5 44 B 6 1 M w5 b B Vol.44,No.6
2020 4F 12 /1 GEOPHYSICAL & GEOCHEMICAL EXPLORATION Dec.,2020

doi: 10.11720/wtyht.2020.1509

XS B, AR 55 S S 00 15 75 P % 10 2 6 R S 3 B DX A A 7 [0 ] 4R 5 K48, 2020, 44.(6) - 1470-1475. hitp :// doi. org/10.11720/

wtyht.2020.1509

Liu J,Duan W, Wang ], et al.The application of opposing coils transient electromagnetic method to the detection of underground collapse in highway tunnel

under construction[ J ].Geophysical and Geochemical Exploration,2020,44(6) :1470-1475.http ;//doi.org/10.11720/ wtyht.2020.1509

25 (LIS 308 P A28 L T T 2 i B A 3 I DX ) R0 iz

XA B, BR 2R BE R
(1.PEEZER RHRHNZITHARRARAT, =8 BH 6500002. =8 & ER, =% BHW
650000)

OB SR BRRIETT 2 R A SR, 1 A (S R IS L Y (OCTEM) #EATHE BR8N, SCHR A4 T OC-
TEM 77 35 S B B0 2 i B T8 s iy S5 A g S AR A Sl TE R TSR UE ] T OCTEM B AT %o 3 v L 4 Jz ke 2 4 73 Bk 6
195 AR AT % B BRI 9 OCTEM FRINZS 515 vy % 12 vl T AR D 235 SR A7 X EE 20 A, =3 S X o R4, R S e 17
CHURFA X, HUABRHRSS SRR, OCTEM B B, it T(E 58 , M Ml 0 i 3 A 1R 2 DRI, 7T 2

% 8 45 o DX PR
SRS R] « S IS 0 R A FEL I 5 B X 5 DR U
FESES . P63l XERARIRAD . A

i}

0 5l

W 8 Pk 2 SR P 3 R U FE b e
) 3t T K — UKW , SR SR KWt — 37 LA Sl
T T L BT A TR, I AR — U K 8] B 0L
2308 7 A A8 — UK T S B 18] 2 AR P W) 37, i 2ot
B O 2 BRI T M A Y L RE R R IR AR
B, AT A DR A DG b ) R A B R TR
TESRT (23 % BRI TR B 28 rp ol DA DR A 2k, PR
DR, B FH R PR, M4 ok [ AR 22 % 5K /N2
HG T2k /N P B [P 207 FH T T AR B4R Bl
TR A SRR R s /N I I S AR A3 — Ik
BEAHFAR K AN, T HEOR R 5 R R
Z IR SRR A G R i AR — 7 A P B S
FLBEL %6 B, J VA B A DB T R Bk
A ST A ARG IR 5 L% 125 (OCTEM ) R
PR X R O T2 B T BR T O 18 B
SRS, B 1 E IR 3 B DR A e R
BRI IR 2N o BRI 2 T AR Y2 h T H 4R
s

AL EBMST OCTEM 7152 % % 18 35 6 X 114

Kim B, 2019-10-31; f&E HHEH. 2020-04-13

XEHS: 1000-8918(2020) 06-1470-06

FERETRMNL o B X fp 4800 B 8 194 PR D00 TR 32 T
S L LR AR X EC i E 3 A0 52 2% SR A LA B PR
HINEEBITOR , T RER T OCTEM HEATHRIN

1 TREMEOL )T i e

1.1 TEHR

TERR A BEBRIE AL T 2w LU X % 1 3 11 o B
JZ DAEE VO ZR AR AR ) A SRR B A+ o 3 H B AR
100 Q « m,FHJEL) 10 m; B lq FEONIP A R+
L R I A IRZ B US| A R R, LA F R
%200~300 Q - m, FXHK, FEE KLY 300 m, B E
e 2 S B e T e R 20~ 70 m, B PR AR 7E R I E
F AR A5 3 BLRR 21 554 m [T B i T % A 35 4
WRIEHE O AE 2 BRI K TR RS . Al A IR
1B B RN S K U, T B R T AR TRk
14158 B DX A TR, Sy i 30 R 1) 0 3 it T AR
o
1.2 YHRAEERE

