ko g BB

Water Resources and Power

FALEH 12
2023412 H

Vol. 41 No. 12
Dec. 202 3

DOI:10. 20040/ j. cnki. 1000-7709. 2023. 20231008

K 125 5 W 5 6 T B e 2R B0 T SR

HEM.E B H M. FE4.FEA

MK K FIRR 5 TR B . T3 3 2251000

WE: st XM EH L0 A7) #4794 B 7 3], A 8 T iR s R B aF 8] ROE B KO & 7% W) B 9 69 7% T 4L
BN TRNEABFRERZAAETLZEL, RARBAX S F % (BG &) XM E W Bl 53] 447
REERA B A B LR EE SRR TR AR b E gt ITA H kx5BT 55 #4174
PR, KB ITA T BRGAHFINHRABAR, EARFERRE, TR SRR, TR T E4kY
AR B RMEHE N A7) e Rk s B 55 5 Ah BT EEGT A, kRA B ERT A7

B AL

KEW: EHYEMAEF) B H RN BC H ik kit ITAFZ & 2 FBER

hESHES: TV69S. 171 XERFRERD: A

1 5l

I

R A B2 40 M D 28 48 09 08 75 DR 30
Wi 5 B % 5 o G M K BB AT AR
W. HUESE A KU 425 SO A TEAEAT A ]
2 @R RN RN INE S E R Woa iy S R DO PN S
TE S I e ) 9 B 23 T RE A8 S IR} 2 B T
figh R 25 A R I 45 AR 2 0 T LA, R R IR B
WIS M AR EZANEZ —, xFik, HRE
HEU R B AR 2R TR (R/S 43010 4001 T K400
TR SPASL S 1 78 Al 485 0 3 i 46 3 7 43 O 34
LA V/S ot ik ST 1 60 B 4 03 8
Yo AHE A F ST 1R X e AL 7 AT R
5] o TR BT O o B4 B T8] R JBE SR 3057 R s 0 e 71
R HAIR IR Z . I A
JERIE AT B B 2% AR s AT W & & 2 A
PR3 B 52, S5 BR300 e 51 v S B B
P AR AR G AR RGN R A2 AL Ll i BG 5
T VUL o A 278 A B RIS T M ) ) 4 )
S BA RS T8 5 R R AR 2 508 3
PUIN e — Bk 1TA k™ 3343 %15 19 77 4
PEAT B F R BTG R E

Wi EE: 2023-06-20, & B H 5 : 2023-07-20

XEHE: 1000-7709(2023)12-0097-04

2 KRINZH b3 il Fr 5 iR 3

21 BERASDIEZE
AR SEEEDTRTHES T KRR EE,
XA [R) GE TR 1 08 B30 e 4 34 B A R R ROCR
AIE f0% 3B A% G0 A6 100 5k X6 BB 7 91 4 v - R
MIEER . R BG H3L EAT 48 512 W 0 A5 7
mr.
LB BEES 2 ) N D AR
NI HE 50 17 B » N 22 B A 43 5 S A A A2l
FA 5B 43 B S YA ey G v e GO B 1 Al 22
s s, () WS A IR 2 s, D R
sp(1) =
FNIDMGY+%N2D@GY}”<1 AL)“
N, +N,—2 N, N,
(D
Kb, NN, k@ A A R A
¥.i=1.2,-,N,
B]|2 i mAAWANFIINEEZSHT
B T () df7EE .
TG =|[pG) =, G /s5p G| (2)
o () P EA S EE LRI, T E S

HEWEB: BERAZKRFFFELTH (51779215 3 i IR &% TR E F A R A 7 & R &5 H (2020RS-1058) 5 461

S B2 BF 5 B B R BF & 35 H (CHDER/SXB-CG-2021-0002)
EHE R ABFM999-) 5 LB 5T A 5T 5 1) Rk T 8548 T 82 X A4k . E-mail : 2961990793 @qq. com
BWAES: 22581985, , RIS B 58 7 0] oK T 4544 TR B i £k E-mail : 006520 @ yzu. edu. cn



