FA2E HE1IM AR AR K ZZER (B AB2EHO Vol. 42 No. 11
2014 4 11 A Journal of Northwest A&F University(Nat. Sci. Ed.) Nov. 2014

% 2% H4 BB R 0 2014-10-16 13:21 DOI:10. 13207 /j. cnki. jnwafu. 2014, 11. 078
% 26 W3 B ik < http: //www. enki. net/kems/doi/10. 13207 /5. enki. jnwafu. 2014, 11, 078. html

R K ERRFEINE 77 RRRAR

1.2.3 3+ 4 4 Mg b b 1 21
71% %'E a/l’fgi 9%[352)& 7% ’ﬁﬂ; ’ 7

(1 PHZH TR RFKE 2R BV PE2 71004852 B P4 vE b 5 X AUK A TRE TR 25 S0 0 %8, B o 648 7100438;

3 KRS KO TR Rl R R SR 2, Wk BRI 43007254 [ H R U T 4N ] A R s, PO I] SR 1l 614900)

L ZEI  CHMY X Ym0 R K 2R IR F i 77 58 00 3% 030 77 726 i il 2k RO 2 L 32 10 0 1 X AT 8 GRA 2
%5 AHP-Entropy 3% W& -G WA BRI 5 205 7 i . DO ik 2% o SR 45 5 B B0 A o 2 o L >R IXC ] 4
FIRPLRAE D A5G GRA PR I7 5, SR 45 25 5 J7 28 0 BAR B 0 O 52 5 I A dse O O 28 A9 (B O Ik R 800 3l i 8 5T e
ARG ) 2 B PAR R i AR L 7 R E5 6 RIK R EG 456 AHP EWIKALS Entropy %5 WAL J5 ¥ X % )&
PEFE AR HEAT IRAS % 32 % 00 AN 0 A 7 AR 6 dne /NP P AR AR L A5 S U 5 A AR 3R T SR i 4% 8 A 00 AN 25 A DG Bk
BE LI 4% £ 8 77 SR AT HE P 3R, I 5 Se PR B B0 E R SR T ik i S B . KSR i sr T T X R4 GRA sk
1 AHP-Entropy 3 2 W25 WA (04 99 6 7K P2 5% 65 fin [ 7 58 0 R 6 S Ik B L e e S T e o SR H IR W i O A 4K
b A 2 88 A 2R A Iz o ] Ty 58 A0 S i Ji 1 Sy IXC T B R K 8 22 J Ak R 3R e AHP-Entropy 32 % WL 45 4 WA [A) 7
(456 Frigdt iy 5k T X M40 GRA 5 AHP-Entropy 32 % W25 G WAL /4 BR B bn 8 07 Rk Sk vk B — e i A 3 M: . R
K P I 6 fin [ 7 B R SR T — SR A R AR .

[T WIS KPR BB 5 75 2 3% < X (8] 80 GRA; AHP-Entropy £% & U

[(hESES] TV698.2 [X#trER] A [xZHS] 1671-9387(2014)11-0213-07

Deciding reinforcement scheme for dangerous dam

YANG Jie"??*,JTIANG De-jun' ,ZHENG Cheng-cheng',QIAO Bei' , WANG Liang'

(1 Institute of Water Resources and Hydro-electric Engineering , Xi’an University of Technology ,Xi’an,Shaanxi 710048,China;
2 State Key Laboratory of Eco-Hydraulic Engineering in Shaanxi , Xi’an,Shaanxi 710048, China;
3 State Key Laboratory of Water Resources and Hydropower Engineering Science sWuhan s Hubei 430072, China;
4 Reservoir & Dam Management Center ,Guodian Dadu River CO. LTD, Leshan,Sichuan 614900, China)

