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A novel method for processing missing data of concrete dam deformation//HUANG Chengzhang', GU Chongshi',
HE Jing® (1. College of Water Conservancy and Hydropower Engineering, Hohai University, Nanjing 210098, China;
2. Nanjing Water Conservancy Construction Engineering Testing Center Co. , Lid. , Nanjing 210036, China)

Abstract: Missing data of concrete dam deformation can cause difficulty and even misjudgment to the analysis of dam
service status. Based on the theory of clustering and panel data, a novel method to deal with the missing data of concrete
dam deformation is proposed, in which the common and specific influencing factors of dam deformation are considered.
Compared with traditional methods, this method can more comprehensively reflect the influence of load and non-load factors
on dam structural performance, and is more effectively for processing the missing data of dam deformation. The application
of missing data processing in a concrete double curvature arch dam shows that the predicted residual error is lower than the
error limit of arch dam radial deformation stipulated in the Code for Dam Safety Monitoring ( SL.601-2013) , indicating that
it has high precision and can effectively process the missing data of safety monitoring.

Key words: concrete dam; deformation monitoring; missing data; theory of panel data; clustering; random coefficients

model

{RBE iz 171 B AL 32 2125 P g 48008 H
A2 BN A AP AR AT 2N R AR TRBE L I R 2
PSR MEZ R UREEHTT B R RS54 1
FHRZ MR B AR LN E S S A A, AR — A al LA
EOULS R BE 022 R ZS 9 25 B 2800 &, 2 R
ZERVEAS R AR AR T A S () — T B4
BB, X T IR A 30U T Y W Iy
SR, P T ORI 0 A 48 A A Wl el 35 SR 300 1 3l Ak
i RGN SR I AT BE S5 B0 M I s A7 A
Mo IR SRR A B R, 23 e DR 32 4 W I B Ao
(AR TR0, FF 5 A M S 8 5 5 15 0 A
SERAR BAL T L RA B R, HBTEON T LAY
Kb PRI AT AP 2300 DU Al 3 R OR

HAETH . ERK A RPEILA T I H (51739003)

SRS B T IR N5 R R AR A T
VOV LIy v B L BN A SR X R R AT 4
(EAL T, 2200 1 300 T ALk o7 R 45300 5 22 () ) A
HRZR RO T A R R Al E G R A 25

b b TR B WA I R A e 51 B AL
TIFIAERE AR AR R, WAL T R A L
ARSI AR B, Q2R A A B — 4 5 8] e 57) 8 35 4801
PRSI RIS TEAR B, 2 ME L i A 20 1 i
RINFBEARALIEIRZS . B I 2 B2 R A
W A5 T g ) s A OG A A A 3 — 45
RIS B B A S A | I R A
B R RIS B 52 e PR, Sz 17 R 23 3 A
PR AR AR A T e S A DN T 174 S ] A O

YEZ T BN (1996—) , 3 W os A, BN F K T L4504 2 WEPEFS , E-mail :137872571@ qq. com
WAFVER JBrhaS (1962—) 55 0%, W1, FENFOK T L2 MDA, E-mail : csgu@ hhu. edu. cn

KA R A ,2022,42(2)  Tel:025 -83786335  E-mail :j2@ hhu. edu. cn hitp ://jour. hhu. edu. cn -89 -



P S T BV S [ R

ARSCHE T RIS AR B IG BIE , Pty T —Fh %
RS T R T 9 o 248 2 1 TR R ISR W ) e 2
YEALBRTT 1% | B AETRAME GET5 15 A 75 I 5 A AH 5
ANy 2 R 28 B2 M i A 11 Ak B R SR B A AN
1 AR

1 SR AR Bl R R HL B 26

1.1 BRUEHIE

R SR IR — 2 BOARE R ok 75 2L Ak
FAEIEE BOR R AL, R 2 Wi, 2R K5, [
— M N BRI EL A B R ALY | TGS [R5 PN 1Y
B W LA B ) 22 Skl o R AR AR [R] — X
S PN ) TR B - AR TR R0 A A 0L R BE S AT R b < 4
T AN ) DX 38 2 T 9 A8 T R0 R (LR T g
BB AR SCHE 3 B TR B - 3008 T8 W I A e A
XA FG 78 > 10 2 o ok b AR R | LA LR P i gkt 1 A7
GYIX ., FEXTARIE W B diE AL PR, 1246, [i=1,2,
o Nst=1,2, -+ T (N R TREE L UG & ) S8, T
Sy e SR ) Ay VR R - 3DUAR T W IS R B
N FSF ) P 37, SR D 46 K IR T4 3 20 220 i 45
DU PRI (AR R 2 T B 2 AN [0 A A
AV A SO P I AR BB S R A AN [ D A Y
AN G e B () AR AL Y 325 S TR A

