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Comprehensive evaluation of bridge inspection indexes based on

entropy weight extension matter-element model
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Abstract: In view of the problems that current bridge technical condition inspection index was
divided too broad and the grading evaluation standard was not intuitive, a subdivision method of
inspection index was proposed, the defect legend was introduced into the classification evaluation
standard, and a comprehensive evaluation method for the subdivided bridge inspection index was
proposed. Firstly, on the basis of summarizing relevant standards at home and abroad, the bridge

inspection indexes were subdivided into several secondary inspection indexes, and a grading
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evaluation standard based on qualitative description, quantitative description and defect legend
the subdivided

comprehensive evaluation method of bridge inspection indexes based on entropy-weight extension

was established. Secondly, in order to evaluate inspection indexes, a
matter-element model was proposed. The classical domain was divided and the correlation
function was constructed for each secondary inspection index. The entropy weight method was
introduced to determine the weight of each secondary inspection index. Then, the comprehensive
correlation value of the inspection index about each level was calculated, and the inspection index
grades of bridge components and elements were obtained. Finally, this method was applied to the
index evaluation case of steel girder corrosion of a cross-sea cable-stayed bridge, and the corrosion
was subdivided into three secondary inspection indexes, such as spot rust, general rust and
pinpoint rust. Corresponding grading evaluation standards were established, and the entropy-
weight extension evaluation model of the corrosion on steel main girder was constructed, and the
corrosion index grade of each component and element was obtained through calculation. The
results show that the proposed comprehensive evaluation method of bridge inspection indexes
based on entropy-weight extension matter-element model can objectively calculate the weight of
secondary inspection index, according to the measured value of the inspection index, and can
accurately evaluate the inspection index scale of bridge components and elements. The evaluation
results are more consistent with the maintenance strategies adopted by the actual bridges, and can
be used as input data and useful supplements for the evaluation of bridge technical condition. 9
tabs, 2 figs, 29 refs.
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Tab.1 Subdivided results of bridge inspection indexes
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Tab. 5 Evaluation system for corrosion inspection
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Fig. 1 Comprehensive evaluation process of bridge inspection index based on entropy-weight extension method
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Tab. 6 Classical domain and joint domain of pinpoint rusting indexes

2 B35
AR FE b W
Vi V, Vs Vv, Vs
R 1 (1,27 ] (2.3 | (3,41 | 4,5] | [1.5]

(3 0 5 M SR A T 435 s ) A TR — A 0 i
B X A ) 45 45 ) S HK B2

A5 R A — GRRGL DN 18 B o 0L 19— R A I 4 s Ok T
FERBIRIRE K, (e

_ ‘f’J\]ii
J% IieN;]
Rtz = N )
PATi s INj ‘ ‘
IEP(I"’N"W)(O(‘T;;N,-])] .1“1%]\],]
. _ by —a, -
Krpiola: Ny = ‘x,-—a'f _2|_b1] _ b Za o N =

b DT b B KW
F LB N, BB N, 08
S SR A0 R (K 1 2K T 9
12
2.2 HR BRI ET
AL 2 i 38 [E 2% 2 Shannon 7E 85 89 2L 6 I
TR LA S 15556 AHP i )
LT B T O G BB W TR R
S5 I 0 1 KL BT 465 B R

— biw

X;



48 KZXFFHRARAFR

2022

A AT G B L 5 4 AA% B 00 A AR S
2 HR R K, 220N TR % 7 B T LA Rk
Vol /0 BCEE B E A P 3 TR A A R
WAL RMT .

L) B 2 A7 PR G T 4 s 400 i o

R0 1 A B0 A L DT A0 AR R R X R 0y A A
P 0 A AT BRI AE ¢ (h=1,2,+++,3)
A B A L € R
Ci1 Ciz 't Ciy
: 5} (5)
Cn1 Cp2 b Chy

(2) B 40— Ab FRAR 2 GG 6 A

i kSRR R A G — AR TN
293 s L I 20— A b B

¢y —min c;

dy = (6)

max ¢, —min ¢,
A edy Bt 0 — AL BRI S b AR SR
A AT IS AR 0 5 s o0 W H A GO IR bR
1 1 f

H e A 2 B 49— LA S D

du dlz dly
D= :
nl

duz oee d”y
OTHERE § AR G R AR R (E H

D

LN g
H,’ - lny;p,kln p;l: (8)

P ﬂ (9)