BE TR R BE A LK 2 A KRR TR R,
BRI A Rk R B AR B
HLETE S, PR T R O T T 25 5 K, T M R U

EERIAT: XUAR(1984-) 55, W G TR, Tt Bkl S5 B AR Ll , FE A TR BN S B s il T4,



6 ] RUZASEE « S50 S TG0 19 72 P R 7 2 B 1 33 I X 48 00 2 ]

- 1471 -

e 2R I I DX T AR T PR BOHE R R LA R
Z DRI ACR o o 285 B Pl B 3 32 7 42 b 2 1 R A
{18 b DX 3 7 PR 3 P AR R 8 SRR R 7E TR
TR 2 5 8 o) D0 35 R (6 1) 43 B 232 ) A I X DA Sl
JBE 5 Ry T v e % L BE SRR BRI R | 25 Bk
WA L RETEAE b et 52, ARG r G AE LI IX
AL FIE , FL AR IS0 e RS e e, R S
Z— R E AR H, SRR RN E XK, M
A6 { S 38 R A8 L T2 ( OCTEM)) v iR T WUk 4k 8l
HBSZR AT R R N JZ RN E X, SR IR — 1K
[ 2 /) ] e 2 AN AU 485 5 T, L AR AIE T 4%
SR IR — B A SIS AR B A — B,
A kG b T 22 5 LA R [l 2R 0% 25 A8 AL X — IR 3 1Y R
M), 24— 25 /0N L M 7 R R R 2 B R TR
OCTEM & H AU %%

2 OCTEM Jy k53

OCTEM J7 i Ji 21 55 4% 45 7] £ Y5 9% A5 W 72 A
T, B4 N T U8 1) 2 S 1 4R A3 AR 3 7 A — 1k 37
SR I I () S T R 37T S8 R i8R, HH — kIR T , P
8 2o R 7 8 P 22 AL I 1 SR ik 2 Ak 1 — vk 3, AR A
HR AR R R A 345 1T L BER A  2

OCTEM 51&58 Ik A8 o 75 AN [R) Z Ab 72 F HR
FA R 1) X RGP /N s a5 8 (B 1), B
AN 2 VB AH ) ELSF A7 e, — 35 s i [ 28 HL A5 (E
S ], B 2 R 7RI 28 BB RH 45 1) v B) S T, 76 1%
SPTHT b R R U A A [ 3 /N B 7 T A
R, K& NG T g E N 0, B 26 KR,
FEZ T — K 37 BB IR 28R O, MRAE A7 56 L
TR A R, TE K 5 H AL O W S e Wik P Pl A
A — RGN L B3 ST IH R T — K5,
FEFEMCTT LAS M G K 11X 38, G W7 FRL 38 AT IS — K 3
T & A AR A R TR TR A, A BRI R P, P
OCTEM e B2 — R s i B2 ) R b s —
WA R, A] Js MR ZERIE X

OCTEM & T Bt S it 4 w3, 78
ERETE (RET py) SIS R Y3k L &
SRR B R A IR 2R SR BT IR, S A B Ok B 2k B
TR AT P b R 30T 7= A SRR 3R 3G LA 0 5 7 T b 3 LA
HIFFTERIRES S . 235 T R BEL 5 | ke R U A
RN 08 A A4 B T[] s D A8 A, B A ¢ 39 J
AR IAE ) T I AME AN« R 98, 5 R o
F RO 6 85 HLBH A 0 7 I iR E L .

v =/p/(2ut)

