%465 % 10 A A 4 Vol. 46 No.1
2026 F2 A JOURNAL OF CHINA & FOREIGN HIGHWAY Feb. 2026

DOI:10.14048/j.issn.1671-2579.2026.01.028 XEHS :1671-2579(2026)01-0258-10

ZEBHAMNSUHT RS BirE R REMAN

FokE' HHM’
(15858 N TR R A PR E] L BETE PE2e 710065; 2. KVPFE T RS KR 538 TR0, Wi K1 410114)

TE LA T ARER =L — VR BF R 2G0T R T, D B AT S A A 4 A1 BRI 9 =i 8068 8 % SO T ] R F S,
1530 T 2 A A I T S B VA AR R 5 MR A A HE I R Tk ST TR R Ak bl R e HE O AR R A T LA SRR R T
SERE R AR R HE R FAR SR ARHE B AR eRBOF 255 1 B ) 5 B 29 T S5 00 1T T 5 B R A P R A R
Z BARPE A . DUSERR B S TR S 4 T S R OR R (AT R e AR A SR I X L T B — AR AT o S AL A A
BAT AR 225 . G5 F A - PO 3 T AR AT AN () 5 oR 2o % A7 2 A4 0 S s, 7 Db 2 6 BF 25 IS T 1, LAk AR e 16 L 1
T 5 B A /0N 5 Al E P B 5 o BsF SR e R R AT G T DN 5 O R AP BB R RO e (H R HE AL S
Yl o A I8 g B K 5 ) S A B, SR AR 2 B AR R T R R A R B s AL A AT R 7 A B B HIE IR R G
W LA B A S TR F7 365 72 A 04 Bl HE S R 2 (EL 2 A B AT O 1 208 Bl R AR 0 R T T 7 A A A 22 T R T
FRP i fcHE it fe /N R 4EAE 2090 T e o

SRR AR R B R s 22 AR AL PR TR AT A B 4R 1B AR

RES RS U445.7 MERARAER D A

Multi-Objective Maintenance Strategy Optimization of Deteriorated Bridges

Considering Carbon Emissions

WEI Yonghua', TIAN Zhongchu®

(1. CCCC Second Highway Engineering Co., Ltd., Xi’an, Shaanxi 710065, China; 2. School of Civil and Environmental
Engineering, Changsha University of Science & Technology, Changsha, Hunan 410114, China)

Abstract: In order to realize the new situation of safe, economic, and low-carbon bridge maintenance and
ensure the efficient operation of the bridge during the maintenance period, the reliability evaluation model of
the deteriorated bridge was obtained based on the reliability theory. According to the carbon emission factor
method, the carbon emission calculation model of the bridge maintenance stage was established. An objective
function considering bridge reliability, maintenance cost, and carbon emission was constructed. Based on the
objective function and bridge reliability constraints, a multi-objective optimization model of bridge
maintenance strategy considering carbon emission was formed. By taking a bridge as an engineering example,
the optimal maintenance strategies considering different weights were obtained, and the single maintenance
behavior and the combined maintenance behavior were compared. The results show that decision-makers can
choose bridge maintenance strategies according to different needs. In the case of emphasizing economic
benefits, the maintenance cost is the lowest, but the reliability is small. When the environmental impact is
emphasized, its carbon emission is the lowest, but its reliability is the lowest. When the overall performance is
emphasized, its reliability is the highest, but its carbon emissions and maintenance costs are the highest. With
the same weight, its carbon emission, maintenance cost, and reliability are more balanced. The carbon emission
of combined maintenance behavior is similar to that of pasted steel plate and external prestressing method, but
the maintenance cost of combined maintenance behavior is smaller. The increased section method produces the
most carbon emissions, and the pasted FRP has the least carbon emissions, but the total maintenance cost is the

highest.

