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A combined locating method of acoustic emission sources for rockfill dam face slab damage based on wave velocity
correction//XU Xiaoyang'”*, SU Huaizhi'?, YAN Xiaoqun’, YAO Kefu® ( 1. The National Key Laboratory of Water
Disaster Prevention, Nanjing 210098, China; 2. College of Water Conservancy and Hydropower Engineering, Hohai
University , Nanjing 210098, China)

Abstract: To improve the accuracy of acoustic emission source locating for concrete panel damage in rockfill dams, a
combined acoustic emission source locating method based on wave velocity correction, BSO-1Geiger method, is proposed.
Wave velocity correction is used to improve the known constant wave velocity time difference method ( Geiger method) and
a localization objective function is established. The localization objective function is solved using the learning elimination
mechanism-based beetle herd search algorithm (BSO). At the same time, a sensor array health monitoring network layout
method is developed for area localization and sensor survival detection to ensure the reliability of the sound source
localization of the rockfill dam panel. The experimental verification results show that the locating effect of BSO-1Geiger
method is significantly better than that of Geiger method and the unknown constant wave velocity time difference method.
Key words: concrete face rockfill dam; damage locating; acoustic emission; sensor array layout; beetle herd search

algorithm

A 21 LR AR — RO I(178 m) 58

o T HE A7 s A7 A g | S st A T 2 KT

LR TR ER W I R R R TR SR &
AT UEEPEIN(179.5m)  =AUEIN(185m) JKATHE
W(233m) GBATIHI(186 m) FVLEHAI(221 m) 55
— Z G A A I S A — R 30—
TR (314 m) WEFEREB 5 T AR A 30
G E 7Kk BB R SRR Je b T Sk 5508 4

IR R A2 Z LA VR Pk ik, R A s ]
SRS T AR AT I AT I, v A e 20k bt 42 i YR
- S W R A 5 BT B L AR THE &

JR AR o [ LA R
R Sy T A o A 30U 2 7 8 K 2 — B TR €+ 1
B, AT SE IR oy Y A e I ACHE A
AT A A T AN [ R BE A 4 4, H v R A5 Bk 1]
A TR AW — IV 1 7K S B8 7K A B3 T Al A 1
22 55% | TRIHOO S A SUUTRTARCAE 1 94 S5 g s T 5L
HEEE XY 7 & H (acoustic emission, AE)f&
SR AN Ry — R TR I LA, R &7, B ARG I
RE S5 T Xha R PRI bR | M X S0 R R A

E4WA . EEHRFFEIEA T H (52239009 , 02243223 ) ; [F 5 & S 0F & 2155 H (2019YFC1510801 )
TEBB A AR (1992—) , B W5 Ad: , EENFR TEML L MMMF, E-mail: xu_xiaoyang2015@ yeah. net

BEEE .

AR (1973—) 5B #dR, 1l FENGK TR 4

B 5 $ERESE FFF 5T, E-mail ; su_huaizhi@ hhu. edu. cn

- 86 - KA R A B ,2023,43(4)  Tel:025 -83786335  E-mail :j2@ hhu. edu. cn hitp ://jour. hhu. edu. cn



BBRAR, Bz FF MR G52 W i st
FIFH S S Bt A7 1R B A TR AR A0 403 2 A B 512 W Y
FENFZ —, HF T 2 A ARk R
MR, IR IS AE 22 S Ve, A IR 1 5 BAT 1 S AT
SRR — B IE  K TR EE + R Z AR A
B 7 AR AEAG R 1 R vh 23 28 7 Wb 35 s DR B R
A, TR 0 R S VR RGBT K 25 2
F437% SRR BE - A5 R X P R SR Y S A AR
PR G5 AR A T 7R R 0 5 B SRR A1) R F R
- 0ULASE Y i 0 - 48 9 A N 22 1 AT R IR
FEA

K TR B A A0 0 75 e B U 5w T A X
SR AE R 259 IXS0E A — A | (Y
SENL T ABHTTHLRE T 22, 2 0K FEAR, 8 234
REHEE SR BT B, BT A SR AR R ] T HE
A SYLE BB TR E 82 BT A 9 TR, AR SC o i 1 —
Fofr P S AR WA A 1y =X, T XBUE A 8
IEPE | Geiger LA R A FER LR T — e £ 5
Rk A R 3 =Pl BUR AW a7 mal . a1l
1 FESNERBEEIRIEEAREAEE
X5

