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Dynamic response mechanism of radar wave propagation
characteristics to fracture seepage in sandstone
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Abstract: Fracture-related deterioration is common in grottoe temple rock masses, with water seepage
exacerbating the issue, complicating cultural relic preservation. This study explores the dynamic response
mechanism of radar wave propagation to fracture seepage in sandstone. Firstly, a transient model, based on
physical parameters and Richards equation, is established. Then, the finite difference time domain method is used
to numerically simulate the fractured seepage in sandstone with ground-penetrating radar(GPR). Finally, Hilbert
transform is used to extract the instantaneous attributes and analyze the radar wave field responses under different
seepage durations. Simulation of sandstone fracture seepage reveals that fracture seepage increases the dielectric
constant of seepage area, enhances radar wave scattering in this area, and causes the instantaneous amplitude of
the radar wave scattering to increase with the increase of water saturation. The reselts provide an important
theoretical support for GPR in detecting micro-seepage fractures in sandstone.
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Fig.1 Flowchart of numerical simulation and wave field response analysis of fracture seepage
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Fig.2 Fracture seepage model of sandstone

Y\l L /m




% 10 4 ZIRIE A BRI RS A R I T KA 5 3 AR B AL 185

0.20 0
0.15 :
i
=
0.10% \i 0.4
4
0.05 .
0 R

0 02 04 0.6 038

x/m

(¢)t=20s

0.20 0 0.20
015 02 .

5
0.10% Eoaglt 0.10

4
0.05 0.6 : 0.05
0 0.8 0

0 02 04 06 08
x/m

(=]
—
W

KA

x/m x/m

(d)i=40s (e)i=60s (f):=80s
B3 AEEREZEKEFERE

Fig.3 Water saturation model at different seepage durations
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Fig. 4 Dielectric constant model based on water saturation of hydrological simulation
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Fig.5 Forward simulation results of GPR based on the model in Figure 4
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Fig. 6 Instantaneous amplitude profile of GPR based on the data in Figure 5
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Fig. 7 Relationship between water saturation and instantaneous amplitude
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