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T I GUA AR BB Tl F ) WUIR A% 22 42 76 W 2 B BE 3 0 A, T A AR S X (] A58 22 Iy 45 445 38 LA o0 A 2
B IRAG AT SEREE , R, AN SCHR T 356 A8 3 —A0R — X [A] JRE 5 AL 28 I 3 A8 PR 3k Y Sy AT B 00 5
o BT FNRE AR S L2 B GO, 455 2 Bt AR AN X ) BB M 07 i, B SL LR B IR REPL AL
T RER A N IX [ AE ) E g 00T SRR > A IR A Y 5 TR B 5 A Karush—Kuhn—Tucker (KKT) # {3 16 4% £F
FEERBIR A REAL, T Y R R A A M IR T (JC ) TH B AT AR AR AR s A AR G 0 BB S DA ek A R 3
KM, R Ditlevsen 722 FIRE T HAR R TRESE, GaiPATE B RRBL 2 4. TRIHIIHTRY, A3CT5
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AT SEPE AT R T IR AL e S — A T BT A TR AR Y RS R TSR
WERATHEVE IG5 BN B E SRR . HX TS PR TR, K 2 N 2 50 S 5k
PERR A, LA UERR BN A A, K E — AR LR TR T S ST O RO L B R bk )
W, — a2 s A A ST S PG 10 B T AT SRR T R, B T — e s R R T AR
AT SEAE A0 5 15t A 0 SR B AN R 0 ek O R A 0 T SRR, L TC AR R B AR, X DR AR S X
AR, VR R AT S AN A RN . SEBR b, X T DL R SR G 6 B S R, il
PUITWTEE S AR . BN, BN R A ORI E T L B, e A SRS AT R, AU
— AT FEVE AN O M, T LIS R A 4

2 W AT SEVE AT 5 18 2 U AN E M R R SR, HRT O A H A S T AR R R . e R AT
SEVESY BT P A BB, O R R R A R B e Y 7 AT SRR T T R % AL A
3 X A 40 B A R AR X R, (B R TR S A A BBREE Y M EE
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TR SRR, FEIT R T RAUE AT SR 04 5 SR P — VR HE BN LR IR
S5 3% 007 2 (Monte Carlo Simulation, MCS) M54 #9757 B, 42 T IR A Al 3% 1 1] S50 Fr 5 0R A
T4 4% Kriging B> AR RIS RE Sy, 2RI $ T —Fh 3 T 5 1) T Z P B (Importance Sam-
pling, 1S)[¥) MCS J5 ¥ K 5 B ML - IX 1] E 4 7T 5 B, 1T A e 30 R R 55005 2 AR v i 22 B0+ iR A 7T
PRI s AN RS DU S # A B R TN B R bR BCAT 5 A9 Kriging A5 R 253 4 R Ak 2 B2
Ws ( Efficient Global optimization, EGO) SZB T KL — X [0V 4 7 5% BE 4 5 0K i o 76 ] 524k 43 47 h 6]
I % P8 = RN E M, S A TR R ERESY ., Je R R A B R R A4 O ik, ST
THE A B — A R A T FE R o A R UK 2 TR A T S A A AR D R A o L
PREER G AT SRS BT b, TR O 2 TR, R IE IR e I R A, 7R TR AT o
I3 24 FE 5 VB L TR E PRI R ISR o BE XX — [, FAM R T — e 3R, A
TR 53 2 000 200 5 40 A (1 B AR B . P B 2 VR B e PR 2 1 5 I R g 00T 5 3 AT S TR 1 R 2
ST B T UM 2R T S A A i A R 1 A o

I, AN SCHULE T 7 0UR] S P T o TR I R B AL AR L RO A R X () S R A SR, AT —
A T ) AT SR M 0 R R A A A . RS, W B A T g VUIR A2 A S B AN E B
) 2K 5 40 A B AR IR T T T 300 AT S A B R A R R A S AR Oy s LR, B EE ) R T R K
WEN, S5 IESCR I . A5 BR T 07 ELRIR 7 0 3k 18 50 225k T ) 00 RO B BR B, A% BT AT S R A3
R AT I A T R R i AR A BT IR S B S T SR AR s TR, O THE 4 Y 4
A B R A g T 2 A I 2R R A, TR SR R A R BT T IR R T EE R, L
BCVEAG T WU R IR 2 45 oG, DASEEE UG, R ROy B 2 E B HEAT A0 M, 5 TR R
BEATBAIXS L, RIS SO i B Rh 2 P A 1

