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Research progress and prospects on inversion technology of mechanical parameters for earth-rockfill dams//YUAN
Junping' , QIU Haolei' ,HU Youfang' ,ZHU Jungao' ,HE Ning’( 1. Key Laboratory of Ministry of Education for Geomechanics
and Embankment Engineering, Hohai University, Nanjing 210098, China; 2. Depariment of Geotechnical Engineering,

Nanjing Hydraulic Research Institute, Nanjing 210024 , China)
Abstract: Three basic essentials, which affect the inversion results of mechanical parameters, were systematically
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summarized for earth-rockfill dams, including inversed parameters, inversion methods and measured data. Recent research
progress on inversion technology were also reviewed in four aspects, which can be summarized as follows. (DIntelligent
back analysis algorithms were developed. 2 Multi-parameter decoupling methods were put forward for multi-material and
multi-model inversion problems. 3)Optimization methods for measuring points arrangement were developed, as well as the
pre-treatment methods for measured data, including observation error treatment and virtual measurement supplement. @The
uniqueness of inversion results can be evaluated by correlation analysis and trial simulation, which is closely related to the
engineering characteristics and essentials of parameter inversion. Along with the expansion of earth-rockfill dam’ s scale and
the innovation of material and structure, it is necessary to develop new real-time inversion techniques and suitable inversion
method for the dams with new materials or structure.

Key words: earth-rockfill dam; mechanical parameters; inversion technique; intelligent algorithm; research progress

A WUEAT I P | AR /N it 8 S
PRI KA TR B P il AU e s
B SR 50 Y AR

BORATHER T BT I RTIANSE AL, X FE &
TTB A, T3 h it T AR 4R R LA AL

IR RSB R &&*E’Hﬂsm + A WU IR Ik F
300 m =& BT HUT AR 2%, 23k iR
ﬁﬁi@%%é’]?ﬁﬂﬂ IS b N AN 38 B A 0
T VR 2 Y e () A, 205 [ 1) Teton O 335 S5 401,
T T A 12 8 1 10T LA K T 0 ) i TR 40045
T AR A I R B AT A 4 T AT AR I R
R S J7 T R THBE 43 A, T AR IOR] FE A LA 2 2

AT H . E R E S AR (2018 YFC1508505 , 2017 YFC0404804)

BESECEEPMEAE S A 22 AR H, T3
WU FIINEL 75 2 55 ELAT W b X A 2 PR i 2
Rtk , 2 AR S TR TR 240, DA SR B85 ]
KA RS R R A2, ok F % IR | R AR
LI TR S G M IER AR B L S 8, K
TR R ,%UFFJ@UMHE%Z%JE&%U“‘J?* i
ST SRR R e AR S R AR

e TR S8R 3 A O 5 e R T GE ) 2

TEH WA . ﬁfﬂ$(l975*) B, J@i TN AR+ SRR 8 TRAFSY . E-mail ; yuan_junph@ 163. com.
KA R A B ,2021,41(3)  Tel:025 -83786335  E-mail :jz@ hhu. edu. cn hitp ://jour. hhu. edu. cn - 1-



20 270 AR B 4TS I AR B W )
MINLRE A R A A YRR R A s
AR J 78 56 2 AR M 3 ) 25 S 6 I e &R
WA IR R 36 2 PR 2 S8, e RS
BB 5y AL, HRE B BE AR v TR R AT S
TR LR RO A M R ok Tz AT
PN R AT R RAR G T 3 R JEH B
@20 22 70—80 ARl L BB, 32 %2 I £ A IR
S S B R AR T i 5 (220 42 80—90 4EAR
R R TR B, G T A e A AL A TR B 7 S I A
P A3 320 et 90 AEA A i) N H B B,
A B T 178 22 0 AR ST i, AH N L, A 3
ORE I RS NN i Pl S Sk N N3
O8I F AT B T 0 1 1) A 1
AT AR BE 10 R RE A AL Bk & R s O FF I T
AR H 2 T A ) A 2Rk (B | BB ) (R 4R
&, 2B B UL K 3 s B AR AS B KR
QR IE A3 BT T10 R B — SR i 1) 2 2 e R T 000 &
Ji& -5 A w AR B T I A A SR

h T A R S5 T A I T AR TN
TREL 4 ARSCRLEE T A WU 24 S 50U A 2R AR
PR RGEE T AR R AR AT i
iR N R NS S

1 +tAMAFESHRENEREER

A WU 2 SR S AR SRR L B e
B AR AR B TN S S 4L, SRR AR A R e
ZERITAE G LRGBS S 0 BB
T A8 110 S 38 0 3, 45 4 S i B e 45 31 B 500w
TE VPN SO ZE R A e (| ), Hod 3
M SEUHZE R AT R FEATF RIS )
T 51 DA S DS
| SRR il ] Scn ]

i BN o e A A

=

B BSHRENERRRE

1.1 FRESH

DAY S R ST 45 A 8 I — P R A 2, A D
DTS BB R RS R B O
e e N RS BN SRR RN A S N
SEBRL JE H — Ol i S RIS R B E . 2
WU 3T 05 1 2 PR . — PO A JE
TR AE R ) SR AR AR AR A, 38 P UK
PR AR SUPFAN )5 53— iR B IR Z N F L35 R

2R URNE 3T, J7 A Morris 1517 IE 2
BT BT Sobol FEELE ™ IR
WAL TR A Y2 SR S BT S PR R S
SRS IR L CRPRATS 5 LS DA 3CHR)
BEHL, X T UH A5 8 S5 07 g A R RS 10 A 7
SR AR WTTE i 0 WLARGE .

R1 TEMMHERRGEENFERESH

AR RIS K 4, B BREEE MY
B . K.n K, .m [2,11]
B Xi EB B !
'ﬁ’fﬁgl K. K, R, [12]
WA KG 1R H K, [13]
e T CE) HE
Bidl)
AIBR e s e A3t Kon [14]
BT = SRR ad b [15]
_— . — \d.b
WSO AR LS e o
KRHBE LS Bk cmaegd,  [17]
e WERICIRACRE C, D, m, (18]
b #l .
A At e e
KA WHRITARAETE - o
BUE OB e 19

1.2 REFE

A7 MR S S M 2 JE e P I T, T IE IR
G3Hrik a] LAFH AT fa] B0 581 B 1l S Y U 3IA
B ZR AR R R E T . a3 2
ZHE I 53 B 15 0 JEAS 3 78 AR T LA 43 S PR 20
OAMRERY 15 RSO BEE e, @FF
FE S E o Fr Ak i A6 52 B 00 1Y 1E
SIHTIERY | BGUUE M S B0E A T 1E 24T 5 VAl 1E 53
BT 235 SRR ST B 48 =2 ) 9 58 22 | 3% Bk 1 33
PR ARAL (158 22 9IS 5 157 158 22 3K B P08 bR i J
o SO SR R A B R
1.3 SCiEHE