7 JE B A7 IR M I DX AR R 5 5
TEIRILE | DL e 7 A SIS (oK JBE AT SE 4 S
i, 4 — I T R AACRUAE £ TR 5 - i A ry 7
J AR AR M A A B 7 X, IR nT S R I X
AT Y

S IOV P 7K A A A DRI 8 43R DX P58 4%
PR 2%, % IE B R L A ] ek 5 TARRE
BORENL L 6 f2 R BT N FE AR A A 10 A A e 5 A
B AN 1 (a) IR o 4 6 T s 15 R AU
NEA/INT 3,6 14 I B TT T LU R DR A s 1 51
HIENLRE ) . 58 AL RS B A R I B2 oy 2L (L
DARRBAL TR AR R ) |, 4 T RO ) — YR 5 A A2 Ik
AR ] S B A i B of X [ 5] B TR T R AT
DI o, A0 & 1 (b) Bz, Rl ar 85 R LR 1, X3
B LA I A A (7 T2 e 4 31 BT R T
DXl I DX, AT X R3] G A% I A T A7 G o
A AHARAL BAS FEF BT AN L DX IV X3 VX, AT
X AHABE B HTT AR AR A T A7 T A

2 ETiREEIERR £ E L%

I 2 58 (5L V1) FH A SR K 47) o []— 055 A
RIS 220 5 N 5 e R SR R RE e, RO
AP R HIRE N T 1% o N2 RE AR IR A A pR

[ o [ m [ b3 |
|
.
I D4 D5 D6 D7
| |
D8 I D9 l D10 I D11 ‘ D12 ‘

v v v
I D13 D14 D15 D16
. . .

. )
| p17 I DI I D19 I
. A A i

Al~A6: BR2Y
(a) FREHMERIEETIIRE (b)) (ERIEFEE A TTHHE K k4

B SHXERERBERET
&1 (ERERMEETS AT HHE R R 2

- fERGR B
D1~D19: f&ERZR IS T

B

Jig s gy ] R X 4y XI55 1X 42k Y43 X 35,
| ﬁfg;ﬁ%ﬁf RN TR U0 DR DS PO B
> %ggﬁmw@ AR PR PO DG DG PG
3 ;ggﬁm%@é W WL, I I, I T
4 ;ggj}m%@ N NN, N,V VSV
5 ;ggﬁm%@ Vo VYL VLV VLV

PR A A =2 o528k /D 3k Al ik
1 Geiger 1645, Hirp Geiger %8 5 5 F LB k45
B N HWHE Rz, IR SCE ] Geiger 3537547
AR o F TR b T AR PN 75 A e R A 4 32
AEAEE , BT LAFSZE A HIME IE B X Geiger BE#EAT I
B EE R AR S HAR R BT 72, 45 32 W)
La i, ANk AOR i A IR B L BB 1, B i R AT
fiff , T AL A AT e JIT o o7 A T I8 TN H A eR BG4 T
B THEE Y R RRI E—E BEOR N ORI 1%
Mrfig BIGIA O 2 4 R e U .

X n AMEIEAR I FES | o IS i R,
FE L AMEIRES S AR YR E 2 W] AR R

R, =./(x _xi)z + (y _yi)2 + (z _zi)2

(i=1,2,---,n) (1)

K (w, v, 2) B AE RO E AR (x,, v, 2) HEH
i ML IRES AL B AR

N Geiger 1 HAn sR%CH

fu= X (& -] @
Kl 0, 4 P U, BRI 51, o AE %R I
050, 2505 B A T ST SR 55 P A4
S5 § AL BTR]
L BT B P R T
GAO = H (3)
L .G HSHUERE ; A0 B IE A5 1 H i 2

KA R A B ,2023,43(4)  Tel:025 -83786335  E-mail :j2@ hhu. edu. cn hitp ://jour. hhu. edu. cn - 87 -



HiE
W HAEIEARTTE B Ar REIE AR i R v, )
B IE X G TR R AT
G =G,_,V. (4)
Kt .G,_, (G AR r—1 WS r R 241
FEFE VRS r UGB I G IR AR B

3 ETEINRANGNREFLERER

P URE AL H AR BB SR A 8 A B S
Bk, K418 K 5B ¥ (beetle antennae search
algorithm, BAS) 5 [H 5 o &IK i 1 26 AURF AL,
TERSR A, B AR W RIS SIGEE .y 1 9RkM R
AR RS R R HRLFBEAL AL ( particle swarm
optimization, PSO) ¥ 5 K 4 25 48 2 5.9 19 3K i hig
T3 A3 F KA R (BAS-PSO, BSO), AT
IR 2R AU SSGH B2, A T2 > MLl 98 5 K A4 B
WHATA BYEmREsh . A 1 S e A 25 8] SRy 7
i A AR 0 [ L, 7 22 AR A5 i R AR P v DRATL ] o
SRR, LAGEE 0 S OR i 1 R A R i e .
TULEZ i R T — PR T2 o W R AL Y K A
B4 R A 15 (learn and eliminate mechanism BSO,
LAEM-BSO) .