2 E AT SRR AT IR A R

21 ENMAEELSMBEER R E LKA SRR SRR EIENT, UHER
KUK | 72 55 5 R S 5 B W R, LSRR BE ) 27 2 8O S5 /50 ) 3ote 5 BEHHE AR 1E — 5E T
221700 EMELURS BRI . oA BIUBOR 5  BREE  IL0IE 4T 2 RS, T DAL R IR L 5 R 06 AR
RGN A W BERE, X 5y WUOT AT S o A . 5 IR B2 i ) WS AT S AN E SR Z .
HRRIRM A ARNE, #5738 SR AR R X A) B A B O ik A BRI R 1 o R R BT U I
A, R RS &, SO RO B AL B AR G, U 0 R0 B RE e AT D3R

Z=g(X, X, Y)=g(x,, %y, ==, %, %, Xy, ) &) Y1y Yoy s V) (1)
K X=t{u,, x,, o, o | R r EBEALAE R, X =15, %, -, & |0 s FEROBIAS R Y=1y,, y,, -,
y LA HEIX A S 6

2T 38 A 2 MR 8 — BBy — X 1R VE & W] P o0 A TR, AR SO 8 T DA SOy
P.=Prig(X, X, Y)<0| (2)

Ao Pri- LR,
22 EANMAREMESWREEEBBAE RSB D AA7ER BN A8 &, AT ok 4 H SR Jm eR B0
TR S5 A 32 8 B ek B, TR AR BE NS 5, ) OB RE R B L Y R R B L R Bk
SRR IR SCIT IR o SRR N i W B AL A R A A A A, R R A
AR A E TR, HBCRRIBAh

H(x)=- jf(x)lnf(x)dx
' (3)
G(x)=—fu'(x)lnﬂ'(x)d£
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Soft s He) RHEBLAERE « BB £x) JIRER RS B EC € o) o BV BE & ROBLBINA S ' ()=
p(o) [ [uoyde, Sl w(o) DO AR = 3R
RS (3) 834 B 4 DL RO 5
H(x)=6(5) @)
TE A SRR TR RO WA R TR m RN o (A BEBL B ., 3
W H, = Droor, W AEHSE, A58 (1) BB & TR0 A A OB B, RS
B 5 OB

(T* — eC*O.S (5)
A G ORI AE fiE & (BRI
XEFEE m ™, ARBCE G 1) XT38 s RO X R B, R X RR LA O S (E s 2) I (E A
TN ) AL R A T I (R
5 Dy B K B RO A8 B X ORBCE AL B HL AR B XS, TR (1) T 1 B 25— B — X TR
A A EEE (] RBUART Ak D ME R - X )R A mT SRR IR, R Ty

Z=g(X", Y) (6)
X XM =XUX"; Y=1y,, v,, =, v W 4EX R, Hi
yoelyr, yil, i=1, 2, -, 1 (7)

v S| IS 1| IS S o 1 o T QO N 1
0] pl 3 (2) 2 30 119 5 S8OHE 2R AT FE T E U
P,=Prig(X", Y)<0} (8)
TERMERBIAT, B AR N X 25— —fy s 2 »
TEGIA XS G Y 5, XSEFARMT—A y, e ¥, #RAELEMIXRL A%
BOR AT g(X", y)=0, BB HBORSg (X", Y)=072 Nk
M E maxg (X", ¥) =0 Al ming (X, ¥) = 0 4 59 4R
A, E 1R,

YSie
max (X" Y)=0

PRI 2 0 BE A7 7 BT 5, TR R e
P;"“‘:Pr{maxg(Xu“, Y) <0% (9) min g(X".¥)=0 ,
p Y all QEE B /‘/'//
P! =Pr{ming (X", Y)<0} (10) e
_ ' N ///’/ﬁL
X TS bR LR UG, HIBE R B B KR AU R A B B e
DFAIRLE A i N R & {0 TSI VAD B N & <
o X

