T+ AR & REEA A 8 B8 F 23 5 3 57 55 1 Al Rz H1iE

i E Y, RAEEY, KRAMES, KRBT, g
(L MBS R TRESBE, YT JR0H 215011; 2. ZeBH T R%: IREER RIR B AL (O TF R B A FL e BLE seih s, 2 v
B 232001; 3. R A AR R A R A T, VLJ5 25 215337 4. Bl i @ AR S 0GR A R, TLI% 750 215337)

1 . BT FT A TR R R A 0 M 5 R T RO SR, 7 R AR A R R BEA LA AR, B DU o A AR
ERE AR, CLREALBOBOMBE LA K S B R & FLR I A IR S R , £ ) GprMax B P ITRE 1 A TR I
A PO 1 5 TR A IE TR, R TS50 L RO AR R s PV BEAT T IR, B PR S TR A AR LR &
KIS A S GHE T IR . SRR rE A H 2 TR S SR AR, A TR SRR S PR U W R, T
RO HL I A6 FEACRARBOR, SR B I A8 ™ B, AR B B A GhES RO 1 2R A, 1E
(R A 5 B m] DA 5 2 V5 SR, L — e SRS, SIS T s FLBR AR SR AE B A HU RO e 2
SHESRIE o TRAITFT AT A A VR I ] b o R PR U SR B B AR

KA AR5, BARER, BEEEAR, ARG IR

HhESES: U485 SERFRIRES: A NERS:

EZEB T JISCE1988—), 5, WHEHAN, #t, B#EE, ERNEE¥ TR M EEMPTE T/E. Bmail:

shiwenhaoneu@126.com.

Response characteristics of ground-penetrating‘radar for subgrade void based on
random reconstruction 0f/soil-rock mixture

SHI Wenhao'-%3, WU Yifeng"3, ZHANG Yohghui®, ZHU Xiaodan?, FAN Lvye> 4
(1.School of Civil Engineering, Suzhou University of Sciénce’and Technology, Suzhou, Jiangsu 215011, China; 2. Anhui Province Key

Laboratory of Intelligent and Green Mining of Deep Coal ReSources, Anhui University of Science and Technology, Huainan, Anhui
232001, China; 3. Kunshan Underground Space Technology Research Institute Co., Ltd, Suzhou, Jiangsu 215337, China; 4. Kunshan
Construction Engineeting Quality Tnspection Center Co., Ltd, Suzhou, Jiangsu 215337, China)

Abstract: In order to study the responsé\characteristics of geological radar waves to soil-rock mixed subgrade void, a microscopic
model of soil-rock mixture with pores was built with considering the randomness and non-uniformity of soil-rock mixtures. The
random placement method togetherwithethe random growth method were employed for the model, in which the gravel particle
model was built by the elliptical expansion deformation method. The geological radar forward simulations of soil-rock mixed
subgrade void were carried, Out’by using GprMax software. And the applicability of the model was verified by the equivalent
dielectric constant. Furthermoreynthe influence of subgrade roadbed gravel content, porosity, and moisture content on the reflection
signal of voids were simaulated. The results show that the electromagnetic waves will be strongly reflected when it propagates to
the void. The electromagnetic wave scattering in the soil-rock mixed subgrade is obvious, the waveform is blurry, and the wave
surface is not smooth. The larger the particle size of the gravel particle, the more severe the distortion of the reflected wave, and
the lower the distinguishability. Gravel is the main cause of electromagnetic wave scattering, and an appropriate amount of gravel
can enhance the amplitude of cavity signals. If it exceeds a certain amount, the signal will attenuate. The porosity and moisture
content mainly affect the reflection signal characteristics of void through the dielectric constant. This study can provide a
theoretical basis for the recognition of geological radar images of void in soil-rock mixed subgrade.

Keywords: heterogeneous; soil-rock mixture; subgrade void; electromagnetic wave; forward modeling
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Fig 1 Schematic diagram of soil-rock mixture
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Fig 3 Random reconstruction process diagram of soil-rock mixture
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Table 1 Electromagnetic parameters for numerical model

AN H 2%
5 P ol
ot 1.0 0
PiEmE 4.0 2X10°
TR 3R 9.0 5%X10°5
HIAEZ GHFD 6.6 1X10%
A 5.4 1X 10
SR/ &y 1X10%

EERENERS

HFH
B RH N

HEH

4 THRBREHRNEERERITIE
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