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The Assessment of Fault—tolerant Environment for Expressway
Roadside Based on RST-GCE

CHEN Yuanjiang, CHEN Yi
School of Resources and Safety Engineering, Central South University, Changsha 410083, China

Abstract Through an analysis on the expressway roadside environment from the real situation, a evaluation index system for roadside
fault—tolerant environment was established to take following three aspects into consideration, that is, preventing vehicles from rushing out
the laneway, avoiding the side tumbling or crash, and reducing accident severity. The Rough Set Theory and Gray Clustering Evaluation
(RST-GCE) are used to establish an evaluation model for the roadside fault—tolerant environment. And then, the evaluation model is
applied to evaluate an operational expressway and the result is consistent with the reality. It shows that the established evaluation index
system and the model are rational and feasible. This model could provide some guidelines for the safety evaluation of high grade highway
in China.
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Fig. 1 Roadside accident tree
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Fig. 2 Evaluation index system of highway roadside fault-tolerant environment
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Table 1 Calculation method of evaluation index quantification
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Table 3 Values of different grey white functions
for evaluation index

TEM TR bR x(1) x(2) x(3) x:(4)

P AR X\ PV% 1 3 5 7

Tl AR XY 15 30 50 100

%8 1% E R AL (JTG_B01—2003)

Xofim 15 25 30 35

1A S0 R X 8 16 14 12

% T TV PR X 0.15 03 045 055

B gkt A B (JTG D81— . . g
2006) X2

B AT T8 B AR Xos 8 16 14 12

B0 4% 31 HE R X 18 16 14 12

I SEMERHCR Xy, 18 16 14 12

22 3B AR R X 8 16 14 12

IR X, 1:5 114 133 12

BB IE Xap/m 1 2 5 10

PR Xy 1 3 5 7

CREETPRS: D /8 16 14 12

B0 v DX R X 0.1 03 05 08

P v Sk b 3 X o 8 16 14 12

%0 5 TS B B X 1 10 20 50

B B A T S X g/m 0.1 03 05 07
S5 B W R 1] 1 B X y/m 0.1 03 05 07

AN 2 2 18 B 9 % P X o 10 50 200 400
A RS e 3 A AP Xy, 178 16 14 112
AR AARAT A it X, 178 16 14 112
28 ph R RE TR TR BE X 4 1/8 16 14 112
b 5 B 47 B T BB X 178 16 14 112
0 x<o (1) B v (3)
x—x,;(1) ‘ 2
Pl oty S SESA )
W Mass()
VLS 5—x(x(1)+%(3))0
0 x<(2) B v (4)
x—x,(2) ‘ 3
ﬂ(x): ‘I;)\f—x,(Z) x(2)sx <A 3)
x,(4)—x 3 ‘
F‘(“)—)\? A<x<x;(4)
T*J?zxuﬂﬂﬂﬂh
0 x<x;(3)
fiw=| B e @)
1 x>;(4)

214 WEMHE
AR SCR I RLAE BRI 0 G AUy, BB DL 2.2 5,

SCIESCE & TECHROLOGY REVIER

215 REBERESH
B MMM B K O RE R ot

o= i x) (5)
(G ER -5 2
oot 0|
ah, 0%, |
e
‘Lcrn,crm 0‘*1‘

5 555 A DT B B 0T A B 0 B B S
o) =max (0%}, W BE i (00BN 2 405 N ', AR SC g & UG

R 1—4, B0 k=1 B BN 222 A5 9l 1 9 () sk =2 B B 42
YR 2R (R ) k=3 B BRI %2 39 () k=4 A}
PR 4 R 4 H(3)
22 FHEER

FHAEFIE (RST)PUZ AR AR 45 40 2568 ) RAS B9 i 82 3 5
FTR L ] = H () B D 6 Bl 43 R

(1) WEFEB RS,

WS=(U,R, VR I MEERE , WEXNRGE S Ty
BV B FRIT 2, 15 B A48 bR 10 P

(2) FIER RS,

A B AR 36 bR, TR IZIE AR ARG =TT
RN EAEAT A B RO R L AR BRRI AT

(3) TP JE MR I S B AR A S

WP QRGERYSE S WIEMIEI U P BIEM LR ,Q
B P IEIRIE A poss(Q), H

posi(Q)=J PX (©6)

