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Abstract

Geological structure detection using elastic waves is one of the most mainstream methods in geo-
physical exploration. It mainly uses the propagation characteristics of elastic waves in different
geological structures for detection. Because the formation medium has layered structure accord-
ing to physical properties, studying the propagation characteristics of elastic wave in different
layered underground half space is the basis of elastic wave geological exploration. For the propa-
gation of elastic waves in layered geological structures, this paper firstly deduces the basic wave
equation in the layered geological structure, and then establishes several common stratigraphic
structure models based on the finite element simulation software COMSOL and conducts simula-
tion analysis. The results show that there are only two-layer high-speed overburden geological
structures and velocity-decreasing three-layer geological structures, in which the elastic wave
energy can propagate to the lowest layer, and for other types of geological structures, elastic waves
will be reflected at the interface, and elastic waves are basically concentrated in surface layer me-
dium. This research can be used to guide the engineering practice of elastic wave geological ex-
ploration, and has certain engineering reference value.
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Figure 2. Simulation model. (a) Homogeneous media model; (b) two-layer media model; (c) three-layer media model
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Table 1. Homogeneous medium parameters

F 1. BEANRESH

P/ (m/s) RBOE/ (m/s) EIN Y
650 265 0.4

Table 2. Two-layer dielectric parameters

=2 WENRESH

WP (m/s)  REPIE/(m/s) VEFALL JEE /m
o= 650 265 0.4 10
REEEME
TZ 1800 962 0.3
o= 1800 962 0.3 20
T B 2
T2 650 265 0.4

Table 3. Parameters of three-layer dielectric with soft (hard) interlayer

=3 BH@REZENRSH

PN/ (mls) BRI/ (m/s) TRALE JEE/m
= 1800 962 0.3 10
BRRE=Z BRZE 650 265 0.4 10
TE 1800 962 0.3
= 650 265 0.4 10
B R =R f e 2 1800 962 0.3 10
Tz 650 265 0.4

Table 4. Speed increasing (minus) three-layer dielectric parameters

4. REBEF)=ENREHY

YA BOE (n/s) TR I (m/s) HEL YN = JEJE/m
HE 650 265 0.4 5
= 2 2 1200 400 0.35 5
HZE 1800 962 0.3
HR 1800 962 0.3 10
R =2 B2 1200 400 0.35 10
B2 650 265 0.4
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Figure 3. Snapshot of the numerical simulation wave field of the homogeneous me-
dium model (DP is direct longitudinal wave, S means transverse wave, DR is the
direct rayleigh surface wave)
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Figure 4. Snapshot of the numerical simulation wave field of the two-layer low-ve-
locity coverage model (RSR is the Rayleigh surface wave generated by the body wave
conversion)
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Figure 5. Snapshot of the numerical simulation wave field of the two-layer high-
speed coverage model (CS is transmitted shear wave)
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Figure 6. Snapshot of the numerical simulation wave field of the soft sandwich model
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Figure 7. Snapshot of the numerical simulation wave field of the hard sandwich model
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Figure 8. Snapshot of the numerical simulation wave field of the three-layer veloc-
ity-increasing model
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Figure 9. Snapshot of the numerical simulation wave field of the three-layer veloc-
ity decreasing model
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