FHT A 30 8 ) S Bt = S S, — 28
YA B, 73— 2802 T A Ui T Flz
17 B B S 5 4

TS50 80 I 50 B 32 22 55 il 5
AT T 8Bt 2, — Mt R IE 43
B o X sy U 0 S i e S5 1 T 45, 43
BT T (87 5 s (32 2 AR 3t 52 et A s i) A S
PEEFSZ IR, B S S A AR AT RE A — 2 PR

Jer 7 WA 5l Fz e IOUAA R 5 )2 A AR PR T
USR03 2E M R, PR b 35 T A7 AW 54 1 £
AIMSH AT A RO . T #2407
TR S A7 WA S i o R % ) FKCE el A i, T
I3 YRS T R RS 1, AH LG TR 4 07
i, R AR B d A T S 8 i 2A LU L3
DR FHAS 7] s 220 1] P AR X 57 A% AT B A [R] S AR g A
RISHL, a0 WIS TR i g 27 i 1 =8 22 5 44

2 KA R A B ,2021,41(3)  Tel:025 -83786335  E-mail :jz@ hhu. edu. cn hitp ://jour. hhu. edu. cn



L F AR S O G T & K B LA (1) ) 2
e S AR AR B B T 4 R i AR AR R | 3044
KIHIZ AT A g 2 me) 1o D) = 2 S B 1 R L AR
P DRI 208 A 5 X 7 T W 0 3 24 4
M A EARRH B i, sk T 2 on mA S T, 50k
AT SR AR TR TR B I 4 TR
R [RIET AR SR QR T % W I 5% 5 22
S P SR T D % W8 6 2 2 s A — i A
SE R B] W I i 45206 % 46 A% S AR AR AP A — e 1R 22 5 1M
SR FEAS [ 58 P £ X 57  TT 0l /N 3 it 2, A )
TR B M 4 A R
2 IEFERMARHE

AR I 58 4 A ) 2 S0 s [l R e TR
WA, FEON R B AR e 2 SRR |

T O A R A o A B I Y 5 2R 2 ik P R
—PERRX 4 D51

2.1 REHEARE S

N MR AL GEIE S BT L AN BB AT I 4 TR
LA LW AR R SRARSCR A R AR e
PEACTARE Pl 2 > Bk (PRI QHARE ) 5] A
b TR e M, B T e S i T ik (3R 2,
% 3) SEENS AT EM T, BRI Rk
WD TP RIMEE R A, SE IR T LA A R A B B
AR AEL R Bl S, HLA 5 S BT T L g )
SE AT R Ze AR M R G AT BRI AC, B
A AT SRAR IR R AT 505 SE B SR A
P PRAFHE AR, Al AR I S o M ad R o A R A
FROCIE TR, o mT 4 el S7 40y B 37 R 5 B 8 2
B AR R

B BE KL 5V AT 73 R RE IE S o Wik R e
Fortinik . BRI R Ak LLIE SO i ik I HE 2,
ARG EAR S TT :C0] 73 g P2 HLAR o7 ) e
ARBUETH AR REIE S ik AIBIL &2 > AN o8 8%

R2 MELHSEMAUER

Bleniarils
=R7R RIS s A2
EF RS B B et T FH R el o s
SEAER HET ARG LBFEEHRRENEER R ERENE2E, wmirstsar? A QE%WE?%%:A\
(11[1~i£;§%7£ PR AN R BRETHRMATEE BRERESD T H/ R & ) R ARPY 2R
ﬁﬁfiﬁf? Y O REBAEREAE X EFEHTEREE A (B s WD Ak (2 RUS) L H bR BB AR
’ﬁﬁgii\%) BRREL K" & ITHE R TR ) B R a0 &
ot FE W
FETCHE—N KW HARREU B R SEAE, R Bok R E Y ik
B Res % B BERUAOREIR B BRI T A, (U3 REER DA Bt ke n 2] 4, 2
(hwr 7 M SE 4 s THE SR REMEM  JREBRL S SRR P e
k) NG E AR UL RN e 30 2
AT RIT
T Metropolis  JCTF HFR BB B EE  HIRE RN KRA RAZMHIFITEREN,;
B DR EZES TR I RECR R B IS N IR
LR KL RN fift A B TR E A AR R T AR TR B AR,
A, TR AR ZUIg RS R
Bl oS Rl 2 4%
HFCHZM CHFHRRBWBER RRAIFATERE R I T R KK
W En RO B SRR HAAIECT W R ABCRORNE; S0 ne g i S
2 WAL R e, A TR R E IR MY B R AR
) - SRME (RIS BTI RY  E R A TS AR, TR g 39
A ] 8t i 25 ek N Rt
S—ANE)
R®3 NMERHNNIZEIE X
B SR
Ak DAl m Ly AR
F TR B T8 FH R e o
oAb 28 B W RIGTRRE M54, B B e b M4 45 stz g ik RAIE It 54
AL AmE, A E SR KAIEL T *@;%;j(E‘E<JﬁlléEﬁ4i, l%l’ﬁﬂ(,ﬂii&ﬁ?ﬁ%)ﬁ )/ A M 7R A
(41 BP % b pRE R/ IME BUAEETT, AT LALME RS IR 3Bl ok BE A Fpel®l R B 4204
RBF [Wéﬁ%) FEEL R RGNS Ak, Bk Bl E o % Y R m
e R[S B MRS EAIGR A pel36) 2z
REREAA B
FRRET HISREA S AR BdRERNE SIS R H OB B R
P H7 M ATREE B MRPCIRLR RN RE WA R GE A A KT B AR N T

ARB - E Al
AT F i 22 /N

VAR TR RS

TG R
LY 0] 4

KA K A ,2021,41(3)

Tel:025 -83786335  E-mail ; jz@ hhu. edu. cn hitp ;//jour. hhu. edu. cn 3.