3.1 REBEREX

KA REEAE IR T AR R )5 R
P T ELRESR TR R CR  Tent MU REHL
PEFN I3 AR KRS | A1) T BT X 7 R P 810 A= ) 4
RAFE

ym,j/M 0= Ym,j su
(I =y, )/ (L) p<y,, <1
L p MBI SERSH8,0 sps< 1, —RATH
0.5;m j 435 KA T 5 FiR M AR B 55

2 (5) W T A WIE, AT RS2 J AR AR
By s R AR B SR o M A0
IR RARE , KA 2 3 A e A =3 [|] b O HL
PRAEFHASEA 5 A5 B, Rk A S I,

TR A= P fik 50N B O, AR AR O 5 55 E
AR 8l e B . KA TR an I 2 frs
RALEAT S FRAL T B0, Rk s 2K 5K
TR B M DG R AP K P 1 4 5 AR A
AR BE AT FAE AL

F R IR E AL B bR sREUR TR O 4 4E R
AR TR Ry X D0 AE A PR ) SR

X =X-1Ud
X =X+1d
O R B0 5 A B S 1B, i 2R

(5)

ym+l,j =

(6)

iﬁéﬁ KA

kg%¢wm&%"

-

B2 XR4EEER

VI IR 18]S A 25RO T s s d S REAIL T 18]
(1 DU AE BT[] o, R KA A A s ] P A s

PEEE R RAEAW AL E X, 5H
JBUNE B X S 30 57 B I SR 1) 10 J5E PR R AT L
B2, AR BB W i 1) g 265 197 € T ) R U A AT R 8
HHIACEAA X, B — 2R B X, B AL
LU

X, =X, +osign[f(X,) -f(X)]d (7)

ATk IR ARREL /(X)) O XA 38 0 PR
8 LRI, B IR AL BE T AE 1L 5 sign( - )
AT R, P KA TR U AR B 7 1]
3.2 FIHH

KA AR A — 2 JR BRAE , X LA Jey 0 e
X Z TR 3l KA AT 2kt R
St SRR T (5 B A A BBt , LAk SR 1 B A
JRyER AL, TR f i] LS 5 S0k R BE T I I pRle 8
ST A —Fha 2T BL], 1R AR A A
HOAN B D B 22 8, ol R A RO BAT 1) e I A 1A
RYEHEE, JUHXS T 5 A 5 I E O HA B e
PEB) FAR R, 25 I LA AT LAAE AN 52 R0 JEE 14 i
f TR R SE

KA SRS T T3 I ek &) A 3
ENFIEE TREA T L 2R mI 2, KA
PReE I REHAR 2B J7 0N 3 s, RA-R8 87 [m)
BT ) RSO T7 1) L Rl PRE

B3 RENMEZEINEI
P50 m R AAARLEZS R P e] d A4
fiZiihn e X, X, 535k

d =rand(1,4)/ | rand(1,4) | (8)
le,k :Xm,k - ld (9>
X,,=X,,+ld (10)

K X, R m SR b Uk A

- 88 - KA R A B ,2023,43(4)  Tel:025 -83786335  E-mail :j2@ hhu. edu. cn hitp ://jour. hhu. edu. cn



VAR b IR AR X, BESA )
J7 n) B[] i e Dy

e = (ngesl,k - Xm,/;)/ I (Xghm,;,- - Xm,k> | (11)

KA A 8 SR 0] B By

Xm,k+l :Xm,k + . 8,sign (f(er,k) _f(le,k) )d +

Bio.e (12)
X o, B, I3 B R BCFIRE 27 > R AL

4 B/ <1 I, KA ERL gl BEINAKSE A 3%
SRR, PGB AR R IE R OR s 24 B,/ >1 I R
RAL TP RAMRRIFE SN, B,/ o R, BRI S
PREEBR AR PRE AL, B,/ o TEIE AU AN
Hid R,