B 1 OCTEM B K HERYIE—RI3AH N %
Fig.1 OCTEM coils and its primary magnetic field

line on the diametric plane

8 =\20t/p o
Tt T 22 M50 380 P i 7 ] 5 50 mm i7
15 Al L SH 5367 J S L 207 24 K b L H 250
INFEJFSER) 1710, Honw )07 16 A0 2= 5k 5 100 475, %
IR R g R AL, 25 1, 456 BOR i s
1) K 3 3 s it 2 M (B S S Jal A T DA 4 A A 2
I J7 FL B R A AR A AR SR BINR H 1Y

3 HIgIE

Jeid s IR N AT R A S K
Wi, FRHE % I S PR 0 ST T Ak Y = G e A R
(E2) AT RBNNZE, F—ZHEHZEN 100 Q
- m, B 10m, [RFERFEEZ 56 2R R 200
Q- m, REILAZ  REH TR ER R 50Q « m,
BERFN I R, HoE K BE 1500 m, i KT H 58
JE W JREE H R TSR D, B FE R oA 5

A 4
1
10m V100Q - m
: D
' 200Q-m

2 IR AEER

Fig.2 Geoelectric model of underground collapse




. 1472 - w5 k g 44

JXTRL X, I TE E I FRAE R (WFE X Jrm) i FEAARAE AR i) OCTEM il I |, 35 B A AR 7R B v B8 2 3
B S HE 25 m, 38 Fl-200 ~ 200 m; & 5 HL R CEME) 43904 2 25 mx25 m 1 50 mx50 m, TH A5 HE
1A, ZEAREAR 1 m® BRESE 1w’ kY A5 50 m Al 25 m, TS5 R ULE 3, FE Ay #E

¥ Ay . AL y, - M2 3 N N ALz, D
S VANNIT QUL 73k 1) S 2500 7 1) 1 2k, T PR SR AR S )
ASCHE T K/NAFE FERAR ) 4 RS 4.
1072 102+ 102 1072+
1073+ 10734 103 107+
10'4‘ﬂﬁ—/\—— 104 10'4‘_//_\\_ 104 — 0.007
e S e e sp—"™—~— — 0.009
S 5. - e By R e ee———
-~ 10° — 109 ———— 107 Ereers =
% I—————— I — L _ — 0016
Bl W——————= M W = o
! [ aammmmma . 0 0 T (B ety i r =
Nt A S —
S g — e — g I e ———— 0.027
I (1 m— 10 = 10 2
ss T F——— — et et L e SR
TR — == 18— ———— 98— 1084 — 0.044
— I = — 0.056
T ) E———— N S T B L7
= —_— — — p—— e —0.08
10104— T T T T T 10710 4— T T T 17 71 10-10 I L L ig:1 N — 0.105 \E
200 -100 0 100 200 200 -100 0 100 200 200 -100 0 100 200  -200 -100 0 100 200 — 0129
X/m X/m X/m X/m = 0.160
1007 100 7 300+ [\ 300 0.198
[ — 0249
ok — 0312
80 804 INAL 0.394
‘ 0.497
S 2004 \ 200
£ s
#6071 601 I'aa\\ Ui
o R\ — 0.797
& AN - Lo
404 40 / ,’?M“‘f\ \ 1.285
1009 ‘\. \\ 100 '
201 20- A7\ y/
o\ 57, 20 7'% A \ 20 ,l}// ;f?‘.'z\ N
200 -100 0 100 200 200 -100 0 100 200  -200 -100 O 100 200  -200 -100 O 100 200
X/m X/m X/m X/m
(a) H=W=25m,D=25m, (b) H=W=25 m,D=50 m, (¢) H=W=50 m,D=25 m, (d) H=W=50 m,D=50 m,
X0=12.5 m X0=12.5 m X0=0 m X0=0 m

B3 FAEEE.RFEZFRHBHEE OCTEM kL
Fig.3 OCTEM responses of different size target collapse under different depths