REVETTER R RRIE R Mk, Horh /i 30 88
RN 40 4 20 ORI 15 R ES
BORBUETEF 2 . QPLES % 2 BRI REA A
DR A B A . FE DR S EORE S BN, R TE 2
RIS SR el BEALAE BLAE 5 Rk R T A ]
MBS BBUEA A I AR RT3, i
A= B AR BRI 7 2 ) 1 (B2 B ) TR REAS | B
P —5E H A L A3 M U R AR R 3 A 217
QML AL IR AR . I ZReEAR I 2R
P ESE IR AN 1z AL RE T, 2 4R
YRR, BLENR 2245 G HlE 2ok, DFF RS
B IE S BTl . 00 1 SO S BIME TS |, FIHAL
a2 BRSBTS A IR S S DA
A Btrer %, R B Re L 24U &
L RS EL, X — TR RO 16 7%
—E T TAR & (HAES B A I TO 75 15 5 5294
FHATRRITREIT , PRI AT 32 s B AR T HRROR

BLAR 7 A 58 2 A UEUE TH 3 B R e 1 S o i
BB W, H FEL IR  Se TR BB S A gL
IR TIE S B, S8 Re O AR SR L A T Jm 4
R FEREE R 2R Xk i by B REA A R
G R bl gn 22 > Bk IRy L gs
AERMBBEIT BT SO E X
DR SR E R RE LA 38 43 3 2 vh (AN FE I Y
JryEB % ) JE AL A% 2% 20 58k B 7 Y [l 9 O¢
R EEEATTE NN I AAEA, HAL#R 2~
> BB R 6 ZR PR i  (ERE X /N
TR REAS 1 1] B S BRARMLAR 2% ) B3 0 [l U OKS B2
LT HA A E5 8 58t 23 3 in B e B AR AERT

BRI S ik 1y BAR R AT 3ol 4 40
DAY 1 S 8 SO BB B B s QPLAS
2 ) BRI SRR A RN R AR 14 £ ; QFLAR 2% >
S BN RATIG ; @R R S0 38 R oy Ak
R B T EAE L RO L 2 — 2 TR T
YRt SRS LIS S ECR A #2800
XTI G FR (5 B BB IE S o3 B i v ST X R G R A
B ARG 9 A] R AZ WA O & B 3 T S
IBUE 8 25 TR 7
2.2 ZBERERE

A WU SR 23 TG 22 2800 T [
L, BT Z AR kL sl b B 2 A S BT R, H
FHEY Tk FEA A SO MBS BN . 3G I
TR AR R SIS — U P R S T A R R SR
AT X GEA R T R S
5 24 N 2 (8] () 52 A0 N 56 R, I T A i e ep
2 LA SO S PRI (RIS T 50 RN g

MiAEfk) . SEARE MR E 7 RO S EE A BA
AR, — RS TR (AR X S
DL R 57 55 ) R L AR JE AL (R AE | A8 AR
5 IR SHGHAT 4 () " b
o RO S HCECE B I 156 BT 1k A T B L
I T S BURFR IS WA ORI, BRIt i 4R
K SHFREE N E W,

K SRR SR A 22 RN Z AR 1) 24U
WA R, — T R R R B S50 =8, i#E 1T
ZAPRRER, WU T s it B s 45 B
AL i 12 o B PR K LR AR T 52 il e K ) 4 RE S8,
T LA R 2 85 0] B S i %) S v 45 SR 5K 99 6,
PEARRAS 245 M1 R S 500 R 2 1) E AT 248
AU R, — AR AR S A SRR LA T
B AT AN R I B %) SO 0 KK 4 43 ol AT R, A A
ST %) AR T D sz T8 15 72 55 0 S 4, A 4l it T [
W s RS B AT W0 AR ok RO IR AR S 40, & K
IR ZEIE ok SR AL SR AN I A
BTN RISy O NS Nl Y U T 3 A RIVE
F AR SRS, SRR Y o T SR % AT 4
SRR SRR AR T & S A R R S
T F AR B AL 2 BRI SR 0] 8 AR B E B AR
o, IE I 58 B AR 2 80 B 0 @)% il T 19
(AR T 38 it S O A8 S8, P PR T AR A S D K
ST INE AR 0 it T AR I | T 50 B R A A
RISH I RS B L I Re 2 5
B, — 5t R R AR B SR AS S E00 R A5 R
TR KR 75 R B AR TE &, N & 7K B AH X AR
T LA o3 B R A AR T 5 AT 58 L AL 2 4K
S
2.3 MR mEMUETLE
2.3.1 M EHRAKFE

D) A5 ATS R I Y5 235 R 18 M — P RO B A AR R
ISR, BRI SO Ak A B 9 3 SR AR N A A
SIS E (VA

AR A B R A B T A R D S —
KA FRERES I E |, SR s 5 B 2 A
LR RIE LG — BIR ) hRREAE
RO I A8 B 0 7 - 43 B B AR R AR R
25N SN B B Z T O R R A R 22 R AR
A PN AR I A A G 3 I s O

D e A7 5 1) 35 436 D) 7 S0 < DR S ) < Uk
PR S R SR /N 2 R ) A < R R )
DI SE e B DA 25 R A D a5 A Jist D D20 AL 1Y) 46 %o
ECA TN A5 % T[] — iR 22 K 5 ME Y
e R A , SR 22 BT o ) LU Bt )N B PT (i

-4 - KA R A B ,2021,41(3)  Tel:025 -83786335  E-mail :jz@ hhu. edu. cn hitp ://jour. hhu. edu. cn



R AU N A S e B X R R T S
OB AU I 0 S50, L2 BOUR R Sy Pt
FabR , AR SRR B R 1 A R T 3R A AR
M RCIEAE ), S/ Ny 22 RN AR Je i B 2 B
THRZEJT 22 de/ NI A5 SR, L Fisher {75 526
J'J W D TR dE AR (L SR R AR
W) s ARIE LA HE I i AN ], 322 S5 0] ml s — 25 40 03Ky
“D-Fefltizit” (D WATs X ME) A-FRf et
(D (Wil e/ ME) T E-eAR B (D B K FFIEE
e/ ME) S SN R T T KB R A
“HPURRE SO B T A M S Y
EE AT Tk, AT B AS [R)457 B A7 2 ) a5
38 IR

TS A, SO A R A SRR R R |
RS T 7T S % W 45 5 DRI ok K e T A 0
AR A FI T ST MR
2.3.2 MATRAZE

H TS0 AR 0 5 2 S AL A A 30 0 s
HOR TSl M A7 7 1R 25 (LG RGE 1R 25 (AR 1R 22
FIHLRUR 22 (BPRRL2E) ) o A O B T8 Y R A 1
X I 5 AR RS S AT T B U/ 2R 58 10 22 A
SRR THIRAL2E

