Il = TREZ 1R

HYDRO-SCIENCE AND ENGINEERING

KTt R BRI I BT 5T
RA, REA, HH, ZEik, LR, RE
Experimental study of electrical resistivity traits in underwater riprap

LIANG Yue, ZHANG Hongjie, XU Bin, MA Shiqian, XIA Rifeng, DAI Lei
TELE L View online: https://doi.org/10.12170/20230217002

IRAT e BB H =
Articles you may be interested in

T EEER T UK EZ& S RiXEH R

Experimental studies on flow profile of permeable spur dikes in upper reaches of Yangize River

FKFKE T AR, 2019(5): 62 https://doi.org/10.16198/j.cnki.1009-640X.2019.05.008

Bt A ERE X AR

Experimental studies on stability of riprap revetment on fringing reefs

IKFK Iz TR, 2019(5): 69 hitps://doi.org/10.16198/j.cnki.1009-640X.2019.05.009

REFKR T XK e R N R IR BEER
Numerical simulation of influences of underwater riprap blocks' hape and size on horizontal drag force coefficients

IKFIKIZE TR 20193): 41 hitps://doi.org/10.16198/.cnki.1009-640X.2019.03.006

BEM KT BRERRSILEH R
Experimental studies on underwater self-inhaled sealing state of phase change materials

IKFIZKIE T R4, 2019(5): 54 hitps://doi.org/10.16198/.cnki.1009-640X.2019.05.007

SMARIREE T EZRER R ERER R
Investigation on chlorine removal and corrosion resistance of reinforced concrete

KKz T AR, 2021(4): 138 hitps:/doi.org/10.12170/20201014001

CCTVHL BB A EL AR ERESH KA
Application of CCTV visual image processing method in culvert disease diagnosis of earth—-rock fill dam

JKFIK Iz TAREAAR. 2019(2): 99 hitps://doi.org/10.16198/).cnki.1009-640X.2019.02.014

Of#]0)
)

1::-# k|
st

Q

HEHENEM, AEESHEEIE KERMBELAXS, RBESHNER



http://slsy.nhri.cn
http://slsy.nhri.cn/article/doi/10.12170/20230217002
http://slsy.nhri.cn/article/doi/10.16198/j.cnki.1009-640X.2019.05.008
http://slsy.nhri.cn/article/doi/10.16198/j.cnki.1009-640X.2019.05.008
http://slsy.nhri.cn/article/doi/10.16198/j.cnki.1009-640X.2019.05.009
http://slsy.nhri.cn/article/doi/10.16198/j.cnki.1009-640X.2019.05.009
http://slsy.nhri.cn/article/doi/10.16198/j.cnki.1009-640X.2019.03.006
http://slsy.nhri.cn/article/doi/10.16198/j.cnki.1009-640X.2019.03.006
http://slsy.nhri.cn/article/doi/10.16198/j.cnki.1009-640X.2019.05.007
http://slsy.nhri.cn/article/doi/10.16198/j.cnki.1009-640X.2019.05.007
http://slsy.nhri.cn/article/doi/10.12170/20201014001
http://slsy.nhri.cn/article/doi/10.12170/20201014001
http://slsy.nhri.cn/article/doi/10.16198/j.cnki.1009-640X.2019.02.014
http://slsy.nhri.cn/article/doi/10.16198/j.cnki.1009-640X.2019.02.014

02 KOF oK B L OB % W No. 2
2024 4F 4 A HYDRO-SCIENCE AND ENGINEERING Apr. 2024

DOI:10.12170/20230217002
P, A, VR, S KR AT H B SRR R IR BT ST (7). K F K G2 T AR 244, 2024(2): 100-107. (LIANG Yue, ZHANG

Hongjie, XU Bin, et al. Experimental study of electrical resistivity traits in underwater riprap[J]. Hydro-Science and Engineering,
2024(2): 100-107. (in Chinese) )

KT 4 A F B R A I g 0 5

ROV REAE WL LERL LA, K A
(1. H PRSI K2 T R AT 296 TRE R ARBFIT AL, FEIK 4000745 2. HPRACIE K2f KR Kis TRH F S E
RS, FK 400074; 3. I TASHIFT R RE R e i BRI A H S0 5, WL BRI 430040; 4. thagEi
VS TR B BRA |, #1402 430040)