Y #5 H #9:2025-08-30 & HH#1:2025-10-17
ELTE :HEARBFAES WU H (45 51478049) ; H B A TREA R ITEA "R T H (455 . P2240479)
EE B Tk, Y W R TR, E-mail: 7653800@qq.com



%14

FoAe,E FBBHNNG SRR S B AT LS KR 259

Keywords: bridge maintenance; carbon emission; maintenance strategy; multi-objective optimization; bridge

reliability; maintenance cost

0 7l

A2 3 P 45 1 R T 6 b DX AR S g Bk R R
BOCTE NI I A 3E N 45 v A O B 1) 28 A
a3 R A A R AR A T I 4% Y R IR PR AR . 7
A 1 IR AR I8 LA R W 8 A 52l R AE TR
B G2 45 0 M A 25 2 R Ak, 1B 1k 19 M 32 45 4 b 20 1E
15 B i 98 0 4 4 B0, LR A G 22 4 Pk R OE
FHU 5T B 7 B 35 U6 Al v R SR 1 SR T,
O R e J B A, M R R AE [ B B A A ik HE
TG H 252 BV E M . B, 6 2 i HE i & 1k
W B2 (0 4 18 SR w47 2 AR AL B 2 5 S

BEAE 2 A 5 2% A S W R4 DR b AN &
M H A E AR AR AR SR [ 9 AN 5 48 T
TN — H br i 2] 2 5 bR P R Ak 0 T B E
FLYE 1995 4F , Thoft-Christensen 2" i T 1] 14 Hb 44 7]
SEEMIBESARPEMARS , EE T UEREEN
Bl B dE B e SR Sl . DL JR L BIF ST T B A I R
gl ) 42 4 R ] BE S gl P s A T v R R R
A RA (LCCOMAF 1 iEA TR E-40 0t
FUAT ST Be . 19140, Barone 45 LA Az iy J& 399 4k 47
AR AR 5B 2Rk Ak B B X 2 AR AT 3 4 4 OR i
17 T 2 HArflifk s Dong 261 [ Kim %517l Safi %514k
AHARAR T Rl 2B A R AR 5 5 4 AT R B R B
Y P g o 7 1k A AR 3 X SR E 1) 2 5 Biondini
SRV X SR ST HEAT T R SR M, 5 R ST A A
JEA TR B S AR £ B AR T i AR R R R
JE AR AR TR S B i iz N AT B
SR, DN A v o ) R S M R B, B R &R B Pk
Hbr KZ H G5 %275 %573 4> 2 B T,
i A BE 70 40 W [0 T 95 452 A R o A 15 i 4 dsk 4 1 A
K

5 AT B 76 4 Bk ik ik DA e v RN R S Y SR T
SE Rl R it 1 5 08 e I AR A C o SR B A, 2
AR X A 3 AR e HE A O R WA b TR R A
St T B B AR 2E A T AR
i A B B KR RHTE #E 5 LA M BT AR 1K
B R BRHECR R AW IR T — R
Hovp, — 40 F 5 0 F 8 57 M B2 4B 2 B B ik A%
A5 Uk 5 W BB PR O i A B B e 2 T R AR T

m\\A

TELIEA 5 55— TR B U 2 R B HE RN AR
BTl A4 7 S0 LR PP A o SR K B
WA — A SE A AL B b, 78 Bt 3 IR 5
FEE A T (R A A AT O R AL A ALAY
e M 5 Al B8 AR, S F 5T A8 A Rt s A ST
ATHARRT A DL o33k S 205 A A P SRR 2 HE LR e
- M 45 R PR RE 2R TF Ak A T PR BT S W = K A Y A2 Ok
KF . WL, ACE ARG L 22T Il
R B HE A B2 T 4R T = P SR AR R T F
—ANEEE T T FE L HEAE AR B HE R B R 4
A 2 H AR LA e 8, A B S 22 4 22 0 IR
e = A3 — P 4 9 A% a4 R T

AR SCHE T R] AR B2 HRE L 15 B T 5 A B AT A
PGSR 5 AR A B HE IR 3k e S T R AR A 3 B B
B RO BT AL M T 2R 5 AT R AT SR 4
1 A FBR HE T F b bR KL, AKAE F AR sREOF 25 5
A % T 5 B 2SR A AR L O T 2 R HE A B 2R 4
e 2 A bR LRI o DASERE 32y TR S 4], iF
FE T AR BCE S B4 % d (10 4E 47 SR, O 0F B — 4
AT 5 G BT NHEAT TR

