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BOHAT TRRSE, K ST A ML ) - o FR PR AR ek ] Sy oA R 5 Isf 194 S TS LA P — Pk 5 {H — 26 2
B FE—LEfRE R T RSB RE M — S I X [ 55 2 X B L B8 S 2 M b 4%
SR WG IO T AT ST T RIR A RIS, B T RIS e B R U PN R AR RV
W S SE AR T 48 1 24 S BORI) 0 U8 7 B4 AT S g, T A xo) Duncan-Chang F57 fA) 5 15,
HEET T 20 Bt D R TR Ll | 8 SR 0 R PN R 48R £y 22 [A) A7 AE — T RR R AH G , 38 Duncan-
Chang BRI SEC GRS R Z AR 20— BB 5C 2, DT -5 B0 3 45 3 1 A i —
PR, HETAE FERHEBE 5 300 2 2805 MR8 ST o AT e — 1 [ A0 o A DL Sk &, 9%
HE A S A AT BV T TR 1 T SO (2 % A AT A 10 52 . B AR 3 e A RO etk e
SRR Z B HU T —PERY B 34T 8k E T B AR R A LA E A R Rl
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1.1 MRS FTE—ERgFE R
WRRE (X)) B XAEMME C B HP X = [w, 0y, 0,0, ]
EX 1 BHEFER« > 0,15 VX, ,X, e C,UUK VA e (0,1), A
JAX, + (1 -M)X,) <

MX) + (1 =2)f(X,) —ar(1-1) | X, - X, || *, (1)

WIFR £(X) H—E0™ ek 4
f(AX1+<]_)\)X2) <)‘f<X1)+<l_/\>f(X2), (2)

WIFR £(X) T ™ pR AL A
SOAX, + (1 -0)X,) < MX,) + (1 -2)/(X,), (3)

WIFR (X)) 9™ eR%R.
EX2 Wf: R"—R,X, e R, MR fAERT X, AN T ARG X 45701 1) K fi 5 50

f(X,
aj;(.ax.) (i, 7= 1,2, ,n) HAFLE, MIFRREL £ 12 X, b B n] 5, I HARH
_azf(XO) azf(XO) azf<XO)_
ax; dx, 0x, O, 0x,
OfX) X)X

V(X)) = | 9x,0x, x5 0x,0x,

X)) X)) FAX)
0x, 0%, dx, 0%, axi
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C= {X|gi(X) =0, i=1,2,-,1; hj(X)= 0,j=1,2,---,m; XeR"},
B =g =gy, g A R E BN R by by, b BBE R B RS RRE, B 5 BAIE € 2
£ BERSE BRI In) AT DA B R R
min f(X) ,
g.(X) =0, 1=1,2,--,1,
lhx)=0,  j=12,,m.
EIE WX R )R SR AR N R
1) 5 f 2 AL X 2™ R [l 4 Rl /N A
2) #5f IR PR ) X SR R (R — 42 Ry A
SEFR 1 BRI TE S ALy Ik AR S SCik i E 2848 1, TS LSRR 14 ], AR SOR PRSI,
EE2 W[ CCR —R,HP CRIEZME A Hesse FHFEAE C AT SBIERE W 1
C b R4 ek L.
SEBE 2 BRI TE S AL I AR SR TP EL 28 1, FTS LSCRR 14 ], A SOR P I,
1.2 SSEGEMEAR RE S HTE—EIERR KR
TEHAT Z SRR R AR AL S S B s, — e AR (B (S5 ME ) 5 S A i) 22 1A i
Fhge ik 2R H AR sR B T SEBR IR, HH T A 24D S DU, BRI 0, E A R — ik 251
(PR i B i X, B AT H R 22819 1, JBUE N B AR R 5L 8 T BS54, AR SCH
ok NS 5 S0E A 22 (B0 1, JEEOE R B bR R4k, BURT , BAReRECH

(4)

fX0 = 150 =5" 1, = X 15,X) =57, (5)
S, - b LA | - VBRI 6 S RSB R R, 5 B SR R X

PFEIEAL SIS N A A

H5E X 3, 25 9 M v AN E R DAL SO S S5 R R R SR (RIS ©) i 4E.
P AE B L AT AT, Q0 SR R () LA i — 4 R /NS X TR UE E RR PR (X) R i bR
B ERE 2 AT, QAR Hesse FEFRAE C PAE R SIIERE R4 HERRELA(X) 7E C o™ 4%
PRI B AN SR BEE B H AR pR L A(X) 1) Hesse FEFETE C AT R A IIEE R4 BARRE £(X) K
PR PR, DR L B bR KA A(X) FIEEZS (4R C R L R ) LA I — 4 Rl