R BRI 0 S B BE ) B R A
2y HRaE 2 2 FEACE A B,/ o, AN R 5 | Gk
FRBH R BT o, A2 2] BB B, 430

o, = (fi = fuins)” Pt = Frnin) (13)

B = rk(fmax,k _fk)/(fmax,k _fmin,k) (14)
L, o Son s SRS b UCHE AR 17 65
BE Fre AR/ INIE I PR A R I 7 PR
SRESE B IE F B AR AR EA T F A
3.3 EKHLH

FHERFE W RE7E RS W AR B/, &
BUSRAE S TR, AULBI AT RALE T4t
JE R ARALLRE g ) R 2R EA T S £ YRR AN I 42
SR WSSO FE RIS JE

KA1 J@ PR e 4 4E2s5 WAL & o
SR a U m (R KA 02 [ AR BLEE

AX= X, -X,,| (15)
BEE AR BLF S PRI .
I AX < A6,

S(X, X, ) = (16)
! ! 0 AX > AXamax,k

A AU B E R ES,,,, W RFR R
T a S KA AT RLGE TS B B A o 8 1 =S
AR SE

1 M
FU(X,) =0 20X, 0%, (17)
m=1

H A T[] — 2 4 25 1) 1 5K A 22 B AR DL R 2
i, WO FEA TR 8 , AMEIR 253, T B2 55 B A\ )
13537 NI CE RV I DO R 2 St 1) N B S
Ty , P BA — s 00he 3 7 BRI BRIBLAA oo ) A AR
WA, 25 b 5 R IR, A & TR
Xb,k+l = Xb,k + "g(Xc,/f - le,k) (18)
Lfr, HAKRT 1 WBENLERG X, , X, WIEE 2
MR R A,
B F (X, ) /DT RREFRERS b 5 KA 1A

i
4 AGEMSEIRFAE

25 b, 25 P M A SULTR BB L T AR 194 75 U E 7 Ry
ORISR R ST AE Fe 45 A IXBE O R B IE
Geiger TR A B 2R A . BT —M T
68 T 1) S A JUUTE Al P A S R 4 B E A3 U7 125 (BSO-
IGeiger 7 ) , HSLEU SRR AN T . O IEME A IR EE +
T AR P M 5 5, AT 75 R SR A% IR B 2 A1 1 ;
1 SRR BG5S AR AR 1 75 5T TE 1 A5 [ [ 91
BTG D, IF 4R IS B0 &AL B N5 5 1Y
FIIRIFZ ¢, 5 QR B 35 i 20 J AR I 2 e b el vr. B
B BRI @A FITRIE 3 51 A w4 AR RE , e b
g M RN B X SRRSO | 1 R AR
TIN5 THEE T A 1438 1 32 eR AR f( X)), 2B A
MRERI IR X, B0 5E AT 1) FUREAA B
D7 1), A5 BRI 1) fe A3 1 JEE PR ARE f, R/
T BREAE £, s ©FHIEC (12) BB R AL 8
FTHAEIE G 5 (D3 iod % ) 2% B8 B 07 1 L i 2 AF B
g — A HEAT O B Y8 TR AN [T 5 @8 K 4k
TR 18 73 Sk e DI it 5 () 214 i S e A0 e %ok IO 3 7 2 R
KO A N P R BUHA R A ESR 457 1R I%AR,
IR L RG; OEE LR ~ @, HEEMI A
FEUR I E AL

5 HKIGIIE

M IR B A AR A T AT SRR Tl A K
T T A JEE B8 7E 1 m 2 A, DRI T A 75 905 o7 T
Els S T VA L1
5.1 ARE

R4 Q 2914—1997 ( 52 & 14 FL 45 Al 144 75 & 5
K 5y {8 Nielson JEINAES 2Bk ERE N
0.5 mm i HB A5 20K 528 2.5 mm, H 5K
PR B JE A28 300,

PHREE M EK/N R 300 mmx 360 mm [ [
2R 4 R 12 x 8 AT X3, R A~ X3k R/ Ky
25 mmx45 mm, TEX N S EAiE 6 /I\ﬁzbﬁz%g, v
BHC M Al A2 A3 A4 A5 A6, A R IE S HTE
W 4 (a) B, HoAn B AR (2, y) (BAAL R mm) 43
H124(0,180) . (150,90) . (150,-90) . (0,-180) .
(-150,-90) .(-150,90) .

