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Evaluation of interchange schemes by multi-levels grey system theory
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Abstract: When comprehensively evaluating interchange plans, the evaluation system has those
charateristics of multi-targets and multi-layers. According to those features, the multi-levels grey
system 1s applied to the evaluation system to select the most superior sheme from the comparable
plans. The level analysis method is combined with grey system theory to decide the relative right
weight of every indices in the evaluating system. The synthetical grey related degree of every
plans is calculated with grey related analysis method. The biggest one is the best plan. A project
example shows that this method is easy and feasible and has a good accordance with the reality.

4 tabs, 6 refs.

Key words: road engineering; interchange; multi-level grey system theory; grey related degree;

right weight

0 8 = . EZEBRRRF . FRREMELERY,.H
HHRBERL AHEREZEAAENL, DA H

METREEHHR-NZER.ZERRHE RIEAARERABREHEE. ¥ T EHBRR
KOWTER, BB RN TRENE MHLSMAESE WEE, BATE NN EEEHANTERSERIITE
EEEERNEAANMAMBLE, UESRBRERLNT AEEEMEYY, ACRAKAHEBE ST F

l&ﬂ } - 2005-04-20
&M/ .4 (1961-), 5, B FEAL R A BB, B LR A.



46 KEZXFFROARFFR) 2006 &
K28 . S8 AN ZRTE . B#EELERIK EHEPARBERKE. FEEBRERALURHEARE
BB RN A, FERTIAN A F T RELH ERPUTRIERERZENRBE.
1.3 EHESREREENBE
A \ . )
1 ARBERIERSFTURNBE TFHEHTFEERIES) MRANEE, A

1.1 EESERWE

BHAIXTRFEESBNERTANIE. F—FF
A ERE ARBLRTR:H R RENZ,
TAHERARGEIMTRERTXAEE T N TERERAR,
BIE=FGERRE) . AR 1. BERESHEREN
PR R R BHES . B LB RE S
{T:(k)} = {T:(1),T,;(2)y+,T;(m)}

i =1,2,3,%,m (1)

X1 TXHRERERR

57 2

W%gﬁ Dl !fﬁ]\%\ﬁ Dz !ﬁﬂﬂﬂ.lﬁ‘l D3 s
ﬁ%ﬁg D4 ak‘?ﬁfﬁfﬁﬁ DS !%égﬁ Dﬁ

Epﬂfﬁﬂﬁ D? !%fhtﬂ*ﬂﬁ DS 9%k@*ﬂ
& Dy

WY B Do, MAAKE Z4YE D, i T M
%ﬂ?ﬁ*f-ﬁ US E‘Hﬁ Dlz !ﬁ%f@ﬁﬁﬁﬁ D]S ' llkﬁzl_:—.ﬁ
B Dy

BaE | #ENE

21745 Uy

JIesa b U

£
— Iﬁﬁm D]S!Wgﬁlﬁ[ﬁ$ Dlﬁ !ﬁﬁlﬁ“&
%i SO U | 4 Dy, 328 A b Dus o 5 BB Do

MiE K Dy, BSEEAR Da . TR KK
&*%$ﬁi US D22 !EF'HH&EEﬁ DZS!%HHQEE:% D24 !ﬁ_
E 3 XK Dss

FUWRYE D, SRERVE hEME R
D7, ¥R Bt i1 B 195 B Dos

SNEEH X GHNRBRE Dy, SRR N
Dy

HFERA Us

= Ur

= (D R F Jﬁiﬂﬂ?‘ﬂﬁﬁﬁéﬂﬂﬁﬁﬁ,
) 4 [ 36 A B (m) | R B BB 17 8B /1 (veh/h)
BE# (7J0) 7R E] (h) ; ﬁﬁ?ﬁw?“h%iﬁﬁéﬂ
B, BEXT X 6 0 B R TEM e AR HE AT B AL . %E?BE@
RAReEEEHF . NIERBAEBKERE DL MFAITE
WA ERBEAGCHE, HR—RAEEEIEY AL
Z B EESRETESIVBLETRFRN 0 51
(B 2Z) B — &k, AT K HixB s in M B 4L
H., MESANREMBUET LET —E NS TR
FZEHEES KRB ITEFEIRE & TR, I8
A il 2 E I E RN AT RIE & IR 8 ).
1.2 BEFERE