I 370 T 2ROk BR T 25 m T 50 ks, e SR EE T
m 35 B AR AL I 17 1 28 (1] 3a) A B RS 5
W, At 3 AR R R R S R SRR 4 N
MR, SRR S, ORI S (E 0.2 R
G AT Ay BRI S8, WUBEE I 4 MR H A 41 (UEBiR&E
ATRABEA B, K 25 m BYSRBG M, THIK 25 m Y A YA R FH I8 i T4 b SRR A R 2 = T
FEX S8 A K AE N 87.5% (1€l 3a) , THIK SOm WHAHXT  f9 HPTEMI18 R4, &tk —1ARLk  EHL.K
S HRAE 30.05% (&1 3b) ;30K 50 m BUSBAIR, &5 EVLERBRLRE D PC AL, EHL 58 PC
THR 25 m B AR S ORAE R 341% (1 3e) , T 38 WIFL 33, % &R Gois A5 (5 0 JR B 9 bR
TR 50 m B AH X 52 8 A KA 116% (8] 3d) s RLBE TN Wic e eI =2 1] A a2 R 5 R PR v R 5
B IR BRI N 2 4 £ A SR AR SRR A HER R FH G — AR v 1 S B X R R
YA AE IRBARIEVRIG 2 2 A% M SR AR 1 R U RSN (SRR R 24 1 B SR AR R DA
BY1/3, PEULHIKT FEAR SCHT R 5 0F T, 45 0L s B R R SR 2 R B I 2 F A R
20%AHXF S H R AT HE R (R, M BRIE ERIREARR 42 BIERESLE
SRR B M A LA 1) RUSE Y 2 %, 4 LA AR YR B SR B 2R S S A A5 B 2 m,
L, BEL 2 18 0 i B0 I 1 L BELR BN G SRR R SIIR 6.25 Haz, K ST LI 10 A, SEWTAT[A] 50 s,



6 XUZRSE SR S R E bk

78 PR TR e R 33 B DX ) R0 1

- 1473 -

Z N JEH 400 WK,

& H HPTEM £ 4t A i Ab B34 3 47 800 Ak
B, B A S A IE ST 18 U8 I R BE R R = A
O S IE MR — /N R A8 Bl R 5 2L
A TR 7 B RRHE , (E HAR G R G e
WETHESREMA WS &5 Z B 5R AR
A MRS T B LG5 TR OE, @108
U < BRAR L R AE S PRI B B, Pl —
P A S A P A s, ok 2 RS
IG5 0 50 55, S 350 ol it 2 7 e 300 o 3
BRI TE B S0, AN T 850808 09 3 — 20 b 3R
i e, PR L5 X R AT M e O . D HL BH R K
1% RN TAE GRS B RE 1 , HPTEM R G865 55 (8
52 30 P 7 LR T 7 R R R B T B R PR
WG, S R FE T AR s R < TP B e
SR T S R % G B [ 5 O R A
fiF, BEAR -1 sz B Joy 8 Fi, BEL 3R AR AR ARRAE |, 35 G AR IR 3
ZEHM,

43 RESH

4 HTEIZ S R A 2 B 21 502 ~
21810 m BtfY OCTEM #2553, & 1 < 308 m,, 5
RN R R 5 T ([ 4a) 2 B2 A0 KR/INVIN Y SRR
Rt B e , X6 by 7 FEL L3R BT T (12 4b ) o bR 300 R B R
SE(HZRTT M5 R BB AP REL S 5 DX, #0514 355 B
THIARESR K EF X, ¥ OCTEM HM L5 K5 m %
FERE (HAREE 5 m, B HESTH 295 m) #8100 45 21
(E 5) BT 234 : OCTEM S8 S-1 5 % FE
PSR G-1 XN RO T EVEIEIG , UERH T ik
AR 55 4h OCTEM % S-2 SR % kR w
G-2 #23k s IWWAMNE % B LI % G-3 7E OCTEM Hi FH.
W E 2L 3 S RE S-4.5-5.5-6,0CTEM
SEHS-3 TR B LA T A B xR P —
J5 /& OCTEM Jiz Bt i, B 725 £k, 5 S8 B 0, o) —
5 T PR R R R /N R 1) A BRI, L OC-
TEM REAE VR KD = %25 B L 1% 43 HE 2R 5 400 % B ¥ LA
I )

