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Numerical forward and model tests of water inrush real-time monitoring in
tunnels based on electrical resistivity tomography method
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Abstract: Water inrush hazard has been a major issue that seriously imperils safe construction of tunnels. In order to achieve
real-time monitoring of evolution process of water inrush and disaster warning, the electrical resistivity tomography (ERT)
method is introduced for monitoring water inrush in the tunnels. A quantitative evaluation method of ERT is proposed based on
the gray correlation theory to quantitatively describe the monitoring information of water inrush. First, the two typical kinds of
water inrush hazards caused by geological defects and non-geological defects are generalized, and geoelectric models of
different stages during the evolution process of water inrush are acquired, which lays a foundation for numerical forward of
real-time monitoring of water inrush of tunnels. Then, the finite element method is adopted to carry out the numerical forward,
and the response characteristics of water inrush evolution process are revealed. ERT gray correlation quantitative analysis of
water inrush process is done. Sample points whose correlation coefficient is less than 0.5 or 0.3 greatly increase, and the
standard deviations of correlation distribution and forward image dramatically increase, which are an important precursory
pattern when water inrush happens. Finally, model tests on ERT of water inrush of tunnel are performed, and precursor
information of water inrush is captured well and disaster early-warning of water inrush is realized, which shows it is feasible
that ERT is applied to real-time monitoring.
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Fig. 2 Simplified geo-electric model for water inrush evolution process by non-geological defects






11

X, A BRI SRR I LB AT IR S N I B E R B T

2029

5 AR 5 DR R BEREUN Y P B, FEIE A
HEACER N, I DK R, KR
Ji B PR 2R B A A RS ) A T RABEIE 5 170 D D357 17 4k
By e @ 6 LN RAGEIER TEIT B, BEHRL
B — DR, AERSE S /KR IR TT 17 FAE B
TEARREL, SROKIETE LR

(2D AR TR IS S I A LE 5 PR i 7R A

KM 30 AR AS DU R BB By 14
J2) T JZNT AGE SE N HEBIE S, MZ KL L 2 60
m, JBEEGE A E, HARIEEY 2 m, ARG S
B 1R, RS R 3 Frs. Hemi N AFAE I
N OBV, ERT Hnt b H ) T45ad
Bt 3 5 SRR, RIS ERT BG4 76 W 2 1) i B
Dtk Wk 3 (b); QR FERB BERIEEIL TR
BTG N 3550 ERT PG S0 R B T v, Tk A%
JEI FEL 3 /KRR 1 7k 330 ERT G b S A0 RSB 1 AR
HLPHL AR MR S PG A, sl 3 (o) ~3 (e); OFE
BREUEEBE T E KRR e Bl S50 ERT ]
G BT P B A A v P DI 2 ), T R BHL R
EJR SRR, 48> ERT BURARBH XS] g5k, &

2
4
6
B s
10
12
14 L L L L 1 L | 1 L
3 6 9 12 15 18 21 24 27 30
ARG S
(a) B1$
2
4
6
I s
10
12
14 L L L L L L L |
36 9 12 15 18 21 24 27 30
RS S
(o) 3%
: i
6
E |
10
12
14 I I I 1 I L L L L |
3 6 9 12 15 18 21 24 27 30
LU TR
(e) 5%

SR K FEUR R A EEAEIK, Wik 3 (.

(3) ERT BMGIKBEM S b

EEHTARSAE D HUE R (K3 (@), FHEIB
SYEIE9 X 528 X 4k, THE AR R 2K 58 K ERT
PG AR S ME AT, 45 BB AFT/R » 158K R I I
Fi b, BEEZRBRI A 5P R, SRR BEAR M A
PG AR, 5 e JsUa BRI R R oK, R
U ARG RECE /N, MM IEA R R, 1E
FABR LTI AT, A SRR/ N X SR SR K, R
BUGARAIT) % 0, 58K AR (1) E B i IRy
fiE.
2.2 HbFRERFEZERFIEIRK ERT SEEUEENL

(1) Hb T B 2R B 1 5 7K ¢ A o it b e 7R

SCHR[20] LA v 78 51400 15 R 1R 58 /K 55 k461 23 b
TR RF G SOKBIE L G R, T R
FIEVEEIE, B4 r N 03 m, BN E WA 5
BT o A SCAE % SCHR[201 45 H 1) 98 7KO8 38 T Jiia 72 ]
g 420, #LTHN A, Wik 6 fin. O
51 B EAIRES, HERVRBRK, A Eh LT
oA ¥, fHoRKBABEY; @F 2 L h7Ed

2
4
= 6
me 8
10
12
14 1 L 1 L L L L L t
3 6 9 12 15 18 21 24 27 30
AT
(b) 52
2
4
6
8
10
12
14 L 1 L b L L L L !
3 6 9 12 15 18 21 24 27 30
ARG
(D F4p
2
4
6
8
10
12
14 1 1 L L I 1 1 1 1 1
3 6 9 12 15 18 21 24 27 30
Bk S
) W6

| —

100 200 300 400 500 600 700 800 900 1000

B 3 JEMhRERPAZE SRR I T2 LAY B IE TR 45 R

Fig. 3 Numerical modeling results of real-time monitoring during water inrush evolution process by non-geological defects
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Fig. 7 Numerical modeling results of real-time monitoring during
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Fig. 13 Gray correlation distribution of water inrush evolution

process in model tests
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