Pk A 4 B T 19U A S - |
R — v — B s e (8) , T8 { s A R
B =min | U |
()

s.t. minG(U, Y)=0
Y

X B ME/NAREERR, H PM=0(-g"); U X" WSt RIbREIE S 250 F Bl &; 6(U, Y)
Hg(X™, Y) MeS B AR v TE 2525 )R A9 S0 RE B %L
WA, A1) R E W Z e mE, BIARZ i
B =min || U |
‘ (12)
st G(U, Y')=0

HWZ
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G(U, Y' )=minG(U, Y)
{ ' (13)

s.L y:$yngyf’ izla 2’ T, t

s 2R (1) o RUZ i 9 D01 ) BB 4 oy B 2 A IR0, AR SO KKT S5 (0 Ak 45 2 o IX ) 72
Y B R B S A A i BE LA B Y
Y'~U(Y", YY) (14)
B, W RRUIRAS R AL g (X, Y) ATBUE R g (X, YY), HAR(8) Hnl k4 A oK A 1 £ 4k 1] 7 ]
BHH

" =min vul*+|v)|’
B MVIIH I VI (15)

s.t. G'(U, V)=0
X UV 5 XA YY B B kR v E S S 6] R B HLE R 6'(U, V) g(XM, YY) I E AR
W TE 25 23 6] T 9 2 B BR B

S KKT B0 Ak 4 A8 2t (1) o i R 24 — X ] 3R 43 6 780 F) T 4 400 7 I R 4l ( 15) BT ik
L AR SRR TR0 F) T KA A3 DA, TR AR ST R A M 3 — A0 — X I 9 T ) R — 4 A g
AT EE PR IR, T T 45 A R AT R A3 B O v R TR ) IR AR 2 4

3 EH AR SC AT SR EETHRONE

T ) L R — S R AR A5 7E R A AR KV R AR &, TB R R AR, Foe 2 R R W A T 7K
FEE T RE H bR A2 08 0 S B B IR R A B T T ) IR A% TSR, AR SC AR 4 45 R
Sy SR, 5E T RT3 SE T R OT A R T RE R B, 45 A T g 0] g
N7 IR A BT e LR i, e R R T S R ARy BT T ) WU ST AT SRR, WA T g 40T
Bt B 14 JR) 3 453405 o
3.0 RFUEN AR TE ) WUR AT RE AR IR T R R SR Sy S R, T g 3R T R AR R R S
W ) 2 R R Y 2R 0 I 4
3.1 EAMEARE R R 6T E 7 R TR N R R T, U B T A RO ) £ SR T
Drucker—Prager 4t i U], $1{A 570 % %6 4% Hsiegh-Ting—Chen JUSHUE Wl W, A< SO F e #2
S LB B S B E R | 3L B TR S — B R AR R R A U g

f—g.+m (0’ <0-“fu+a-3ifl)
| 1O 2f. ’ BT L,
0L I o f Ao f (16)
ey (%iﬁﬁl)

Abe g (0) 800 @30 A A2 BCOR B D B8 s U5 /A0 L 23 ) D 0 Ty 30U R B8 T L 5 B2 R 0 5 JBE
Oin Oy o BN E TP IC S — RN RN = W (RO IE, RO .
3.1.2 EAMEARFHRARAIR XTI RL T | SUREG)Z W S BRI )2 T b e s
JETE B SRR, AR AR RO 2505 B 5 ) S0 RS A B B X, E O IR T i S R AR
I ENERS QR

g(i)=(=fro+e-1,)d, (17)
Aoe S0 e oy BN M SN T B R BRI R 15 o AN 7 4300 D BT @ T LTI S0 T ) OE 1 ) RN B
T BTN F) 5 d o @ i s R .
32 PHESBMBISTREROTE SOOI EEEE HRAELE ", B RS R
%, VAT i S FRAE T B8 oR B0 T 300 AT S A S BT b S [ R — A 1) B TR R I L K
JEE TR L A SO AN 58 SO -k 2 392X k) T SF 045 7 ) LA B B bR O 45 4 TE AR 0 SR A A
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g(x)=aty bx+y cx; (18)
;EE:EPZ x=[x1, Xy "0y xn]jﬂmﬁﬁ%‘@%ﬁ; aﬂ‘:’ﬁﬁIﬁ; b:[bl, bz; R b”]TﬂEuc:[cl, Cyry "7y
e, 1 23 S Ay ViR TR B ) — U TR R RO s 0 I BB B
IE LI E BB R 551 Ui BB R A R AR AR R S ma N RS 1Y, AR