(@ t/ms
o 100 WW 9%
& 100 =
3 0T e
< 108 M \%%
w 109 39.43
21520 21540 21560 21580 21600 21620 21640 21660 21680 21700 21720 21740 21760 21780 21800
x/'m
1820 ® Emﬁ%ﬁ 153, ocTEMSHH
4 | 600
1800 21554 (R FEARAIES) 50
1780 r 0
g 450
%@ 1760 w0 °
350 %
300 @
1740 i
""""" 00
1720 it
100
1700
21520 21540 21560 21580 21600 21620 21640 21660 21680 21700 21720 21740 21760 21780 21800
x/m
E 4 OCTEM REFFEIEHIHE (a) R EBEEETEMERR(b)
Fig.4 Induced voltage profile (a) and resistivity section (b) of OCTEM
H OCTEM X b H, BH %8 48 4k 2 1 2 8, X 12 B i
5 4hie ST R ST 08 R AR BEL B B R AR | >

OCTEM 5 W4 55 [ & — 14, e s 2, 7 A it
TAESE ARl 3R , HER B i X R I8 Pl
FENYBEERE R T — R, KK/ T
WEHRNE X, 73 EETT AR 25 S

AR T HAE R T 2 f51F OCTEM XT3 K T
20% . TEASYR 2N % B G 35 B DX A4 2830 132 o, OC-
TEM X 2 055 b SN B i, 5 v 285 v R R0 45 2R
SEYIA UEM TR R R

Bt & P d R ST B AR AT AR B4R



- 1474 - wmow 5 ' 44 %
1820 o . S
B2k B A R 3000
1800 Rl
| 21554 (EFHIBZEES) 456
g 1780 - 177 8
E :
?ﬂé 6o <
I e
1760 - o B
10
1740 -
4.
1720 — T T T T T T T T — T T T T T T ! 1
21520 21540 21560 21580 21600 21620 21640 21660 21680 21700 21720 21740 21760 21780 21800
x/m
5 BEEBMEREERERERENERERE
Fig.5 Resistivity section of high density electrical resistivity
Akl 5 B R Bt [8] RPN XA BRI, % 5B E BRI AR RS
RJHLY] MR | 2011,26(3) 1107 — 1114,
ﬁ%iﬁk( References) Zhang P S, Liu S D, Li P G, et al. Mine transient electromagnet-
=z H
ic technology system and its application [ J]. Progress in Geophys-
1] Azak. m ) pE sk [ M. Kb bR KA A,
(1] 2007 L] - ics, 2011,26(3).1107 - 1114.
. e . ' (9] B AR/IVIR, SRR, 25 R L T /N SRHE T R W 52 B I
Niu Z L. Principle of transient electromagnetic method [ M ]. i ——
) 5 L ,2012(3) :97 - 103.
Changsha: Central South University Press, 2007. BT - o (3) ) )
(2] sk, BRI TRAO IS SR M. P95 BEPIRIEH A Yang N H, Xu X L, Wu C J, et al. Transient electro-magnetic
A 2002 ' method (TEM) small coil technology and its application [ J].Jour-
o I of Xi’an University of Technology,2012(3) :97 - 103.
Li X. Theory and application of transient electromagnetic sounding ualof it Uebwemsaty of Tochuclogyis 20 <3) 2 i
. D . o (10] fgtte, wrmm. o R B R 36 4E R SR I )], HhEk
[M]. Xi’an: Shanxi Science and Technique Publishing House,
2002 YrpaEg R | 2016,31(4) 11716 — 1724,
(3] PRI, SR X REJEMRS R LB ER [ M. L5t MR AR Yue ] H, Xue G Q. Review on the development of Chinese coal e-
. SR VN . P AT AG RN}
. 1998 lectric and electromagnetic prospecting during past 36 years [ J].
Jiang B Y. Practical transient electromagnetic method prospecting Eigress iniGeaphiyeics; 2016,;81(4) $1106—1724,

N Vi i 4 aisy 3 2k SIS
in near zone of Magnetic dipole source [ M]. Beijing: Geological [ BRI SR, B TRAG, A7 22 P Rk 25 L/ I 24020 56 Xt
Publishing House, 1998 [T ] 98 S5 14E, 2013,37(5) ;843 — 847. doi: 10.11720/j.

