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Boulder detection method for metro shield zones based on cross-hole resistivity
tomography and its physical model tests
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(Research Center of Geotechnical & Structural Engineering, Shandong University, Jinan 250061, China)
Abstract: The cross-hole resistivity tomography method has certain advantages in boulder detection in metro shield zones, but
some practical engineering problems, such as low location accuracy and difficult identification of small-size boulders, still exist.
First of all, the inequality constrained inversion imaging method and the parallel analytical fast solving method for partial
derivative matrix are proposed for reducing the multiple solutions and improving the imaging results in cross-hole resistivity
inversion. On this basis, a combined detection mode is raised from numerous results of inversion imaging comparison
experiments by routine detection modes. The advantages of various routine detection modes and the collected data amount are
integrated in this mode, which is good for improving the recognition ability of abnormal bodies. Then, numerical simulation
tests for borehole distance and electrode spacing which affect the detection results are performed. Under the combined detection
mode, the effective range of borehole distance and the reasonable electrode spacing parameters are obtained. Further tests on
the identification effects of small-size boulders are carried out. On this basis, the boulder detection scheme, which combines the
ground geophysical screening and cross-hole resistivity tomography detection, is put forward. Finally, physical model tests are
carried out to verify this method. The detection results are almost the same with the actual situation, so the proposed method has

good application prospects.
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Fig. 1 Flow chart of parallel analytical fast solving method for

partial derivative matrix
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Fig. 2 Schematic map of model for two abnormal bodies
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K16, 753 5 K5 BN S HE AR R A AT 5
WA AT RO AR, S IIE 9K

MERANIAT 7 8 AR S 4 R n] LA HY S 3RO
H A LA A 1) 3 BOR s 3 [0) SE RK ER i
KV 1) 3 HEBOR B A s s DY Bza 2R A
e MBS EE, DUbaRd s 4 1) P i e B ST
WARELE KT IR T A0 SR A 34, DUka
TR A S A R P A S A B R S AR AE P AR K
AP B 1Y, R TR = AR T4 Ak L
KU, AP IBL B RCR A 2257, (HEEA
BN BT A PICA e BT AR P R S AL

I HE S 1 A FR) S (e 4 SR 1 7 e, T BLK
PLVY b R — K LIRS EL 8 Te v 2 7% Hh D A 2
= AbICA e, AL, AR = ) 2 Ak
SR R R FE R, AE e BEL S 6 4 J [ = i o0 A A
BRI e W) Sl 22, 0 b O APORE i ok DR
2.3 EMEXR CT HMNIMA B BN

3R R A 1) Bt B AR LT

RO IR R A 1 Bt A B 22l 4k, AT
1AL 1] FiEL 3 At 2 3 B00 S W A A BBURRE E AN I,
DA B ORI R AT 25 BRI, R 3 2T
St o, ASCER T AL A I, RRE
VU Bealtd . =B« AU A AR A 2 ) B 4R U K
FEMP A IE L —N B F81, PP A T 45
AL






53 0 BARA 2 S TRLABIE CT (MR RIS AT HE0 7 T B AT 5T 451

B FLIAIBE /m HiFLI1] BE/m B FLIAIBE/m
00 36 9 12 0 3 6 9 0 3 6 9 12

0

5
10
15
20

(@) PR a TURIEE R () SRR (© —HRHLR
6 BNMIEFEERRREER

Fig. 6 Inversion results of a single boulder anomaly
AL 1A B /m BALIF B /m B AL 1] i /m
Q3 6 0 12

Q-m

2000
1900
1800
1700
1600
1500
1400
1300
1200
1100
1000
900
800
700
600
500
400
300
200

HEFLIRE /m
EFLERE/m
HEFLIRE/m

30

SEFLIRE /m

(@) VYR 2 L &) =HRBLR (© “HRRBLR
7 MARFEERNRRER

Fig. 7 Inversion results of boulder group anomalies
R RRIVMAE TSR & HE 2 0 bt SR AR A VUNRBOR Y B, e B
WA R, fEOLE. B B, R
FAG AT W SRR A — 2

Table 1 Comparison of data amount collected by different

detection modes

WLIRER L R KA AL HALF B/

VU artd 30 1352

=tk 30 1560

K 30 3540

41430 30 6452 =

BV, AL SRR S (4 2 =
3 UL B RSB B ik 2 o, = T S £ 5 N
FE R b T LU A 50 RS AR AR, 40076 % 5 g
SR 2 A, AT P S A R ORS FE s S I, # ¥ e
AL MBI S5 2 T 3P ML R, =
B TR PRI A S, U ST I S5 =
R

184 41 A UL 1 S R 3 SOIAR 50
U, T LATR IR BRI, SR SRR AF 1 @ WATHSHASIGR & WATSHTARRER

8 HARMMER MRS R

R AR B, ANUBER R ORI, XA R

Fig. 8 Inversion results by combined detection mode



452 =T S D R O

2015 4F

BRUbZ A, 2B B SR, kA2 AIa G
FHRMIAFREL . AUn G S R £LI
FR AL B AT T ORI B S SR oL, Wt
FEEREN], HFE MBI, A s
AAENA BRI 23 e e ARG BRI S B Aoy
ETE JINy AR