T 5 1172
dij] = [;(8” _8/'1) ] (l)
T
Aé. As, 1"
d,p=|:2( 2 - Z ) :| (2)
t=1 A5i([—1) A6}-<,_])
,ﬁ\:':':' Aﬁit =8it - 61‘(171) Aﬁﬂ :6/'1 - 6j<t71)
SR, SR S0 A 2 4 B

%ﬂiﬁﬂ—ﬁ%;&t \81'(:—1) \ajt \81'(1_1)67\5-}”?‘7 t 5 l_l Hd‘zu
Wi i g AR AT 15 A8, (A8, 71K ¢ 5 11 I 2]

WA i AT

WA (2) TTRATE H 200 S AT
B 5 0 2 38, LR (e, TR
LT AL, d, UL BERE /D 17 22 S0 A b
B d, TR, LA A (DL S i A SR
T AT A H 20 450 ST AR AL, K e
Wi 2B d

dy =wdy +w,d, (3)
o w, cw, 4351 R 4 ) FE SR G R B 0 AN R,

wtw, =1,

TEAR RIS RN AN E PR A —Fh R (5 R
R, AN RE PR B (R R,
AN R AR AR AR SO TR A R
TRBE LIS AR R HLIE K JC iy A 5, 2 T4

W7 Sz IR AR T AR AR R A1 b A B BORE JEE , 14
AR R IR FE R A B X 2 B P B R I K, 4l
SHTFf R 4 X P g R M S B AR, R AT m
P XSG, n DPFNFERR , x,, WPFBIX R b(b=1,2,
o m) FEVEM AR AR a(a=1,2, - ,n) FITEM{E,
ARSCLAARTE 8 1) 2 ok g R 3 B 4 O D 4
B, I PR B BB R PPN R R R AGE A
ARRANE (i T AT bR TR A S — O
EEHATIEAR AU — AL BE)

TR IEIHIENR « TIFIRTR b PEHHE
HZAE PRI ERY L p,, :
Puw = xab/ Z Xab (4)
B2 IR o BIRTE e, -
e(l:_czp(l/blnp(lb (5)
Hrp c=1/Inm
PB|3  HEIHNTE o WG BRITRRE (2
5)d
d,=1-e¢e, (6)
T4 HEIHNTEE o B w, .
w,=d,| 4, (7)

TEn=2 W K15 w, 5 w0, AKX (3) BT 521
(R A 22 () ) 25 45 B 5, Fl L ) o O 5 1 A B4
FIHE
1.2 M ERE

SR FH B8 251 0 R R B A 3R 1 450 o7
RN AT RS, R BEHG TR EE L0 v AN A5 K 43
K kA IEH G, .Gy G IR N, R G (1=1,2,
o B RIS AN X, G, 2RI i (i=1,2,
o N AR ASIAR, IR 2R EBE 30 6, IXIRAE T 4B
T PN 500 5 B ) S 25 O RN

S=35, (8)

_ 1 M
Yt = ﬁ Z Yi[

Li=1 Li=1
XS, NN, ANIMER B E 2GS kA IX
SR B 257 5 R X, D o ISP Z00 AR G AR TR Y,
N G, DX ¢ 2N 0 AT AR S
WHENEOUR , BRI X B Ui, 75 2l
S PR/ IMER T 58, 1ESEPs TR, i TR BE
LIS S A TR LSRG — e L X

- 90 - KA R A ,2022,42(2)  Tel:025 -83786335  E-mail :j2@ hhu. edu. cn hitp ://jour. hhu. edu. cn



L, AR SO FE Rk b, b 4T T p IRE T,
RIS 1 K55 p WA IFRY IXIR A RE B 2 1L R, , BD
R,=D,/D,, v D, D, 53555 L RS 5 p G
XIS, W R, 5 R, tHER/NHER 5
R, IR IR AT LGS 1 G IF R 152
DXIREIRE B D, VBRI 43 XA —AN B, i 17 45 2]
TREEEIVARTE 73 X H 2 ) TR 8 £ A T 43
P S/