TR W BRI B AR R DK R 47300 (e P R ) e AR A S DG T R SR P D P il
TR T K AT R H T A s B A A B A L B AR AE, JR L T i PR K T = BRI R 1
o HPREM] KTt PR BE AL L R (10~60 V) T S S 00U B kS TR AR AU RAAIE, ELBEHL IR
T30 VIR B A U A AR K A FRL B A B s B AR B 08 I s/ N T RRE (P [ R AT
1B IR PRACRAE ), ELAS )G Fit T ri B AR i 2 B3R A8 AR5 IR AR5 20510 e e R 915 B R R )
ROR B B AR S 2 B OC AR, R IR PR B G iR 22 B/, 5 B L o TR A iR 7. 1K A R LR S
ZSBRARA 2200 A3 HE— 2B K A RIS e T 250 AR AT . R AR A ST AR K T i
AV AR, T HRGEE UK T H A AR AR

KB IR KA BRUBRIEN; AR AR, gt d R
FESHES: TU432 MEkFRSES: A NEHS: 1009-640X(2024)02-0100-08

RAT LR H AT Lz iRk s ST A AT i, KUHEYE Ay K IT & Tl 45 SRSl E
JER B AR, AL T T B AR A RO SN BRI K SR T3 D PRSI T B U A L s AR
LA, AT HRNUE | BIAYR | BCE R P E SRR T ORI RS TR, Mo TRILAE AT A%
o A4 WU A2 T — FROTE R A 50, b A BRI rP SR A, VT i 2 R
HEFWIH 90% UL E#ILAEAE . KT A IR TRt T, BAK T IR AL BRSO R A,
AT ARTE KU IR 18] il J T2 o A%, AN AT Sl 2k AR K BRI, RTRESE B BRI IR 4 . PRI, X
YA IR BUERINC N BB EA AP E XK T4 A 59 5 5 U REA T TR, EEA R TR
R AR, MRS S PR o AR PEAFT R FLIE ATk i SR R, B T 2R T b
IR TR T s T AR G A ) P SR A R A T R A B, R R TR WATE R K A R B
RE 15 AR AEAED iz PR SR A RS KR A A A IR AR A BEA RS B R I TR 5 T BRI 25000 R v
J R BH AR, ARAEI A R 5 A L 2 A H B 22 5, B T 900 AR A Y FEUREE BB s Wang S50 SR i 2
[AIBERLATAE (CTRW )RR, AR 4] R s R A8 A I, A7 8 1 7K R A 88—z Sliad 7 e 3 ] 23

FI RIS A T AT PRI E A R AR AIEFE, T30S A B4R P00 1 e TR o i BEL o3 ot o Ui Pl BEL R 5
WM X, SRR IR . ZOTETESR B TS Wr . MRS A0 PR K 3 T A8 M S5 /K R TR 45 3 1

FSHEA: 2023-02-17

EEWB: EXRARP ST LW H (52379097) ; 5 BT 8 AR A8 5 8 H & @ € i -5 H (CSTB2022TIAD-
GPX0045); T P -5 FZE 35 H 4250 % B35 B (2022CQBSHTB1010) ; H JoAS i A3 A5 A B 81 5735 5
(2022B0006)

TEEBEN: & #1985—), B, ILKRIEIT A, 2%, i+, TSR TRRRASH UK B 16 5 AR S 7m0 BT .
E-mail: liangyue2560@163.com iHfF{EHE: KN (E-mail: zhanghongjie0111@163.com)


https://doi.org/10.12170/20230217002
mailto:liangyue2560@163.com
mailto:zhanghongjie0111@163.com

5 2 1 M SE KN A R B AR ST 101

JRZ RIS T iz P A BE AR R PR KT 4l 300 SRR R i H DAY D, e 5 v BHL R KR £ T
RS ZIAIR G R B E . ST I, ASSCHRE T U R AR A A [+ 25 B 40 B ARk rit FRL P A 7K T 417 v BEL AR A T
I, WIFSEOK T A F B AR, 3 1 2% P At e i RS Y i LR S 2 B AR 22 06 05X, I il i A 6 S I
AR AT RENE . FFEAE R AT KT 4l 300 B A D A0 o A 4 BER S A R T 2%