Hor, RGEDR 2550 H AR IR 22 T IR 25 AR
PR LR 1Y, T BB — > KN FI Ty ) 4 278 119 5 {EL
(FRAEMERGEIRE ) | U — R AR A 2
EHRAEERGE R ) . E(H RG22 A R Y
XS L F R o A3 A T AU R R SR 2=
AR A i 22 14 22 1 R 300 O o
PUINBIE RG iR ZE 5, il R 51 AR J7 2k
FHEIE BRI Bk et A2 i 30 45t 250y =X
DLTHER . (SRR 22 AP RIS S S A RE I R ™
Az AR IR A A BN AR 2K
T 2t SO 14 1) kARG , ORI A 4502 46
FORSR IO AL PZ R 22, ML 22 2 th A FL R 2R
A A RN R RS AN AR B RA
IV SR 5 22 RN (8 SR P R0 Sl | F HL A EL R 4R
RET R, FHIH 2R AR  PauTa (I (30
HEN)  Grubbs #EN] | Dixon 7N  Chauvenet #EN] 15
SR A A R W B R R 2, T
Iz MBS R

B A, 2 WIS A7 A ) S I
B S W BRI AT LA S TP, BRI R R T RE
JEHUHL2E P2 (AR IER W7 ) |, W nT B 2wk
Ao GRAS By BT 2 B %) S i 0 2 e A (TR R Y
S A o Horp IR S R B TR M X
G0 SR 0 N, LA A BT S S R R B

CLAC R T — b R0 0 IR 3 T A X0 X
Pl w15 0L, A 5 W D0 B0 HE gl R 0 o < AN TE
(97 S (L, DUz K G B 5 T X < IR Y S
fH, T HA RS — 2P0, e R IR

BEAR , AF A 348 5 SR A7 1 125 % 5t 2 1 s 0 5
PEATIE AN TS, DM B U (0 S 45 S
2.4 REZERSHEEME—

M T BB T 2 P B A 4, e IO S 50 H
b pRECZ (B 2 2 B CaARE e oG &R |, R L, %
ST 2 SR ME— P (IR E A 1 L 5 TR M | 3% ) R
b TR AT T S T B S I —

S5 7 5 SR — 1 T A S A AT AT VT
FE MY N, A Rk S50 RRBUR 4k
TCOCHY, DUPAT LR 5 2t 00 (L[] Fsf ol — b B3R o i
S8 2, WA 6 6] B ME — 9 1 BT A &
B0 AR R SR AT AE A e, TG
— MR T SR R 2 R — TR Y 5 —
FRPPR Ty R AT g0k, BRI s 38 25 R 1Y 1E
TR A5 B E] A0 AR X R 22 AR IR R A fi
AR

S SE R e — e 5 TR R (5T A it
Tt el R WAIRAE S ) R 5
BB ARZERFHC, PR, ME O S HE
W2 GETEAR 0 2 A DA K 5 A5 Ak,
SH T HERPE R AR T 00T SNl S 1
WD B AP SE R FH TE S 43 B 1 AT U Ak vk Al
BRI FIRAF A E AR (HR FHAS [R5 8 2 7
PR B 25 F S A R i — 2D IE

3 TRUINESHRENEZRELRE

IAESR, A T AR Y & J 2 B S Bl KRR
S O B RS O R, IR fE g+ A
Iy 0 1 228 1) 300m 9% & e, 49 4« RV kA -
O BEHEAT NG 314m A0 SERRAT OB A7 3 7
315 m &, it ARk 15 4% v VR S LA dE AT 55
55 A8 I A BR B 509 () It 3R UK )
FAETRE (1) VY 50Ol 325 b DX A | S T I 52 2 b o 2%
W AR LA B i 2 40 AU 45— 2R B Bk i
QA APEURT T AU W A Je . orf SBde RE 3 32
WA LI B ERA I AL
PRI DL KR R K SR 48 8 1A 46 i 114 4 9E 49105
&, AR AR B B TR R 5
J2 R T U B HE A U B 2 R A 2R 17 B 4 0
FIIRE - Bl 15 55 Ak ST 5 T ) TR BE L B 13 0 5% 30
TITS D) R e HEZE R AN T U HUR A 25 A i HE 22
A A

KA R A B ,2021,41(3)  Tel:025 -83786335  E-mail :jz@ hhu. edu. cn hitp ://jour. hhu. edu. cn -5



AT AR Y A& S ik 55 T B AL At Tz
T EARN SRR T 2R, U TE
A WU 2 S50 S B 25 R R AR I FH TR A
BRI B 30U ) B 38 A T, A it — 2D T R IR
ABFFE
3.1 NESEEXMIERE

H TR R A WA T A LB A U A 7S
gy, B TR RS AT AT 2 G R A
W (JEHIE B KB AL AR IE AN AR I ) ME LA HE R 13
W HUAIZ AT B B R R AR L N
PR g A R 20 4 A A R S B RS At Ak
b5 NI i S | WA e o S N
R A SRICE T IR TAEHAR

WA B A W7 224U i 2 A it T s
TR B — T 00 JR I, B T 45 SR 2 AR« R A 1Y,
v TCVE A T - A SRS 2 i JE I AT A i A
S B AR R

T TR T TR A, B A F T 5L
I B AT BB RN 28 R 28 )7 e Sy 1 T2 1
IR %0 T3 s skt ek, H
S 3 S e P | LETF 18 o b2 R £ B MR
[T, A R IE 5 A3 AT i 4 s o 40 3 s i, ik b
PORE A A T AR T A s 28 R A AR R B —
SRS S, ATEE T HIAS R B SR B AR IR
s Xof S T 2 SR A T R R RS FMEIE, DA TE K iz
AT, ey ) FEAS W 8 30 AR S R A 0 5 i a0 A T
IR SO A B A R — DR
3.2 FETRIIFAFHFINBEN N ZSERERAR

BRI WU AE b R BT WUAZERY A2 )
FREPE RN Ty 255 5 AN [ TAE 48 1A 0, 75 22 5T
XPPE b FE SRR T 27 R e S A R A o s i
SRR B B BE 32 TR SR e R R AR T
JEAH AT

H R, BT UL () ) % S50 s i 322
2B LATT G 7 18 4 R - COXT 37 b 6 300 iy 3UUEL 75
SRR L o DARSEERD 0k A 30Uy 151), Ji 35 b 10k
RHEAT B IR S () B PR AR TR R AL 38 FH 0 B PR AR A
PR FEmIFSE 707 P, HE ZE I AR A R AR
EEA S —PE2E B REAR BB M 25 S5 R L, B0t
HEFER Y 23 W) A8 Sk 32 1 AR I (R 2 R AR AR B
FHEIAASTE ) SR 78 3 /0 DL 4R GE . X 37 3
RIZ TR E R R AN 38 53 . DASEZEMRI N T3
FUHUELFASS & (10 HE ZE R Sy 5], 0 38 FEAR HE AT 3R
BF, T AR R FE AR ) 5 I I SRR AR “ AR AR, R
BT BBt Al TR e b 50 sl A g a0 4
Jit 072X PR ZE 3 32 ) A e 2 3R B 5 4%