2 HARPREC(Z(5) ) R N A B BRI A 5 SN A 22 (B 10 £, ST, teRs, 02 B b ek
B (5)) BT AN BB BB A, LUK e T — IS (N = 1) A EES
(E5 SEMME P 25 (B 1, J0E00 B AR R B SR 5 AT 21T A1 B A pR S A,

X F—ANM A (N =1) Kbk, B TR (5) AFISE S 22 E I 1, 55,248 (X) =6
I, £(X)=6(X) -6™;248(X) < 6™, f,(X)=6" -6(X) UG HIRRELS,(X) FL(X) 1)
Hesse ZEFF7E € _DATROSIIEE B2 HARPREL £(X) R A% M eR L, B H bR R A(X) F1
23 AR C R A B e AR A E— A RN s AR S, TSR HRR RS (X)) B (X)) 1Y
Hesse HiETE C I AJEAT 2 SERIERE , BUI BARPREA(X) AJE ™46 ™ R AR 8K, SR £, (X) 5k
Fo(X) AT A% PR, B4 B AR R A(X) FIAEZS A C R A0 ™ BRI 1) R0 A ELA I — 4
5L %N

2 bk R AR B AR TR B RS A AT i
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TR A By D A TE 5 R A2 8% 65 7EREBE I b7 A i N ) (i st B8 B 5 2 I 16 7%
8 s VEFHTE MO EE b 1) /K Ao 8ol b 5657 3 BT 5 R AR (S 6 W DT
Oy =08,y +8,y +04. (6)
Xof 5 7 ORI, , — PRI I 2 D) LB 5 LAV DAy [ 4 1 e b ) 720 T R 2 K
15 R B L b I RS TR A 1 s,

y

(a) D% 6,y F1 8,y THETIE (b) 1% 85y HHE M
(a) Displacements 8,y and 8,y (b) Displacement 8y

(38 I B2 e A =N
Fig. 1 The calculation diagrams for displacements of gravity dams
B R Iy e R L B2 b T T TR Sl b A= RS 5 25 5 2 NI 2 S B I 6 S
b EE ISR R IR R A — M s 7K S5 8 i A i«
S =By + (B =

ET;S[(;L -d)? +6(h —H)(dlnz +d - hj +

6(h—H)2(z— 1 +]nZJ <h H) (h - d) }

Zgn{hzgdz—(h H) (h - d)+(h zH) Z} (7)
S = (Soy) yy + (8oy)y, =

4(; _“'Z'ZZEWM oyt 2“2,;1,”;“”“]12(11 - d), (8)
5. MU=k (= Dy )

E.w

K, B, G, 7B A AR BE 1 (R SR R B DR B, 4300 R M L AR JE AL T Poisson
sy, WKINEE G, =E/(2(1 +p,)) u, AIUKTEEE T 1Y Poisson M ; HARZEE LANA 1
7R,

3 FEFHANINE R H AR eRE Y Hesse B4 1E P HT

3.1 AEMHENSSH SRR RESTTR
RITE (A% ) WD 2 e 1 IR AR AR T A 32 TR, HASTE W I B0 mT 4 | [ 4 08



TRBE L 8y N SR B S8 o B A E— PEBRIE AR 1 175

iR LA Sy fe S W . R 2 4T 1 SRS I A T e FL R 3 SR K R A i 6 TR A
it &, MBTRr S, , P, ZESCPRA I T RE | 38 o X S AR T B8 e oy Ge v A A 43 B
IR, SR 5 SR TR A U ACRI G ) 58 S 800 B 4T

A TR 8 R IR B o5 | ok 4 A5k W IR EE + K I K- B B i 18] 1 B
DA A R SN KSR B3 B8t (R K FE 4 R 8™, IIACRI 36 1 3 S50 B o E, T
w,, BRERAL RIS X = [E,, 1., E., w,] 2 T, B 5 RSB R SECR 5
HuBE b 3 WA K R AR FH T 7K1 B8 AT A & (X0) |, SR B0 A ) B3 5 53000 1 1Y)
ZE(EIY 1, OB R BARea g (X (5) ). i T3 0 b 3 T 3 30078 K 3 VR FH T B K S B8 i
Mrferh 3 FB44LAL, T LR R BB B0A 4 A, LT X R 0] BE 1 22 2 803 7 ST 23 B 5
LI —PEIEL T 43T

L5y M, ARIRI AT R Y 2 S H0HMEL RS RO T A AT 22 Fh.