(4] RIS, e WSl BB AT BT R IR A (1], sk ERnERRSEHE Ae o
PR 2008, 51(3) :894 —900 Zhang S T, Zhang H, Yang H Y, et al. A comparative study of
Xue G Q, Li X. The technology of TEM tunnel prediction imaging transient electromagnetic devices of small multi-turn loop [J]. Ge-
[J]. Chinese Journal of Geophysics, 2008, 51(3) ; 894 —900. ophysical and Geochemical Exploration, 2013,37(5) 843 — 847.
(5] ®Acum, WHENE, P4, . /ML TEM ik 4500 d L% doi:10.11720/j.issn.1000-8918.2013.5.16.
WAGTESE AT A E F R [ 1], SER 2L 34(2) . [12] HZR. B R b IR U /0 s 0] 26 5 A5 1R [l 2k 74 e
416 - 421. WA e[ T]. BR S R, 2015,39(3) :558 - 561.
Zeng Y Q, Xie G S, Zhi Q Q, et al. Application of small loop doi; 10.11720/wtyht.2015.3.20.
source TEM method for full-domain apparent resistivity imaging in Tian W D. A comparative study of TEM measurement mode on
water damage of a gold mine [ J]. Progress in Geophysics, 34 small size central loop with large current and large loop [J]. Geo-
(2).416 -421. physical and Geochemical Exploration, 2015,39(3) .558 — 561.
[6] HRMESR, THCU0. RS e @k 1 e 450 i Y 53 -5 o0 B ik doi;10.11720/wtyht.2015.3.20.
FE[J]. HHRAEEIE, 2017, 32(1) : 319 -326. [13] THIHL. I R 14 T 25 00— T 5 WA AP [0,
Xue G Q, YuJ C. New development of TEM research and applica- MBS B4R, 2017,45(6) 1154 — 158. doi: 10.3969/. issn.
tion in coal mine exploration [ J]. Progress in Geophysics, 2017, 1001-1986.2017.06.025.
32(1): 319 -326. Ma B Z. Study on the form of transient electromagnetic loop source
(7] FHUB, S, XUPRER, 55 & H-BF A8 B G 48 I 4 A 14 g versus the distortion characteristics of the primary field [ J]. Coal
[J]. WIS IR, 2011,35(4) ;532 -535. Geology & Exploration, 2017,45(6) ;154 — 158. doi: 10.3969/].
YuJ C, Hu B, LiuZ Q, et al. The application of mine transient issn.1001-1986.2017.06.025.
electromagnetic detection technology [ J]. Geophysical and Geo- [14] &K, BATe, REAmE, 25 SRR g F R I R

chemical Exploration, 2011,35(4) :532 —535.

ST SHAET )], R, 2018,43(7) 11959 - 1964.



6

RUZASEE « S50 S TG0 19 72 P R 7 2 B 1 33 I X 48 00 2 ]

- 1475 -

[15

[

[16]

[17]

Li F, Cheng J L, Wen L F, et al. Reason and correction of low re-
sistivity problem in mine transient electro-magnetic method [ J].
Journal of China Coal Society, 2018,43(7) :1959 — 1964.
WREAA:, 0SB, A5, X R 78 v il D0 A LA TR ) R
(=) ——/DNRIZ R 7 BRI 2 M 5 52k [ 7] S T
R, 2017, 45(3) :125 = 130. doi: 10.3969/].issn. 1001-1986.
2017.03.023.