1 RN et

1.1 AEFEEREE
DU FE AR 32 (A B R A 1 ) 2 A S A R it B PN A 51 504 A DU F AR (AL B ML N, 56358 FH ) R AR Sy

R, HLRH R 0.1 Q, HErf BHAHXT /K 4l f7 F B T Z 06 ATt . FE Wt AL B HA (Rt i 18 FL IR 7, S a0l

M. N 5 FELAR [ (9 L P R A U, AR R A F A3 AR A LR R, AR 28 () WU W] RATHERH ML N PR HL AR 1]

7K T A FL R

S _AUS

L 1L M
AP p o ML N PR E] 97K T HilA iR (Q m);
S R4 R AR SRR A (m?); L o ML N
FEL AR [T BRI 25 (m) o

TG T R | AR B LR
TR K e A 2 o sl 32 W0 52 7 i
A, £ 60 cm, 9 20 cm, & 20 cm, fEIXIOAE [ AF
B 5 om KSR oAl 4 )2, S AT RE QR IR A 3 Y
). TR R AR (30 emx20 cm) [ 52 7538 50 78 7
Ui 5 s, LR BIAHRG 20 eme A7 A B S B HL TR LTS D
AHE, VERH I EA L, WK1 PR, (b) ik i

A YRS B P A AR A D R, 1 KR A A BRI
ASAIE 5 5 B A LA AH DL 3G 4 ik, &% AH ¢ Fig. 1 Device for measuring electrical resistivity of
SR e 7 e AL 3 BRI 3 underwate riprap
TEHUCRF A A B4 B RLAE h 1.0~4.5 em, Uk L ith B NN

80 T~

60 - IR
- A i REEDS
40+ T BT AN

RN 2 s .
12 R ITRERE

W IRt 6 41 T80, 25 B34 5o 100%.
69.91%. 63.96%. 56.32%. 48.80% £ 39.08%, % 4
THF % 6 AR L R (10~60 V) [ 5200,

INTHRORAR BT 23 H /%

BRI PR 36 U LA R HEEk B :
A AL B AR, R AR AR A T A B ‘e 3 :
7 AR ailhe e S SR ERE e 8 Hi%/mm

(1) E W 1.0~4.5 cm RLAR L 14 K SR04 1= Y B2 KA Pk g
FEK R 24 h, fEHFR I 7800000, S8 51 R iy Fig. 2 Grain gradation curve for underwater riprap

A1 3 FEAEIK IR A, TR CIR AR K, TR TR, ISR IR K BORR Vo S BRIEILA
(] F) 25 BAR AR S 4 A7 IIUEMA R Z B, Bl Al Sl £ 300, S R AR R D A LR, ey T3l £



102 KoOF K BB L B W 2024 5E 4 H

[ JCHAR A T, il A T] (1425 R 58 4 K S8, BROTIR N S BRIAER vy BRI A B ZKARER, (RS B e v RIK
IRFR G SRR B 4 L, TR T

Ve = Vy/Vx100% = Vyy/V x 100% 2)
K Ve AEBRE (%) ; V AILAHUEART (cm?®); Vy AESBRIAT (cm?®); Vi, 7K AGIARF (em?) o

(2) 4 A 5E U, 37 RIS K T A A 7 r B 280 1, 000 o o A2 3k L 46 R U, 1 S TR fit
HLEL R 10 V, K B R IR HE AL B PRHEARAE M LA L, I IC S HUR £, Bl T FH D7 25 ML,
N P EL B 22 ] A i S 5 A U, RS REE B TR 20, 30, 40, 50, 60 V, B FaR BT i/ NS T Sk Y
AR A AL SF IR 2, 2 A (A H BHL 0 e 22 56, AR R Sk [17] H L BER B 56 g e (R R HE AT T 4518, 76K
H1 30 s JE AT B —4eill & .