. 98 . Koo g

B2 2023 4F

x () —— XK RS IETF S T ) . T
TR o R 12 1 P A3 A B 22 (R K

F®,I I T PRKRMAE T, FX R T

it EYE P(T .0 -

P(T,..) =Prob(T < T,..) (3

K, P(T,,0 HBENLERES T < T, MR,

BB A5, —RIEM T, P(T .0 ATIEMER N

P(T,0o~0—1, . 6,00 @

xxxxx

M 52 R B B o] LA B p = 4. 19InN —
11.4, 6 = 0.40, N R Bf R P o () 8K,
I, (asb) NARTES B REL,

TRA N E - DEMGE P, B, R
P(T,.0 = P, WKz 5 18 S 28 Bk 5 8 50 ) 4
HBEA — & 2 R 0T IF8, & WA 5H

F],S XFEH TR ELT LR 1~4.4
Gy BV G I 15 506 2 43 50 S5, BV R ) 4k 22
Oy E]CUEERE P(T .0 << Py UARHEE], R
U E S 07 P A R0 57 9 K B /N T 45 T
Lo C Ly RNy BUREE B AS X HtE 47431

BG BT IR H K T /M BIRE R, &
Ak FEAT /3 #) AR 0] BE 4§ BUR s — W oy E S B
0T TP B0 /INF S5/ 43 ) RUBE S Bt e /N 0 B R
EAREE /N, Ly, = 25, BIEERME R P, €
[0.50,0.95] . A4 SCHEL7 MBS, Lo Py 1Y
B Xof G I 235 2R 52 e 35 /0N 7E M D AS ) 7 9 K B
F18) [ LS, A 5% 9 2 AT DR A, SIS ] RO I
(0748 S ARG, A S I 0,95, 43 AT A [ die /)
3 AR B T AR S A T ) 5 ]

22 Bk ITA 5%

R TTA 5 g B 5 A— D H T 4R P
I W7 FE 5 a0 KN L IR T 30 43 e B Bl e
ITA 525 PERG 50 J7 vk F 47 B0k, X B 8] 77 31 26 47
SR G PR Y o = RN 3 (1 S

T RPN (2, )G =1,2,-,
n) 3 R AH R W 43, 43 0k L T HE B O

iﬂﬁﬂ {51;} D {52,'} 9ﬁi+%: P,
75;3%2 Y’F {I,}(Z:1729"'97’1) *ﬁﬁ?lﬁ&

£ TR L 35 B O K b T i R I
FEARUCHIE 08 =, — () sy sy ) o B
= 1.2, an—b+1, EFEAR 2= (2,22, .0,
e beq = n— b+ L AEREAH ) SRR n /b
WL /b1 11 R BURS BREO L 45 81— A B A B
W Ln/b X b HIBEHUHREREA . K5 HCAE S 3 g o
WAL R P R M ORISR M A K
FE L /b1 b ORI 81 49 50 BE X R P
1 =1,2,,M ,

$B,3 HEREGEKF o iH L =Ma/2.
H=MU—a/2) JEFEXHN [P, ,Py]. BF5
FK L EBE KT « =0. 05, EHIFERE M =1 000
Bf, L =25, H=975 & F-FHSIH PP, .-,
P oo THRENEE 25,975 M EX ) Py s Poss o H
X A 2 AT X [Py, » Py ] 1T LAY 2
SRR

HEA WHE (2,0 G =1,2,,n) MR
PR IR AR P A A DX P DU B A o
EEAKE FEEOREA BEN R P AR
XAV N P o B 5 KF B3R B W
PP >0 E, P <o fmblEE,

3 LB

B N VA R 7 B e L A O = N
TPOK RN ONIREE L E W, LK
412 m, B RIE 71 m, WU A2 384, 5 m, 343
22 ASMEB, KA E T 62 AT & CH ol
PRIK S A7 B W A 24 A, 00T AR B A A T A 38
AN 58 O KA A2 % W, BEHR EX8 L EX9,
EX12 . EX15 ZF 8L R0 5 1964 4 6 7 %] 2021 4F 8
H 7K A8 W i S0 Tk R