1 SRR T EREER

Ry S5 SN G5 4 L A DN 2 S SR A B Ak Sl T R AR Y
Ak B A5, 5 5075 28 7 e 0% i AR SR AE 4E 18 T T
T B AR R B Y AT A FE PP AR A A L AT R T A] A A R
W, BN 5222 H bn f 4k 32 At OC 5 04 7 B IR 25
AN, G5 6 AT BE D) RE PRAL Z W] RO N

Z=g(R,S)=R—S (1)
K Z DI RE R R .S 430 R 45 ¥ BT 1 A 3R AL
INE 5 235 K A7 230 A0 I 38 R A O AR RN S, TR 48R
NV Sqo

i RS IR IEZS 5341 I8 4, 45 79 2 RO 26 ]
FoRN

P/:P(Z<O):J ! exp{w}dz—

—oco A/ 27{(72 20-23
o (1)
(2%
(2)
Mz=— HUr — Us (3)

o,= okt ol (4)



260 Lo VA & 2026 5
Z—Ct':,j:#le\ﬂs\#zﬁ%U%R\s\Zﬂgﬁjﬁ;51<\05\Uzﬁ%|Jﬂ‘7 He=— 1.014 8r,r,Gx (10)
R.S.ZWFrifE 2, oo =0.043 Tr r,r.Gg (11)

A G5 K A AR AR AR p=p, /o, W) B AT HE— 2 3R
TH
_ Mz MR Ms
%z Joi+al
1.1 ZMmARUBEER
B B M A5 3k A vy, A1 11 2 52 A0 0 20 05 4 d
1 45 A4 4 e B R Ak, 1 T 52 e A5 A He T
Ry, AR SR P TR AT AR BE T R 9 R AR AR T Y
FharERg iR LiAs B g bt 1B R B (DL T
B2, s (6) o, Herp a4 R RE B3R A0 KL T
Z: BOSCHR AT A HT

(5)

2/.(2)b
*orbrs o, o B IR BE L R 45 M R IR AL R B MR
TERA B [0 5 7, VAL 53 590 Ay 500 A3 e 5 A I v 5
AR BE BT SR B 5 hy R T AR B 5 b O AT
6

W £ AL SR BEALAS B, AR AR 15 22 45 338 J 3
Sikgdt gt SHoT R (7) (8) HEAT IR

()AL
M”WMMAmPoﬂ”Wﬂ )

HrMa
/‘Rm/2/,/@\(”/1‘4‘“{}10 gu) Xb“:l (7)
£(0)
OR()—
aR([) 202 -+ IR 202 -+ aR(l) 252
af.l(z) {10) aﬁ(t) £(1) 8A_\_([) 20
(8)

s it o a0 TNV IRAE 4F 5 R AL
S BIE 500,20, )v0u 0,00 5 R IRAE ¢4F 5 R L.
A BRIEZE
1.2 (B EER

P T A A 5 ol A S TR R A i 1 A AN R B R
Wi, 477 A IR AR 3k i v 1 AT 2 R AR R E AR AL
R AT 5% 28 B 200 45 4 i 28 B R0 IR IE 25 43 A1, B
2, AR 03 A pR BT R ORh

Fo(x)=

1 J { (u—1.014 8G,<)2}
exp| — du

0.043 7Gx/ 21 0.003 8G*

(9)
2t — 2 A0 B I E g6 15 b E 22 0 7T 000 K
IR

K G R 25 B AEAE N 0 18 AR 2 5, R
2 A 0 T LA R AR Ak B 5 e 2R B o T U
1.3 HEERHRER
M 2 235 ¥ 10 305 2300 N 3 AT VR ZE far 4R L XU AT 4%
DL e R A 28055, v V4 ey 288 X6 39 48080 0 5 T e
R T 2 TR T A AR S R VR A AN S Y
A REX M (12) iR
So= Ksox KsoSox (12)
s Koo A8 TE 2 HR 5 S o VR4 i 205800 b E 2%
Ko R 52 BR800 AE 5 A HE RN 1B 1Y LU AR o
MR 152 22 45 3 B, So W BIME 1, TR 1E2E 06, 7]
I3 MR IR A :
(13)
0s, = KsoxSaxox,, (14)
2 e, R BE T FEE I P04 VR 2 AE B8N B 5 o,
SR S M ) N A TR TR AR RO A o 25, R AR 4 SC
wke A R