Abstract; [Objective] This study proposed a dam reinforcement scheme decision-making method based
on interval numbers GRA decision-making and AHP-Entropy subjective and objective comprehensive
weight to overcome the absence and insufficient of dam reinforcement program optimal selection theory.
[Method] This method considered the fuzzy uncertainty of the decision-making information, used interval
numbers to express the decision-making information, and combined the GRA decision-making method to
solve the gray correlation coefficient between various alternatives and ideal optimal and critical optimal pro-
grams. It solved the comprehensive correlation coefficient considering ideal optimal and critical optimal pro-
grams by establishing an optimization model. AHP subjective weight and Entropy objective weight method
were used to empower each attribute index and established a minimum relative entropy optimization model

to figure out the subjective and objective comprehensive weight. These alternatives were prioritized and the
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rationality of the decision-making method was verified by practical example. [Result) Grey correlation de-

gree optimization decision-making method for reinforcement scheme of dangerous dam was established

based on interval numbers GRA decision-making and AHP-Entropy subjective and objective comprehensive

weight. Results show that this method effectively solved the interval numbers of grey multi-criteria deci-

sion-making and decided comprehensive weights of AHP-Entropy. [Conclusion) The established dangerous

dam reinforcement scheme decision-making method based on interval number GRA and AHP-Entropy com-

prehensive weight was valid and practical.

Key words: dangerous reservoir;dam reinforcement;scheme optimization;interval number GRA ; AHP-

Entropy comprehensive weight
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Table 1 AHP judgement matrix of each attribute of

dangerous dam reinforcement scheme
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Table 2 Values and meanings of 1—9 scaling method
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Table 4 Decision-making matrix table A of a reservoir reinforcement alternative scheme
Scjliie G/t Cy /5 C;/d Ci/45 Cs /4y Cs /43
Al 190. 3 [75.85] 105 [77.86] [68.73] [60,65]
A, 208.5 [78.86] 125 [62.74] [84.,91] [63.67]
Aj 189. 7 [58,65] 91 [72,81] [77.85] [73,78]
Ay 198.9 [73,81] 110 [59,67] [69,75] [57,63]
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Note: The attribute values in [, ] are interval grey number. The table 5 is the same.
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Table 5 Standardized decision-making matrix table R of a reservoir reinforcement alternative scheme
RS . . . . . N
Seheme C C, Cs C, Cs Cs
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Ay 0.49 [0.46,0.57] 0.48 [0.50,0.64] [0.42,0.50] [0.42,0.50]
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Table 6 Comparison of decision-making results of the traditional comprehensive correlative degree method and

the subjective and objective comprehensive weight method

7 ) HEF 45 3 Sequencing 7 & HEFF 45 5 Sequencing
0.3 As >N >A > Ay 0.3 As>A>A=A,
0.3 0.5 Az >Ny >A=A 0.5 0.5 A=A >A>A
0.7 A:;>A2>A,1:A1 0.7 A3>A1:A2>A1
na. 2011 statistic bulletin on China water activities [ M |. Bei-
Lo B
A TE jing:China Water & Power Press,2012. (in Chinese)

HEFX % GRA 5 AHP-Entropy F & W 4%
B TRASL 1) 83 Sz o 4] 7 58 TR 5K 7 1 38 40 7% T K R
LI 5 0 [ 7 58 U SR 1) 52 2 DA R e 3R R L4k 1Y)
R ] 8L, 4% 354% G 10 0 o A D SR A5 B R T ik
K FH X ) B 3 A6 8 MU SR 5 8 45 B IR B e 3R
T3 ¥ BT B R B T XA B K (2R ORI B
PSR E T vk o TR B X 3 WAL TE 52 N Sk (R 3R 5 1)
M ELRE K AHP 32 WAL J7 45 5 Entropy % W i
K7 A S5 o K AR X e /N AR AT A5 T 2
T AHP-Entropy F% W25 G WAL 8 7y . i
SRS 95 1 K R 4 DX ) BRI £, 22 T TR SR 1k DA
K AHP-Entropy % W 25 & WAL B F K K
IUIGE o i [ 5 28 pe 3 v i B L TR B L R v UK
J2E DR SUL 183 6 o [l 7 5 ke SR B AR 2 P s Sl 2K I IR
W6 T 361 5 8 e SR 3 2 A2 4k 1) AN I S 1 e R ) 1) i
TR AL T A R

