20234 1 A
Baats LM

Journal of Zhengzhou University ( Engineering Science )

M K 2 (T %) Jan. 2023

Vol. 44 No. 1

X EHE.1671-6833(2023)01-0089-07

BTt RO IR RV B e R E XU R

FERH,AXE, N F, 8 O#

(1. EBIM R K FIRL 5 TR B B KB 450001 ;2. EBI R k24 b, W rE FRM 450002 ;3. & ] K IR} 4
WEFEBE VT RE FBIN 450003 ;4. AR 3 B 46 42 5708 2 B 9 TR B AR BF 55 op o0 30 /g A8 HH 450003 ;5. 4% 78 KR T

REEPAR BHCRAE B2 B, 4if 22 ALK KRR 2628 BX)

B OE AN REFNESASFNEA RS N A MR EEGR A RET A RA AR HR LB AT
02 AT E B kTR R A AT T B E R R SR MA S F AR A AR M RAL K D HE
B—s%, mARERARHK  KEL[0, U FE Moy, RARVARERFPRALABERERNAFTEELR , ELT
ANBEROETRAREREFNBAFKRR, TR AEFT AR AT HATNESTLEHEZITRETEAE4ANAHE
HARRERGLEFNT, EREAH MALETHRKNGHER  ERREETHRNEHE FRKTEILTILELY
BT PFREWER ;FAREFN ARG EESFNERBELE, R BB, AR EF£[0.912,0.941], R4 T
AMNAKE S RO R DEE, RGN ELT RN EZRALENELFNEI T LA ALY K, M EKHT
0.446 , EH 50 0 PKF RIeW R DFBRELTIM, FNERSFEMRE LR AFGITER -5,
XER: ARRE; REFM; TR, &b, ZAHKBH

FESES. TV8T5;X43 XHERFR ARG A

2 VR 8 10T B v KB O o AL BEL 2 od /K T T
KR — RS AR TR, BT B
VK FE PRI B B B, YT T8 3 O T T U/ | R S K R
I KA L Gl T a8k (< IR ) A A
e e st IE0) PN TR B TR 195, o vk K 1 3 3R B o
1,7 5 I N R A i e A S A T R
JRe s R A P

B X TR ), AT RCRSE BT Al R T R B B T
VERI A T Be 2z — MU VAN A 245 58 A 41 X1k
SR BB 36 15 it , B 8 0o O B AR B A, Beltaos' ' R
Fil o3 A 2ok BT 3k (DEM) | R R 8 U {EL O & A
B U5 R ) Hb g Ak T AR T vk € K XU ; Carriv-
ick 2N M T UK 4 20 N E KL A 1 348 IR
VRN 7K B8 B2 Rk, SR A X 9 4 00 H e AR
(4l 25 W E AT T OIE AR Wu SR B S
A0 SR I o o 3 A Rk ST T T T SR B UK &
WE KR 5 A VA B R O X 52 B 1991—
2010 4F B UK 9 KUK R A7 T WAl 3 Luo ' #2 1y T —Fh

I 5 B #7:2022-06-07; 1817 H #§ . 2022-08-24

ELWH BHRARBEELEEHIH (51879116,51979024 )

doi:10. 13705/j. issn. 1671-6833. 2022. 04. 011

SR R G PF N 7 0T N TR GM (1, 1)
BETRY A o 5 DAY AT T 52 T B K R O R
ZJE B e T AR T AR o b 5 AT RS A 4
B B PEAL 7k, X T S B[R] M X vk s K
AT T RS PEAY . IR WEIE ik SR AR AR Y
Bisd 1 Q& = T Y N A o 71 I NS B = £
&S L DNy E VNS S - A INE R Y iR
IR A S MR R

TE LA SRR B A FE Rl 0 2 AR TEAN b, R G
3 pR B BB 1% S W R 8 EL AT RO 1) fig ) AR T
R GRS th B IR ) 28 o AT Ah e (2 1) ) 72 B
2 [E) R AR TP, 5 PR 6 A 43 BC I A TG %
TE—E TR Lk e T 3 R 3R PR A 45 2R 7 AR Y
Wit AN VT Ok BRI K R G R B
BeE R R R e B E B I H —fe A ST
SR A5 R A S B R FH v R B 5 AT AR A SR BEE
FLoRL AR A B T RN . BHAT, R R A
PP I 68 3 T e TR O 3 KU 14T 40 BT I B 5 320