PLEXS 55k 2 55 i 153 19 K01 % 5 51
8] XF IV S50 o W 0 5 0 6 AT 43 B Ab 3, AR
Pt & 2o B AL R, BN B L, MBS
P, WEME., B RER A, BAEE P,
—MBE S 0. 95, TR IAY A7 #% A8 Ak 5 A BR
WAR Ak, BT AR 09 WD RHE S 12 A, R —
N EIRE L, = 25, b % B A B RE R 3.5,
10 AF A BRI B L . TR I, AR S B o /N oy
EIRE L, 4 36.60.120, & 1 & A H/N50H
ROBET KRB R LW R, K 1A,
FEASTR] 1) e /N A3 BB T, 2005 45 2Z 11 34143 0 5
AFIFA, A BT 7 90 B YA H 2R — B /N
1E 2005 4E2Z J5 s L, =36 I, 20 N =T 41, H
REE S b A B EZEMBRIR. L, =60.120
Sl e S R | NS (el I SR (E N = A [
(9 5 Bk AT 5 T A R T B

TE WA [ 19 e/ 43 80 RUBE . BG 3 ik 25 H
AN R 58 Bk A, R AR 80, &L 1 AT
S i /N3 ) R E /N R 5 Bk B TR R A
R e L, =36 B BG 5 40 #1917 7 5 k47
ST .

TER /N EIRE L, =36 B, B{5E K 0. 95,
RIS W W 5 5 43 ok LB, DL 3% 1,43 i



41 B 121

KB A < RIS TE W I 90 4 I B e s 43R 5 1 T

¢« 90

g 6
g 3 A
@ o — ST
22 BES
i e
960-01 1970-01 1980-01 1990-01 2000-01 2010-01 2020-01 2030-01
BEE-H)
(a) L,=36
6
E 4
E 2 ' R
@ 0 — ST
=R — BEX
A — NB%
960-01 1970-01 1980-01 1990-01 2000-01 2010-01 2020-01 2030-01
BEE-B)
(b) L,=60
6
E 4 P \
@ 9 Ty — T
22 ‘ — BE%
i — D%

1960-01 1970-01 1980-01 199001 2000-01 2010-01 2020-01 2030-01
BEE-R)
(¢) L,=120
1 AERNMNFIERETRNUBLRETISHER
Fig. 1 Diagnosis results of dam displacement mutation

under different minimum segmentation scales
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Tab.1 The average value of the partitioned sections
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Fig.2 Trend detection of displacement sequence
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Tab. 2 Results of trend test
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Tab.3 Trend detection results of different series
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Study on the Phased Trend Recognition Method of

Deformation Monitoring Sequence for Dams

ZHENG Yu-hang,PAN Deng, TIAN Tian, LIANG Jia-ming, LI Zhan-chao
(College of Hydraulic Science and Engineering, Yangzhou University, Yangzhou 225100, China)

Theoretical comparisons of block

Abstract: The phased trend recognition of deformation monitoring sequences for dams can deepen the understanding
of the evolution laws of deformation monitoring sequences at different time scales, which is of great significance for the
safe operation and management of dams. The heuristic segmentation algorithm (BG algorithm) is adopted to identify the
mutation points of deformation monitoring sequences for dams, which can effectively avoid the interference of mutation
points in trend recognition. On this basis. the segmented sub-sequences are trend identified using an improved ITA meth-
od, which can retain the internal correlation of the sequences and has good applicability. The engineering case analysis
shows that the proposed method can effectively identify the mutation points in the deformation monitoring sequences for
dams, divide the monitoring sequences into sub-sequences with stable trends, and identify the changing trends of each
sub-sequence.

Key words: deformation monitoring sequence; trend recognition; BG algorithm; improved ITA method; significance

test