GE A AT [R5 L 5 BT AT X IR ST, I 4F
KBRS HTAT BRI A4 R AT IR 1) 52 ) A8
Rk, B — S SCRCR Y (B S 43 1T IR A
AT et S RS RRE LTI 25 454 T R T
77 XEETT IR AT T R AT

4 ZS5RE

a. SNSRI 4 0 R AR R A 45 oy S T
S SR A BT i R RS R AU
PP HTIEN E 5 SRS — o U7 S dlE , 4 B
FERS RS 42t DA A SRR R 119 52 2 Al e e o i 22
R, —BERHIER BTk

b. BRESEA L A SR A T
%o ERREIER ik BRI T s U T
gLk ILas o Bk AU T IE 2 B i B
TR R B R M b, i AL > St o e
TSNS HONT S B BN S 2R

c. ATy 2 S RORE T 5T P A B Y
R [ AR LR AT e e, JF 1240 25 18 1 RURLRL Y i
AR FRACRFE , DL SRt MK AT | )it i
T 2SR ROE MR S T

d. 0D R L T A PGS S 38 4G R A
ARKFLM , — B BRI G H A T3 RS HU
SCH 5 D0 A7 ATl R S0 < S S
“f/ N5 22 SR R M A R R A T YA
T 5 W2k NI R H 1) R G 1R 25 PSR 1R 22, T
BRAEL 22 5 24 e RS A ) S I, e 5 6 s
X GAS B A B 5 AR, m] a4
LA TE AR

e. ST AN R A ME— R i A S 2 A A
RIUESTE T ATV, A BT R W B B 45 R Y
ME— k5 TR ST AT A A E R IR G

f. 7E AU RS T AIHE AT, el
AN B R SRR A 0 R A S 4R T S T
A HE | LSO HAA S SR IR 347 B3 53 BT i
AR5ty S WA R R LTS S5 44 XAt
7 3 A5 T S A 1 i — 2P

S Xk

(1] FE/NRL @ AU RS [T]. A TR R,
2018, 40 (2):203-222. ( WANG Xiaogang. Discussion
on some problems observed in high earth-rockfill dams
[J]. Chinese Journal of Geotechnical Engineering, 2018,
40(2) :203-222. (iin Chinese) )

[ 2] ZHOU Wei, LI Shaolin, MA Gang, et al. Parameters
inversion of high central core rockfill dams based on a

novel genetic algorithm[ J]. Science China Technological

+6 - KA R A B ,2021,41(3)  Tel:025 -83786335  E-mail :jz@ hhu. edu. cn hitp ://jour. hhu. edu. cn



(3]

[4]

(5]

L6]

(7]

[8]

(9]

[10]

[11]

(12]

[13]

[14]

Sciences, 2016, 59(5) :783-794.

KAVANAGH K T, CLOUGH R W. Finite element
applications in the characterization of elastic solids [ J].
International Journal of Solids and Structures, 1971, 7
(1).11-23.

RAFHE. MR il IR AR S8 25 S 4 A S %
JEBM D], A R LR, 2011,

) RIS, RAUH R D3l 2 fE it T30 sh 2 R m Ak s
HIREDIFEL D], BRI FEBA BT 584 B s DUA
E IR, 2010.

HAMBY D M. A review of techniques for parameter
models [ J ].
Environmental Monitoring & Assessment, 1994, 32(2) .
135-154.

sensitivity analysis of environmental

MORRIS M D. Factorial sampling plans for preliminary
computational experiments[ J]. Technometrics, 1991, 33
(2):161-174.
SOBOL I M.
mathematical models [ J ]. Mathematical Modelling and
Computational Experiments, 1993, 1(4) .407-414.
CUKIER R I, FORTUIN C M, SHULER K E, et al.
Study of the sensitivity of coupled reaction systems to
uncertainties in rate coefficients; I. theory [ J]. The
Journal of Chemical Physics, 1973,59.3873-3878.
KR, BIE, (e, 55, UH AR HLUBORL 1258
FPERAIE B A TR [T ], s 1%, 2020, 41
(12).3873-3881. (ZHU Jungao, ZHAO Xiaolong, HE
Shunbin, et al. Applicability verification of UH model on

Sensitivity ~estimates for nonlinear

coarse-grained soil and its application in earth rockfill dam
[J]. Rock and Soil Mechanics, 2020, 41 (12) :3873-
3881. (in Chinese) )

SRPTERN, b, 2540 0. 3 i 2 I 46 R Ah 53 7k
(9 AR BT (D], 5 17, 2005,26(4)
547-552.  ( ZHANG Bingyin, YUAN Huina, LI
Quanming. Displacement back analysis of embankment
dam based on neural network and evolutionary algorithm
[J]. Rock and Soil Mechanics, 2005,26 (4 ) :547-552.
(in Chinese) )

SUN Pengming, BAO Tengfei, GU Chongshi, et al.
Parameter sensitivity and inversion analysis of a concrete
faced rock-fill dam based on HS-BPNN algorithm [ J].
Science China Technological Sciences, 2016, 59 (9):
1442.

IR KA B TR A7 30 L AR S 00 L 7% S 8 70 M
[D]. dtxut: R, 2007.

XN, IR AR, AEZE 5. BT A A Sl ) R i 3
B BRI 1], 1%, 2014,35(9) :259%-
2601. ( LIU Zhenping, CHI Shichun, REN Xianyong.
Back analysis of dynamic parameters of dam materials
based on earth-rockfill dam dynamic characteristics [ J ].
Rock and Soil Mechanics, 2014,35(9) :2594-2601. (in
Chinese) )

KA K A ,2021,41(3)

[15]

[16]

[17]

(18]

[19]

(20]

[21]

(22]

(23]

(24]

B, R, T A7 IR IR AR TR A AR AR T 24
MR S [ 0], KR 24k, 2016, 47 (1) :18-27.
( CHI Shichun, ZHU Ye. Back-analysis of instantaneous
and rheological deformation parameters for concrete faced
rockfill dams [ J ].
2016, 47(1) :18-27. (in Chinese) )

WU Yongkang, YUAN Huina, ZHANG Bingyin, et al.
Displacement-based back-analysis of the model parameters
of the Nuozhadu high earth-rockfill dam [ J ]. The
Scientific World Journal, 2014 ,2014.1-10.