WE2EFRNRENR, Mﬁé‘#ﬁﬂﬁmiﬁd
BAEE AR, Z1TTRTIERE W B KT , BEHE S
B, 2534 B ARTER %ﬁ#&r%ﬂ#ﬁﬁﬁ%ﬁ
By, eNESHRBEEREARE BRERXBRE

CMERATF AL EERE.

B EPREE O~ OXRER, IVFEFRIRE
BXR, FEENRBEED, PEIREFERS (E B

Z.— k. B9 WHENMNKRBEESE S N 3,
0- 4:5 90.6 90. 75 50.9):: |

2 MERARMIE

2.1 EEEFRBANNERYERENLIRE

2. 1. 1 #EFmi*

BRAWEHEEEMIERLNE -BEREE
?B‘J*ﬁﬁti%# %tﬁﬂ%’nﬁﬂ"ﬁ#ﬂﬁsﬁ BAEFT = B
HEERX. AT REKeaS TP . BENEMEZ
a %—A-*ﬁfa¥%?5$T W BT ABXT R
WG, BEEIRF M LR, F X LR G R
1~9 zmmﬂméiﬁﬁﬁfﬁﬂﬂm 1 FR—

MREEMA—-TEBERIFEE;3 BErx—THiRL
H—PHHEE;S BR—TEARES -1 H
BEE;"ER—THEEHEAs —-THBHEEFEE;?
ER—NEREEE - M ER R EZE T 2 .4.6.8

(1) & 3 W 9 bL 3 ) I, 15 21 4 i 26 B L T )
T.=1; T, >0; T, =1/ T,
2) HEHABMEEFSITTENR T, T.=
IIT,. -
(DHE T.Hn RFEB.L=T..
(WHREE B P=1p:B 80T (THEE
4 ) |
YEId— 4 ib 38,18 a;y @, =8/ 3B, BIRFFRAY
FIMr B RS IE M B, LT’ a1 0az2 0y ans 735
Zi N 2 & B R A XU
(B2, B 240 e o B B ARR AIE 1) B2 18 Y AU AE T ALER
ERE—E WA, AR E T4 HEH , Fr LUk

TFHO-1BEEH#AT —BHERUSEZANK
EHME,
(DBBETE-NO0O-1EET, T=(T,),
ﬁ::l
1 t; =1
T . =
0 ti << 1

2) HEEM B ¥ F SR URF EFENTR
W, MBRT T <T ,NTEBEEHW—3H,
BENFIMAESHE, IERE.




4 M

#ORE,F . IAKRRXLFTENY S ERKREZE LT 47

2. 1. 2 BEH/BFMRENGHZ
(DE—-RTESEH U, U, U, .U, U; U,

MU M ERE N a . az\ as.au\ asasfl ar,

RK2ELWHILEENFR 3, UK MBS AR X

TENE,ZEFZIFREESLE BT 8% 5 H b
T, W3 3,
®2 AAHLBRAANER
ot | v U, U,
of i T, Ti,
U, Tn T2z T3,
U, T T T

£3 REFRTHRERANERE

T U] Uz U3 U4 Us Us U? T,' ﬁ; a;

