion curves of Rayleigh wave and reveal the superposition
coupling mechanism of multi-modal Rayleigh wave based on spectral element method.

Key words: spectral element method; Rayleigh wave dispersion curves; mode superposition coupling; layered

structure ; surface wave exploration
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Table 1 Mechanic parameters of regular layered soil models

el FEAE 25 h /m E/MPa p/(g/cm?) v Vo/ (m/s)
15 S T BRAA — ® 269 1.55 0.257 262.7
25 R —2 5 100 1.85 0.350 141.5
iy = 5 200 1.85 0.350 200.1
=2 10 450 1.85 0.350 300.2
P o 800 1.85 0.350 400.2
35 BETIS5 MR EE L 0.2 10000 2.45 0.25 1277.8
KRB ERA 0.4 7000 2.35 0.25 1091.6
KPeFaE + 0.2 3000 2.10 0.25 755.9
3 o 100 1.80 0.40 140.9
45 CRE 3= —2 5 200 1.85 0.35 200.1
Z2 5 100 1.85 0.35 141.5
=) 10 450 1.85 0.35 300.2
Pujz ® 800 1.85 0.35 400.2
5% R —Jz 5 100 1.85 0.35 141.5
-y = 10 450 1.85 0.35 300.2
=2 5 200 1.85 0.35 200.1
LY o 800 1.85 0.35 400.2
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Fig.2 Comparative calculation of dispersion curves of Rayleigh wave
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Fig.3 Simulation results of speed-stress finite difference method

R

1600
0.9 10°
1400 0s — By ey e R e Y
1200 0‘7 102 — PR TR S By
£ 1000 — 0:6
f;:g soo N T 0.5 2
;‘E 600 ) 0.4 S
400 ff = 0s
| 02
200| _/_ o |
E b OIEEY . oot e -10 i I ] L I ]
091500 3000 4500 6000 7500 9000 101500 3000 4500 6000 7500 9000
B /Hz Hii%/Hz
(a) Wl H S5SEMITR 45 (b)) PIREFERIE A AL V0 i

B4 3SHRESHEREPE R KT
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Fig.5 Modal superposition results of Rayleigh wave in soft-interlayer and hard-interlayer soil layered structures
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Fig. 6 Comparison of results calculated by SEM with finite difference numerical simulation
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