MBRAR T EH K

%45 % H 54 Vol.45 No.5
2023 #F 9 A COMPUTING TECHNIQUES FOR GEOPHYSICAL AND GEOCHEMICAL EXPLORATION Sept. 2023
XEHS: 1001-1749(2023)05-0625-10

fR &+ R = ROt R E A BRI
= B4 4E 43 A B [

w2

2,

VAT TR KO

(1. 33 4 R A K b LX) il 3% 3 B2, &, 430064 ;
2. KR ER KT EE T RAERAS, KX 430010;

3. kA E R

KAREELHFEIRELELE T, XL 430010)

B OE: ANLRZRARRLEABENNE LT ERAGRE FERRAFREEF RN

RN A T e TR £ 5 (FDTD) 69 8 30 5 ik . 3T 1% 18 AT B P %
2R 5 | H I R AT E @ 6 3R 4 B A A — B0
%5<ﬁr%%ﬁ iAW BE R R AT AR AR AT T

YW IR E

JU & B R #EAT IR AL BN, IR

ey i, HR, KR TRA B IARE
B Am)agy, R A A, AT A A S s R AR E
KB B R R B R A T B AR EF A XTI

AR kPl HERENTEAREA TZAEAER, L3 B AR RN A 8 AT B8 14 B ik

BRPANABRKE S A TRE

SR A
hESES: P631.3

B TR £ 5
ME RS A

0 55

B T D 1% J R O AR ) R AR 1 L i o
022 4 1B R I8 L N 5i B G it T o P e ) o A
I HA B S AT ARG I P A S A R A )R
JBEA A S A I A A S A R
TF] A R 568 o o A R Y R 5 3 2 B
T | PR R S N R A ol [ vk . Herh . OB Y
1 VR o LA A 119 7 9 (L X R TE R — E
BRI RS2 PR I vp AR R A D0 6 s @ L
JEONE 3 B T AR A A5 O R S D R 0
B 5 O vl 1319 FL AT ARG TR B2 85 1 fIE 4 (ELR A
TR AR . 5T 7R 35 DA g 930 H 5 A 37 TR AR
T e A A BELAE Dby BE Al )T e S R e B v i D R

MAS B H . 2023-04-11

— ZAE AT A A 2R AR R R A T

PR AR

s BTG R R AR
DOI:10. 3969/j. issn. 1001-1749. 2023. 05. 09

T e 228 W 45 KA ) S SR A e WA i B A X 2 A
(14 S5 3T R A 90 A A0 A S0 a0 Ak L AR 0 58k 20 A
T RE T TN D0 . ST TR Rk TC AR I B R AT K
2R T AR TR L B R A DI B A B BRI
FOR TR A E T Z N .
AR A el ) IR E A L 11 1) R A 0

FLHY T3 05 X A 1) 22 4 1 B0 5 e A 3 Al s 5k R
S5 X R T A ARG DN v L £ JL R S I A R R AT I
THASEAEL 15 H DL ] 0 P L I 55 57 00 B 3 e )
HEINEZS: e L/ﬁﬁ/ﬂ@lféﬂ‘ﬁﬁtt,wﬁ#m/‘”’
M5 TR S 0 SRR AL PR A R T L s
AN S AT JEEJEE BT A AT 1 A 41 2 IEUEE-XIJ%?

A X % TE e ) P9 1 23 R R AT T A AL A 3 L
FH B PR T T8 45 b = 2 o) O T B 1D S B IR
A = 2 TE AT PR (1) = 2R PR P 5 KR

A (1980—) , B A L. A TET, TEZNFRKILEHHEL T4, Email: 105730326 @qq. com,

BAEMEE: AFDAA993 ), B AL, TARIF, B F R I E B E F AR AT 1 T4, E-mail ; fuxiaonian_geo @ 126.

com,



626 PRI AR

45 %

FU A P BT B A L A N AR AR S 36
B A5 DA 245 45 149 7 1 0F R T Aol ) 45 A B B 2R AT
E o XL AT TR 2 A U (B R BOR L (EAT)
A — S S B[R] R W ST 3 VI AR i) b AR A
B ALLBIE 58 K 22 U2 St X [ 2 () B A9 0 2 W A o XoF
XU 4 75 A0 1) B 3 /N 15 100 %) F 98 6 20 5 ok s I Y
WAL AL T — B XA R AR S R/INAS G5 23 418 (1)
RT3 H TR ZE o 58 T IR R 2, 52
UE 55 GE AR X320 5 3 A1 o Ak B A 44 b o ik [R5 K
PR BEAORE THRN BYR A R 8 I A A R
Xof & S BBl B 1 R G0 1 ) A A A TG R DR I R
SER B RS