2 MRS B W R A AR A

SR AR A E bR DN R e Ak aT AR AR L RT AR Y
WAL bR, T A A B0 Bk HE O SRR R
554 6 b R A 7 Y R AR A R OR [R]  AR SC A ST A A
KB 7 R G0 Y B 4 B A Bk 5, R AR Ak R I
K% 0 1 PR 58 5% WA A o Al HE IO i HE A sk R
2 PRy I SO A 35 CO, CH, NL,O  HF Cs, SF;,
PFCs %, Hoh COfE RS Y & e £ 0F HJ2 i i
T = AR Y fe R R B AR SC L CO, S BF 5
Xt G2, R B T [ X B0 58 B 50

W G2 248 47 B B R HE 43 BT 32 2 0 M R B T
371 B B Btk HE IR A7 0 B =X Ak 43 A, B A R 4k
o409 ) 52 g B HE R G 32 B R B, A9 B BR R 4R B By
BEAE S ) 4 Jrobs it AS ) 4k 30 i ) T 60 HE ik i AL
S5 T A B % 4k B0 B BE 0 B HE Tl 43 BT 2 18 B
R A AE RN R REES S S W T
B 2 0 [ O vk AR S 32 B R KR VA R A
TR F7 K s AR AR IR DL BORs I 4F 4 R A MR
(FRP) ¥,

Xof e HE A Sk ) T BRL AR SR F R HE R 3%
25V B A% JEUI 2 TH RS B TR0 T A e 3fe LA

ts, = KsaxSax i,



% 134 F K

FEHERBAAG SRR S B AR Rk AL 261

R KL 503 0 B R 3157

S 0 7 B Bt A b
B B (32 0 1 B B 4 0 0 R ST B 2 9 B
Mokt AR (15) B 5

7

Q.= > Qi+ Qi+ Qi) (15)

i=1

K MAEB B Ql Qi Qs 53 3 R 575 1 I 418
b R A 7 B B A2 i B DA B 4 08 in [ it T B Bt
7 A B HE T

%55 AR 7 B B 5 HE A A T R i 1O R
A X P 5% 11 5 W), 3 1 R [ SR Rk T U 2 ) Al
Hew, =X (16) Frow

Qu=[M;-p+(1—7,)] (16)

o MO AR TS RE I 8 A MR B R HE TR
FLORBUE DL 3 17525 o ] [l A1 ) A% [ e 25 %,
Hor 8k B 0.80, TR Bk 1 8 0.55'%,

R BRSPS B 415 h Bl e po R HE g B 71
Table 1 Carbon emission factors of different
maintenance and reinforcement measures in

bridge maintenance stage >

UM R B CO, HEW M+
Tk £ 4 3.12
LB 1.23
R 1.23
B i 4.78%10*

C40 R E + 456.43
C50 iRt + 509.23

e AE 4 B BEJEURE ) iz i 2o A o A HE T 3 2
51z i 77 2OMz i AT G e rhas Oy Xy
NN B s R S s K a2 i A R A s e L A
TR e 18] B B i Sl R 32 a1 H SR 2N %68
WOZ By BUAY 25 08 2 32 i, R Rz i B ™ A Y
B HE AT RN

Q.= > [T,*B,+L;] (17)

AP T, b iz i i e A e HR IR 1, 28 B s il Y
B HE R 7 R 0.155 375 L bRk j 97 208 B 5 B,
AR B R

2 A i T e I B ) e E A 8 T BLAR 33 7
JIt 7 A A Bl HE R LA B A P BIL AR 5 2 7 AR Y B TR
FE, BT LA A 3 TH A K HOF AN 2 TR S
A WO 25 0 ) T LA B3 2 BT 7 A 9 B R B, DA kg 4

A6 Jonn 51 it T B B3 g s HE S 2 2 2 T ML AR IR 2%
AR BE IR TH AR, an =0 (18) Fi 7w
Qma:z}’u‘Nd'Xd (18)