S poss(Q)ER Ut ITA KA UIQ 48200012 17T 1L e o
KR Q WEMERLENNRIER

(4) MR R,

MAE B ARG S MITMHI8ER R, R=CUD, 54 EM ¢, e
CG=1,2, - m) T ¢, % PR R M T B 1,
card(posc(D))—card (pos _.,(D))

card (U)

k=ye(D)=yc., (D)= )

%¢7ﬂbﬂ@%%%ﬁﬁcﬁDzmmm%&ﬁﬁm%
C B HE T 4 251 X% 7 A T 55 1 (0 1L ) scard (pose (D))
HYHERIE R A eard (U) R RMIRIER Ny, (D)=

cardposic ) (D)) gy 1y g (G0 IE SR LD U o5 B A7 A0
card(U)

JER AP C—c )R 20 J5 AT T HER K] 70 2 D Y SR AN S b B % R AR

I\
H o

(5) HAR R,
AR &, A OB B R o, 0

a,:k,/ 2k (8)

53 N



] jcmik

¥ 3518 32 (Articles)

B S 2011,29(36)

ﬂ:i
S|

BRI SRE N n, % n=pBtey(1-p) . HH B,
o FEWUASCER, S AR AR 25 P ) e G e ol R FIAS R P A B £ 2%
PEHHE AR ;p A I F (0<p<]), S Bl 5 aod 72 v ok
SRR T WU R AR F) i e R P, HL p MK, R W] TR
FBCE L ZI G RN 2 R P T R AE

3 MHAH
BB B A BB BY KO +000—K12 +910.378 4 K
13.083km , F AR & 33 2 #3570 11 538 (KO+000) ] P4 Jb %€ fift

TE 115 S208 J5, TG 5% e B ol WU 77 Ll 5 5 S208 AH
e, B L IR 2l a Y e PR R SRR ML
YEVS WL BB AR B = I B vh YRR LR AL AT
IR ZEAT TR AR b 5 L kB TR A A S IE AT
LTI YL H (K124910.378 ), 5 8 1L mia A 4a) 14 K 38 6 i 42 91 5
S208 38,

R 3 5% 1B AT A K] 43 DB DU RN B G S BrIR 6 K i
1o T R A 17 A BB BROT 45 B BB OT I P Bk b
LIEE E G R I 4,

4 BEBREITHLERERSITEE
Table 4 Statistical data of each road section under the real situation
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Table 5 Summary of each highway section indexes

A48 47 MR
L, L, Ly L, Ls L L, Ly Ly Ly Ly, Ly, Ly Ly Lis L Ly
X Xu 063 05 139 075 208 032 209 159 1.78 0357 03 30 057 194 05 282 03
: X 1 4.32 1 510 2.14 1 357 394 394 345 345 365 365 652 652 6.65 1
X 30 29 25 28 25 28 28 25 25 25 30 28 25 30 28 28 30
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X, Xos 2 2 2 2 2 4 4 2 4 4 2 2 2 2 2 4 2
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Xas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
X,, 838 89 92 85 90 83 87 92 89 80 83 78 79 82 85 88 9.1
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Xsi 1:5 1:4 1:4 1:3 12 1:3 1:4 1:3 1:5 1:3 1:4 1:2 1:3 1:5 1:3 1:4 1:5
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X 2 3 3 5 3 4 6 7 5 4 4 3 1
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Information system for each highway section

Table 6
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Table 7 Highway information system after preliminary simplification
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Table 8 Safety assessment grades

of each road section
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