EE R A A (1961— ) 55 TR XM M RS2 iz, il W A U, 32 32 MSRIOR) 7 XURS: B ¢ 45 8 BR AT 5T

E-mail ; lizongkun@ zzu. edu. ¢n,

Sl AARST ZE, W X, AT, 4. T 0 5 AR PEAN 1 0 3 Tl o TR URS PN [ 0] BN R 222 4 ( To2% R ) , 2023,
44(1):89-95. (LI Z K, HU Y L, DENG Y, et al. The Yellow River ice flood disaster risk assessment based on im-

proved catastrophe theory evaluation method[ J . Journal of Zhengzhou university ( engineering science) ,2023,44(1) ;

89-95.)



90 PSP PN i 3 - S QRIS )

2023 4F

S BN AR VA 0 N BRI 4 A T 1 vk v it
K G ] AR HEAT T RIS, 3 A XU DA R 34 B
HT 0.9, KUR: e AR DX IR0 37 1t 50 v, T &5 2R
ANAE A NATTAR 3 DA B R /N E UL B 2 e DX 30X
r AR ST A 5 7 R R A, 4TI B R A R
ARPEA 5 R BT e TR R AT 225 P, I A
B N 58T S I8 9 =T SR BLM R Y 4 AR Oy
S FEAT BIE

1 REFMIERRENSE

1.1 RETMEMEE

AR i 3 4 BF K Rene Thom T
1972 SR AR S A RS E TR AU 28 R A2 20 ) vh il 4 i
FHSRAR T AR 5% AF 3% 22 i A8 b F e AE B2 R
JH 3 R OR8] 55 5878 R R ) AR G 0 i B AR
PEAT R 43, 38 5 TR A 58 FEBAT B AN S SR ARAE
XoF ) 45 €70 B S AU AT U A T DA Ot Sy 3 e B il
WS AR A S SR K A E S B it 72
RALRGE MY ARG 7 B, 58 A8 B R FAH N
I — A A I 1 TR,

1 LMERNRETER

Table 1 Several common catastrophe models

B EITTR IH— 1A
Pr& R % +ax x, =Ja
R RAR x +ax® +bx x":ﬁ,xb:3b

T B 2% A 5 3 2 3 4
MERRZE X +ax’ +bx" +ex x, =Na ,x,=b ,x, =\c
3

T UEE 27 0 C an® + b’ +ex” +dw x, =«/E,x,, =«/§,x(, =e Xy =3/3

1.2 REFMEEFE

TEARPEA ¥ AR AORS B0 RO FE AR AL, R
SE PRS2 45 8 b 22 D) 0 AR ek B W T W
DR 28 % D A0 205 5% 7 A 1 B2 i, F A 45 R T B % 0
Mo (RJRH T — 1A 20 AR R AR
PR A AE 25 5 PN A s e P O B 22 ) bE
AT R R RO LU M T 2 A 1 0 A
R,

N T v MR b Y R e R A 4R E e g
(78 450 K A v 9 25 5 TP (B AR 38 SRy 6 oz i1 EL AT )
R S B 2 A I 2 46 A SRR AL, A
T {6 75 46 0 £ 1 LA B R T L 5 B A
R MG R AT T L T H ML S AR T A 1 ) B 2
A M E S AR [0, 1] B8 10 47 X ], i
T LR 4 3 DA R R /N N A 5 2R 2 A ik
YU R R [ U A T of 5 A8 25 D O 1 RIS 2 46 B
SRR BT LG, IF X DLG bR A1 A5 L 25 ) i S
BOIEAT T oy M ae el 5 0 O 6 18 B A B e

GIBEK T 0 45 B Sk 3 A AR s S R OR A S
TR [ AR Ay T U A TR S A7 480 ) I O i R 1Y
PO 25 B A AR S A B, LA e

M4 LR B 58 0 LA S0t Jr ik 19 56 R ok
W Fh 5 AR PE AR (v € [0,0. 1],y fH 2058
WK xe[0. 1,10,y HEZEMKBIET 1) H—
SRR TEAT 1005 43, AR AR 2R Y Y 6 R G R
RGN B AR SR8 BE AR 4 R Xy iy B A
“Hpr e E SRR R T8 bR R JE B E, DL 20K
AR VR B A 22 38 K B R, 3 1 08 0 0 25 2R
e M E W, B X [R] — AP X & kA
(18 A5 R XoF 2 A8 F Ay 35 2 AT Bl iF | BE 1R OF #r 45 R L
A BEK O H B ot 7 kR A
BACHBRRKZ A SH 2 M S8, AkEL A S
F0 R ol Y 3 — AR AR, O Y BE O AR
YT, B DA Y R O i, T R A T I g B
4 3 BT, A g 3 ) 5% 728 D7 A 1k 7E 5 il B R 28 AR T
Prfd o & B L S oY B G B AR GX B AF Y
R