Uy |1.0]1.0([2.50]1.0(2.0]2.0| 2.0 [20.000|1.534|0. 204

Uz | 1.0[1.0(2.50| 1.0 | 2.0 |2.0|2.0{20.000|1.534 |0. 204

Us|[0.4(0.4]1.00[0.4[0.8]0.8]0.8]0.0328(0.6140,082

Ug|1.011.0(2.50}1.0(2.0]2.0|2.0}20.000]|1.534|0. 204

Us|0.5[0.5]1.25{0.5]1.0]1.0|1,0(0.156 |0.767|0.102

Us|0.5]0.51.25/0.5]1.0|1.0({1.0|0.156 |0. 767 (0. 102

Ur[0.5[0.5(2.25({0.5|1.011.0|1.0]0.156 |0.767|0.102

— R BIETE—-TO0-1EHET

1 1 1 11 11

1 1 1 1 1 1 1

0 00 0 0 0 O
T=1/1 11111 1
0o 01 01 1 1

0 01 01 1 1

0 01 01 1 1

1 11 1 1 1 1

1 1 1 1 1 1 1

0 01 0 0 0 O
T-T={1 11 1 1 1 1
0 01 01 1 1

0 01 0 1 1 1

0 0 0 1 1 1

HIWr RA 3, RH S
A It "‘J"?&J?\yJﬁBT“’bﬁ\%f:?"ﬁh 2 Bt 18
PR B TE T L FP IR AR AL S 5 4R AT SR AR B A AR X
B RE (a1ryazyassagsassasyar) = (0. 204,
0.204,0.082,0. 204,0,102,0.102,0.102),

FAETREEE ZES T BRRHENNERLK.

JFHXT?“JFTFZ U, Rk, K TH 6 11810, M3
AR R a'sas,nad MR 2ESARLE, LIE
2 B 5 R 3R DU B ST AR AR L AR R BB Sr 3R 4
4 IR TR P S A R

Ui | D1 | Dy | D3 | Dy | Ds Dy T;

lbemall

7
ﬁf a i

D, 11.0(2.0{2.02.0| 2 | 1.250 | 10.25 | 1,474 | 0. 181

D, 0.511.0(1.011.0( 1 10.625 | 5.125 1,313 | 0.162

D; 10.5(1.0)1.0|1.0[ 1 |0.625 5,125 1.313 | 0.162

Dy [0.5]1.0(1.0]1.0( 1 }0.625 ] 5.125 | 1,313 | 0.162

Ds 10.5(1.0]1.0]1.0| 1 |0.625|5.125 | 1.313 ] 0.162

D¢ 10.8(1.6|1.611.6; 1 | 1.000 | 7.600 | 1.402 | 0.171

A EE BN IERE U, ~U, TH&HEIRME
XTI R

2.2 iﬁﬁﬁ&%*ﬁﬁﬁ

2. 2. 1 F_BABAEARELBESHN

(DN GTREZRERBARRFII AT ELAHE.
VT RIFINU. () , ZEFH| U, (o) (ZFFF
ATHARAREPE-HEZENBRMEEL.

- U
E]ﬁ’ﬂﬁfﬂ: oz, (k) = U. (o)
ﬁth:k — 1!2!"'!n!%ﬁ<ﬁ$ 1!'”1%%” 0 %7"_{\‘

é%ﬁ%!z — 1!2!"'9309%%%:;% 1923‘“,30
HZE.
(2) K REREE A B 26 MR IR R BK BE 43 B

h 2% F3|, KX SR PO ;I &, B —FF)

x; (k) = (x;(1) ,x;(2) 422
:T:k:l:[:l =i=O,u-.’m;k:1,--- ,neNo
HIKKEKEREAN

_ . dmin+§-/-lmax
ﬁtj: 1 s O,---

,m(m - 30);k — ]-9'"!nij c 1
o (R RASZERFI ,x, () H— I EZ LB FF.
Ao;'(k)=| |Io (k) —x; (k) | | : xo (R) Fl z; (k) Z

11«'{‘(?’1) )

) 22 19 48 X {H (AR : Norm) ,
__ min * min o
Amin VjGinIIIO(k) z; (k) ||
__ max ¢ max .
B = TEELTEX || 2, () — 2,8 ||

15

ﬁ“jzgﬁﬁﬁﬁﬁst < [091](—)?&@ = 0.9), 3

RIBRREKREE I KREKREITE R
Ry = Wiyl (k)