HE, EIEAR, AR, A A IR R SR
YA PRI A SO 5 vk BB IB T ()], A 1%,
2012, 33(6) :1889-1895. (MA Gang, CHANG Xiaolin,

ZHOU Wei, et al. Integrated inversion of instantaneous

Journal of Hydraulic Engineering,

and rheological parameters and deformation prediction of
high rockfill dam[ J]. Rock and Soil Mechanics, 2012,
33(6) :1889-1895. (in Chinese) )

faff, 2277, KPRT, 55, RWRL L0883
BT[], #H%, 2013, 34(1) :259-264. (HE
Min, LI Ning, ZHANG Xigian, et al. Back analysis of
displacements of Heihe clay core rockfill dam at different
stages[ J]. Rock and Soil Mechanics, 2013, 34(1) :259-
264. (in Chinese) )

TEIR, FREK, RN, A WK AT 2805 i
TEBEE 1], A L1, 2014, 35 (1) : 279-286.
(WANG Xu, KANG Fei, LI Junjie. Back analysis of
earthquake-induced permanent deformation parameters of
earth-rock dams[J]. Rock and Soil Mechanics, 2014 ,35
(1) :279-286. (in Chinese) )

Pt PRAEL, #HAE, S BET BP WML YA 30
SRR S AR BN [T ], Rk B B it
2012, 29(8) :112-117. (CHENG Zhuang, CHEN Xing,
DONG Yanhua, et al.

parameters and deformation prediction for rock-fill dams

Two-step back analysis of

based on BP neural network[ J]. Journal of Yangtze River
Scientific Research Institute, 2012, 29(8) :112-117. (in
Chinese) )

PO, SRS AR ALRE S 3T B DFP A Ak 5 i B
TR, AR TREEAR, 2009, 23(4) :206-209.
(JIA Chao, GUO Zhichuan. DFP method

analysis based on relative displacement and its engineering

of inverse
application [ J ]. Geotechnical Engineering Technique,
2009, 23(4) :206-209. (in Chinese) )

HEDAR A R, FUKUSHIMA M. Minimizing multimodal
functions by simplex coding genetic algorithm [ J ].
Optimization Methods and Software, 2003, 18 (3) :265-
282.

NAGAO T. Homogeneous coding for genetic algorithm
based parameter optimization[ C] //Proceedings of 1996
IEEE Evolutionary
Computation. Piscataway: IEEE Press, 1996 .:426-430.
MAHFOUD S W. Niching methods for genetic algorithms

International ~ Conference  on

Tel:025 -83786335  E-mail ; jz@ hhu. edu. cn hitp ;//jour. hhu. edu. cn <7



[

[

[

[

[

[M]. Champaign: University of Illinois at Urbana-
Champaign, 1995.

PARSOPOULOS K E, VRAHATIS M N. On the
computation of all global minimizers through particle
swarm optimization [ J ]. IEEE Transactions on
Evolutionary Computation, 2004, 8(3) :211-224.
SRALSRE, (TR, Wtk B AL AT AR S B R
MRIHILI]. 1%, 2005,26(2) :16-20. (ZHANG
Sherong, HE Hui. Application of improved genetic
algorithm to back analyzing parameters of rockfill [ J].
Rock and Soil Mechanics, 2005, 26 (2):16-20. (in
Chinese) )

CLERC M, KENNEDY J. The particle swarm-explosion,
stability, and convergence in a multidimensional complex
space [ J ]. IEEE Transactions on Evolutionary
Computation, 2002, 6(1) :58-73.

T, R BT IR T RO AR R A T
PGS P25 SO o A [ 1], KM K g Bk e
2011, 31 (4):24-28. (LI Zhanchao, HOU Huijing.
Inverse analysis of structural behaviors of arch dams
during construction period based on improved particle
swarm optimization [ J ]. Advances in Science and
Technology of Water Resources, 2011, 31 (4).24-28.
(in Chinese) )

JIA Yufeng, CHI Shichun. Back-analysis of soil
parameters of the Malutang Il concrete face rockfill dam
using parallel mutation particle swarm optimization [ J ].
Computers & Geotechnics, 2015, 65.:87-96.

LIANG J J, QIN A K, SUGANTHAN P N, et al
Comprehensive learning particle swarm optimizer for global
optimization of multimodal functions [ J ]. IEEE
Transactions on Evolutionary Computation, 2006, 10(3) :
281-295.

B, 2587, B BTSRRI R R
MUBEE e K AR (], TR HLAE g R 4,
2020, 26 (2):366-375. (LI Yang, LI Xinyu, MOU
Jianhui. Large-scale permutation flowshop scheduling
method based on improved simulated annealing algorithm
[J]. Computer Integrated Manufacturing Systems, 2020,
26(2) :366-375. (in Chinese) )

PRAEHR, Ry, E50k, 55, B KA LETSE
(1], FPERZ2 24 (A ARFERR) , 2004, 32(6) :802-
805. ( CHEN Huagen, WU Jiansheng, WANG Jialin,
et al. Mechanism study of simulated annealing algorithm
[J]. Journal of Tongji University ( Natural Science),
2004, 32(6) :802-805. (in Chinese) )

BORTFELDT A, GEHRING H, MACK D. A parallel
tabu search algorithm for solving the container loading
problem[ J ]. Parallel Computing, 2003, 29 (5):641-
662.

. A IR IV B A G AR ) R AR A A R
HEL) B SE (BEZE AR, 2011 (1) ¢ 105-111.

(GE Jinhui. Vehicle routing problem with time windows
and improved tabu search algorithm[ J]. Journal of Jilin
University ( Science Edition), 2011 (1) 105-111. (in
Chinese) )

XUBESG, SR, XU, A 28 D 4 b iy 52 ) 1%
RES D O R SR [T ], HHRALRLY, 1996
(1):76-79. ( LIU Shuguang, ZHENG Chongxun, LIU
Mingyuan. Back  propagation algorithm and its
improvement in feedforward neural networks: progress and
prospect[ J ]. Computer Science, 1996 (1) :76-79. (in
Chinese) )

KINGMA D P, BA J. Adam: a method for stochastic
optimization [ C ] //Proceedings of the 3rd International
Conference for Learning Representations. Ithaca: arXiv,
2014.

ZHANG Li, ZHOU Weida, JIAO Licheng. Wavelet
support vector machine [ J]. IEEE Transactions on
Systems Man & Cybernetics Part B: Cybernetics, 2004,
34(1) .34.

SUYKENS J A K, VANDEWALLE J. Least squares
support vector machine classifiers[ J]. Neural Processing
Letters, 1999, 9(3) :293-300.

CAUWENBERGHS G, POGGIO T. Incremental and
decremental support vector machine learning [ C ] //
Proceedings of the 13th Advances in Neural Information
Processing Systems. Cambridge: MIT Press, 2001 409-
415.