(&% sk ]
[1] o R LA A R 9. 2011 45 4K R % e it R M.
b5 <o KK R R L2012,

Ministry of Water Resources of the People’s Republic of Chi-

(2] BR . INKIAE B SRk W A8 D24 45 A /s T 20995 188 7K

FE % 6 B T /8 LEB/OL]. (2011-04-12) [2013-07-20]. ht-
tp://www. mwr. gov. cn/slzx/slyw/201104 /1201104122584 32.
html.
Chen L. Make every effort, strengthening building and manage-
ment responsibility,try our best to do the reinforcement work
of the small reservoir type II[ EB/OLJ. (2011-04-12)[2013-07-
20]. http://www. mwr. gov. cn/slzx/slyw/201104/t20110412
258432. html. (in Chinese)

(3] Bhuk ot . AR4R A 5K T RE. ML B2 R B Y 2 BRI D 3R 7 ik

(I 1R K22 e B ARRL A2, 2008, 25(3) 1 15-17.
Chen Y G, Zou Y S, Zhang K N. Multi-objectives fuzzy deci-
sion-making method for dam foundation seepage control engi-
neering [ J]. Journal of Hunan University: Natural Sciences E-
dition,2008,25(3) :15-17. (in Chinese)

(4] syt skmp .ok M. 4. 36T AHP-TOPSIS (/) 87K R Bk

W A HE R O [T, 3 M R 2 2 4. 1SR B2 i, 2009,
12(1).71-75.
Cai S H,Zhang Z Y, Zhang P, et al. Priority decision model of
small reservoirs reinforcing project based on AHP-TOPSIS
[J]. Journal of Yangzhou University: Natural Science Edition,
2009,12(1):71-75. (in Chinese)

(5] J™AH3C, BRI A , 2 2 ). 7K 42 B B0 A 61 52 A 7 58 G IR 23 0 5 e
% LT v EUK R K B RR 24 01 5% B 24 41 . 2012,10(2) : 153-159.
Yan Z W,Wei Y Q.,Li W C. Correlation analysis and decision-



11 Mo 24 O IR K P R IS [ 7 SR U BT 5 219

making of reinforcement alternatives for dangerous reservoir (117 a4, 22 08 it 6 BE. I 25 ke 52 0 Pk 245 255 A 31 v 19 AL
[J]. Journal of China Institute of Water Resources and Hydro- A [T, RDUKR M T2 R, 2001,34(3) 1 13-17.
power Research,2012,10(2) :153-159. (in Chinese) He J P,Li Z Z,Shi Y Q. Weight question about comprehensive
[6] Wei G W. Grey relational analysis model for dynamic hybrid evaluating dam safety monitoring behavior [ J]. Engineering
multiple decision making [ J]. Knowledge-Based Systems., Journal of Wuhan University, 2001, 34 (3):13-17. (in Chi-
2011,24.672-679. nese)
[7] #fdfe, mEpE A 6%, B TE BIE R F 0 245 b5 X i) (121 JA <, BRUL 2. T HH X 05 09 2 I8 1 D 5K 4 & AL O ik
TR A [T ], 4545 D3, 2012, 27(2) : 182-186. (). i8 % 5% M ,2006,15(5) :48-53.
Yang B H,Fang Z G,Zhou W, et al. Incidence decision model of Zhou Y F,Wei F J. Combination weighting approach in multi-
multi-attribute interval grey number based on information re- ple attribute decision making based on relative entropy [J].
duction operator [J]. Control and Decision, 2012,27(2) ;182- Operations Research and Management Science, 2006, 15(5) ;
186. (in Chinese) 48-53. (in Chinese)
[8] Pophali G R.Chelani A B,Dhodapkar R S. Optimal selection of [13] B 8. BRZE A Ak L. X [a] % 22 J 1 ke 5K B AR 6T 05 e
full scale tannery effluent treatment alternative using integrat- [J]. 24 T.#.2010,28(8) :70-74.
ed AHP and GRA approach []]. Expert Systems with Applica- Zhao M,Qiu W H, He D Y. Compositor method of relative en-
tions,2011,38:10889-10895. tropy for interval multi-attribute decision-making [ J]. Sys-
[9] Tang X J,Cheng J. A dynamic interval decision-making method tems Engineering,2010,28(8) :70-74. (in Chinese)
based on GRA [J]. Physics Procedia,2012,24:2017-2025. [14] &4 R R B—g, % 0 Kok ¥ I8 4 BE AR A 5/
[10] 3k T, % KB, E KM, 5. — Fh IR 4 5C 06 B 19 0t 7 % ARG 77 1 [T, K J1 ko %4, 2007, 26 (1) £ 28-32.
(I, K 554 H , 2012,37(1) :121-124. Jin J L,Cheng ] L, Wei Y M,et al. Minimum relative informa-
Zhang L.,Chang T Q,Wang Q S,et al. An improvement meth- tion entropy method for determining weights of region water
od of grey incidence degree mode [J]. Fire Control & Com- resources allocation [J]. Journal of Hydroelectric Engineer-
mand Control,2012,37(1) :121-124. (in Chinese) ing,2007,26(1) :28-32. (in Chinese)