FE1L (1) K (2) TR EE L I
TV V18 2 Yo} S 5 R B Sl B

HB2 RABAGE B PIF B A RE

B3 IR RIRERAK(3) R
A5 2 TE] P2 A B DA R 45 XS 2 [ B S AR D,

FBA WK N NS N A IR, X
M k=N,% D, =D,,

]S TEXEEEEER D, R YE
2575 Fgme/ NUENI B 25 B 2 e/ N T A DX
It AR — A H I X

e  THABAY I S A X IR 25 A R B
M BB BB AR D, NS AR S R IR
6 , BB P AT AR 5 A AR B Rl 43 B AH R X 30A 1

SBT A BE A R X8, 15
FIVRBE = A A5 XK K

SIS FIHIE R RIS & i R 1 AR
oy XA,

A5 BN AFAE SR B 1 TR BE = AR 43 X AR
I LA A B B 0] A5 £ A8 T b 3 f) — B0, I
T 5720 T2 A D500 7 s T B ) A 80 1 o 3R 4 7 2R
oy X RIAT

TREE AR IE 43 X ) HAR AR LI 1,

B e 31

/B I3

HEB LTI
[BI25°F 7 Ak PR B |

[ 2 MO

23 [H] 4RI

JIvAT D A5 AR 23
FIARRE X2

R RERPRE

IARASI 53 IX &

E1 RELMTESRERE

KA K A R ,2022,42(2)

2 BETITRERSERRHERR
BRTE

N T XHREBE - SRR W 0 ke G K e AR AT Ak B
it Ll AL RAETRBE L VLI MU ) 7 A AT | AR S
T AR B AR R AR AL R AR T
2.1 EHRHEENFERBEPRELRX

T AR KA FEAL 38 KO R i) — e ik 0k

Yu 0 Yu
Y, =XB +u,=| :

123 u

Yo 0 Ya
(i=1,2,,Nst =127 (9)
B, NBENLREG Y, IR EE 300 AN 6 PR A%
T THARE IS T 5 su, EMER 0 5 228 o JF H.
T ST [ 53 A B B BILAR 22 O3 5, W A ¢
ZVR I AR 5 X, TR BE 4300 ¢ AN A 28 1
RS, AZEX, THITR R x,, x, =
(1,H,,,H,,,H,4,H,,T,,T,,,,T,,0,6n6)",
Hrp H, H,,,H, 5, H, N7 000 B K 53
BEWMNE,T, Ty, T, F R R,
6, F1 In6, Y53 I 25 53 £ Ml PR 3%

o TR EE e 1Tl B rh 232 B & R BEAL A
R IYFEIE (AR AR AR AE ), B
AN ERASE B 728 52 1) 14 52 el 7 70 80K 22 S | A 1Y
HP IR 7 25 5K 2 PR 30 R B 1 3D ]300 54k i 7 A
() S BT PE RS T I e DR 2R Tk I A A
B AR PR BOR R AUV e, R IXLE
RSB, Y B, R AVE R BEPL R BN, Rk
B, =B+a, WS Bk PR o3, — BB 43 O [ E
B, 75— BB IR EE A WUA [6]3) 55722 T 19 BE AL 280
it fBOE TEAN [ BT 2 8] B Bl 25 S )
FIL TR WA Ry X B 1) 7 22 , HLBEHL R ETE A A
O B AT A 22 ) A B3 7 25 2, X 58 0 A
M T, P LAMSR] Y, =X B +u, .

XoF T B AL R AR R VAR | SR FH 3K 3 e /N 3k
fliiF 2 FETCEM T DL R R ST 45 2R, ATk
FIP /N T L (GLS ) Al R fff e i) 12
PR3] B, Wk IES AR AT
2.2 TRBENGREEELESE

SR AR TRBE 1 U W e S 9 ) £ s
B IG— A PRI O : — S 7 e ] B A e —
AR 2N IR 2K | — 2 7 e I i) B 4 S 0 A
MBS o XTI PR O, 4P R HT R SOR I dt
BT 0 AL T W I e 2R s AT AR 3, % T2 —
TEOLE AL AL IRANT