P
> (5.-7)°
R= (19)
> vy’
n=1
-1
R, =1-(1-F*) " (20)
p—m—1

e n=1, 2, -, p ARG S p AREARGEH; m WEERLA BB v, N LRI R 9, 0 B
W SEAEL 5, Ay S5 o ) 7 A 329 £

e 3 ) 7 TR 35 8 S R g OB TC R AR RO AT ) D RE BRI, 32 PRI SC R A AR R —OR) — DX (] i 5 R
PRI %, DR AR (0 REAILAZ 5 (0 5 MU T S R A, XA T SRR R BRI 5, AR AR AR
RABMAEI B ITERZ , ASONRHRIESEE IR R TS, 2 JC A il SR s8R it 5 057 15

4 T IR AT AR BE TR ik

B I U 5 IR B A2 — B R E S R GE, MR VA E ) IR R BT SR, B
TE WTBG R 40 ) S ik b, SR AT RE R AR i R AR, IR TR R AT SR I T ) A0 AR A
VLG LR IR (1) U AN L SO0 AL U PR T R AU FE IR Y R R R, SR
JEER J 5 SO0 A UKL BT R AR S TN N R R BB AR AE 5 (2) RBUR AR IR 5 UL i 52 i, R
R SRS . WG, A SOR A Bt 0 B BR 5 ik 4 R Ty 0 SR AR, O LA A R A A
Johnson SRAIE TR HAME A I FEFE br, fieJm iz ] Ditlevsen 78 5 IR E S A R al 52 8, DAL ER
BV E M ARG R L 2.
4.1 BWHEDHRFE KRAEEARE IR R BB AE, o a BIE E I MAY AT EEE, 5 LI
PR-IEE RGN TEN 52, A BOE B LU 52 ) U R BB AR . 5 R LR BB R A LL , 2 BUR 3
TR I 2R B SR A RAR D, X R GUR BRI ST K, m] 7 DL, T = 225 IR 4t 42 52
SRAEE . h T AERR AR B A N R RO, A SO TR AR R SR TE AT
HE N T R IR R B RSk, AR R RN 2 B o b o BRI vk A 1 2 SRR

(1) BB IR R ITT A OME 2805 T T SE 48 bn i 5 32 SR U i R R 3ot mr A
TE SCHUG BT AT SR AR TR B By, WAR SRR AR Y 1 A BT Al S AR R /N T By, B AL R B AR
TR S A A 2 B AR AR S AR 2R A8 O P A o7 A AR OB A ) 0 SR AR T
B IR S A R TR A6 T I | MUHE S ORI PR, T AR T A 0 B B Ok R AR 8 BB S TR
MRS, TR B RO O R G R BRItk A K, W T L2

(2) BB R AR TEM A DB A 1 MR AR 10 AT S48 bR R By, ™ o M ALK B 12
9 24> B[R R RO AT SRR AR R T Beo B, YON LR AR MR EC RfRE, SRR, FEMRET
HBEANRBE Broo a) REABFARWCEEL, XA DILA S0 KRB, R n] 58 58 45 © 3 2 AL
TWESR s b) R K EE] B, >By I, JRZERICHR MR, i BB R IR ZR /DN o) R
WAL B B >Bro I, AH IR 40) U3 & A HRL TR R AT B 145 T R BB UM SC PR AR o, 3 ORI R i i 2k
RO A — € R BT DU A R i3 . @B R U AR S8 IR e R RO ITT N, 0 TEHE R
AR, — SRR IR AR e R TR L A2 BRI A4, MR T AR 9 A BR T RUST i 7 2% 280 A oV 19 e KRR R
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TCNHN o

(3) WEM R M A ny,: BRI, XD AT ET s R, A%
i R AR AR IR CR AR, ELRE 1 2 B R Y R O A A TR ) 2R AR AT RE X R
AR TSR B TR R, TEAE AT LA o 51 AR ) 2 B ny,, P LLAR R O R R AR . X T
Ty, e AU MR A AR AR AR R TR W IR R, AT LR R 0, = 1

