55 38 %4 1 ] v w5 & & Vol.38 ,No.1
2014 4F 2 A GEOPHYSICAL & GEOCHEMICAL EXPLORATION Feb.,2014

DOI: 10.11720/].issn.1000-8918.2014.1.34

= Bk BEE GPR BOARWEZE 5 I H

JAF AR, EEIE KT
(R A% Y ETRER, L 201804)

W P TO FA BR 22 4 M B PE GPRMax2D, %4 5 MBS T SR R B, LA 2 25 A0
A TR A BT T IE DL ) T B RN B B TE AT A PRI, 4% 4 Rk T i
Ha A T R R WP PR T X H AT | B 150 T BERRER IR B 3 15 P R R AL, 52 9% T #RM
S TR VORI SRR AR5 T U5 BB A 0 B B 5 2 PR PR 0 T £330 O 5 6 0 T

AL A

KREEIR  PRHL TR K ; R BR R I 5 I Sy BR 25 70 5 TE TR 5 IR i A b A

HESES: P63l SCHRFRIRAS: A

Bt v SR 17 R A R T A v R I R T
A5 R RIABE SR AT 1 T, XoF v K IR T8 B2 AR 48
THEMER, HHE X (GPR) & —F K T
S X ) H A 188 AR ] i 1 R SR b R A B A
ARG, T HAT To bt PReaae | v RO e G 2 45
Perd, ) iz W9 W FH T B T8 Aot ) Jo Az ) o
5 N FE F i ] 38 A B 22 43 3% ( finite-different
time-domain , FDTD ) AY%%{4: GPRMax2D , X} % 18 ) 1))
MU RS BUHEAT 7 BLARALL 45 5 it s Bk B 1E A
IS5 0ok 6 R0 B 38 MR R AT 0 A 0 EE O L 45
REOERLHE , LLSE 5 RH 7R IR R SORPRAIE | e i
BRI IR T 1) TG I S A S AR A

1 BB R B0 TR 1K RS E T AR A

S 25 TN 2R B B8 B A B A A AR PR A
F SR A LR B A A AN PN R A O
1996 4F-2% T 4% K24HY Dr Antonis Giannopoulos #fE 1}
— T FDTD B3R PML i1 54 W e i #5 b 75 5k
T BUEARL U, T R g s . &
TR AU B GPRMax2D 47 @A I A=
J T R B IR PR SO ) MATLAB %7 45 A2 0k 152
IR 7 TE VSN TR SR R 2 XA 3 1
KR IEATRAE 23 AT | B2 A S AN R B0 A9 4
TR AR, S8 0] e e B T SR PR ) T S
1.1 NEHERERAE

PEREIE AT T R b, 28 2 1 BN AT A B A
B B A R A4 B A A1 I A O AN A B A

I Fm B HE:2013-01-28

SEHE . 1000-8918(2014)01-0185-04

BRRAEEIG ) R PR TR A 15 T AR A K LR AT
K 600 MHz, BRI R SE2 2.5 mx0.45 m (&l 1a),
IREETINHEFE e, =6, BT 0,=0.01 S/m, 4N
A ETAE 8 mm , [EJE 0.2 m, H [F) 4 57 7] B A A A
BN B, BEAL AR LK A=Ay =2.5
mm, 5% ¢, =14x107 s, TFEEHCH 100, HEHE L
KSR AL E R (0.367 5,0.452 5) , ) 1R
L E N (0.407 5,0.452 5) , K S5F i RN 422 0 ot 19 4% 8
AR N 20 mm,
Bl b 45 H T 2B (0 R 1l 78 ik UG AR AU 25