Ay A T B d 8RR HERCR 55 N, it T A
d BYBCRE s X O Tl T35 d W B PR R

B 22 A48 0 [ 3 T B Be LA B 4 1) RE LTI #E =
FERLGI P LR R g O T IR AR S R K
I = RE TR A HLAR B 75 47 20 B, 2 25 (0 i TR L
ik 5 BE B T ) L K (0 i 1 300 ik HE 3 5 O
V£ ) AT TEIRAG B A 9 446 1 B B B BEPLAR I A
AR R 5, 3k 2 s

R2 HREENEMREZRITRENHRARE T

Table 2 Carbon emission factors of main construction

equipment in bridge maintenance and reinforcement stage

it T 44 Fk JRHERL T/ (1 COeq « 5B )
R EE L HREAL 0.027 3
TR BE 1 i 16 52 0.1950
A2 it L ARAR AL 0.077 3
TR 3 B 0.0130
R 0.091 2
HEHL 0.092 1

3 MR Y AS Ao B AR A SEAR AL

LV R B RR N LML NS HERE PR
85 H PR TE 8 — HEAL T SR AT AU, i B2 S — T
8 B AR 5 ) A 2 A B £ S 2 P R
B AR R O A 4R 1 4 i) 2 TR MRS

Tl 2 B A M 2 e i B0l i A R PR
vk D AR, T LA A BR BE 3 5 B WY A B 3T
A 2% 2 7 AR 0 Ry L AR R ] AR, G R
50 N S-S 3 )1 N e S O D N T £ o N S 23
W R A Y 18] 58 A T A LA R A i G AT 7 A 1
] A, W (19)

c=¢C,+C+C, (19)

A C R GAT A, BARSR AR DL (20) 5 C, 00 2R R
o A8 0 TR 7 A B A 5 C, O I TR A, DL
K(21),

Cz’ - Cv Ly *Tanpre d(/ (20)
. T T La ° TAAI)T ° dd
C,=|Cu+Ous| 1 — =2 |+ Coeo—2
[ ‘ ( 100) ‘ 100} v
(21)

A Cu Co 3 50 AT NN A0 G847 557 1F 8] f) A



262 ¥ 4k

A S

2026 5

A5 C o 5 B F B BT AR 15 5847 B 5 d, AR R
PR J B s Ly 9 84T BE A 5 Taaor 29 26 W0 B F1 349 088
O, 9 15 A8 FH 5 T, K 76 15 3o 26 06 8 B i o
S
T 0 I B K O EL B T A
1 507, 70 45 4 A0 I ] A 3 o 9
B0 A e 1 B TR 4 X MR 2 0 5 T,
A7 B OB A4 AR LT (22)
1
(1)
Kb C g B 18 AT LR

4 RGNS R R 1 5 R R

41 ZBERMHEEET
2 JE B HE T A AT R A 4P SR Ak E B T

AT 2% o R BB A2 IR 5 AT R 4 7 AR 22 1] Y o

JE o AR SCHF BRHE PP SRS AL AL H AR - AR 4ESP AR BRI

A % AT 5E B2 8 AR d O, O i HE 25 5 4 4 A B AR

BCRE R AR . AT B R T SE B = H AR AT SE .

Z AR B AL L (23)

max B (¢)

minC=C,,+ C,+ C,

min Q, = Qi + Qi+ QL)

subject to : B(2)= B » (O<l< T)
o TR GEAE R, B 100 4F 3 B N 32 H b5 1] 42
FEFE AR, A SCH3.7
4.2 ZERMKNEF KR

2 LE B HE AT S 4 0 e SR 22 H AR Ak ) ALY
KA SE — D HZ o R e R A B2 .
PRI, 6 32 [ S8 6 oK A, 7 2 B — AT AR ik
S S B R

AR M H AR AR SO HE R AR R
(NSGA- 1) xf 2 AR AL BRI 47K i . NSGA- I
Bk 2 Deb %5 5 T NSGA B ik FEAHE J2 42 H Ay,
ZEIE T SR MG R NSGA LA — &
PEE AT AL M S T £ H bR Ak 1) B SR A . I
e Ak AR LA 1