2 REIFMER

2.1 BMHEARTEMNENHTR

A 28 78 TF A 25 00 e PR T R, 24 IR 2 98 bR 1Y
SR AW «, W 5K R G0 AH N 5 58 2 SR
JBIEME y, W %, 5y, BIEAME, H (x,,y,) B2 1 #L
M =S HARBORE y = k — ae” WERMG AL
— L, W, R =SB R ARG« 5y
)6 ZR A 90 R FH A% 10 X6 5% A8 VA vk i A7 ele gk
MIRCR

BUHE AR PEN 1 FELBRANE .

(1) R PPN 48 BRI 28, B DFA X R 93 i 9
ZAFEbR I ERA A 3 ZB R S

(2) 3K = 2 B4 Il A A AL 1 e B, 0 i it
07 R RN BE I R AT W 3 A g, A OC 1Y TR IR
BT,

ST IRZE R SRR EE N « (i=1,2, -,
n,Hx, e[0,1]), 487 WMk R, bR
VTR A R G B RS R Ay, (i=
1,2, ,n, H y, € [0,1]) R =248 BOW ih £
KiE x5y KRR, (1) PR

y=k-ae" 0<x<10<y<1, (1)

Mk mlEr Ry, &h4 3 M HREIRENSE I .
kafb, Hp kMY xifam T+ B,y Frigik s
B RAB o HH 288 PR U6 B R PR PN A S | )



513

ZROR I A L T A RS T I B T 8 YRR IR VT 91

IE T F 1 BRTF 1o Kl 2k [0 03 R 250 5 A8
ey =In(k —y) ,a’ =Ina fb 21 T 0 5RO TE
=, (2) BT .
y' =a' + b, (2)
b T SR PREE MERHLAS Rk AOMETHE, % IR
i 28 B AR AR AR R B AT LA 3 AN HEAY 25 (20,00 )
(%, 5Y0) (e, ,y VIRAR(2) SR AFAT 21 7 R4
W25 o Ao, BIATSR I | RO A, A8 24 HE k.
A kBT 2 5, B AT R AR R LR A

Mok o FO BRI S 1, = o (3 x) /i,

n n ) n n
L= 27 =(29) /nly, = Y ayl- (X)) -
i1 =1 i1 =1

(X ) /n, AT LUIEEI b=1 /1, 4 =y -bx,a=
=1

e’ o MRAGEF TR, = (3) FiR .
Y =a + ba, (3)
X R & [m] 05 A Y AT B MR AR B A T
FIERB R IS RE, R A%
I, UL LA R A, R IR X (4)

s

Y (y-9)°
Y (-9t
BRI koo M6 BUATFEAR A (1), BD
AR 5, KPR EA ALY (y - 9)7, i

Wit R = VR, 1B EEAKT a=0.01 F 47
Rrgh , X R RMGE R, & R=
Rio ot o s WAL B ZEW, ¥y =In(k -y),
a' =lna fRAK(3), /T3 EHEE N (5) Fin .
y=h-ae"0<x<10<y<l, (5)

(3) 4 W B2 AR PEAN i, d8 FE — 2 kA7
WITE R R PR LA T E

(4) FFH = 2 5048 Bl 3B R K 4 0 25 5 1F
M AR AT B B4 [0 09 o8 250 ok HL A, 45 31 00 4% 5
(0 255 PF A (B 1 S et 8, 3 1 AR 9l = e 500 43 19 1F
i 48 900 7 BIF 58 % 52 T B 2 )
2.2 =SHIEHEERANSEMERIE

R T UE 5 = 2 B ] A A g 5% AR T
Wi (0 A B B OR | DL Bl 2005 AR LR
AR IEA > B 1) 0K 1L K il T 56 B KU
PEA B 2) VR B AT B IE , ST R O A
FEHAE S ok | SCEk[ 12] SCEk[ 10]

