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Abstract

In the long-term use of transportation infrastructure, vehicle loads, environmental factors,
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construction technology and other complex factors will cause problems such as cavities, cracks or
voids in underground structures. In this paper, GprMax is used to carry out forward simulation of
GPR data, and analyze the radar map characteristics of underground cavities under different con-
ditions. The two-dimensional section results of the forward modeling results show that the larger
the cavity volume, the more secondary weak echo signals are generated by the reflection or scatter-
ing effect. Different media have different effects on radar echo. Compared with air, sand and water,
the reflection of air media is the strongest and sand and stone media is the weakest. The propaga-
tion path and energy distribution of electromagnetic wave generated by different shapes of cavities
are also different. The deeper the hole is, the weaker the energy reflection is. The forward simula-
tion of actual cavity pairs is basically consistent with the changes of actual cavity spectra. For the
cavity with a shallow depth of 0.3~1.5 m in urban roads, the 600 MHz antenna can clearly observe
the shape and depth of the cavity. Combined with the actual case, the more consistent results are
obtained by comparing the forward simulation radar echo spectrum, which can provide theoretical
support and basis for the detection of underground diseases by GPR.
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Table 1. Electromagnetic parameters of common media
# 1 RERINREESH

MR HL 3 % (S/m) TR E T (m/ns) IR H(dB/m)

A, 0 1 0.3 0

afik 10%~3 x 1072 81 0.033 0.1

E’/" 107~1073 4~6 0.15 0.01

it 101~1 8~12 0.06 1~300

et 0.1~100 15 0.078 R
TR+ 1 6.4 0.12 S

WhHE  — 3-5 0.12~0.18 —
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Figure 2. Forward simulation images of cavities of the same shape and different sizes
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Figure 3. Forward simulation echo images of cavities of the same shape and different sizes
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Figure 4. Forward simulation images of cavities of the same size and different media
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Figure 5. Forward simulation echo images of cavities of the same size and different
media
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Figure 6. Forward modeling images of the same cavity in different media
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Figure 7. Forward modeling echo images of the same cavity in different media
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Figure 8. Forward simulation images of cavities of the same size, same medium and dif-
ferent depth
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Figure 9. Forward simulation echo images of cavities with the same size and the same
medium at different depths
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Figure 10. Irregular cavity simulation image
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Figure 11. Irregular cavity simulation echo image
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Figure 15. Measured cavity excavation verification image
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Figure 16. Measured cavity forward echo image
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