Chen M S, Shi X X, Xie H J. Analysis and practice of detection of

small loop transient field [ J]. Coal Geology & Exploration, 2017,
45(3) :125-130. doi:10.3969/].issn.1001-1986.2017.03.023.
REHEEY, MO, TR0, WRE i R SOk e X 2 4R DN 4 W 22 73
M5 8E AR T]. HERYH A0, 2007, 22(1) ;262 - 267.
doi:10.3969/].issn.1004-2903.2007.01.038.

JiYJ, LinJ, Wang Z. Analysis and numerical removing of distor-
tion in transient electromagnetic receiver device for shallow sound-
ing [ J]. Progress in Geophysics, 2007, 22(1):262 —267. doi:
10.3969/j.issn.1004-2903.2007.01.038.

L, BHAE, XA 200 E S/ A48 1 T B
BEWIN R GELJ]. BEs 24, 2007, 32(11) 1152 = 1156. doi:
10.3321/].issn:0253-9993.2007.11.007.

Jang Z H, Yue J H, Liu S C. Mine transient electromagnetic ob-
servation system of small multi-turn coincident configuration [ J].
Journal of China Coal Society, 2007, 32(11) :1152 — 1156. doi:
10.3321/].issn:0253-9993.2007.11.007.

[18]

[19]

[20]

[21]

RS AR, R, 45— D iR H ) e K vk [ P
& F, 201410092714.X. 2014.
XiZ Z, Song G, Zhou S, et al. A measure method and device of

].

transient electromagnetic method [ P ]. Patent in Chinese,
201410092714.X.2014.

YRR, e, TR, 4. T4 (B S R U A V2 R HL R
R1I]. HoER Y B 2F 4, 2016,59 (9): 3428 — 3435, doi: 10.
6038/¢jg20160925

XiZ Z, Long X, Zhou S, et al. Opposing coils transient electro-
magnetic method for shallow subsurface detection [ J ]. Chinese
Journal of Geophysics, 2016,59(9) . 3428 —3435. doi: 10.6038/
¢jg20160925

TR PR R S S5 85 106 108 7 P TR AR v ) e
[J] . BRYIEAF R R ,2020,35(2) 753-759.

Long X, Xi Z Z, Zhou S, et al. Detection capability of opposing
coils transient electromagnetic method for thin layers[ J]. Progress
in Geophysics, 2020,35(2) : 753-759.

hiE . BPE R BTG =R T] . PR R BAAREE
f, 2016, 47 (10): 3477 — 3482. doi: 10.11817/j.issn. 1672-
7207.2016.10.026

Li R X. Fast 3D forward modeling of transient electromagnetic[ J].
Journal of Central South University: Science and Technology,

2016, 47(10) : 3477 — 3482. doi: 10.11817/].issn. 1672-7207.
2016.10.026

The application of opposing coils transient electromagnetic method to the detection of

underground collapse in highway tunnel under construction

LIU Jie', DUAN Wei*, WANG Jun', LIU Cheng', DAI Guo-Qiang'
(1. Kunming Engineering Corporation Co., Ltd., Kunming 650000, China; 2. Yunnan Earthquake Agency , Kunming 650000, China)

Abstract: Collapse occurs during the excavation of a highway tunnel, and hence it is urgent to use geophysical method to detect other

potential collapse areas. In view of the large difference of the terrain, the lush surface vegetation and the low resistivity of the surround-

ing rock, the authors selected the opposing coils transient electromagnetic method (OCTEM) as the equipment of this method which is

relatively light and it has high resolution in reflecting the resistivity. Firstly, OCTEM response of underground collapses buried in con-

ductive host was calculated, and the results theoretically proved that OCTEM was sensitive to underground resistivity and had high reso-

lution, and then the OCTEM detection result was compared with the high-density electrometer detection result. It is proved that they

correspond well, and both reflect the known collapse area. It is shown that OCTEM can be applied to rapid detection of collapse area in

the highway tunnel under construction.

Key words: OCTEM; collapse area; rapid detection
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