SRATE, TREER, M. BRI BB AL R A TR R
REPL A B o B [0 ], 45 £ 715%, 2013,34(5) : 1383-
1390. (ZHANG Yan, SU Guoshao, YAN Liubin. An
intelligent optimization method of back analysis for loss
displacement of surrounding rocks of tunnel [ J]. Rock
and Soil Mechanics, 2013, 34 (5). 1383-1390. ( in
Chinese) )

i, X BT R AE- U R R R RE
TS EE R E R T]. TR, 2016, 30(2)
196-200. (HUANG Wei, LIU Hua. An inversion method
using PSO and GPR for the rapid determination of the
geotechnical parameters [ J ]. Soil Engineering and
Foundation, 2016, 30(2) :196-200. (in Chinese) )
Z/0bR, EWINE, JAR, . SO HE SRR iR AR
SHRUBRBI W7 IR AT B [T ], R ILRA Be B
#, 2018, 35 (9): 8691. (LI Shaolin, WANG
Zhaoqing, ZHOU Wei, et al. Decoupling inversion of
instantaneous and rheological parameters and deformation
prediction of high core-wall rockfill dam[ J]. Journal of
Yangtze River Scientific Research Institute, 2018, 35
(9):8691. (in Chinese) )

SRR REULAS 1] [ M RS 8% S AT Y BRI 55 0
BFFE[D]. JEat: AR, 2010.

RN, 7, Riuk, 4. BT rue Rk S L
TR R G ) te LAY A7 VUL 2550 A S R S F

KA R A B ,2021,41(3)  Tel:025 -83786335  E-mail :jz@ hhu. edu. cn hitp ://jour. hhu. edu. cn



[45]

[46

[

[47]

[48]

[49]

[50

[

[51

[

(52]

(53]

[J]. & £ 1%, 2019, 40 (6) : 2397-2406.
Chunhui, YANG Jie, CHENG Lin, et al.
inversion analysis of material parameters of rock-fill dam
based on QGA-MMRVM[J]. Rock and Soil Mechanics,
2019, 40(6) :2397-2406. (in Chinese) )

EVEBh, BN, A )5 B R LA B A [
(1] A2 5 TARRSAAR, 2002, 21 (37 1) :1921-
1926.  ( LYU Aizhong, JIANG Binsong.
fundamental points for inverse problem of rock mechanics
[J]. Journal of Rock Mechanics
Engineering, 21 ( Supl ). 1921-1926.
Chinese) )

EDH AR IR B S IR A T AR
B[] K MK B HE | 2020, 40(5) : 62-
69. ( WANG Shaowei, XU Cong, SU Huaizhi. Back

analysis of viscoelastic working behavior for Jinping-1 Arch

(MA
Adaptive

Some
Chinese and
2002,

(in

Dam[ J]. Advances in Science and Technology of Water
Resources, 2020, 40(5) : 62-69. (in Chinese) )
HAFTKA R T, SCOTT E P, CRUZ J R. Optimization and
experiments: a survey[ J ]. Applied Mechanics Reviews,
1998, 51(7) .435-448.

RAET ETE BB R RN 2 W T e [ D]
Ktk RIEFLT R, 2007,

fap, EEF, A, S AR AT N KRR
BRI ARBITELT]. & TR, 2016, 38 (3
i 2) :24-29. (HE Ning, WANG Guoli, HE Bin, et al.
New technology for inner horizontal displacement
monitoring in high concrete face rockfill dam[ J]. Chinese
Journal of Geotechnical Engineering, 2016, 38 (Sup2) :
24-29. (in Chinese) )

WRRESL, TRAT7E. LA i RSB RGIT K
[J7. 7K MK H $ A, 2004, 35 (4):78-81. (LI
XU Zhuqing. Development of information
management system for the safety monitoring of earth-
rockfill dams [ J].
Engineering, 2004, 35(4) :78-81. (in Chinese) )
A, TR R T R A 00T W A F 5
[C] 7/ e T A e A7 30022 A MEDIF 58 K B SR AR 3
JEIRSCEE. bt v K ) L TR A o TR R L AR
eIl ZE 51 25, 2014:8-15.

IR, mk, BgEERE. AN R R B AER
IVSTE W I A BE AT @ vh iy R ()], kel ~2 ke
2008, 23(6) :590-594. ( WU Zhaofu, GAO Fei, TAO

Tingye. Application of noise information based on wavelet

Nenghui,

Water Resources and Hydropower

transformation in evaluating precision of dam deformation
monitoring[ J |. Advances in Earth Science, 2008, 23
(6) :590-594. (in Chinese) )
LR, BRZRAE, A TR R I R 22
TR T]. 25842, 2002(2) :9-10. ( SHI Yufeng,
JIN Fengxiang, WANG Jian. Information entropy based
gross error discrimination method for surveying data[ J].
Bulletin of Surveying and Mapping, 2002(2) :9-10. (in
ARA K AR 2021 ,41(3)

[54]

[55]

[56]

[57]

(58]

[59]

[60]

[61]

[62]

[63]

Chinese) )

WL, B A RN - 3L B R ) o B R
TEPC LT, VLR B B i, 2006 (3): 3235.
( HUANG Hongnu, HUA Xisheng, SONG Xiaogang.
Unascertained filtering method for monitoring data of earth
rock-fill dams [ J]. Journal of Yangtze River Scientific
Research Institute, 2006(3) :32-35. (in Chinese) )
FER, Ji . A 30 A 2 MO 3 1) — ol 7 i
[J]. £ KR T2, 2005 (8): 118-122. ( TIAN
Mingjun, ZHOU Jing. An inverse analysis of embankment
dam parameters by using a virtual displacement method
[J]. China Civil Engineering Journal, 2005 (8): 118-
122. (in Chinese) )

BECK J V, ARNOLD K J. Parameter estimation in
engineering and science [ J ].
Review, 1977, 73(363) :501-506.

ER, AR, SRR R SRR R SR AN —
PELT]. A & TR “E 4R, 2011, 33 (7):1054-1057.
( WANG Jian, CEN Weijun, ZHANG Yu. Non-
uniqueness of back-analyzed parameters of Ducan-Chang
model[ J].
2011, 33(7) :1054-1057. (in Chinese) )

Y&, L, TR B, RCC 312 B B0 AN —
PEMERGE 1T 0 i T [ 1], RILAR 2= B BE 4R,
2019, 36 (7). 4147. (XIAO Lei, HUANG Yaoying,
WAN Zhiyong. A probability statistical analysis method

International Statistical

Chinese Journal of Geotechnical Engineering,

for nonuniqueness of mechanical parameters inversion of
roller compacted concrete dam [ J]. Journal of Yangtze
River Scientific Research Institute, 2019, 36(7) ; 41-47.
(in Chinese) )

FEN. BRES AR R B e[ D].
Kb RPHT R, 2013.