(4) TERFBE R R AR T, LAAAE TS AR " BN E I K — KA T0; X TR R TE
IR R G, LhB A %32kt Johnson SR AZ L™ SR M 72 Go R MR, 38 45 % AL M Johnson 3R 38 3 Ji
BN 3 Fim. B3 G GORRAEAIT 1, 2 WRMEALIIRE R B B, o P IT R RS 38 Sy ]
SEARR s Gy A PIRRIT R LR S AR M AR VAL DI BE R B LT RE SR A

UZ

——————————————————

P(G,<0)=P(G,<0NG,<0)

E

| |

I I

I I

E(U):O : aﬁl _ 6ﬁ12 :
! ou, ~ oU, |

i

I I

I |

B,=—@'[P(G,<0NG,<0)]

__________________

[ e | C M SRBCATE AR p, U0

AT RES L TE C, F— KRBT I :

TR TCE C A AR SE AR 1 o= -
B2 Bk g b R A R 0 R 3 WML DGR Tohnson SR 32 7R %

4.2 HRAFEEWNITTERZ SRR R B 2 T 20ny WU AL, AR AR 0 S AR R
1255 it EE ) UK RO AR AR 2R, SRAS DU IURE 5 B AN A IR 2R s SR RT SEFE A o B 0 EE 7 0V
SRR SRR, RN S E A R OT i N ), EE O 300 gl R AR A IR SR SR =X 1 O Ak U] AT DL R
N
g(°)=2(_f'0-i+c_7-i)di (21)

K m s ERICEEG S e i S EE RO R 1 o M r o i EEH T
T 2 1A TE R ) AR R A BY N ) 5 d DR EROT W S K .

FI I8 25 45 3 Pk Johnson SR AETE AT SR A5 & R OB U AE bR il IR 28 28 [l i Ze Mk D e ek B, 47 0
R L AL T RE s A N T

G (U)=a,U+B,=0
(22)
G, (U)=a,U+B,=0

X C(0) BRABEN 1 IR, @ =[a,, ap, =, o, | HE—RIREHERE, B A

HRBI C(U) WRBAR 2 EREADRREE, a,=[oy, an, =, ay ] B —RIR B,
B 9 H R

) 9 A 2 A A8 X 1) g A 6 R o
p12=aTa2=i et (23)

X T g 0% S RO ) AR OGRS R, AR R R R E D IR R TR R, HAA
AT
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m
~ ~

i-1 m
Pyrmax{ ¥ [P,=Y P(G,<0NG<0)], 0} <P <Y P-Y I?fxp(aSOHGjSO) (24)
j=1 i=1 st

P PR SR 0 A s GRS AN SRS 1 e M1k D RE R A
4.3 ENMAURESMIRE BT AR S IATEEE S i A BRI B R, A A RO
PEVFSEAR S, S Ry AT S vk A T R A I 4 TR

i
——— , AR DXL A SO S0 Aol
| Hem L ROALE R | SRR
| i e —— .
N ez AR-EL 57 e 2 N . .
I e e I R
| | l | i |
' * ! s R |
| swEmtvEEsan || | awesimensmonm | i 0 SR
L e — = - I I
l i ! |
|

| KKTRAU BRI A T | 1| e R

l e J

| scwmtnsnTs |

I 1 !

e e
| * | l
| RETEEERF - | - :  Abenbihben bbbk .
44 e e I T T
! 7 ! l ! I !
: SR | ! i !
| s ||| emmsimskerpe | F—” A RRRATCRE |
L 4 | I R i
l | + |
By | emmrnmsTor |
4 SRR
5 TLRAH

