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ADVANCED GEOLOGY PREDICTION WITH PARALLEL TRANSIENT
ELECTROMAGNETIC DETECTION IN TUNNELLING
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Abstract: The parallel electromagnetic responses were studied through three-dimensional numerical and physical
modelling respectively. Abnormal electromagnetic responses at the planes ahead of and parallel to the tunnelling
front were found, leading to the identifying of the existence of water bearing structures. Some water bearing
structures being not detected by the electromagnetic responses perpendicular to tunnel front were detected by the
parallel one. When large water bearing structures were very near to the tunnelling front, the paralleled electromagnetic
field induced twice occurring of the back electromotive force in the fixed time windows, which can be used
directly for the identification of water body in real engineering practice. These findings indicated that the parallel
electromagnetic responses could be a useful method for advanced geological prediction.

Key words: tunnelling engineering; transient electromagnetic method(TEM); advanced geology prediction in

tunnelling; parallel magnetic component response

Hy ERERATHUL, AR AT
1 I T i 1 T TR S B AT L TR T i
IKREIE KPRk, REfSAE e e A e

PR IE il TR 22 W IR 5K SRPESEHTUR Sl SOK SR iR FH 1Ak

2013 - 07 - 04; 2013 -12-11
[ 5% T p BERIF 90K TRl (973) 1 H (2013CB036002); [ 5% AR T 364 T AR 10 H (51139004);  [H K HAREL =R 421 10 H (41174108)
ARA1965-), B, Wit 1987 FEF IR B TR TR IR Ll ATEZ. LA S0, A Fi2LRGA R I 2445403

iU I R R 5 VA 05 1 (R B S TS T AE. E-mail: lishucai@sdu.edu.cn. JEINAEE: PMRR(1982 -), T, f#d:, TEM WA f % M f

TUEMAR I« % T i M T TR A5 5 THT AT 9¢ T4 o E-mail:  sunhuaifeng@gmail.com



* 1310«

HA D) TRER

W% A P 7 15— Rl T v B 6 2 S5 ) P K
NIRRT, R T B m IR
ORI GG 4R A K AR A O T
L AR S T e ARk, AR F T VE A
Ay A AP KA I L R I T 8 T
TR L B A P o T4 0 22 300 S % 000 5 1 3 T R 0
O A T R £ N T R

L T I A b T T b 0 TR AR 0 e
RHR S P o [ 2B s R 05 I A F
BN R b Rl E, AR HEIRE.
L R A S A R R R A R G [l 2
T B 2 B I T A Ak, BN fegh 3y,
ok X SR L AR 14 52 35 R a0 00 T A T
7 s FEL KT T 20 A o 5 S ] 2 7 B 0 20
SN S AL R ) S LA 0, SR AS PRI P )
EA K . ARTT, 25 T S Bk DA (i i
(IR R : 240 KR 36 B 88 % T TR AH R A2
SO 51 5 15 Pl A 1 g 22 2 UL 1) S A0
SANTEI] R, LA RAEAE S K R AR i J—
B OIS TS BN I 3 I 0 0 b B T
GARITRI= R/

W 72 L L 0 T 37 W S £ — KA $esl A2 T A3k
ATANEEALIN AL, XA RENS AR5 5 (A PRk R AT
SN . A R S R SRR DR N T
RIESEYIUXOY GO A T AR GF 28R
FERR TG SRR A —E IR . B 3
IR ITVER LT — SIS A, E7ER%
AT 5 B TP AT (R 40 R T T
7 U8 K K R A7 A0 A W SRR R P o S A, R
A5 K KA B 8 5 TR I, AT W i R A
5 AN TEAE 5 7K K 3 IR 6 5 7 4 7 0 11 S 1 2
S, FEH S KM B B I RSE N, AT
Wi 157 LA AR B S PR F B3 S e B S, T LA
RIS KR 38 R BT s o 78 R (K20 BT A
B A R 385 5 5 7 TS [ 8 38 I I A8 RSP T
W 52 I B T R R A P 8 1 TR P47 1
Dy RN T, T T S T R AT B
A5 Y B i 2 A T

2

ZREYS) . AR ARRETE. CUREET, I
REFAE S FL B Maxwell 77 210

2014 4

Vsz—a—B

ot

oE
VxH=y—+0FE

y@t (nH
VE =0
VH =0

A E IR, H NWnsmiE, B i
W, o AT,y B ¢ YR
5 RS AT R AR AT Pl BBl % i) sl i EA T (R AR A%
i, AT 2 A AAKR AR B R SR
OH, ©OH, OF
R

OF
OH, oH, _ OE, . 2
oz o o

L X —y—Z240FE
> o | a
_ OB, _OE _%E,
ot oy 0Oz
OB, OE, OE.
St )
ot 0z Ox
0B, 0B, 0B,
oz ox oy

A H., H,, H 73504 x, y Az J5 1R
SR E.. E,, E 20900 x, y Az 5 T HI 55
[%: B,» B,, B.7YHIANx, y Az J7 ] ARG N 5
FEo
X T I N 2% FEAT VR 5T ) Maxwell
TR, BIAERLAS HR 5 A 3 IR FE I N U F
i, Q2N
OH OH OE

=y—+0cE +J_

oy oz ot :
OH. OH oE

S L+ oE +J 4
oz o Lo T )
OH, oH_  OE.
————>=y—=+0E
Ox Oy 1%

Rt S g, BEIRE Y 2 .

L LR B B O ) B U 7T A
SIS L 4 TS 42020,
3

RIS S8 A R 2 23 5 VR 1A T B A R T i



F33% BT

ARG A I P R T TR AT 83 W BRI T U

* 1311

PRI =L IE, TR, KR s AT
MR T gt 24 R E 7 il
6 mx6m (WIETTTE, Fb&iE i amt il Ko7 1k
Wk A B L L T TR TR 110 25— T I 7 P 7K A
YRR 1 TR B AR R R e S 2k
BRI YR, & KA 3 mx3 mFkikR 2k
RoF, fEE i ERASBS R (LB 2), RA
0.5 mx0.5 mx0.5 m [FJ37. 71K Yee fif o0, Ul
FICIBCEAE I AT REA S, k[ g
FRANAIES I 34 AT DUR AR AT 2

HKKE

(SR SR 1w bt 3 it

Fig.1 Three-dimensional model of water bearing structures in

front of a tunnel face
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Fig.2 Finite difference time domain grid meshing on tunnel

face and transimitting loop
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Fig.3 Parallel component TEM responses under different distances with tunnel face
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