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Abstract ; The risk rate analysis model of concrete dams is usually used for one-dimensional time series of

individual monitoring points based on the structure limit state function, without considering the correlation

and multicollinearity between deformation monitoring points. Based on the prototype monitoring data,

considering the correlation of all monitoring points in each partition and the synergy of the deformation in

different partitions, the panel data theory is introduced for the cluster partition of the monitoring points of

ultra-high arch dams, and the calculation method of real-time single monitoring point risk rate of ultra-

high arch dam deformation partition is proposed based on the estimated single monitoring point risk rate

function. Then the overall real-time risk rate analysis model of ultra-high arch dams based on prototype

monitoring data is further constructed combined with Copula function. The case analysis shows that the

constructed model establishes the functional relationship between the actual deformation effect and the risk

rate based on the dam long time series monitoring data. It can effectively analyze the deformation risk rate

of each partition and the whole dam, and can objectively describe the basic law of the overall risk rate

change of ultra-high arch dams.

Key words: ultra-high arch dam; deformation risk rate; cluster partition; Copula function; prototype
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X7 | - 0. 8040001 0. 2384235 -3.37 0.001 -1.271302  -0.3366985
x8 | -0.306704 0. 1847532 -1.66 0.097 -0. 6688136 0. 0554056
X9 | -0.1351805 0.0612589 -2.21 0.027 -0.2552458  —0.0151153
x10 | 0. 1122696 0.0371336 3.02 0. 002 0.0394891 0. 1850502
_cons | 62.74983 15.05091 4.17 0. 000 33.25059 92. 24906
Test of parameter constancy: chi2(33) = 89818.17 Prob > chi2 = 0.0000
x£3 —REMNSMABINEMITEE mm
PL16 —4 PLI3 -5 PL16 -5 PLI1 -5 PL16 -3
" SCONME TRONE SCIUME TRNME SEOUME FRNME SCONE T SCNME FNME
2015-09-22 30.18  30.01 33.14  32.89 30.55  31.04 29.88  32.74 25.80 28.77
2015-09-23 30.17  30.06 33.21  32.95 30.65  31.09 30.03  32.81 26.02  28.87
2015-09-24 30.20  30.12 33.24  33.03 30.68  31.16 30.09  32.89 26.07  29.00
2015-09-25 30.21  30.14 33.25  33.04 30.69  31.17 30.10  32.89 26.13  29.01
2015-09-26 30.33  30.24 33.40  33.17 30.78  31.27 30.27  33.04 26.38  29.24
2015-09-27 30.38  30.30 33.46  33.25 30.84  31.34 30.37  33.14 26.51  29.40
2015-09-28 30.43  30.33 33.47  33.28 30.82  31.37 30.33  33.16 26.45  29.44
T4 —RXEBENSTRREE £S5 REBNSTHRRER
H#  PLI6-4 PLI3-5 PLI6 -5 PLI1 -5 PL16 -3 H 1 PLI1 -3 PLI3-3 PLI1-4 PLI3-4
2015-09-22 0.0031 0.0019 0.0026 0.0005 0.0028 20150922 0.0031  0.0006 0.0032  0.0006
2015-09-23 0.0031 0.0019 0.0028 0.0007 0.0028 015.0003  0.0031  0.0005 0.0033  0.0008
2015-09-24 0.0032 0.0021 0.0027 0.0007 0.0027
2015-09-25  0.0031  0.0006  0.0033  0.0009
2015-09-25 0.0031 0.0021 0.0027 0.0006 0.0028
2015-09-26 0.0031 0.0019 0.0026 0.0006 0.0027 20150926 0.00320.0007  0.00320.0007
2015-09-27 0.0031 0.0018 0.0027 0.0005 0.0027 2015-09-27 ~ 0.0031 ~ 0.0008  0.0032  0.0007
2015-09-28 0.0032 0.0019 0.0026 0.0006 0.0028 2015-09-28  0.0032  0.0007  0.0033  0.0007
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Fxo6 =RFUENSTRXEZE W, AR PR A i 2013 4 6 A 16 H -

H 1 PI9 -4 PL19 —4 PL11 -2 PI9 -3 PL16 -2 2015 4£ 9 H 28 H PRl &5 45 274 4148 B KRS AE Ry
20150922 0.0027 0.0029 0.0031 0.0032 0.0032 FEACEA, DIFEAS B0 h 4/ T 25— H 31X R A
201540923 0.0028 0.0031 0.0031 0.0032 0.0032 PRI A IR SR AR B0 P A B HORI DL 3%
20150924 0.0028 0.0031 0.0032 0.0032 0.0031 RPN R ELICER G A3 15t L IEER XU
20150925 0.0029 0.0029 0.0032 0.0031 0.0031 A5 Copula BRE 53 A bR AT 543 H 1 KU WL
2015-09-26  0.0028 0.0029 0.0031 0.0032 0.0031 %8, 45 Copula BE£7 57 A bREL RMSE MM SE T i
20150927 0.0029 0.0029 0.0032 0.0031 0.0031 ZPRNFR 9, HE 8.9 ATLIA I, A Frank 434 B %L
20150928 0.0028 0.0029 0.0032 0.0032 0.0032 VIS PUI 0GR SRS 55 SR BT (7]