IR M 0 K A 52 e g I ) B 4 (ke

Tel ;025 -83786335  E-mail ;jz@ hhu. edu. cn hitp ; //jour. hhu. edu. cn - 91 -



JBE Z W0 82 5 5 ) W I, X VR B 4 3%
T W A0 e A T SRS A3 DX (AR T AR AR BL %o
o 2 EL A [ S ] 7 ) 350 57 B VA R — 28 AL B 11 o,
GYBTT B A R DR A B % AR R R B I kA
AN IR 5y 3 AR T T 38 o ) i i 2 ) K

FB2 X IR D P I Ak e =2 i
53 LA 2553 4 ) S T A RS i L R R A
FIARE SR i @, AR RE TR0, DL
TR R FEME AR Rk

FW3I LT ER B AT WS o B ST Y
TR 43 A5 380 45 DN et g5 2R 5 43 5 R 0L 51, TR
PUA A 1 - 359 0 X R AR I8 Wi I ke 2K 5 i AT
ST

SR N I ERCHE 5 2 ) A5 Ak X 7 B 2 B
0 Bt B M 5 R TR A, IR A B R Y
HEBRPE 5 A R,

S A UK 3L BRI — b 0 A ], 1
R 4 WK AT B RS Z BT S5 E o1 i
ST AL (] B 10 WL, N Ry ) I 50 4 s 0 A1 B
HRAPYR 2 3, W UERMA M HER T S5 A R
2.3 FEER

Sy i R R - 20U T W) R B SR A A K
PR AR SO AN HLS A3 3 1 5% 22 5 SL601—2013 (TR #E
I A W I ARG ) v I L B DU A28 o)
fiFs iR 25 R (£2 mm) AT AL, A TE DR 22 BRAA
Z P, T B RN A AL

3 LHIEIE

SV E A OB HESDU T = 2 1 885. 0 m, B L AT
AR R 1580, 0 m, F KIS 305 m, Hk ek 22 Tii J&
16 m JEEJE 63 m, i KHO A 93, 120, Tk R 2R3
K 552.23 m, JEEE 1L 0. 207, 9 1 1. 811, R R %
7.99 , WUATR EE + 07 & 476 77 m®, LAAT % TR
115 .13 5 16 S B, =240 % 4 1 .885.00 m,
1829.25m.1778.25m.,1730.25 m 1 1664.25 m i}
15 A1 TE W oA IR G 5, AR TR Wi i 371 S 2017
4E 12 H 24 HE 2018 4E 12 A 31 H AI{AE , I 55 4
S,

®1 BEIUTHAUSHRS

W5 G =
B/ m
11 S3E 13 SHEE 16 S HEL

1885.00 PL11-1 PLI13-1 PL16-1

1829.25 PL11-2 PL13-2 PL16-2

1778.25 PL11-3 PLI3-3 PL16-3

1730.25 PL114 PL134 PL164

1664.25 PL11-5 PLI3-5 PL16-5

-+ 92 - KA KA R 2022 ,42(2)  Tel:025 - 83786335

3.1 EEEEEANNSNERKGIERBRIES T

11 S 3EL PL11-3 M 7E 2018 41 A 31 H=
3 H 22 HASE WS DA S K | SR A SCO7 0 i 2
BRI T AN S XA AR T W A T R 2R
XA B R R MR, 8 A R AR Y
ZUTAN , Gl i R ROT 456 S i X E, B
TREE 1 IUASHE 43 X4 dpe A X 3, Fe 20085 i A 000 o5
R =R & 2 o 43 b DX PN A8 ) A5
TG A S SRR A — 3, AT DA A 304X 1
DX B SRR I RRAE

PLII- - ’
] o (]
A

Ll
s
.o
—|
W)
—
O
=
=

PL11F2 |PL1342 [PL
A A

PL11}-3 |PLj13{3 |PL[I6-
* A

PL11-4 |PL}13t4 |PL{I6-#
¢ * ¢

PL11-5 [PL13t5 (PLI6-5
* * <

. B
N
S I I = ¢ %3§
B2 BREIMERSERSH
TE PLI1-3 I 5 7 kb iy DX IR (58 =28, of ik

I BICHE T PR T B B 4500 ki A T W 358 1 >R FH
T 5 BEATL 2R BB HRY S A7 SR 43 AT, 0 i) 45 3]
B WA B, IO S4B A Sy e A R R 4L
AL ERZE R