1R IR B 51 T 7S 3 T B A v 23 (LE
AL, AR = A T A5 A XA S A A
iz AW A AR IR B T 43 PO W A P
W s R MIT S A, 2 SR IR S an i 4.(b) Fis .

KA R A B ,2023,43(4)  Tel:025 -83786335  E-mail :j2@ hhu. edu. cn hitp ://jour. hhu. edu. cn -89 -



Al

55 |36] [19] 20

29 \Q 27 26 «E

AL-AG: fEIREE el |
X PRI A ST A
(a) fEIERTE R A B

B4 HHERERGEREMET

RIS L EAMAE SRR A ) B Roa 7 & %
AR EHF] PAC AT EHOKAS (25 40 dB, 40587 [
20 ~ 1200 kHz) , F-i% $2 5) SAMOS™ 75 & 4 R4 &
G, RESELEWT . B{H 40 dB, W E 2 S [E
50 s, f i E XISFE] 200 s, 18 o5 815E B E] 300 ws,
FHE# 1 MHz,
5.2 KEFHNE

FEIREE T MR bV LR S R P B 5 MBI,
4r5lic Sy B1 B2 B3 B4 BS, M4 100 mm, 1% /2%
FRAEAR (v, y) (BAALK mm) 435124 (0,0) L (100,0) |
(200,0) .(300,0) ,(400,0) , fEf&i&ds Bl &bikfT
3 KIBEET, FILH B RGNS S Bkt 21, v]
DISE] AR V55 5 4% N R B B e A 345, 58 S
v(R) MG SAERRIE B A R B, 3 vk
SRR B A A S 5 R 5 s,

(b) ERRE A

s . KB
g2
Al I3

Ak

100 200 300 400 500
R/mm

Bs5 HESEEBESXR

L 5 AT UL, -2 8 o 12 B 2 3 T 58
s N, B A A B R, I o (R) 5 R R
HXTEOC R | H I AT ST i O p A A

v(R) =plnR + ¢ (19)

K p g FHHCE IR R AL

LA T LIS B s il R p = -1111
q = 9939 WA MZLME 5 iR,
5.3 RWERI

I 22 7 67 V5 MR 4l 0 3 152 S 2R A 4 Ry 8 R
% RN AL N G 1, o M i R R

- 90 - ARAY K AR 2023 ,43(4)

Tel :025 - 83786335

JRIVIBE R 1 B U AT R 3 R O
Z15 (Geiger ) ARHME E P AT 227 (LA UWS 3%
HEAT AT FR ) R 3L T B3 A& 1E 1Y 4 A 58 37 35 ( BSO-
IGeiger 1£) 435X} 37 N5 5 AT @ 0T R
P45 Ty A (e, oy ) RS BRIBTAS 05 (., ) O
BT LR B A iR 2% .

AR =./(x —x)* + (y -y.)* (20)

Geiger Y5 Hl UWS 75 ¥R FR G & 7k 7 HE 5
BAEAT R A, BB S ML 100, S R E AR
UBCH 200, WL BH0C 0.5, BERCE 2 0.9, ik
HFHR 1.5, 046 K70 0.9, BSO-IGeiger 1% &
SR PR 100, SRR ECH 200, B2
R 0.5, B KB AFCH 0. 95, fil i 20k R Bk
0.95 MU BHRE A, F0.2,

FFHAS TR 2 5 5 A 3 — 4 o 45 SR an 181 6 Jirp
N, AR B TR AT 2 e P A 158 22 DL 3R 2, s fL i
WREMNE 7 iR, HIE 6 Al %, BSO-IGeiger k£
SENGE R Geiger B2 F1 UWS 125 5 1 58 3T 52 Bk
B SERICR L T Geiger Y2 F1 UWS 12 & (1 3%
REFARPE, H3E 2 0I5, BSO-Geiger 15 T3
HAUIFRZE/NT Geiger BEF UWS ¥ ; Geiger 155
WA st 07 15 25 B S o e DB A R N S T A
S K22 0.8 mm 2247, UWS 3£ Al BSO-IGeiger AN i)
A7 B W S 2ZE AN 7E 0.4 mm LAPY, UEBA LA
L I AR R A S A R DX VR FE R IR K
HHIE 7 7T, Geiger A1 UWS 15 B f i 22 A0 22 3F
AR BIAE 3 ~ 8 mm Z 1], BRI FEE (4 B i) J A 32
FAEE PR MBS, BSO-1Geiger HEIRZETE 2 ~5 mm
Z 1] TR FH i A8 1E T A 58 R 7 ke B U
JE, %1, BSO-1Geiger 1A BT I EMRER