1) AHEES,, B8 (X) =8, + 8y, RBIUATHEA 2 DRSS BRI, A A4 A]
B Z SRR RS ST A 7 5%

FEL E FE KA, ,u, Mu, HEHSE

FE2 E Mp, KALE Flu HEHSEG

HE3 w, AE KHALE Mu, HEMSE

HE4 E Mu, RALE M, HEWMSEL

FES E Mu, KAL,u, ME HEFNSE,

HHE6 w, Mu, KHE FE, NEFSEL

2) B Sy B 6(X) =8, + 8y + 84y, BLIMAFIHLILA 2 A FPESEORAN, BLET A 40
N ATREM Z SRS RO S BT O R

HET E,ME KA p, Mu, HEHSE

H%E8 E Fp, KALE Mu, HEASE;

HE wp, ME KHE Fu, HEASE,

FE10 E Fp, KHFLE, FMu, HEHSEG

FEI E, Mp, KE,u, fE HEMSE

FTEN12 p Mp, KHLE, FE, HCHISH.

3) ANEIE S, B8 (X) =0,y + 8y, BIUAFIHIFA 3 AN FPES BRI A 4 F A)
RERI Z S HBOMENT RS SO W 0 6

HEI3  E u, FAE KA u HEHMSH,

FHE14 E u, Mu, KALE HERSEL

FE15 E_E FMu, KH u NEMSE

FE16 p B Mu, KHLE HCHISEL

(4) 1S, B8 (X) =8, +8,, +8,,, BIIARMMIES 3 5SS HORT, LI, A a0
N AT RERY 22 SO RS ST AT T

HERIT E u, FE KA u HEHNSEK,

HEI18  E u, Alu, KHE HEHSH

HEN19  E_E FMu, KA uw NEMSEL
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HFE20 w, E Muw, KHEHEASEL

5) & %ﬂ% Sy, Bl 6(X) =8,y + 8y, IRULIMARFIHEE 4 A FPESEIY AR J J

UES E ., u E Flu, KA.

6) %;«E: Sy, B S(X) =8,y + 8y + 83y, MBI FIIEE 4 D FRPESHLIYA TN, H

W22 E,u  E Flu K5,

A F20(S) RS (A 5 SCIAA A 22 (B 00 1, Ja8, % F 3mSR 3, 24 8(X) = 8" i,
Fi(X)=6(X) —8";248(X) < 8", f,(X)=6" -8(X) I, AFRRECH £,(X) FIf(X) 4%
A 22 FAFETE.

3.2 HMEAFRTHIRELHM Hesse FEEETEHESH

H AR 5 T HAR sRELY Hesse HiFEIEEPEA AT BB 2L, LT DA 56 21 M6
22 MBI T,

(a) T HR2,AHES,, , BI6(X)=8,, +8,y, , VLA IE 4 A5k B B R K. Y
8(X) = 8" i, HARsRH £,(X) =8(X) -8" =8, +8,, 6", K, X=[E , p., E,pn ]
IR RS FR T A E B sRECH

fi(X) =8,y +8,, —8" =
A B(l+p) C(1-wu)) D(1-2u)(1l+pu,)

— 4+ + + _Bux’ (10)
X
h
A:Y(;[(h—d)2+6(h—H)(dln+d—hj+
m d
d h) (h-H)’ )
6(h-H)—-1+1In—|- h—d
( )( nd) h’d ( E
2¥o[h* - d’ (h-H) h
=— ~(h=-H)(h-d) + In =
m { 4 ( )( ) 2 " d} ’
4'yOH3
C h—-d
31Tm2h2( )
H2
D:'Yo (h—-d).
2mh
Xt EHBRRELf(X) KRB 38, 75 Hesse HiFE , 25 5015 5
Vi(X) =
(24 +2B(1 +pn.) B -
B
20(1-pl) +2D(1 = 2u,) (1 +p,) 20w, +D(1+4u) |’
0 0 - -
20, + D(1 +4u,) -2C - 4D
0 0
E? E
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M 38 Hesse HiFEA Z BE, 2 d < h B, —F T =1 A, > 0, ZFiF E+4, <
0, HEMEEA IEA 7, BITJT%E 21 #) Hesse HiFF AN JE .