(3) BRI S AR 58 WS 7K T A F B3R A, Sy TR A SR TR K S/ F R S il s, 25 B 32340
BN O, KB K HEE IS A T A SEA T ERT LA, JRBGH A 4 2 P R RS N A, FRR
BRI K, I R TR KR, IE 5550 2 WK BARER vy, RHECQ2) RS 325 BR Ve, IR A T8
(2) 347 HL R

(4) Pt J F G AP BR GORUIUE 55 3 2255 1 )2l A& N3 S il A, 15 2048 R4 BeR ST 1)
TR HlA FLBH

2 7}<?%E%ﬁﬂ$/ﬂhﬁ%%&éﬁﬁ 160
=V, =39.08% - V, = 48.80%
V., =56.32% —— V,=63.96%
120 | -V, =69.91% -a= V, = 100%

2.1 {HEREEX A RAIFM

K3 A A L TR A KR A B B R A f it 2k . AT
WL, 25 B AR A AR, b r PR K T A Fl BH 3R 1 52 o B
Ko 2 V=39.08 % It My Ry 10 1 30 V it iy iy PR

o
S
T

|
|
|
|
|

H72 25.8 %, 30 F1 50 V IR HL LR HAR 22 13.3 %, X ik H A——A—b—A—A—

15 10~30 V AL AL L IR, B B 7K T 4l A e B AR B 0 10 20 30 40 350 60 70
HL R T R RS 2 7F 30~60 V AL A f JR s, F R X (LU

FEL BEL R A 52 M FAEG, fEL BRI i T AR e, /KT A B B R 3 HLBH Rt TR 2

AL L R (10~60 V) T i SR B AE 308 5 Bt TR €78 Fig. 3 Electrical resistivity-supply voltage curves
PEAHFAE
XA IR AT REAE T A B nT LB Sy v 5 i A2 Rl )

RN, B HERL TR T 86, K e T SR G S, T T 07 Pty

R 32 A0 A WA 55 TRAERS 5, 30 3 I, K " 20

1 L BELE B T W S AP A 1 8 P AR A ; o

B, F 3T 2 BBUIE A — R 7 A AR, e 3R £ 8 Db

VT, LR R IO B IRAS . R, 7ER AT B @

HhL BT PR BEL A Sy ke TR R i 2, 52t S

BRI 30 V 1L S

22 ZTPREXTEEEAFN = 20 70 100 130
4 oK T LA LB R s B R A 2R . IR 45 R/ Q)

U, KR AT L LR B 28 B 0 80 /1, L5 1k EPRETEES eSS

POBUAS 2% W S A G, AL B R ES R Fig. 4 Electrical resistivity-void fraction curves



521 P, A K T BRI 103

RIWAR A
2478 BURBARET, AR5 H I sh AR 0 T L MR 25 (0 M P BELRS, R B0 o L BELR (B (8] 5(a) )5 B
23 BRI BN, 155 BT 2 4 2 R B A (IR BELK T B AR, FR IR IR Bh AR 3 22, KT A P B 3R 522 T e i
(& 5(b) ) Y25 BoR ARSI, S LAZS BRELA/K O 5, TR T80 As e AR RHLE I, U AR 1S i B
i, PRIt Bl 25 B A AR S 1 i, F B R8T B AL T RO R PR (B 5(e) ) o MK lA vpi
IEEE Wmé}i{wyk( V=100 %), Jttﬁa“{ﬂb%ﬂlliﬁﬂﬁ%ﬁﬂzﬁm&@km LR
m«v "-’”'QYJ

00 E | ‘i& ;((7 A m . A‘A ':
L" i " \ﬁlﬁ"& {".M] 0 g:‘-i"""l ) :0"“, gl
{' L: e ) ¥ *" FULF TS ‘ "By
' % R Y LM |
‘ 'U ' ih )'Jh\*l' z ~ o ‘ Ib ,),’.‘\{I 2 ~ o b 0 .
(@) Fri LR B (b) L TR Bt (o) F B4 B B
B K THLA O Z=kik — fshiis