4.5 HRREBEGETEXERITE
t T S % £, DA— X PLI3 -5 1 PL16 -5

AF RMSE #fE S8 14635 45 5 (1) Frank Copula %{H
ShesIn , BRI 502 S5 A R 5 W3R 3 A BREICH Frank

x7 HXZENRERREZE

HH#A PLI9-2 PIL5-2 PL5-3 PLI9-3 PLI9-5 1IP13-2 1IPl6-1 PL5-4 1IPI1-1 PL9-5
2015-09-22 0.0024  0.0003  0.0007 0.0028 0.0026 0.0009 0.0008 0.0017  0.0003 0.0028
2015-09-23 0.0025 0.0003 0.0005 0.0028 0.0027 0.0009 0.0008 0.0017 0.0004 0.0028
2015-09-24 0.0024 0.0003 0.0005 0.0028 0.0028 0.0011 0.0009  0.0018  0.0005  0.0027
2015-09-25 0.0026  0.0003  0.0006 0.0028 0.0028 0.0011 0.0009 0.0019 0.0004 0.0028
20150926  0.0025 0.0002 0.0007 0.0029 0.0029 0.0011 0.0011 0.0018 0.0003  0.0029
20150927  0.0025 0.0002 0.0006 0.0029 0.0029 0.0011 0.0011 0.0021  0.0002  0.0028
20150928 0.0025 0.0002 0.0006 0.0029 0.0028 0.0011 0.0012 0.0021 0.0002  0.0029

&8 —XPLI3-5F1PLI6 -5 & Copula BX& 4375 i BUXUBG 229+ H 45 R L
PL13 -5 PL16 -5 HHR Frank Gumbel Clayton ¢ Gaussian
0.0019 0. 0026 0.4964 0.4982 0.5148 0.5218 0.5151 0.5189
0.0019 0.0028 0.4891 0.5064 0.5237 0.5303 0.5238 0.5275
0.0021 0.0027 0.4161 0.4264 0.4360 0.4440 0.4376 0.4413
0.0021 0. 0027 0.4197 0.4298 0.4397 0.4476 0.4412 0.4449
0.0019 0. 0026 0.4781 0.4686 0.4819 0. 4889 0.4827 0.4863
0.0018 0. 0027 0.4124 0.4114 0.4197 0.4281 0.4217 0.4254
0.0019 0. 0026 0.3650 0.3698 0.3741 0.3803 0.3763 0.3791

%9 Copula BR& 9 EH RMSE HIRTEIRE R

Frank Copula Gumbel Copula

0.0402288 0.0424739

Clayton Copula
0.0425395

t — Copula Gaussian Copula

0.0424585 0.0426847

TR S A H 8 2, 5 Y Frank Copula
PRSI Z 5L —IX 1 PL13 -5 f1 PL16 -5

W5 W, AR ISR A TR 9 2% 6, Ho— 4t
Frank Copula FiAZ N .

(23)

1 (1
5. 8568 " [1 - |-

XF 4 i gt AR 2 XUES: 43 81, PLI3 - 5 &k
PL16 - 57FJE KB R 7w ¥ R 74, A

C(ul » U1 ,0) =

P, =PX,<u UX, <v) =u, +u

_ e72. 85681 ) (1 _ 672. 8568v )
-2. 8568 ]
€

1
"~ 2.8568

I, )& PL13 =5 il PL16 — 5 2 UK B4 45 g #4301
ZAR A M AR A AN

2. 85684, 285680
ln[1_(1—6 )(1 -e )]

-2. 8568
1 -e

(24)
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KHu, v, 43518 PLI3 =5 f1 PL16 -5 T Wil H 1)
R B R
I 1 AR A S ) T AR A e AL A5 R
RARPIRIE () 4) MR i R R AR 4540 X K
FARARTE RS F L3k 10,
®10 SEREEGATHRBEZ

A —K —IX =X PUIX #& A

2015-09-22 9.03x10™" 3.28x107° 2.72x107"
2015-09-23 1.36x10™" 3.76 x107° 3.02x107"
2015-09-24 1.44x107" 3.88x107"° 3.02x107"°
2015-09-25 1.24x10™" 5.07x107° 2.83x107"
2015-09-26 1.05x107"% 4.61 x107"° 2.74x107"
2015-0927 8.57x107" 5.10x107° 2.83x107"°
2015-09-28 1.12x10™" 4.75x107° 2.91 x107"

S O o o o o <o
SO O ©O o o o o

5 & ®

MR R I OB, B T IR AR K BV A Cop-
ula pREL, #1445 LA AR S I X R 23 BT AL
B, ERETAE R

() AR A T S [ s =% R 110 2550 37 R A8 4 T
B7) 4 TR A RS A TR, AR 0 e v B 30 30 A T s
(L 2 1] AR SR A 22 e M L R 2 43 DX, S 57 ThT Al
B BN 2 RO X g — DI s AT SR A, 1 K
BRIV 7 91 7R W 0 i A S A S A -
USRI PREOE R

(2) 2T Copula &L, % [EALTE 0 X W ki 2
[ R AR S AN ) 23 DX T8] A9 B R 4, 23 B e v 416300
b AN e S M N AN v S e VA S B S
LS XUBS A PEAG AL S48 3 A T, BT R A 1Y
BRI REAT R AT e SRS I3 X AR AR 3R B B
AR AU 2R, B 0 WL 220 1 5 g 3 00 AR IR 5% £
BEA R
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