HIZEMIAHES: 2 6 (X) < 6™ I, HARRRELS(X) =6 = 8(X) =8" = (8, +8,) , HP X
=[E ,u,, E,pw ] 550058, HAsRE(X) B Hesse [ A AS E 5 B,

(b) XM THZ22, %6, HI8(X) =08, +08, + 08y, RIZIAFIHIE 4 D uaPES R R
LK 8(X) = 8" I, HARRELS,(X) =8(X) = 8" =8, +8y, + 8, 8", Ml X = [E,,
E., w, ] ORI Bis R 80h

JilX)=8, +6,y +06, —06" =

A B(l+p) C(1-wp)) D=-2u)(1l+p,)
B * * - (11)
E. E. E, E.
X
4y H 2y,Hln x,
= h=d) - h=d).
3 m2h2( ) ( )
X EFRRELF(X) KB S50, 1T Hesse Hi [, 5 5 15 3
Vfl(X):
(24 +2B(1 +p,) B -
E(3M - 0 0
B
20°(1-p?) +2D(1 = 2u,) (1 +p,) 20w, +D(1 +4u,) |’
' E} %
20w, +D(1 + 4. _20r -
0 0 w (2 u,) C
E* E.

EEJ_l_ Hesse FHFFZS Hy ik, 2 d < h B, —B P £5204, > 0, By 35?’5/1 <
FIEMEAA IEA 7, Bl %6 22 B9 Hesse HiFE A 2 5 4.

H%*MB’JTEEF HO(X) < 8" Wf, HPReREL £,(X) = 8" = 8(X) =8" = (8, + 8y +83)
H X=[E ,n,, E., u] . Bo0053, BFRREA(X) B Hesse %E[@ﬁﬁ%%ﬁf%
3.3 AEFEEARTBIREEH Hesse FEHEIEEMSHICE

XF ik 22 Rl RE TS 28 T HARPRELEY Hesse HH FEZ—HEAT IEEPE 04T R o0 B4l R S 4
LR R BARRREL S (X)) B4 5 BT E  H bR s (X) 192 B R,
“positive definite / negative definite” RIZ 77 2~ , HFReREL £,(X) I Hr 45 R A positive defi-
nite , 17 B AR REL £, (X) B HT45 M negative definite , HoA3 25 [,

M1 R R 1(8(X)=8,, +6,,,246(X) =8",E. ME KA u Mu, HEFSED)
HERPREL £,(X) 1 Hesse B4 A 1E 2 HH AL, HAY 2210 Hesse HH M 3 J2& 1E % JE B4 0 24
5(X) < 8" 51,75;% i Eﬁuéﬁzfzm 0 Hese S0 TP, AL % 1 maﬁ\ éfﬁz

éﬁf(X) ﬁJTE}“Ei‘%& ?éﬁt Jﬂ:lﬁ A E*TIZ@U(X) *IHE SJRE S C*@Lﬁﬁrﬂuﬁxiﬁﬂlﬁ]ﬂﬁfﬁﬁﬂﬁf
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— &l /NG B T T ANPE—.
R AR T ARG Hesse KL PEAHHL B

Table 1 The positive definiteness analysis on Hessian matrices of objective functions under different schemes

theoretical E. and E, E. andp, m, and E, E andpu, E. andpu, m. and @,
displacement unknown unknown unknown unknown unknown unknown
positive positive negative
8(X) = definite/ indefinite/ semi-definite/ indefinite/ indefinite/ semi-definite/
Sy * 6,y negative indefinite negative indefinite indefinite positive
definite semi-definite semi-definite
negative
6(X) = indefinite/ indefinite/ semi-definite/ indefinite/ indefinite/ indefinite/
Sy + 8y 05y indefinite indefinite positive indefinite indefinite indefinite

semi-definite

theoretical E g andE E u, andp,  E E andp, M, kE, and E e, E,
displacement unknown unknown unknown w, unknown  and g, unknown

