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Forward simulation and experimental study of GPR for
water-bearing cavity

LING Tonghua, LIU Fang,HE Wenchao,ZHOU Zhihui
(School of Civil Engineering, Changsha University of Sciences & Technology, Changsha 410114, China)

Abstract: Aiming at the disease judgment and recognition problem of hole filling with different
moisture content in tunnel quality testing, the GPRMAX software was used to forward model the hole
filled with different moisture content loess behind the tunnel lining. And the geological radar time
profile collected in the model test were compared. The results show that the GPR can be used to detect
the cavity and observe its location and size. The GPR reflected wave of rectangular hollow shows
hyperbolic features of top flat. The moisture content of filling medium has impact on imaging. When
the filling medium moisture content is below 10%, the content is lower, the imaging characteristic of
hyperbolic is more obvious, multiple wave reflection is weak. when it is higher than 20%, both the
imaging characteristic of hyperbolic and multiple wave reflection are gradually enhanced with the
increase of moisture content. The research can provide basis and reference for judging the water-
bearing state of the filling material behind the lining in the quality defect of the tunnel.

Key words: lining; cavity; moisture content; ground penetrating radar; difference time domain;
GPRMAX forward modeling

B 201840, M ERRIE A G N36 103 kme B IZ BRI T PUIE ACH K 8UA 734 km, 2019 4F
Horp B GE d I H A S AR AT 83 4%, MK E W S A B R IR ARG N, 38 1 710 k™ B
18 132 km' . G HARE, PEAT KA RGBS AR BRIE BRI AGZ B X T A T R Y T A I
BRI A AR O A E . 240, A BN g InhEE, Hob BEE AT b A as R &
% T2 N B R B AR K G 2 000 kmo X 2018 4F BRI T AR W UG, UMM 18 8 e 4

¥ Fs B #A:2021-05-06
HLWH : FE AR AW BITH H (52078061.51678071) ; i1 44 W 5% A= BHF A3 H (CX20200842)
EHE BN IR FAE(1968—) , B KIPB T R bz it



% 33

KBS AR IR IR M T B AR IS RIS R 41

FIRNT o 1 2 3 B B i Belic e o PR, 7R
AN T B T e DAL BTG, ) 3 5 R k0 H
HEFTHRI , 4 2 ) 5 1 - S AR TR BT R
M T2 KA S A B SRR BRI, AEAEAR 2140 o
SR HLE R RE , LK 37 52 A P05 ) T A0SR R )
IR ER G IR IR IR TS . sRARIE TR
S HYAETE , 2z AR g H AR R 5 n9 R 5 A
T, 17T L Y5 5S40 D) Sy S0 8 8 s ) ) v €]
) B 2 B B A R 22 42 ik (finite
difference time domain , {&] #X A FDTD ) 1F Jiii /& 0/ 5% By
TR R AR AT S R — O R e T BRI
PR 5 P A REE R M . GPRMAX R — 3 T
FDTD J5t S i) by 5 77 38 TE A AL, 4 32  H]
BN M N N BTN S N )
FET L PNEOMESE N ) T AR AU 5 A AL g A
a5 T A TR AN AR Y TR s e A 2R A
AN"UZES MATLAB 37, 5T FDTD 6 A [R] H
R FRK 23 I FF R 44 b 7 8 A TE L, 4 b L
1EJ# A5 31 (1) B—scan , A—scan €355 , 15 2| FUK 23 0 (1)
We R AIE o R A N R T/ I BE 0
AR A5 FE B e R ) S B N RCR A
TAEG I a5 R o R, 798 28 1 vh e 4 oot
2 1 R I 1) 5 e 2 H A T ST B B TR, AR
WF5E R GPRMAX B FBEAT IE S B 00350, 45 &
25 R BRI R AT 4 B, DU O BE T8 ) A =S
F18 G 0 55 40 1) i AR AR 2

1 R

1.1 HREXAERRE

Hb 5T P I B AL R RNBLE RS A . Hb
JOT PR I8 3 Ao TR 2 R S v A P IOk v 8, R AN [
A BN E R S S Y 25 R AR Al B U TR A R
ST T oA IE DU SR AERAE , 23 AT RN )
H bR AR E 2 o Fe i R 8 J2 H T 7 38 2 R i
M5 R RN HR . BT, B E AR m sk,
AL K R, B iR FR G0 1Y 43 BRI R B AN W7 42
15, IS FR AR AN W R b B R R D
B R, Horb TR RS, R A HI0E
1.2 FDTD EZARIEip

sy ) AT B 25 412k LA 2 4 vk i H Oy i, AR i
2 i T (Maxwell) J7 82 , Rl FH B B2 (4 vl 22

or , JETE BE Ty FE T (0 o0 B A S (LB O 22 0 JE
o IEAE—TE R FR N 3 HOCRE B (8] A9 14 22 WL 1
Gyt , B A R U S R H i AR, LS B
A EAR R R . 2 a5 i 2R 7 AR -

E
V><H=,9—(9 + ok
ot

(1)
oH
\Y XE:—,L,LTM -o,H

XP vy W % WA T HAR R, AIm; E
LR, Vims e BT HLUE B o iR
R SImt AEHA], s s AARXTRE 2%, Him s o, HEERL
5%, Wim,

GPR RS RE

GPRIZWLREL

1 & XM R T E
Fig. 1 Schematic diagram of GPR detection principle
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Fig.2 Geoelectric map of the model
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Table 1 Design table of cavity model
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Fig. 3 Simulated scanning diagram of filling target body with different water content behind the lining
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