SE AR R HT TS O /Y Al | O X g E
WIS AT R DL R e 28 B AT I e FR 22 O 1
(Finite difference time domain, FDTD) %{ {8 # ] ,
fili A% % 400 MHz.,1 000 MHz 5 1% K £k X 4 8
A [5) [) P F8 BP0J2 dfe  LAS [) JBE 32 LA [ T AR B

2% AN 5 S5 A58 B 0 AT B A 2k 4R N IE AR A5 ©
A0 o T YRR UL A5 2R, o i B 3 AT 9 5k R 14 4 S Ok
P T 0 S S8 IR O R 5 T S 0 4 2R i ] (A
PGSR A R 25 3BT T e D G5k B 114 e 5 7
PR T 90 S I AR A A PR 3

1 BRIE W) SO ) 25 A A

R 4 W% 16 91 AR 75 4 0 B T R L AT R AE A
SCANEL T i s B R G E R A S LA AR Y L R A
9 m, e[ Ry 0.9 mL YN[ JEEE N 0. 01 m., 5
7R FEH 0.4 m,JEEA 0. 06 m AN HELL, B = A A
DU AR HE SR 5 R R AR 7S R HE AR 2 ) AT 25 0

EESHC WOk T R T TR
%41 000 MHz, 2248 W% K /A 0. 01 mX0. 01 m
X0.01 m, R&HK K 0.01 m, RENE N 30 ns,
AR ZH R 1R,

1 MEA I IUTHRA R ER AR — A

Tab.1 List of geometric modeling and forward modeling parameters of tunnel primary support
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Fig. 1 Geometric modeling of tunnel primary support with defects
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Fig. 2 Forward modeling of tunnel initial support with defects
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Tab. 2 List of geometric modeling and forward modeling parameters of tunnel secondary lining
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Fig. 3 Geometric modeling of single row

reinforcement for tunnel
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Fig. 4 Forward simulation of single row steel bar

model for tunnel secondary lining
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Fig. 5 Geometric modeling of symmetrical arrangement

of double row reinforcement in

tunnel secondary lining
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Fig. 7 Geometric modeling of double row reinforcement

in quincunx arrangement for

tunnel secondary lining
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Fig. 8 Forward simulation of a double row steel bar
model with plum blossom arrangement

in the secondary lining of a tunnel
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Fig. 9 Geometric modeling of tunnel secondary

lining with defects
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lining with defects model
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Fig. 11  Defect free radar reflection profile for initial tunnel support
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Fig. 12 Radar reflection profile of incomplete defects in the right arch

shoulder of the initial support of the tunnel
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Fig. 13 Radar reflection profile of the first support arch roof void defect in the tunnel
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Fig. 14  Verification of hole opening for void defects in tunnel primary support
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Fig. 16 Section with defects in the secondary lining of the tunnel
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Tab. 3 Comparison table of typical defects or markers in tunnel lining and geological radar

electromagnetic wave reflection characteristics
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Geological radar electromagnetic wave reflection characteristics

of tunnel lining quality Analysis and Application
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Abstract; For the quality problems such as debonding, insufficient thickness, and uncompactness in the lining construction
of the Tianshan Shengli Tunnel of Wuyu Expressway. The geo— radar detection method based on the finite difference in the
time domain (FDTD) is used to simulate the common defects in tunnel lining orthorectified, and the orthorectified results are in
good agreement with the geophysical characteristics of the reflection profile of the measured data. Secondly, this study summa-
rizes the geo—radar electromagnetic wave reflection characteristics of typical defects or markers, and the results show that the
geo—radar electromagnetic waves of typical tunnel lining defects or markers have characteristics such as abrupt change in am-
plitude, in— phase axis distortion, waveform polarity reversal, etc. These characteristics are essential for the field inspectors to
quickly interpret and decipher the collected radar data and the target geological. It also helps to identify the target geology and
tunnel lining defects quickly and accurately, which helps to improve the detection efficiency of front—line operators and ensure
the overall stability and safe operation of the tunnel.

Keywords: tunnel lining; time—domain finite difference; defects; electromagnetic wave reflection wave characteristics