T SR AL B A A B T T ST Y T
M REHL 2R BB R | & %o EL AT 58 4 S I B A )
1 PL13-5 \PL16-5, TH5 45 210 R il &5 PL11-3 $j2k
BRI B A PLIZ-S 5 PL16-5 /ST 5 Ak 4 728 JE
H, AR 22 & 3 frow, il LUE ) AN S ik 22 4
XHEIIE/NT 2 mm, #RAE 32 25 FRAE 2 P, ] DL 3R 4h
B HA RS R EE TR B i Al B AL 2R B
RG-S =R SR A EXT LG, 25 R WL 4, H
] 4 AT UL TR AR 5 Bl AL 2R BB AL UL (2 AT T
(A SEVE S A M | T AR B AL 2R RS A T i
B AT B A RCR A5 2 A 81 PLLL-3 42
ik BB WAL (5 A e 2 04 A 38U A5 3] 9 SRR MED)
L ILIE S,

10 - PLI3-5

E ’ - PL16-5

05

x

”::P( .......

-0.5 - : - ‘
2018-01-27 2018-02-11 2018-02-26 2018-03-13 2018-03-28
H 9

B3 & PLI3-5 #1 PLIG-S TREkRE

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



45 ¢ - WA
: *ﬁﬂjﬂé’ﬁ resesiiiiEiiee
< SRHERIRIE e
E3st [
EJ’\E%'H 4 A
B 257 o~
x”"
15~ . . . .
2018-01-27 2018-02-10 2018-02-24 2018-03-10 2018-03-24
H 1
B4 & PLI3-S BRETELTLE
45 FFURM X A,
o= —
g 35 £
» 25 ! - WEINE
20 - BURME
15
10
2017-12-05 2018-03-25 2018-07-13 2018-10-31 2019-02-18
H 1
B 5 lgm PLIL-3 £ ERTH M EE 2%

3.2 EEEREIMNSNERRKSERR S

SRy RSE 55 A i ] BB S0 A5 DU g R A 5 T AR
SOOI AP, BB R A I A 2018 4F 1 H 31
HZ 3 H 22 HASE W 4 BBk 2k | 38 a0 i 2k
BRI I [R] B 1) 0 I A0 144 7 Ak R B E Ty i 1Y
AR, TSR AR T WAL N A T R IS A
X, M AL YRR 2 Ff PL11-3 A DX s 36 E fie 2 B di
AR PR AT RO 5 FLUR SR B Bk R Bl 2 5 o (2
FTHR A3 ) B () B o ) A5 B A T A e e, AR
AEBAEBRANT .

HE1 KK 2018 48 H21 HE10 H 10 H
P I W BB ot 2 R FH X Bk 9 5000 i A 7 A B 1]
BRI A WIS A 501 S T R A BRI R A
I 11 71| b = R I S DIV O s = R [ M
3N I S BRI s B AR RS P S I (LA SRy 3
EANIOR IR IE N

W2 IR RS I ] AR Bk 22 A, H W
@ET%%FE{E( +2 mm) L) N,

$B3 XF2018 4E1 A 31 HE3 H 22 HAETRE
Fis ] B 174) A 43 ol 47 A A T, Ak LA 3 A AL
() AR T W DU S i SEA M

&l 6 S HLARII 5 AL AR w5k 2, Rl LLE R

0.6 « PL11-3

E [ - pLl4

& 03F - PLI64

% y -

= 0 L :tt:,;:gg."

:]:-H o v X oQAAt‘

A 2 YT Nzl sy y

G 0.6

2613-08-15 2018-08-30 2018-09-14 2018-09-29 2018-10-14
H 3]

Bo #MENATHERE

KA K A R ,2022,42(2)

WAREIERIERAEZ A DRI, 7 E e 1] B i i
DME SRR BT BT, A SO A A BOR AR L

4 & B

ARICHIRTE 1 IRBE - AL TE A% e A0 07 F AR (A
FIPERI B , 20 1 1 T AL H 1) R AL I A
LR A FE AR B 2$ i b RO AL 5 3%, A4 3 s 00 9l
P25 17 Mt /N B B T TR - 30U 4% I
WIS B SR T . A 5 IE R — RO DX
RS ARy A=k i SE I E = AN EN RS
S T T AR BEE AT BE - VI IR 2%
Bla b BT 7Rk TG R I T
RESCBISRUE T 0535 A2, ml o TR B+ A
T M I O K A b B

SE

[ 1] YUAN Dongyang, GU Chongshi, QIN Xiangnan, et al.
Performance-improved TSVR-based DHM model of super
high arch dams using measured air temperature [ J].
Engineering Structures, 2022 (250 ) : 113400. DOI: 10.
1016/j. engstruct. 2021. 113400.