IR =% R RN SR Y
Fig. 5 The variation of underwater riprap current path
TESEBRK T A AR, 2904w v HUS 2N ER A BRAR X, 25 BN S8 2 TR, Ui sh s i 22,
AT 75 Fh BH 3R T o, R 80 I BELST % IX, 1 DX B R K A AR B iR X ek, 3k 3 I R B3 22 S T L)
ARG Hb 2 AT WA 28 B3 A, 7K A (AP RH S8 DX A U3 TR SR KT il A TR RS B b ) A A4 40

3 AT#HERBR-EEHEZERNK

31 ZEANXME
EARTFENS0 R WIRE R 15 80RO KR B S A e s RO UL S A B AR R 1 T 22 3
ST, S L R B ARG 05X, AU ESA 3 FiELE 2 3O KT 97 v BEL 3R i 2 B 5 A8 Al ) 1 2 Rt
Fral&, A Pearson AHSCHR BT ) TR E R EL (R XHUG SRS TI I . RN T8 AL 2s B R K TR il
A7 VL BEL A Z [ AR RS B2, K 249 D5 ARRZE (ermse M E N PPAS UL GRS, UG HR LR 1.
®1 TRBEBETKTHAZRESEERNBSLE

Tab. 1 Results of curve fitting for voids and electrical resistivity of underwater riprap at various power supply voltages

s LV R R =ax PR R =alnx—b R PR B =aexp(bx)
a b R ermse/ % a b R ermsE/ % a b R ermsE/ %
10 5.861 —0.616 0.97 4.62 —0.341 1.973 0.89 8.21 1.087 —0.010 0.82 10.61
20 7.196 —0.644 0.96 4.74 —0.355 1.992 0.89 8.37 1.114 —0.012 0.82 10.56
30 7.302 —0.664 0.95 5.54 —0.362 1.985 0.87 8.89 1.127 —0.013 0.81 10.81
40 7.367 —0.676 0.95 5.82 —0.366 1.980 0.87 9.14 1.135 -0.014 0.81 10.97
50 7.479 —0.689 0.95 5.70 -0.373 1.991 0.87 9.04 1.151 -0.015 0.81 10.79
60 7.525 —0.697 0.95 5.32 —0.381 2.006 0.88 8.73 1.168 -0.016 0.82 10.46
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Experimental study of electrical resistivity traits in underwater riprap

LIANG Yue"?, ZHANG Hongjie?, XU Bin"? MA Shigian®* XIA Rifeng"? DAI Lei"?

(1. National Engineering Research Center for Inland Waterway Regulation, Chongqing Jiaotong University, Chongging 400074,
China; 2. Key Laboratory of Hydraulic and Waterway Engineering of Ministry of Education, Chongging Jiaotong University,
Chongqing 400074, China; 3. Hubei Key Laboratory of Advanced Materials & Reinforcement Technology Research for Marine
Environment Structures, Wuhan 430040, China; 4. CCCC Wuhan Harbor Engineering Design & Research Institute Co., Ltd., Wuhan
430040, China)

Abstract: The objective of this research is to employ electrical resistivity technology to address key issues in
underwater riprap dams, such as defect detection and quality evaluation. The study investigates the electrical resistivity
characteristics of underwater riprap under varying supply voltage and void fraction conditions using the four-electrode
method. An empirical formula is established to correlate electrical resistivity with the occurrence state of underwater
riprap. The research reveals that the electrical resistivity of underwater riprap rapidly decreases with increasing supply
voltage (10-60 V), stabilizing at higher voltages (>30 V). The electrical resistivity also decreases with increasing void
fraction until it stabilizes. The relationship between electrical resistivity and void fraction shows similar patterns for
different supply voltages. The power, exponential, and logarithmic functions are used to fit the relationship between
electrical resistivity and void fraction, with the power function providing the smallest error. The empirical formula for
void fraction and electrical resistivity of underwater riprap is then established, taking into account the influence of
supply voltage. The empirical formula's reliability is verified through an underwater riprap dam model test, enabling
effective description of the occurrence state of underwater riprap and quick identification of internal defects in

underwater riprap dams.

Key words: underwater riprap; defect detection; electrical resistivity; void fraction; power supply voltage
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