E . AR A SR N T R AR [T,
EA S TR, 1988 (2): 155-164. (LYU
Aizhong. Discussion of identifiability for parameters of the
surrounding rock of a tunnel and in situ stress [ J .

Chinese Journal of Rock Mechanics and Engineering,

1988(2) :155-164. (in Chinese))

X, 25y B, IEE, % SRS IE R B EL
(A5 E REETELT]. 10T TREFOR K24l ( A SR

Bl2#MR) , 2000(4) :375-378. (LIU Yingxi, LI Shouju,
LI Zhengguo, et al. Numerical methods and posedness of
the inverse analysis for seepage problem[ J]. Journal of
Liaoning Technical University ( Natural Science), 2000
(4):375-378. (in Chinese) )

JEIEES KRS, R4, A SR TS MR ARk
RIEHHLT]. KIy k4, 2019, 38(2):1-14.
(ZHOU Jianping, DU Xiaohu, ZHOU Xingbo, et al.
Research on high dams and developing trends[ J]. Journal
of Hydroelectric Engineering, 2019, 38 (2):1-14. (in
Chinese) )

&V, LEIE FAEE, S HEATREE R AIREE L

Tel:025 -83786335  E-mail ; jz@ hhu. edu. cn hitp ;//jour. hhu. edu. cn - 9.



KIM[J]. KFI2EIR , 2005,36(11) ;78-83. (JIN Feng,
AN Xuehui, SHI Jianjun, et al. Study on rock-fill
concrete dam [ J ].
2005,36(11) ;78-83. (in Chinese) )

[64] RAPHEAL J M. The optimum gravity dam, rapid
construction of concrete dams[ M]. New York: ASCE,
1970.

[65] SKEEGI, FHIIRL. — B AL WA A5 AR [ T ].
JKF K B RL B R, 2007,27 (3) :32-34. ( ZHANG

Jingjian, SUN Mingquan. Review of study on over lean

Journal of Hydraulic Engineering,

cemented material dam [ J]. Advances in Science and
Technology of Water Resources, 2007,27(3) :32-34. (in
Chinese) )

THE BB, X 75 3. 2008—2017 4F i [ S5 1 i e 9
WO KEFEMGIT G025 00 [ 1], KRR R
e, 2020, 40 (1): 17-24. (LUO Hui, DENG
Chuang, ZHAO Gaowen. Statistics and preliminary

[66

[

analysis for typical landslide dams in China in past decade
[J]. Advances in Science and Technology of Water
Resources, 2020, 40(1): 17-24. (in Chinese) )

[67] iy, BEBIDR, WERE, 5. L BUC 5 £ U 230
REEMIEAGT[T]. KITRRAGE R, 2013, 30(1) .
61-64. (XU Han, RAO Xibao, PAN Jiajun, et al. New
structure of high rockfill dam with earth core[ J]. Journal
of Yangtze River Scientific Research Institute, 2013, 30
(1) :61-64. (in Chinese) )

[68] Mp2=2%, 2278, —Flopr i 30U 2Y . TR E + B 12 B0 3 301
[C] /72013 JKFK LI HE 55 FERE T AR B A - o FE AR
MR SRR TR R A5 12 R AR
WO SCEE. JUnt: o E K AR R, 2013 ;6.

[69] FOSTER D, BOLE D, DEERE T. Rio Grande Dam-

seepage reduction design and construction [ C ] //

Proceedings of the ASCE Rocky Mountain Geo-
ASCE  Geotechnical

Conference. Reston: Practice
Publication, 2014 :31-58.

[70] %55 A, TR0, BEBERVBR A7 AT 5T £33 [ ] Wl it
K2 ( HARBE2E M) ,2015,43(5) :431-441. ( CAl
Xin, YANG Jie, GUO Xingwen. Review of cement sand
and gravel dams[ J]. Journal of Hohai University ( Natural
Sciences ) ,2015,43(5) :431-441.

[71] MER, BRAK, 25, 2. BeBEHDRDEL Y 5 A
RS R IBEGEL )], AL TR, 2019, 41(5) :797-
805. ( WEI Kuangmin, CHEN Shengshui, LI Guoying,
et al. Elastoplastic model for cemented coarse-grained

Chinese Journal of
Geotechnical Engineering, 2019, 41 (5):797-805. (in
Chinese) )

[72] XU Wenjie, XU Qiang, WANG Yujie. The mechanism of
high-speed motion and damming of the Tangjiashan
landslide[ J]. Engineering Geology, 2013, 157.8-20.

(73] BICHA. /IR iE /K PR R HE ZE AR BB AL B[ T ). K
FI7K AL B} 2 HE R, 2008, 28 (5):39-44. (ZHAO
Yuanhong. Seepage control of the earthquake-induced

materials and its application [ J ].

barrier bar of Xiaonanhai Reservoir [ J]. Advances in
Science and Technology of Water Resources, 2008, 28
(5):3944. (in Chinese) )

[74] EAF, BB, WRutal, 55, JEFEAI AR EEM Y B
SRR ()], KT KA, 2018, 37(12)
94-101. (WANG Wei, YIN Yin, PAN Hongwu, et al.
Stress-deformation analysis of diaphragm wall in landslide
dam based on contact mechanics [ J ]. Journal of
Hydroelectric Engineering, 2018, 37 (12):94-101. (in
Chinese) )

(Wi F 1912020 - 11 -01 Sl KB 250)

(KA K& A4t B)IEIT B F
(HF &AL :28-244, CN 32-1439/TV, ISSN 1006-7647, XU ), A4 FF4)

(AR AR BBt R ) BT i A 5 7, & B A 5] SCHHE B (CSCD) % 17 L& [ o SOz 0 1 7L
PR RSO O B FI A RCCSE G Il BARRIFAFEGREEMNMT FEEREAZRELHT . 2
EAMRARGF R FERARREFHAMTHEREHT, EEFBEARZE ATR AFE AFE A
THEFEAHRBOA L, EERLEAAFERE FARET ITRIAR FASR AEE ENFAF, EaK
R KT KRR AR RAE T A R LRR % AT & 3,

SRR A L B S ) oy HE By AT, B R :28-244 2021 £ HR M 15 70, &4 6 K00 T, &

A [E] - R T L A T B 1 2 AR AT L
GBI E AT EERE 1S
B 4 75 : 210098
M 3k < http ://jour. hhu. edu. cn

E-mail ; jz@ hhu. edu. cn 2 jz1981@ vip. 163. com

T AT AR K Bkt 7 2 slsdkjjz”

T 1 A S ORF AR B R ) 4 %8 35
W%/ .025 — 83786335

- 10 - KA R A B ,2021,41(3)  Tel:025 -83786335  E-mail :jz@ hhu. edu. cn hitp ://jour. hhu. edu. cn