DO R I 11022 B 7 Yl iy i s N B
6 5 mT A A R 1 o KN =X (6) TR

R =1 (4)

y =1.047 4 - 0.385 6 77",
0sx<s1,0sy<1, (6)
TR E R R = 0.997 $23T 1, F W £
mF 5 A R4, H R=0.999>R 4 = 0. 765,
PR S BB A [ DA R W Y
XF T 2, A B R O A B = 25
TR ALY B pR B 50 (7) FoR
y =1.009 2 - 0. 194 2¢ %
0sx<s1,0=sy=<I, (7)
A R R =0. 965 #2301, % W il £& 1]
T EA REF, B R=0.982 > R, ., = 0.641,
PR I BECA [ DRSS R B 5 Y
AR SR AT 19 (51 00 R KR, 20 531 3 5 et 1) 9
MR, AN 2 K 3 B, o AT A SR A, FH =
Z R Bl AR 3 5 A SO (E, A RS R L
A4 /N HE PP — 2, T EL A 22 WY 2 9O B ) 1 o 22
F 0. 102 3% 0. 367, 4K T 2. 60 % 4 2 A
#ZH 0.033 Hhn %] 0.319, 9" KT 8.67 f5, BIEAE
[0, 1] b i 43 A 5 & 31, B T 1 43 B KO
PRI, SR FH A8 R0 6T 5 78 DA 32 A ek i O 5 3 ]
1719,
F2 EO1MERTIENEITELERITEE
Table 2 Comparison of calculation results in example 1
WH G K% WEL BN R 2N
WHIME 0.853 0.875 0.903 0.926 0.93 0. 955
ME(E 0.338 0.397 0.485 0.57 0.587 0.705

R3I HOA2HHARTIEFMEITELERETLL

Table 3 Comparison of calculation results in example 2
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Figure 1 Risk evaluation index system of ice disaster
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Table 4 Dimensionless conversion value of the indicator
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Table 5 Comparison of calculation results
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Abstract; Considering the problem that the comprehensive evaluation value of the catastrophe theory evaluation
method was too high and the evaluation values were relatively close, an improved method for regression analysis u-
sing a three-parameter exponential curve was proposed and verified by two examples. Not only the calculated im-
proved evaluation value and the conventional evaluation value were the same in size order, but also the range was
significantly increased, and the distribution of the data on [0,1] was more scattered. Considering the natural and
social attributes of the Yellow River ice flood disaster, established a four-level risk evaluation index system was es-
tablished , and the improved method was applied to the ice flood disaster risk assessment of 4 counties on both sides
of the Yellow River from Toudaoguai to Wanjiazhai in Inner Mongolia. The results showed that Pianguan County was
in a very low-risk area; Zhungeer Banner was in a high-risk area; Qingshuihe County and Tuoketuo County were in
the medium-risk area. The comprehensive evaluation values obtained by the conventional catastrophe theory evalua-
tion method were very close, except for Pianguan, the rest are concentrated in the interval [ 0. 912, 0. 941 ], which
was not conducive to intuitively and effectively distinguishing the degree of risk. The improved method could effec-
tively expand the distribution range of the adjusted comprehensive evaluation value, and the range reached 0. 446,
which had a higher level of resolution, and the level of risk was more comparable. The evaluation results were basi-
cally consistent with the analysis of actual ice conditions in various regions.

Keywords: ice flood disaster; risk evaluation; catastrophe theory; improvement; three-parameter exponent
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Abstract: To provide a reference for manual cutter inspection in shield tunneling, in this study the wear of disc
cutters was simplified as a multivariate nonlinear regression problem, and constructs a data analysis framework was
constructed to predict the cutter wear quantitatively by combining the effect of three kinds of factors, which were
machinery, geology and management. The shield tunnel section from Panyu Square Station to Nancun Wanbo Sta-
tion of Guangzhou Metro Line 18 was taken as the engineering background, 4 parameters were selected and 2 386
labeled data derived from 34 face cutters and 81 manual inspections were obtained. The training of BPNN was ex-
pedited by using the LM algorithm and SMBO method, which fully exploitd the regression ability of the neural net-
work. The prediction got coefficients of determination (R*) over 0. 86 for 83. 3% of the test samples, and the accu-
racy was greatly improved compared with the reference formula used for data labeling. It showed that the model
trained by this method had higher accuracy in the prediction of disc cutter wear.

Keywords: shield tunnel; disc cutter wear; improved BP neural network; optimization algorithm