S dy + D)
k=1

X pu WL FES R
(O TR GG 8 AR AL

ngiii— w =1 (10)

n— i}H, ot
2.3 R —FZRNIEIRESEE
CL) iff 7 B S A 42— 2k T 4 A 45 9%

Ek - Zw;Kj (I&,‘) — (@M 9€12 9°° % 96y ""9@@,,) (11)
1

A Ey N2 e ke AR R 0 DG T BE 255 T
LR s N R DMIAE R T A K I 18
PREGEAE 5 K Ca) iz i (B X BB 2R A 55 i 5%
HRPE s A b SR — AR DA AR OC T 268 j 455
P LR RIRBE A5 b D RE— S IR AR OC T 56
s MR LE G R e KA B e, =

max e » I
{1.2,3.4.5}

5k ANRIE— B AR R SF N s
(2) 1 72 AF VA — A 0 435 A 25 2

F=WE = (fi.fossfiooesfo) D W =1(12)
k=1

Sy FARIZ G2 y A H P 60— 2k
) 0 5 O S 4 8 6, B O B 0
PE—GUREIIR 50 T4 j A G55 2SI s W
S 2 5 6 T 4 A 056 5 B 0 U2 45
5 4 — G T e T 4545 G0 X I 4 A
R 5 BRI — SR I 75 T4 S 4 4
CRE B B fo=  max f U
R 5 B9 S,

3 WERFMIBRITE

3.1 HRNWERTFHEMER

AR SCUAHE AL B4 40 32 5% A4 8 1o 45 A3 0T i e
AT SEUE S A o AR T O A S A
oA T BE 23 o 1 AR b B B YA
RALE 11 AMPE A8 B AR E G A rh R B A 1 4
FEAE 5 iU AR SCTHIR i B A 11 A 0 i 4
1 A9 AR A (0 85 T AR AR A5 9 . AR AS SO 5 h i
R B £ 23 45 2R MBI S S Y P e BN AR R L
A AE 555 A — JBEER 2 475 b 55 o ] HC A E O 5
PhSFRAY 2 26 G INAR bR . X 2 Bl i 3 T AR
o 25 R T RR A o e AniEl 2 s

1.0r
. T 5
Lol N-omu
R
o
%0.6-
&
§0.4-
= N )
E“'% \ N A
N N AN AN
IARAR NN AR

] 6
sk )
P2 2% A 85 Tl 5 T AR o L

Fig.2 Percentages of corrosion defect area for each element
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Tab.7 Classical domain and joint domain of

secondary inspection indexes
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Tab. 8 Correlation and scaling of secondary inspection indexes

R TR | e T AR A A SR B BB e b br i

iR MRz /% \' Vs Vs Vi Vs E NSRS P36y i

=% 0.723 7 —0.462 9 0.215 1 —0.758 8 | —0.8553 | —0.9518 2 2

! — g 0.328 5 —0.410 2 0.078 8 —0.8905 | —0.9343 | —0.9781 2 2

J=¢ 0.2851 —0.3937 0.063 8 —0.905 0 —0.943 0 —0.9810 2 2

’ — % 0.110 1 —0.084 2 0.003 5 —0.9633 | —0.9780 | —0.9927 2 2

=% 0.246 4 —0.3727 0.050 5 —0.9179 | —0.9507 | —0.9836 2 2

’ — 4 0.160 6 —0.273 9 0.020 9 —0.946 5 | —0.9679 | —0.989 3 2 2

)%= 0.580 7 —0.452 9 0.165 8 —0.8064 | —0.8839 | —0.9613 2 2

! -f 0.2815 —0.392 0 0.062 6 —0.906 2 | —0.9437 | —0.9812 2 2

i} s 0.207 7 —0.3415 0.037 1 —0.9308 | —0.9585 | —0.9862 2 2

0 — 0.062 4 0.376 1 | —0.376 1 —0.979 2 —0.987 5 —0.995 8 1 1
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Tab. 9 Correlation and scaling of corrosion index for each element
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1 1.052 2 —0.436 4 0.146 5 —0.8251 —0.8950 —0.9650 2 2
2 0.395 2 —0.2379 0.033 5 —0.934 3 —0.960 6 —0.986 9 2 2
3 0.407 0 —0.3230 0.035 6 —0.932 3 —0.959 4 —0.986 5 2 2
4 0.862 2 —0.422 3 0.113 8 —0.856 6 —0.914 0 —0.971 3 2 2
5 0.270 1 0.0197 | —0.170 9 —0.955 1 —0.973 1 —0.9910 1 2
6 0.342 8 —0.164 2 0.004 1 —0.943 0 —0.965 8 —0.988 6 2 2
7 0.751 8 —0.385 9 0.094 7 —0.8751 —0.9251 —0.9750 2 2
8 0.464 3 —0.356 2 0.045 5 —0.9227 —0.9536 —0.984 5 2 2
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10 0.453 8 —0.168 3 0.004 6 —0.924 7 —0.954 8 —0.984 9 2 2
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