50 ITHRFMMGTERD FEREE LTI THMREEENE ML, b 1 @Esy,
T4 K 1080 m, fr KHIE 91.7 m, M EFL 267.70 m, FFIEH 2K 263.50 m, FHEAN 3 4R AR+
16 193.50 m, Ry LA RANZIN BB THEAS, WA SR T R & 12 2 gy, b, 8T8 4
MR BRI FOMHE RS, WA R ) WA 32 2 B ) R 4 K AW L
PR 5E 15 7300 35° ML R4 B Ry 451, X IBE T K 18.0 m
#79.1 m, ARTE WO I 2 32 A 0T K £ F8 T A D35,
WSSO A I A BI3SD, FH ABAQUS 4 i ~7 1% 3%
BOBUE T B A BT R a1 5 R, L IUEE g BRI [ Dl WA
JE U W) L RS AR LS E IR, TR BT A X 120.0 my,
BAUALT 4705 AN F0 . 4912 450, b, WKL R4 1321
ANHRIG, 1397 45
52 HESHEIRME WM, SR
P72 2 B0 00 VA8 S R ) IR A% S TR R - i ) s A7 ] S M i o S 35% B R T
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EPER R, Hod, SR EE + 5 IR A ) 5 2 S5 L% 2 # 1 HEESH

B S /0N LG TR T BRI R R A L A, OAS SO A R B W p /(kgem™) WA .
PESE, Wk 1 PR, Uk 2350 0.167
TS TR ROR, HLEB /N B AR b 2 6 T T IR A a4 e 2580 0.202

PRI, FERT SRR M P T A E . o iy &

B, WNREEL | A RETIEROESE, AT AT UL e I ORI 6) Bl LA IROT R X A Ry, ST
DIR A M P ) , SO e o OIS R H S P S O T VA R R S AR X ], A A R
SR AT R R R DX (AR o T3 A — S S KB WA A R U TR, AR BE LU . PUR SR AR, Xk
SR AL R H AT fl A O X (1) = X, (0) @, (1), Horp X (0) R — W2 FR S8, @ (1) IR
o SHYIARME X, (0) BORIMARBAFFR ¢, 15 B L3R AR BRI 2 8, il oM BERLAS i o b A
SR, WSEIGERIER ENIRE O, JF R0 R B PR B A, T A R 2K T D o AR A 4
BORIE S A5 B 2 SR TE o MO L3R IFON 3 R A SO 2% FE A AN 5 1 2 B0 B K o A ik 2 i

265

3K A /m
[N
&

)
=
f=}

235

230 L
1999-3-1 2000-3-1 2001-3-1 2002-3-1 2003-3-1 2004-3-1 2005-3-1 2006-3-1 2007-3-1 2008-3-1 2009-3-1

I HIEE-A-H)
(a) SEMKAE

30

20

10

K/ C
o

2008-3-1 2009-3-1

-30
1999-3-1 2000-3-1 2001-3-1 2002-3-1 2003-3-1 2004-3-1 2005-3-1 2006-3-1 2007-3-1

I HEE-A - H)
(b) SR

IKF-AEFE fmm
s L
'_/'-/

 §
.
./I
.j'
.
g
I\..
(”’.‘/.
-H—-g.
—
~=
l—/‘./.
—m

%
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—
./\.\I\
-
./l/"f
|
\.\.\
-

-10+

-12 L
1999-3-1 2000-3-1 2001-3-1 2002-3-1 2003-3-1 2004-3-1 2005-3-1 2006-3-1 2007-3-1 2008-3-1 2009-3-1

I HIWEE-A-H)
(c) TEMAETE

Bl 6 FREGR 5KV AL S i ik
VR FITETE Jy 3001 (9 455 38 A — AN, DRHO 7 552 B8 r 4 280201 4 oK 3 0 052 300 LA 0L . Ol
W UEA ST I S AR, S TR TN IE W EOK AL T00, %08 A #oK IR Mg IR s, Ll
LT Je T g AT FEAE S AT
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®2 AHEESH

AR R ASHf s A 75 b R i ESH REZH

TR BE PRI B f,/MPa 1.2 0.2
TR L PR SR £, /MPa 17 3.5

Fifi L AE 1 ) @@D®
SA UL E | /MPa 1.28 0.12
FAPUERE £ /MPa 15.9 1.6
W T RS 0.95 0.2

A Bt AL A% o [IOl6);
WH AR ¢'/MPa 0.88 0.12
WENFE o 0.3 0.02
X [) 7 WA G E /GPa 0e) 18.84 0.82
AL R E /GPa 15.04 0.67