- WIS © Geigerlk 2 UWSEE  + BSO-IGeigeri%:
180

135} 2 & 5 &
90 + 2 W B %

=90 + ® ¢ S
-135+¢ # o e &

-180 . . L i
=200 -100 0 100 200
x/mm

Bl6 AREMFETEER_%H9%H
K2 ARMLEMBEATHRMAMBIZE  Hfi.mm

EAYE Geiger 1% UWS ¥ BSO-IGeiger 7
PG W A 4.823 5.053 3.872
PR B T A 4.873 5.013 3.544
AT A 5.634 5.223 3.494
B 5.11 5.096 3.637

E-mail ;jz@ hhu. edu. cn hitp ;//jour. hhu. edu. cn



Geigeri% UWSHEE  » BSO-IGeigeri®:
QT
61
g ¢
£ 4]
X
<
2t
0 10 20 30 40
W 5

B7 AREMSERAERE
6 & &

a. L6 fGIEER FRIT HE ST 1 75 & SHAL SRR B 51
”*{D“JHQ%TUT%%%Q—H%fiE’JI—JHT Xof A Jk A

FAETEAREI

b. FIHPEHEEIERT Geiger B A Tektk | AL
FEA7 BbR pRECRE s T — B T 2E S Y IR AL
RAFHE R W ZH S G 10 T k5915 Ik
FRBEH I 2% TR T BSO-1Geiger 7,

c. IRISE KW, BSO-1Geiger ¥ iE VAR B i
ﬁE? Geiger 31 UWS 3, 1] Sy A 300 #g $63 493 F8) 512

FUIAR LG 35575

SR

(1] JRIREnE. woC b A RRA AR T 5 BB A T 5T
[D]. Kif: KiEB TR, 2020.

(2] A, SR, X5Ede, 2. e SRR REE 40
o HriFs (1], T EBE R, 2018, 48
(10) : 1068-1080. (ZHOU Wei, MA Gang, LIU Jiaying
et al. Review of macro and mesoscopic analysis on rockfill

high dams [ J ].

48 (10) ;.

-l

Scientia  Sinica

1068-1080. ( in

materials  in
( Technologica ), 2018,
Chinese) )

JEphEs , SRR JREE I TR IR AR S KUK 1
WFFERPELT]. KRR iR R, 2015, 35(5): 1-
12. ( GU Chongshi, SU Huaizhi.

prospects of long-term service and risk assessment of

[3

[—"

Current status and

concrete dams[ J]. Advances in Science and Technology
of Water Resources, 2015, 35(5) : 1-12. (in Chinese) )

20t RSO AT LI P DR T 24 74 2 YRGS IR 52 i v
B[], £07K¥0, 2022, 41(3): 47-50. (LI Zhonggui.

Review of temporary section water retaining and flood

[4

[

protection on dam body of rockfill dam with face slab[ J].
Hongshui River, 2022, 41(3) : 47-50. (in Chinese) )

[ 5] FE%E Anl Jr 200, 55, Dersinl 44 v RO A1 90U TE
Pl 5 a5 A 2z A [ 1], KA K i B B L 2022, 42
(4).67-73. (WANG Jianjun, LI Zhuo, FANG Yixiang,
et al. Deformation control and structure safety of high
concrete faced rockfill dams in a narrow valley [ J].
Advances in Science and Technology of Water Resources,

2022,42(4) :67-73. (in Chinese))

[ 6] Wim, W5 ARRKES, 25 AR K07 A% i I 5t
TR ). )i R s 4l (A AR B R L 2022, 50
(5) :89-97. (SHEN Yang, LI Minghao, REN Qiubing, et
al. Statistical model for horizontal displacement monitoring
of concrete faced rockfill dam [ J]. Journal of Hohai
University ( Natural Sciences),2022,50(5):89-97. (in
Chinese) )

[ 7] B4, BEW, T3, % HRFEARELATE W
BB FEERIR [ T]. KRB IERE , 2012, 32(4)
89-94. (WANG Yan, LU Guijuan, WANG Yao, et al.
Research review of applications of acoustic emission
technique in civil engineering[ J]. Advances in Science
and Technology of Water Resources, 2012, 32(4) . 89-
94. (in Chinese) )

[ 81 JhM8, MR AR s s o R0 A5 R0 J ik
MR T]. AKFIK R R, 2022, 42(1) . 1
10. (SU Huaizhi, ZHOU Renlian. Research progress and
prospect of earth rockfill dam leakage detection modes and
method [ J ].
Water Resources, 2022, 42(1); 1-10. (in Chinese) )

[ 9] WI%E, WKW, RiifR, S, TP J I ol S By 4 0
B [T]. KADK B, 2020, 40 (4) : 33-38.
( MING Pan, GENG Xiaoming, LU Jun, et al.

