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Abstract

In recent years, China’s highway construction has developed rapidly, but collapse accidents caused
by subgrade defects have also occurred frequently. Ground Penetrating Radar (GPR), as an efficient,
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precise, and non-destructive detection technology, has been widely used in the detection of hidden
road hazards. To quickly understand the electromagnetic response characteristics of subgrade cav-
ities under GPR and improve the accuracy and technical guidance of cavity detection, this study em-
ploys GprMax software based on the Finite-Difference Time-Domain (FDTD) method to perform for-
ward modeling of road cavities under various conditions—including different shapes, fillings, sizes,
and center frequencies of excitation sources. By analyzing the generated B-scan radar profiles, the
radar wavefield response characteristics of various cavity defects are systematically studied, provid-
ing theoretical foundations and technical support for data analysis and interpretation in practical GPR
surveys of road infrastructure.
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Figure 1. Ground penetrating radar working principle diagram
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Figure 2. Schematic diagram of a single Yee grid structure
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Figure 3. GprMax modeling flowchart
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Figure 4. Road structure model diagram
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Figure 5. Schematic diagram of a rectangular cavity model
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Figure 6. Forward simulation diagram of a rectangular cavity
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Figure 7. Schematic diagram of a circular cavity model
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Figure 8. Forward simulation diagram of a circular cavity
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Figure 9. Forward simulation diagram of a rectangular water-rich body

B 9. 3R EKFIEREIE

£ 4.5ns A1 15ns feA7 BRSPS B, 20 Jall ot B FE B = S 262 DL R 5 3 2 1]
1o FrIHT S AN R S5 48 2 18] ) AR AR A o FEEIS 20 21 s B2 3 m Ar B AL H L — N9 SUpHE
T, BB ROUI AL, 2000 2 T il AN, TSR A, RIS LT O T
AL B AR R Tt BEE IR0, O 2 3 SRR S IR, R W] AR A S IR R A
FoILRE T RE AP RIS SRS . SeAh, IR R4 37 ns SRS B — B, X BLRFA
DR P B R A 22 I JE 8 T AR () RS i o 5 R B B A R S5 K BROARDRT A BB R 790 0y 12 A 81, L
AL S T v B A% PR 2 DR TR K, DR 2 3 A 8 B FE S AR T B2 IR L 52

DOI: 10.12677/m0s.2025.147517 77 A ()


https://doi.org/10.12677/mos.2025.147517

XK

4.2.2. EAREKE

T & KB 2 IR AR, AR HE AR [ (R R S5 AT S 8, AE S E Mg — N EAN 04 m (& KE
e, HELOAAFR N30, 1.3), TSR ER SR N 1.2 me BRI UAITRANE S, R
SR EKAE T S TR R R — 8. IR SR an ] 10 Fs .

x10*

4 5 6
(m)

n L (=2 ==}

o
Amplitude (V/m)

Time [ns]

A N

(=]

0 1 2 3
Distance (m

Figure 10. Forward simulation diagram of a circular water-rich body
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Figure 11. Forward simulation diagram of circular inflated cavities of different sizes
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Figure 12. Forward simulation diagram for different excitation source center frequencies
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Figure 14. Measured radar image of an inflated cavity
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Figure 15. Measured radar image of a water-rich cavity
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