6(X) = indefinite/ indefinite/ indefinite/ indefinite/ indefinite/

Sy *+ 6, indefinite indefinite indefinite indefinite indefinite

6(X) = indefinite/ indefinite/ indefinite/ indefinite/ indefinite/

Oy 0y + 03y indefinite indefinite indefinite indefinite indefinite

4 ZAI 5 B AR e AT Hesse i FE IE E T8

XTF NAM (N =2) 1 BAseR e il T3X(5) AHENSHE S SCE R 2286/ 1, JuXk,
AL R R S, (X) =80 M1S,(X) < & #AT4LA , NI A BFR R X) £77E 2" Fh
HARREL S (X) (k=1,2,---,2") AR EbreR% f,(X) (k=1,2,---,2") 1Y Hesse 5i[41E C I
RS IEE , IUATHE BARRREL F(X) ™A eR & AH B, 2R BAR ik £, (X) (k=1,2,
++,2%) 1Y Hesse JEFEAE C LAJBAL R SR IERE , BURH 8 H AR BREL £(X) A48 1™ PR %K.

Ho,(X) Z87(i=1.2, NI, £(X)= X" (8,(X) - &7) . FIbRes kbt zn
P, 5 U, N NI S BRReREL F(X) 1) Hesse FFEAEAEZS ™M 4R C AL B S ASREPRIE N IE
2, B E AR R A(X) A ™ pREL BEEE, DL HBRpREL A(X) FIEAEZS ™8 C R EE i B (1)
AN AT ME— 22 S/ N A R I s 8 8 SR AN P —,

5 4 1w

1) ARSCEET R et 2 Ty K R T T T BRI A e, s T —Fh 2 S MU oy
Aol — PR BRI 0T T30k, RIV b7 RS fige AT i 0 S (A 7. FUAR R AR5 LA E B pR ORI 251
AR AR )L, 38 3 43 Br H AR BRI Hesse ZEFF Y 1EE M, TEW] H A7 sR U 5 27" 1%
PR, AR T 2 2803 3 B g ME— k.

2) By A b UK T AR TR B BT i 5 AR RIS SR S 28, 3R T
22 B[R AT BE A 22 2 Bk LR SO 0 A 05 28 0 BTk W, AR AN % 08 8, , B 6(X) = 8, +
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Sy, M 8(X) = 8" R E, ME, KA, A, FT RIS, HARREUY Hesse 5 Ay 1E & 5 1
HE Y §(X) < 8™ WF, %07 F i HARREL Hesse HEFE N 6@ 40 FE. B _E A AT RE DT 200 H AR bR
(X)) BT RSN pREC RS, L EAR R A(X) FEEZS N A C Rt g Rl Pm] A HA o
— AR/ B A BT AN —.
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Theoretical Study on Multi-Parameter Inversion
Non-Uniqueness Based on Elastic Displacements
of Concrete Gravity Dams

HUANG Yaoying', YIN Xiaohui', LI Chunguang’
(1. College of Hydraulic & Environmental Engineering,

China Three Gorges University, Yichang, Hubei 443002, P.R.China;
2. State Key Laboratory of Geomechanics and Geotechnical Engineering,
Institute of Rock and Soil Mechanics, Chinese Academy of Sciences,
Wuhan 430071, P.R.China)

Abstract . Inversion analysis is an important part of the closed-loop system of on-site monito-
ring, inversion analysis, engineering practice test, forward analysis and prediction, and the
back analysis problem in engineering practice mainly involves the parameter back analysis.
Aimed at the uniqueness of multi-parameter inversion analysis on concrete gravity dams, the
objective functions were established based on the theoretical solution of gravity dam displace-
ments on homogeneous foundation under water pressure, and a convex programming problem
was constructed with the objective function and the non-empty convex set. Then the positive
definiteness of the Hessian matrix of the objective function was analyzed to verify the strict con-
vexity of the objective function, thereby to identify whether the constructed convex program-
ming problem has a unique global minimum. The analysis on different combinations of elastic
constants of dams and rock foundations shows that, when the /, norm of the difference between
the theoretical value and the measured value is used as the objective function, the Hessian ma-
trix of the objective function cannot be guaranteed to be a positive definite matrix, that is, the
multi-parameter elastic displacement inversion analysis of concrete gravity dams does not have
a unique global minimum point.

Key words: multi-parameter inversion; inversion based on displacement; convex programming

problem; Hessian matrix; uniqueness
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