AR A R R A R A R A D T i

(a) HR

hm

hm

x/m

1 SWERERK B HR it T 1A B R AR



186 - w5 b B 38 &

AR SRR S AR5 INBEADLEE SR AT DL A ) v
AN 3 A 7 8 TRLR 7 A i U e S 5 5 1
AT D, A5 4 A7 R R e T T A PR AT
DI Hh L 28 A5 5 T00 0 198 500 Sk A W 7 B3 31 T
R AW 7 S 2 A5 AR08 5 > T ) AN A AR e SR B B
R HE S AN TS, DT A 2 B A0 5 19 fa A A
B, 5300 A EMR LIRS JR RS R ELZ,
XS LRI AE B i Sk
1.2 TRAHEERE

TR R P G T 2 o AR ) — > =
BLFRPR o, IZMEIR IR R 38 1 AR ) TR AR
4 600 MHz, #ERIR )R 2.5 mx0.45 m( & 2a) , —
YA A JEEE 8 0.3 m, R TR]JEEE Sl 0.23 m (B
BNTBATERE) , N HE e, =6, TR 0,=0.01
S/m, FIZWIWZY ' e,=8,0,=0.01 S/m, Fiill
W& BTEA K Ax=Ay=2.5 mm B 1, =14x107 s,
THE LR 100 F8 1B 3k & 51 36 00 46 47 B R (
0.367 5,0.452 5 ) , £ Wi I 9] 4 A & 4 (1 0.407 5,
0.452 5) , RS wm AR % 22K 20 mm,

Rl 2b SRy PR R A BB EE R T 2k
Aol BRI S A 00 A L RO AR 25 7 G TN —
YA I HE AR S, RS 155358 T il — 1
SRS, AE TR ISR R A S 2
Ti] S — A5 I 0 R T R RDR A i k)
MR REAS I 2% 40 5 B0 PR AL AT P 0 o P R AIE , 465
GO\ BRI 2 BEAR 25 5 15 3 A ) i S A,
B HEIEAT HLES, AT RE A5 1 o — Wk el )R AR
() 177

(a) HE
0.4
E
£ 0.2
0
0 0.5 1 1.5 2 25
x/m
(b) FEFER
o1 _
0.2
E
= 0.3
0.4

=
=]
5]
—_
|
5]
(8]
[ 8]
5]

x/m

B2 FHEERERNEERE SR

1.3 #RH=E

23 T2 B Aol 8 R R L RO R, LT R
AFRI R TS TR A R TS R, O R AR R
TZRRAR FH 4 b TR 1K 1 TR 8L ) K £ 000K 0 600
MHz, AR SE 2.5 mx0.45 m, IBEEH 1) £, =6,
0,=0.01 S/m, NI, MTHFEE ,=1,
HFE o, =0, P RITHE K Av=Ay=2.5
mm, 55 ¢, =14x107° s, TR HCN 100, HHbE K
K HHRRIAE A B K (0.367 5,0.452 5) , USRI A
{7 E 4 (0.407 5,0.452 5) , K S A O A9 8% 3
KA 20 mm( 1 3a) .,

Bl 3b SRy 1 B B Tk R B ZE R, B
AT UL, =825 T 7 76 s T 2 M A 0 %) Ak 30k Ay
I 5 T 258 Y 70 8 P 2 0 3 B 1 /KPRl R R 1E
it £ S TR 23 W 2000 7 38 T8 S S TR ik, 7K 38 43 A
FEIE 138 R 25 A 7 Tk T R AE A | R B —
ZHTF ) T AR ZRARAE ,  FR T8 T8 10 1) R S U
I ARV E T, RS T A RE AR X R LB SR £,

(a) R

0.4

B3 #Eh =R R E Ik E SRR

2 SEBRN A

H AT, 7 [ P 7 FH B 8 4G 178 8 b 5 38 7=
%, BARFIDS Aw A RIS-K2 A4 35 ik A
PRAEU/IN BRAE T B0 Ty B S R A B8 38 107 M 9 S AR
R R FHIZ AR b B TR iR R R TE AT R ) VR B Aot 1)
PR I8 ) S 87 R 757 1 A6 A3 AR AN RN LR T R
N, 5235 45 A T ASSADLAS 380 ) B 2 PG, WA SR A A5
BN T8 EUE L B B R UG AL AR E AT AN T
U], A5 20 BRE A WA B3 B0 1) 7 38 GO 247 43