N TG AME T H, IR R ], A SCR 4k
SR 28 15 OIS S o DU R a L = A A —
BB PR A 5o

3 MARMREGHREMEZSITR

eI

FUIFTIE | FL A e bR ) B2 2 5 L P B R CT VAR
DR T ROC NS, W R FLEE R AR
R e AN B, BIAER A 41 A O A, DL
NS IR TEASTHRE 3
3.1 AEIFLEERYIRM AL IE R

BTN PR B, R385 2128 ) v A7 A FaBH 6
292000 Q-mi1 PR AN IUA my BEAA, A7 PR 5 HL B 264 300
Qm. B PACE ARG LA T PR FL2 18], RS
BIR2 mX2 m, THEBHR 37900 138120 m.  EHLALER
3R H8, 12, 20F130 mIfj4F G LA TAREAL, AR A 23
AR RSN, AR EIRE Y N1 m, AL A
30FR HAR e R FHAL A O DB A TR B, S st
JIT AN L A FE A 1~3000 Qm.

BHFLIFIEE/m
| 8~30 |

o

W

—_
o

2000 Q-m

2000 Q'm

[
o

N
W
9000000000 000000000000 0000000

LR EE/m

e]

30
9 MNREREETEE

Fig. 9 Schematic map of model for two abnormal bodies
K10 (). K10 (b). K10 (e) FIE10 (d) 4
AASLEES, 12, 20130 mif) R BG4 R A
ATEVEH, fLEES miny G R R AR, P A e BH
AR R P AR AL E . R, TR T 1
JLPsea—8, HIEARABGH; fLE12 mi g
RWORBLS, BRAUBER Js BB e fi KAk, AL B

S5 IR — 8 B HAR D ALETIA $)20 mit,
JSAG R R ARE AL AG LW S Bk, A vt B 3 AN
PR L R i K, AE e E AT RO 22, RN
BB H th W B39 22 SLETA 130 mitf, CIoik
X AR ATAT HARAREEAT BB, SR R 45 R A
BEF7 5 b SRS A A D T

BT B /m hiALA] Bi/m
36 9

0 12

i
Q

(b) FLEE 12 m JRiREs R

15

() FLBE 8 m JRBHEE R
&5 7L PE/m

5 10 20

0
0

() FLHE 20 m R B4R
Bl 4L 1] B /m
10 15 20

(d) FLEE30 m B4R
10 REIFLEERY SR MUK LA R X b
Fig. 10 Comparison of inversion imaging results with different

borehole distances



53

PARA, A ST RS SLALFLA CT R B I X T 100 B0 7 i By BB R B0 9 453

Bk FoRE, (EHEMEABRAMET, HEAE
CTI S I8 s AG 55 B VR i L ) B P A T e B 2
WA LI RN TS5 T20 m/AS AT I, 5L R
CTI1) I AR 45 S A R A b 5T R e L oh ml S (1)
%, iR IRE, BEAA P A OFLEERR, fL
() LI Bt el 55, 0T A R DN 185 T L g 38 i A
X 3 FRE G RS FE 7= A2 TR s s @BEEFLEE
MBER, 25 RISk S, RIEN 2%
P ) BRSSO R AR

BRUCLASE, ZEH LA AR . ANFEREL A
[FAE B A B i It e T K& B 55 [
BB, WA R, S T ORUE AR CTER
A 3 Hr 2 FE ARG E, AR JCPRR RALEE, fLEE
R RIAE— 2 Ve AN o SR 20 A Q0 A oGk A T
i KA, FLEEFSHILE20 myt BB LY i R 00 45 SR A
JEREER.

3.2 A[E)ERAR ] 2R AR AL 15 B R

ATH LA B9 BT 7 A5 Y g 451, A5 2RY vh 1 Aek vy BEL 7 5 A £
KR/ANFSERORFFAAR 73 OB AR EE3, 6 mPiFp
T TEHAT B, AR R A i, fLEE12 m.
LIR30 mIR A . R AL O AR A A T 5 (e
L, R I AN S LA ARG 4 1~3000 Q'm.

K10 (b). FE11 Ca) AL (b) 435 Ak A
P, 3M16 mif ey gl . TTLAE W, HHRCT ik
XA S R RIS B T R 0 R JEE A Bl A I
BE R BRAR ) o 5 FAR I mif B BURAR L,
PR TA) 3 ms A v B e AR R G B B K, R
B HRRE 1A BT B HAR IR BEIR 26 mitf, CLJCikx)
PALAIAT H bR ARIDE S ATHER RN, R 45 RARE
5 b T ARRE A LA B

B FLIR) P /m
3 6 9

HifLIA)EE/m
3 6 9 12

(a) HARRIEE 3 m R4 (b) HUBIIE 6 m K45 R
11 A<[2) FaAR (6] 36 A4 S % AR 15 45 SR X L

Fig. 11 Comparison of inversion imaging results with different

electrode spacings
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Fig. 13 Inversion imaging results of small-size boulders anomalies
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Fig. 19 Inversion imaging results of the physical model experiment
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