AP :FAF—-BEER,F=1,-




48 KEXFFROARMNFIR 2006 4
P 3 B A EE B YA —F NS REASZEWEPR.

(1) yF(2) ¥ (k)- Q)BT R—BRASEWRE RN REEYA
o Lf s onnaf]| TP D k)| BLAXHEERAS BT R P HRRERERLE
o = Lot o, sar ] ; HRBHTTR, DA ER ML,

yF(l) y-F(2> yi () WDHERBTRESHE TGS LB E A B

HF=1K,FHENEF -BHRETRKX
KE.HF = 2,3,4,5,6,7 By, A HBHE TR
75 6 DNMEARRI KRR .
2. 2. 2 BARBAEXBENITH
FAMBRHETEAMSR, TR HE —JZHBH
R RL R BR R 2, R R — E ST E, TR
BETREGREKE.
(D) (2 v ()7
Y 7@ - A

RK — I:CUl y (L)2 !'“9&!?]

YD F@ - B
[Rl R; - R?]
MR AR K B B K HE el R N, 18 &R B AL
E S

3 KBS

T TR TE, ERREITHFREZE
SNMAEAMEBEHA AWM AR BXFHF TR 30
Mt ERERFFIHITYEACLBE AR T RIF
FEU, (R FI U (D) M BRPEREGERKR
FEEARSEFF Uy (o) LR FEHITKE R
Rt it BE—EXEKRERRAN

y(1) =[0.632 0.714 0.603 0.460
0.690 0.689 0,426]
y(2) =[0.521 0.877 0.657 0.576
0.591 0.803 0.574]
R, =[0.204 0.204 0.082 0.204
0.102 0.102 0.102][y(1) ¥(2)]
8 R,=0.602,R,=0.656, AL, BT X2 FR
MTFREALRXTR. HAMERSRER T AE
MM ESTER—BLHIETMPZETAHEARDY
R, B T R Ui AR A

4 4 iE

(DEFRPERFRAVHEERE IR HEBRE
RIRE T T EAE, UME FEA P EFEITE.

(z);ﬁfk” AEXFEARBZREBRENE, #
BUE M P A AHERRAENERFEPERLEE

R, XA FREE M P BT RIRIE,

FHRHAFBELPREXBE.ETHHATEN&REITE.
G)ZTREMRIE, EERKCERESLXF

RWESTEM P BEfF5 5L, FILEH.

B 5 Wk :

References:-

[1] BEABAFHZS. RELBYXTAEIMI Jbxt:
A R 338 H fitL , 2001,
- The Series of Books Editorial Board of the Expressway

Arranges. The expressway interchange project[ M ].
Beijing: People’s Communications Press, 2001.

[2] F & BERIBEFEEABLZLEE N H R LD
H K KA K2, 2000,

YU Bin. The application of fuzzy mathematics in com-

prehensive appraisal in the highway interchange{ D].
Chongqing: Chongging Jiaotong University, 2000,
[3] SKEZF,.Bk RH,5 Fl. REEMHER LTRSS
BWKAEEIFMNLT] BEREHAKFEFEHR, 2003,25
(4):43 - 48 .
ZHANG Ai-li, YAO Gang, ZHANG Li. Valuation of

construction projects of long span steel truss by multi-

level grey system theory[J]. Journal of Chonggqing
Jianzhu University, 2003, 25(4);: 43 — 48,

[4] FRE. KEXREKSHENALM]. R ILHMER
A H A, 1989.
LUO Qing-cheng. Grey related analysis and its appli-

cation[ M ]. Nanjing: Jiangsu Science and Techology
Press, 19889. _

(5] M &% B ETREERKRRRARE
i), K&EXR¥¥E#HR. B RBEMR, 2004, 24 (1)
52 — 55.
SHANG Xin, XU Yue. Safety-based cables’ condition

evalution of cable stayed bridge with grey theory[J].

Journal of Chang’an University; Natural Science Edi-
tion, 2004, 24(1).: 52 - 55,

(6] EB&FE,WEE. BB NHIELE L RFEN TR 4EFN
BAIT]. EiE s TRE¥R,2005,5(4):58 - 62.
LU Ying-zhao, HE Shuan-hai. Fuzzy reliability evaluation
of defective RC beam bridge[ J]. Journal of Traffic and
Transportation Engineering, 2005, 5(4); 58 — 62,