11 JE A BRI GPR L ARAISE 5  H - 187 -

BT, S5 MR R RRIE R
21 MpwNSHEMNEGE

RT3 8 Vo PRI R B A D - o v 5 I
o, R SR AR VR R R R, DU A R R R
7 R R RRIE AT 0 R HER A R R
FH 600 MHz i RLL  BeFEMT 6 1 40 ns, KL S %k
Ry 512 i) fid 2 T 2 R 0 B ) A B 1Y
HETO AU A HUEE 22 B A A A
B 6 SRIESENL, i 4 TR, HETHI R 7 B T
IS 8 T T ] AV 2 7 R b T 1) T R R] 22 A
BRI AEHEAK VA A 1.5 ~2 m, 26 A7 HE R &
FERSHELR 1 m WOTEEIZ N TR TE B AR A
KN THZE R G865 07 1, i & 4l 47
A SRR, 0 SR T DR B g R R LR AR
e,

B4 HFEEIRUEENNLZHE

22 WNFRSH
2.2.1 WA E

Aol 18 v 6 A5 D 00 2 R T O R T )
25, KRB S PERE A i) b B A Bk ER
FI R SR SRR S S T, b I A HE
DK115+835.2 ~ DK115+836 HY U Bl 4 1 Bl 2% | B ik
RGN S Fios . 45 AR s 200 3 ik BUE, B
R 43 Ut SR 5 S {5 5 AN i 2, T LA
FEXU AR AT 5 i b R B AR i e
222 RIIEEE

ISR BRI R IZ, 76 RS AL B2 5 3 U ted i)
JEAIE M BEIE 24 DRI Aol AR 3 75 0 18
TR B T8 T A ) = BAE AR . SR R P
J e R4 ) Ok R e B0y IR AR il 2 , S S 1
S VEMWIT L, RS BN RRAR R, R T
TS R AR AL

B AT HE B DK116+444 ~ DK116+448 [l

Be6 ZR#HMEERRHTEER

il R AT R BE A 2, LA S R IV 9, % T IV 41
L, MRS N 40 em, BIKEERANE 6
Jr , WA SR BE £ 2 ) i B — A
24, W IR ER AL B T 45 N AR 38 4R e 2k
BEARBRN 40 em, BT HHE T AE F 53 19 S S 53 T B A
AT 40 em DA, PG AT DRI 92 B2 R Ik
I EEEA A
2.2.3  FHas i

F T A W A 28 AR A HLH O TR]  F R O DA
T 2486 1) 28 PR B T, S5 ik i A5 5 2538

B7 #HN=RENEEESE



- 188 - w5 £ B 38 &

SR, LU A 25 R N 22 R O [ S T Ui S S5 3
T, 1% % 38 22 LI DK118+766.8 Ab%f 1 N 77 15 25
i, B IR UGN E 7 s . 456 BAS 2 2 I &
IR EUR AT, 28 T 76 B 1k EUZR L 3R B 53T, [R)AH
RSO, S I 1) R A — 4L 4R FRAE B 25
Sy, RIIE AT LI s o T HE S o 2 ) rh
FELEZS T,
2.3 WL REIE

AR YA LARK 5 LR 2 A6, 3z ] IDS A W) % H]
1) i 38 PR AL AT A X6 R S A5 B Y T SR R T —
ZINAL L SR )5 38 N TR0 4 T 125 % B 3 A 1)
ARG BT IR, R R SR B i bk A R
DK120+370 ~ DK120+450 BiAel B4 22 Ab 5213 A< 35 3]
BT RRE I — SR AR R AN Al AN
JERNZS R RG22 bR TE R i 2 LU S TR 4
FETBAT 12 % 18 Ao WD A7 AE BB AR T 1 B tes
R, LA RV 563 ALk B s A T 14 235 SR AR — B