Experimental study on monitoring embankment piping

Advances in Science and Technology of

based on acoustic emission technology[ J]. Advances in
Science and Technology of Water Resources, 2020, 40
(4): 33-38. (in Chinese) )

[10] Btz , XB4=EL, ?ﬁfﬁi_ S5, BET R RS M O e et
PEPUERRI[ )], ERER 22 (A ARBARR) |, 2022,
62 (6): 1052-1058. ( CHEN Yang, DENG Lizheng,
HUANG Lida, et al. Landslide early warning model based
on acoustic emission monitoring[ J]. Journal of Tsinghua
University ( Science and Technology ), 2022, 62 (6):
1052-1058. (in Chinese) )

(1] BRR U HE T 75 A HOR B b AR S5 450 45 L BELF 5
[D]. Kif: KEM TR, 2017,

[12] WERTR, TRME, Bar ok, 5. M 3 s A i
FRENMITIELI]. KT AR, 2021,40(7) : 131-
140. (YAO Kefu, SU Huaizhi, YANG Lifu, et al. Pattern
recognition combination model for locating damage in
concrete faced rockfill dams using acoustic emission and its
experimental verification [ J ]. Journal of Hydroelectric
Engineering, 2021,40(7) : 131-140. (in Chinese) )

[13] fadkss, Mo, 243, A5, T POt il i TR 35 1 4
Pars RS e SRS E IO 5T [ J]. R AC I Ky
Al (HARREAE R ), 2021, 40 (10): 91-96. (HE
Zhaoyi, YANG Kang, LI Dongxue, et al. Experimental
study on optimization algorithm for acoustic emission
location of concrete damage location based on wave
velocity [ J ].
(' Natural Science ), 2021,
Chinese) )

Journal of Chongging Jiaotong University
40 (10): 9196. (in

(T#% 104 1)

ARA AR A B R 2023 ,43(4)  Tel:025 -83786335  E-mail ;jz@ hhu. edu. cn hitp ; //jour. hhu. edu. cn - 91 -



[7

[8

[9

[10

[11

Geotechnical Engineering, 2011, 33 ( Supl ) : 8-13. (in
Chinese) )

] ESCR, JRERAC. H T FLAC™ BB MRS i i 5T
[J]. &+ T 724, 2011, 33 (3 7] 2): 256-259.
(FENG Wenjuan, JU Xiaodong. Design method for anti-
slide piles based on FLAC™ []J].
Geotechnical Engineering,2011,33 (Sup2 ) ;256-259. (in
Chinese) )

1 Gy, JE S T A e X =R M S AR R AT
KGRI [ 1], NRAKIT,2021,52(11) :111-
116. (YI Qinglin, ZHOU Rui, LIANG Wei,
Stability study on Sanmendong landslide in Three Gorges

Chinese Journal of

et al.

Reservoir area and simulation of anti-slide pile [ J].
Yangtze River,2021,52(11) :111-116. (in Chinese) )
] R IhGEST, R, K R ul K 2 S5
TR TG E 2 BT [ )] K B B RE 5 305 i, 2004, 24
(4):8-11. (ZHU Yueming, SUN Tongli, WU Jian.
Stability analysis of No.2 compound landslide on the right
tailwater bank of Ankang Hydropower Station [ J ].
Advances in Science and Technology of Water Resources,
2004 ,24(4) .8-11. (in Chinese) )
IR MR, T, A AR IR AT Wk 3k
P AE AN 8RR [ )] KA K B g 2013, 33
(4):22-26. (SU Guoshao, YAN Liubin, DING Lei, et

al. Research on reinforcement effect of anti-slide pile at

[}

riverside slope under water level plummeting condition
[J1.
Resources ,2013,33(4) :22-26. (in Chinese) )

BRI 0/ IS FELPE S5 0ol [ 8 T 45 o
T Bl T AT RE IS T[] IR 5F R4l (A 4R
BHF ) ,2022,50 (1) :4249. (CHEN Jianfeng, GUO
Xiaopeng, TIAN Dan, Effect of Anti-slide piles

anchorage lengths on slip surface and anti-slide capacity of

Advances in Science and Technology of Water

[

et al.

