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Application of cross-hole electrical method to detection of the hidden
leakage of diaphragm walls
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Abstract: In order to locate the hidden leakage of underground diaphragm walls, the numerical simulation studies on the

detection of leakage defects of underground diaphragm walls are carried out by using the cross-hole quadrupole method and the

tripole method. The results show that the curve of change rate of the apparent resistivity is more effective than that of the

apparent resistivity to identify the location of the hidden leakage. A quadrupole method is proposed to accurately detect the

limit power supply pole distance and measuring pole distance of hidden leakage. When the power supply pole distance exceeds

a certain distance, the quadrupole method can no longer detect hidden leakage. The tripole method can accurately detect the

limit power supply distance and measuring distance of the hidden leakage. When the power supply distance increases, the

tripole method can perceive the location of the hidden leakage, but the measuring accuracy of the tripole method decreases

gradually. Finally, the feasibility of the cross-hole electrical method to accurately locate the leakage hidden danger of

underground diaphragm walls is verified through the laboratory tests, which provides the effective reference for the subsequent

similar projects.

Key words: diaphragm wall; cross-hole electrical method; precise positioning; limit polar distance

—_

51 B

o R SR T BAT R K SR AT, In L%
P, olRal, AT ANDEEXRZ T
HH. CARUEY], SERRM TR, HERE K&
(0 BT AR AR P, — HHGERRSIR, & 551
ST AR R BRI AT, 3G RS RARAIR
X J T IR 7 A P BN ST R R GO 2 R i
o R KR PEREAT RN B B B S AT — 2R
R 77 vk 2 AT K BRI e e v A s 2

8, RRETREAE A 2R s I AR T 5 2 T
SRS, TEEFEN R ALE, A
GRAES TN, BERS R RIS SRR SRS 402 R R
[ R AR o

5 L A P B FLAT BRI 2%, % H AR T n

EEWB: EXEAMHEITIH (2019YFC1510802); EZ AR
SFIEETH (51778210)

Wi B 2022-04-28

*E(E/EH (E-mail: shufayan@hhu.edu.cn)



1606 "+ T OB % M

2023 4F

FEL, e N AN [ R ) R A S i s R ) 2
5 L A A L Daily S5O HE,  Bing U700 5 £ H
IEA AN B BURIEIEAT T RRAE T, TR T U AR
RIGIOAE 1 5 L = M2 A DU B AE S 4 AL R0 H ARk
T3 A R e ISR £L L AR RS AR 7
Bz H AR A R AR 5 T, KRR
ST 5 L FL V2 T e M it e A L B R A 2k
HHEIT, BT TANERIIRCR, (RIS H (R B AT
BN AR B E M. He SFURET
5 L RTINS I T AL HTE 7T, R IUA AT
I 2 F s T AVFA B TR EAS I B, 45 ETiA,
HFHBGAL FIETT R N IE SRR R BRI 2 — AT 2
RKIEA, SR IR T LL AT, /b i Rl
AT B AW S S 0 A 23 e A L AR ER o A

B0 BRI, AT i L HL AR I I T i
ES TN ATAT YRR ST . ST MATLAB JFA
M A IR OB IRIR R . BRI Btk
BEOCT R FE BEL A LR RO, ECEREAE B, SRR RTAL
FEL B 42 2 14 3 i 2 B 0% BB NIORS T R 22 1K) 52 V8 T
B, BEWTA AR ARER . IS AR R S L R
M SRR G RS L IO RE MR, 25 T RS R I B b
SR B AR B SR A R R P AR BRI AR . 2%, A
% WA IGIGUE T T VERIA R

1 IR EA
HE B AR R NI A7 5T HL 3 23 AT R
PIELS Bl . ARSI T = 4R RS e W s R F AT
Mtk o 5 R SR T AR B O B 22 2 vkl 1 e 452
EVS IR T I R AT BUE A, i DY AR A =
EXBIR R FRGROR, PR B IR PRI RS B 1
EALLIPS N,
1.1 Z#HSRIEHI AR R &
= SRR N AR E FL I ) T R
-V [cr(x,y, z)V U(x,y,z)]
=I6(x—x)8(r~y)8(z—2) .« (D)
X o AN S, ZHEHEFRMEE: Ut
B o AT R U s T R HIRSRE s (o,
Yoo zo) AL A B ALK & AAKBL R AL
R SRS KT I KT R, R b i
SRRRAERTRIAN —4E P I ST . y BN
NSRRI E ), MRS R A A, I,
LA 2)
y
HEAME BRI Uxs v, z)02 y BIXSFRO A0 I R 2R
HLYR BT E I P T x-z P 1, R4y, =0, FI A
SLI AR

b(xke,2) =2 "U(x,p,2)cos(lp)dy »  (3)

F[s(r-y)]=] 8(r-p)e™dy=1 ., @4
¥y, )T AHIEE UBR (x, &k 2) ZSEHT)
Hi35 @, BN = 4ERSE FRLI I A FL U H 35 A2 1) Dk
53 77 AR R R ] 1) A w70 T

-V. [G(X, 2)Vo(x, k, z)] +o(x,z2)k*p(x,k,z)
=16(x—x)0(y—y,) (5)
X, ¢ N IR .
MEME—E My TR (5 IR, B7HERE
AT sk HRTAFAE 3 I AL
B RIBFFA OKEAHFI:

u=u, , (62)
A, U NERME, TR 0 ta] DLk e A SN R
W NI 55 1 AR I FL A

WRLFFA CEFE5M): LR L,
T HR R4, HRRE RS, Bl
fEk R BN,

o(cVU)
on

FERA T OREDLFFZM): B IRE
REAEZ AN RIS, S RRA N TR /N
B . R ORER B AT 3 SV VR A 120 57 2% A v i e ax

— v 7l -

0 . (6b)

au %?ﬁz—%cos@ o (6¢)
on r r

K e AEEG r=NxX"+2° 5 0 NIRRT
BamRmRErF GINEERRE R 2 I,
XK

© Adz
k=) e

:AKJk¢f+zﬂ:Ath) : (7a)
99 _ _AKK (k-r)cosd (7b)
on

X, Ko K a5 0 By 1 BB IE ILZER
PR A NHEE
Rl VR A 1 T 26 rT LS N
99 Kk L so=0 . (o)
on Kk
EFR AL FRAEFIH T 55 mih i b s
PIPERREE, FEHAFR BRI — “IEH” g
I A KA B Us IRA T %A AT LA /b 120 5 B
MR, [FIREER TR R IR T SR R R SER .
1.2 KRERHEH
KA BT EHARZE AR, KRig =4




%8 MR =, S5 BB FLH VBRI T SRS R IR B B 7T 1607
SRR LA AT 7 e S R A A I 2 AR 1) M e =B-¢, - (11)
Hor i B Py R R 2 R, TR R

st R ey R IR R 4 R
—UM V (oV)ds + ok’

=]],, 16G-2)0-y) ®)
v, Ad, P | R B A

e, j-1

®i+l,j

|
|
|
|
° k :
1,7 b Ay, Ax; ;
|
|
1
I
I
I

® i j+l
1 BREHESER

Fig. 1 Discrete difference scheme for area
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Fig. 2 Analytical and numerical solutions of surface potential
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