AT 2015 (R ER W R = )dh AR

L Ol B 22 b B SRR R AOE R A  h EAO B A B S T R e S W S A AR T R R R
Ml FE T2 AR SE R 2B ROE S SR VTR . ARG B - RO BRI - o> Tt AE s BEAE R - A AL -
PNV A5 BB A LY RS s LA « PRFEME « R A IR 25 W« PREE - T E M - BE - RERRFEE.
BeE X4k B WAL BB ) R & B R B SE AR .

Cri E AP B 24 ) b SCRR A T 520 B L SR S RO T 4k 241 4 AR OL BB T BT B s AT ALk . b kA
B 1992 —2011 £ 2% 6 Yg 8 AR .O W1 T A JE (P SO O W R B S R G R0 M R E 2. 1999 —
2008.,2013— 2014 4E 3" E 4 A ARBE 2 5L & T mi# AR M P& WU & 7 ¥E B . 1999 4481 Jm B K 1%, 2003,2005 4F 4K “ 46
R E R R R AR 44752002 — 2013 AR SR 11 g E RN HOR(E B IR T\ A oh BN 2 AR )RR S5 2009
AR A T O 22/ v [ R RRRL 24 AT S B v I 60 4R S M g 9 TV FR 55 2010,2018 AE SR RS L = S IRBUR %
HATI4R 44 27,2013 4FJJH M) 1 R BB B SR BB TV FR 455 2012, 2013 4F 4R 5 A8 KA B A5 4592012, 2013 i [ d5 B
BR & 73 2 AR RS

CELOE R DR SCRR 16 .50 1,16 H AR, B NAMAFFLAT . #1208 TT. & M 49. 50 Jo., £4FE i 1 188. 00 JT.
NGt — 3% 22 ) 5 : CN11-1328/S, [F Brbr i % 22 L5 : ISSN 0578-1752, if & 445 :2-138, F 4MR 5 : BM43,,

A E AL Bl 22 ) E SRR (Agricultural Sciences in China , ASA), 2002 4EG1 F], A F]. 2012 4E T 4 R (RO Bl 222 )
(Journal of Integrative Agriculture ,JIA), 2006 4F 1 A it 5 E R E 4 R4 F Elsevier 54 . & CEIEALE ScienceDirect %6
I ) R AT . 2009 AFE Bk SCI %, 2013 4F JIA 52 K24 0. 625,

JIA K 16 7,4 7 20 H . B NAMAFF AT, B4 180 TT, E N ITH 80. 00 JT . & 4F 960. 00 Jo. F WML — L MY
5 :CN 10-1039/S, [ B bR #E 1% 22 th MY 5 - ISSN 2095-3119, 8 & £ 45 . 2-851, [F 4ME 5. 1591M. (+f Rl k2 ) b L35 S0l
40T 50 AoF 4 [ 2% Ml S SRy 1T A T e G S R T T

MR % - 100081 s ik - Ab 5T v OCAS B R AT 12 5 (o [ AR Ml B2 ) G 5 340

L 35:010-82109808,82106281,82105098 ;4% H.:010-82106247

® ik : www. ChinaAgriSci. com; E-mail : zgnykx(@ caas. cn

PR AR EE