[12]

[13]

[14]

[15]

[16]

[17]

[18] 7

homogeneous slope [ J ]. Journal of Tongji University

(Natural Science) ,2022,50(1) :42-49. (in Chinese) )
LI Hao, DU Qinwen. Stabilizing a post-landslide loess
slope with anti-slide piles in Yan’ an, China [ J ].
Environmental Earth Sciences,2021,80(22) :739.
KAHYAOGLU M R, IMANCLI G, ONAL O,
Numerical analyses of piles subjected to lateral soil
movement[ J]. KSCE Journal of Civil Engineering,2012,
16(4) :562-570.

BENMEBAREK M A, BENMEBAREK S, RAD M M, et
al. Pile optimization in slope stabilization by 2D and 3D

et al.

analyses[ J].  International  Journal  of
Geotechnical Engineering,2022,16(2) :211-224.
AKGUN H, KOCKAR M K. Design of anchorage and

assessment of the stability of openings in silty, sandy

numerical

limestone; a case study in Turkey [ J ]. International
Journal of Rock Mechanics and Mining Sciences,2004 ,41
(1):37-49.

XU BT ¥ F A A DR A2 T R AT 2 B
PBHIFFEL ], H 1% ,2016,37 (HT1 2) :375-380.
(LIU Jialong, HE Lei, FENG Zixia,
optimization design of anchors in high cutting rock slope
[J]. Rock and Soil Mechanics, 2016,37 ( Sup2) ;375-
380. (in Chinese) )

W R, % 58F. FLAC/FLAC3D JLAl 5 TRESTHI [ M].
2 Ji. st rh KR K HR H AR, 2013.
OO RN, 15 BRE . 8 3R B T BT AT S 43 A
[J]. %A 4 F15,2006,27 (6) :950-954. ( LEI Wenjie,
ZHENG Yingren, FENG Xiating. Analysis of pile location
on landslide control[ J]. Rock and Soil Mechanics, 2006,
27(6) :950-954. (in Chinese) )

(Wi B #7.2022 -05 -30 4Rk . vz F)

et al. Parameter

(L#% 91 W)

[14

[15

[16

- 104 -

] AT, W, fJkaR, 4. JREE L PR A R
PERILAEVEE PR [T]. A7 %, 2021, 40
(3): 400-406. (LI Dongxue, YANG Kang, HE Zhaoyi,
et al. Acoustic emission wave velocily character in

concrete and its application in source localization [ J ].

Journal of Applied Acoustics, 2021, 40 (3): 400-406.

(in Chinese) )

YANG Kang, HE Zhaoyi,

emission wave velocity attenuation of concrete and its

] LI Dongxue, et al. Acoustic

application in crack localization [ J ]. Sustainability,

2022, 12(18) :7405.

WHE, IMER, B, 5 {Fé@afifﬂiiﬁT EReR R
FT“E’JQHEIXM%%‘JT»T%MHE[J] FHRE 2%, 2022, 41
(6):982-989. (HUANG quun, SUN Yueyang, WANG

[

Yang, et al. Analysis of the acoustic emission source

KA Kb AR 2023 ,43(4)

[17]

[18]

[19]

positioning accuracy based onconcrete mesostructure model
[J]. 2022, 41(6) . 982-
989. (in Chinese) )

KALYANI D, PRADEEP S,

Journal of Applied Acoustics,
SRIVANI P. Secured
information sharing in SCM: parametric analysis on

swarm optimization [ J ]. Procedia
Computer Science, 2022, 215 897-908.

TRPR. BT B IR T WS kLI AR M A R
ZHMMAT N AID]. B#. 8K, 2018.
WA, B, &N BT UGN TR
DFIG %éﬂwﬂ/\[ J7. FEH T, 2018,25(1) 1 122-130.
(JIANG Yingying, TIAN Na, JI Zhicheng,

Improved competitive particle swarm optimization for

improved beetle

et al.

parameterldentification of DFIG[ J].
of China,2018,25(1) :122-130. (in Chinese) )
(ks B 12022 - 08 - 09 % . X1 EHA )

Control Engineering

Tel:025 -83786335  E-mail ; jz@ hhu. edu. cn hitp ;//jour. hhu. edu. cn