T D BEHUVE RN IR 0 A, BORAS 1t R B B 2) QRN ZE 2 iR @A, EA 5 MR @2 8K b SO#E /- 7
s OSHERT; ©F BENY; ©2F BRI,

53 ENGAEESN (R0 E T L0 E S INIRSCZ 2 r A EES B0, AT I AR X
BERE I 35" BHEAT ] SE ST

B, R BRKE R 2 P U AR IO IE S A A M BEHLAE B, XTIRA N(m, o) 43 A5 1)
BEHLAZ &, RAEZEEICN [ m-20, m+20 ], WX T XX E A [a, b] X E AR, KA Y
[a, b], SARMKKFEIIHN S, S5 £ 2 #iE S5 w HFEKFILE 3.

F3 ORWENES BN FOKF R
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Reliability analysis method of gravity dam based on probability—fuzzy—interval

hybrid model and improved branch and bound method

WEI Bowen', ZHANG Sheng', YUAN Dongyang’, XU Fugang'

(1. School of Infrastructure Engineering, Nanchang University, Nanchang 330031, China;
2. College of Water Conservancy and Hydropower Engineering, Hohai University, Nanjing 210098, China)

Abstract: Using the traditional probability model to evaluate the service safety of gravity dam needs to clarify the
probability distribution of parameters, and it is difficult to accurately measure the service reliability of gravity dams
based on the conclusions of non—probability interval model. Therefore, a reliability analysis method of gravity dam
based on probability fuzzy—interval—hybrid model and improved branch and bound method is proposed. Based on
the prototype, laboratory test results and safety monitoring data, combined with the parameter time—varying model
and interval inversion analysis method, a hybrid model for reliability analysis of gravity dam is established, which
comprehensively considers random variables, fuzzy variables and interval variables. Using the information entropy
method and Karush Kuhn Tucker (KKT) optimization condition decoupling the hybrid model, the reliability index
is calculated by the checking point method based on equivalent normalization method (JC method for short). The
traditional branch and bound method is improved to search the main failure modes, and the Ditlevsen narrow bound
method is used to calculate the system reliability, so as to comprehensively evaluate the overall service safety of the
gravity dam. Examples shows that the method can solve the reliability analysis of gravity dams with many uncertain
factors, and has a wide range of application. The calculation result is still a probability reliability index. On the
premise of conforming to the operation law of the gravity dam, it shows that the selected dam section has the possi-
bility of sliding instability, which is consistent with the actual service situation of the dam. In addition, the hybrid
model can be used for the reliability analysis of other structural projects after some improvement and expansion.

Keywords: gravity dam; hybrid model; failure mode; branch and bound method; system reliability
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(E#% 1475 7)
Characteristics and mechanism of inhomogeneous pore pressure of

core wall in super—high rockfill dam

ZOU Degao'?, JIANG Qiuting'*, LIU Jingmao'?, JIN Wei’, ZHU Xianwen’
(1. The State Key Laboratory of Coastal and Offshore Engineering, Dalian University of Technology, Dalian 116024, China;
2. School of Hydraulic Engineering, Dalian University of Technology, Dalian 116024, China;
3. Power China Chengdu Engineering Corporation Limited, Chengdu 610072, China)

Abstract: Monitoring data shows that the pore pressure of core wall exhibits a significant inhomogeneous distribu-
tion and the maximum is far greater than that of other projects during the construction period of Lianghekou super—
high core — wall rockfill dam. The phenomenon exceeds previous knowledge and arouses the concerns of
engineering community about the safety of the core wall of the dam. In this paper, the degree of saturation S is in-
troduced into generalized plastic constitutive model as an initial material parameter. To reflect the coupling effect
of pore pressure and S, a simplified and efficient fluid—solid coupling method under undrained conditions is estab-
lished and proved. According to the measured distribution rule of S, the 3D fluid-solid coupling analysis for Li-
anghekou dam shows that the inhomogeneous distribution of pore pressure is directly related to the randomness of
S. Meanwhile, the formation mechanism and influence of the high pore pressure are revealed. The results can
provide theoretical support and technology for safety assessment of core wall in super—high rockfill dams.

Keywords: super—high rockfill dam; core wall; pore pressure; construction period; elastoplasticity
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