3 4EiE

XoF T JE A ADUR TR SE BRI A () F 8 R A% L
SART I B GPRMax2D 1F T AR 45 5] ) 1 2k ik
TE AR ARUAS R SO R I ROR RAT, LB
AT 1L S I T 4% )RR AR AE , 5 T RS B 459
REUGARML, 5835 T B TR Ik UG ORMEAE i R
P T YR R R e TSRS R O TR R R Y
AIAERE S bR s ik Bl TR TSR I B At T B
VST N

SE 30k

[1] Giannopoulos A. The investigation of transmissionline matrix and
finite-difference time-domain method for the forward problem of
ground probing radar[ D].York; University of York, 1997.

(2] WM, 20, RIRAR, 5 A #6110 =4k H Ar & G ST
FDTD J3Ar[ )] AR 42741, 2004, 19(4) :438-443.

[3] =R, WEF, Bt EET matlab (T AL =4 BR
[J]. PR 5645 ,2009,33(3) :343-345.

(4] B2, R, 1B/ | 46 000 T 38 76 % 8 Jo 2 A DU b (4% i
JHLT]. AR ER Yy 2442, 2009,6(1) :119-124.

[5] SRUM, HF UK, LA M TR A7 B T A 1 sz 0 o g
FILT] 51645 ,2008,32(2) :229-231.

(6] =UITE BATHRIE RN HRT] PIRGR,2003,27(1)
28-32.

(7] ZEfalfy, 280 AR T A D) g T A W0V BE O BIF R [0 ] i ik
BRI ,2008,30(3) :231-234.

(8] JEIZRWI, vk M F b 5 v A DU o S A TR 6 L s [0 ]
+ THREH,2003,6(3) :74-76.

(9]  BhHtfy. BRI A B B p Rz [ )] BARRR I £ R ,2001,38(5)
36-40.

(107 AR, TRIM, THY 52 PR TR 270 4K % R 3 Ao 00 0 2 Az 000 v 14
B L)) TR BRI 4 42,2007 ,4(4) :345-349.

[11] Ruggiero A, Anna S D. Modeling and Imaging of Ground Penetrat-
ing Radar data[ D].Austin: The University of Texas, 2004.

[12] Wi, TR LT P00 TR 355 AR B L TE 2 I I T8 I A ) vl 1) i
HILT] SBEALA S THLK AL, 2007 ,27(4) :8-10.

[13] 2R FRI TR IR BAR SR [ M A05T M BT i, 1994.

[14] #GEN] B T AR TR BE it LBt TE R i i [ ]9
TR ,2006,30(5) :468-470.

[15] 220 RBR T, B N7 44 b 7 3 76 Wk 3 TR A I o 1) 1oz
[J]. 40 F 25 ) 5 AR 240, 2006,2(2) :267-270.

THE STUDY AND APPLICATION OF GPR TECHNOLOGY
FOR HIGH-SPEED RAILWAY TUNNEL

ZHOU Qi-cai,ZHOU Jie,FAN Si-xia,ZHANG Gen-lei
(College of Mechanical Engineering, Tongji University, Shanghai 201804, China)

Abstract: The high-speed railway tunnel lining always suffers from some adverse conditions, such as thickness lack, cavity, and un-
reasonable reinforcement arrangement. In this paper, simulation of the typical adverse lining condition was introduced by using the sim-
ulation software GPRMax2D based on finite-different time-domain method (FDTD) , and the forward simulation radar images of the typ-
ical adverse lining condition were obtained. In combination with the typical radar images from detection examples of a high-speed rail-
way tunnel, a comparative analysis was made between them, the features and rules of the adverse lining condition were summarized,
the ground-penetrating radar data feature library was improved, and the credibility of recognizing typical adverse conditions of high-
speed railway tunnel was increased. These results provide the effective basis for the high-speed railway tunnel non-destructive testing.
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