[ 2] W%, #8255 SRITB IR R 000 B 28 D 3 72 1 K
U A W DN BHE [0, P4 b ok HL, 2016 (2) : 80-84.
(CHEN Rong, RAN Li, YANG Jie, et al. Analysis on
safety monitoring data of dam experiencing earthquake by
step function [ J]. Northwest Hydropower, 2016 (2) : 80-
84. (in Chinese) )

[ 3] Fouk, skibdl R 25, ST DU Sy A 1 24 5
PR PSR BEAEE [ )] K ) & L2741, 2016,
35(5) :75-83. (WANG Bin,ZHANG Hongbo, XIN Chen,
et al. Application of Bayesian model averaging method to
prediction of high-frequency components in runoff series
[J]. Journal of Hydroelectric Engineering,2016,35(5) :
75-83. (in Chinese) )

[ 4] stigwi, B e, k. T DUmH307 0 11 i) Ohe 1 5k 4
FeBREA TS ]. S T, 2012,33 (1) < 116-
120. (YUAN Xichao, WANG Changlong, WANG Jianbin.
Defect profile reconstruction from magnetic flux leakage
signals based on Bayesian estimation [ J]. Acta Armam,
2012,33(1) :116-120. (in Chinese) )

[ 5] Wik XDHE, 25 K. FE TIP3 A3 Hr A 2R 2 U85
SR ) AR S X F (I AR BE TR [ ] Fi T 52K, 2008
(7) .82-86. (PAN Difu,LIU Hui, LI Yanfei. A wind speed
forecasting optimization model for wind farms based on time
series analysis and kalman filter algorithm [ J]. Power
System Technology ,2008(7) :82-86. (in Chinese) )

[ 6 ] ZHANG H,MOURA J M F,KROGH B H. Estimation in
sensor networks: a graph approach [ C]//Proceedings of
the Fourth International Symposium on Information

Processing in Sensor Networks. Los Angeles: UCLA ,2005 .

Tel ;025 -83786335  E-mail ;jz@ hhu. edu. cn hitp ; //jour. hhu. edu. cn - 93 .



[7

[8

[9

[10

[11

[12

[13

[14

[15

203-209. DOI;10. 1109/1PSN. 2005. 1440926.

] XUKA  BREER 5740, 5. B Bz st h [T ].
T HLAF 5T 5 &, 2013, 50 (2): 225-239. (LIU
Dayou, CHEN Huiling, QI Hong, et al. Advances in
spatiotemporal data mining [ J ]. Journal of Computer
Research and Development, 2013, 50 (2) ;225-239. (in
Chinese) )

] SHAHNAWAZ M, RANJAN A, DANISH M. Temporal
data mining; an overview [ J ]. International Journal of
Engineering & Advanced Technology,2011(1) :20-24.

] RODDICK J F,SPILIOPOULOU M. A survey of temporal
knowledge discovery paradigms and methods [ J]. IEEE
Transactions on Knowledge & Data Engineering, 2002, 14
(4) :750-767.

] FU T C. A review on time series data mining [ J ].
Engineering Applications of Artificial Intelligence, 2011,
24(1) :164-181.

] SHEKHAR S,ZHANG P,HUANG Y, et al. Data mining:;

next generation challenges and future directions [ M ].

Cambridge ,MA : MIT Press,2004 :357-380.

SHEKHAR S, ZHANG P, HUANG Y. Data mining and

knowledge discovery handbook [ M ]. Berlin: Springer,

2010.837-854.

] CHEN Bo, HUANG Zishen, BAO Tengfei, et al. Early-

warning indices of deformation monitoring for heightened

[

gravity dam during impoundment period [ J ]. Water
Science and Engineering,2021,14(1) :54-64.
] ARRR T A SIS PSO ik SVM (iR EE £ 301
AP WAL [ ] KRR s R 2 2, 2020, 40 (6)
60-65. (NIU Jingtai. Dam deformation monitoring model
based on singular spectrum analysis and SVM optimized
by PSO[J]. Advances in Science and Technology of Water
Resources ,2020,40(6) :60-65. (in Chinese) )
P BH, 0. R T e DA i il 39 PR 7 4 A T s
BERL[ T ] KR K v R £ 308 €, 2010, 30 (6) : 26-29.
(YANG Yang, WANG Yue. Dam deformation monitoring

model based on optimal temperature cycle factor [ J].

[

[16]

[17

[

[18]

[19]

[20]

[21]

Advances in Science and Technology of Water Resources,
2010,30(6) :26-29. (in Chinese) )
%, R L. FTF GP XGBoost K INAEFE i
DAETIL ) ] KR K BB 3 L 2021, 41 (5) < 41-46.
(XU Ren, SU Huaizhi, YANG Lifu. Dam deformation
prediction model based on GP-XGBoost[ J ]. Advances in
Science and Technology of Water Resources, 2021, 41
(5) :41-46. (in Chinese) )
ey, SN, ST, PR R BE 1 304 (8] A #% 3 14 1E
B BB [J]. T AR J) 54,1997 (1) : 138-144. (GU
Chongshi, WU Zhongru, CAl Xin. Analysis and back
analysis model of 3D displacement field of concrete dams
[J]. Engineering Mechanics, 1997 (1) 138-144. (in
Chinese) )
B B HERE, . IS G R RN
TEorFrh iR [T, B2 24 (fF BB,
2015,40 (7). 877-881. ( LI Guangchun, DAT Wujiao,
YANG Guoxiang, et al. Application of space-time auto-
regressive model in dam deformation analysis [ J ].
Geomatics and Information Science of Wuhan University,
2015,40(7) :877-881. (in Chinese) )
TR0, 2R A B S TR 2 A2 AR AL
W], ER 2 Bk 2%, 2006 (3T 2) . 24-32.
(ZHANG Yichi,LI Baolin,BAO Anming, et al. Simulation
of snowmelt runoff in Kaidu River Basin [ J ]. Scientia
Sinica ; Terrae ,2006 ( Sup2 ) :24-32. (in Chinese) )
CHEN Bo, HU Tianyi, HUANG Zishen, et al. A spatio-
temporal clustering and diagnosis method of deformation
monitoring data in concrete arch dam [ J]. Structural
Health Monitoring,2018,18(5/6) :1355-1371.
ZEMR. T AR B AR X R R HE VR T AR 2 A X7
0], KRR FL, 2016, 34 (10) : 4043, (QIN
Dong. Partitioning method of high arch dam’ s deformation
state based on panel data [ J ]. Water Resources and
Power,2016,34(10) :4043. (in Chinese) )

(WoHs B #.2021 -03 -04 4k gkt

(L#% 88 W)

[7

[8

[9

.04 .

] BRI AR WA | A T BROCEE 1 R TR B 130
i BEY OB AR BRI [ ] =R =224 ( A 2R
SRR ,2014,36(2) :11-16. (CHENG Jing, LI Tongchun,
CHEN Zurong, et al. study of back analysis model of
temperature field for high concrete dams using FEM[J].
Journal of China Three Gorges
Sciences) ,2014,36(2) :11-16. (in Chinese) )

] ARAAD5 . RAABUR BE Ll B2 vy S5l sl [ M ], b
5t P E LT AT 1999.

1 1o B R T At A Y ) B R 3Bl O B A E S A
[J]./KF1 % H,2016,42(7) :70-73. (JING Xiangyang.
Analysis of dynamical anti-sliding stability of a gravity

University ( Natural

KA K A R ,2022,42(2)

[10]

(11]

[12]

dam based on contact model [ J ]. Water Power, 2016 ,42
(7) :70-73. (in Chinese) )
T, RO A K T4 R4 fih ) ) 22 AR AT BR TR [T ]
TR %4, 2016,38 (6) : 1051-1056. (SU Chao,
ZHAO Yebin. Mulii-body finite element method for
contact problems in hydraulic structure [ J ]. Chinese
Journal of Geotechnical Engineering, 2016, 38 (6):
1051-1056. (in Chinese) )
BV HE IR 1 A B TR A S HCAE ) 3IERE 43
Freb @RI D], F Rt iR, 2006.
T R - I BLGE P R A RE A A T AT [ D .
P TR 57, 2006.

(Wi B #.2021 -03 -04 4k . g7kt

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