% H br A6 3B 15 2 1 e 445 2 Pareto e
fife £, o rh B A SCIC A% 3 o 4% H bR BR B2 ) A B
UM R 2 AE o PR IL, 75 X £ B Ar 5 ik A9 210 09 & 1
fiff £ T AT b B LA B A G B A A . 3R TG, A SCR
JH 2 3T FRAE i HE Y 2 (TOPSIS 32 ) M e A fife 58 it

(22)

.
t

(23)

S5 2 F ARALE (RN B A %007 2 B R AR
Pareto f5 {Ii fiff 5 55 21 AR ik % FH 0T W 3 A 85 ok 1] e fie
A4 DI B A

AR FR B (Gen=1) o
T
ZX S
B AT A L= I |
BB % EEREEEECE
T
KR T @mm%@ﬁﬁﬁﬁl
[ o A |
| 7 1 90 6 B B (Gen=0) | T
[ b e (e %) |
[ e nmmai | L
l
| ﬁﬁ*TMﬁﬁ AN B v W70
| T H 2ok

E1 EFNSGA-IHEZWZHRAULTE
Figure 1 Multi-objective optimization process based on
NSGA-1 algorithm

M T — &8 45 H A5 02 8N 8aE (FR O il A A 45
B ), WNER G e g A BiHR AL 5 O — 8 43 )2 B K
R AT (PR AR 45 BUAE b ), A AR 22 0T 56 B, o Asf AR W L
2 ) T B ofe TF M e 1) R0 A S0 AR R A
AL s R AR A, = (24) R

=x,.,—x (24)

L 2 A S R PR s S AR B AR s 00 M
FEAR 2 1 5 R -

X 25 A il W F8 bR (B AT 0 — fL AL B AT A5

= j=1,2,..,m (25)

Az AR AR IC A A bR j L B8 bR s MO A Ak
AR AN B m Sy il (0 B30

HE—2 R E BRA A A AR AR A

At =
I,,l}, maX{Ilg,Igz, ---,x,,Z},

:(AT,A?, ---,AL)

[maX{IH’IZh T

max{ vy Loms **° s I,,M}J

A =
[max{xn,xm, oo, Ty by MAX{ X10y Tagy 0 Ty | 200
max { 1y, Toass ---,1',,M}J Z(AI,AQ, ---,A&)
(26)

W2, 4 5 E AR ARG PR AR i A 22 TA] 1Y
246 %68 B 1T 03 ) RS T



FoAe,E FBBHNNG SRR S B AT LS KR 263

(27)

D, = iw,(/lf*x,jy , j=1,2,,m
i—1

w8 AR A AR A
WA 27) , TS RIS i A5 AT Z ] A
xR, = (28) i .

“Toio
S s B R AR I A AR SCTC e B Sy 4 Jy S A1 it

5 65

51 IR

AR SC LSS BE A2 SR 33X 30 m i TN 7 T Bk v 4k
T B Jy AR S, A0 1 1) A 8 5 v 3 B IED9E
12.25 m, R C50 R EE £, BT 7 4R 55 %O A
ST, B FHAE BR O 100 4F o 1% HF 32 32 0 b 1 4 &
27N o

,0<<C,<<1,i=1,2,--,m (28)

1225

S0 1075 1L751‘ 25
!
AN
I%%/I/IAIII/I ///A///III///II///II//{///[///II////I/I I/{///] 777777z %
”/ 0 0 \
120, 240 240 240 240 120 25

B2 EHFREEREHEREE AN cm)
Figure 2 Schematic diagram of bridge’s main beam

cross-section (unit: cm)

Shy BH WA R A A RS 1 RS A S PR L AR R
LR G

(1) PIbs vl 5B ARPESE 1WA B T it 2
B M T 2 (=0 4F ) B0 B 1T 58 B2 36 A
5.2,

(2) ABEfr 855 R L T — RSB, 06
R B SR N B R SR Bl LY ) (JTG D60—
2015) H N B~ T g 3%, 18 280N i 1E S50 A %5
HoAR S R B 0.1,

(3) W1 i IR AL AR 3 - AR SO 38 A S T R T
B BUE TER AR AR I 2 (=04 ) , 25 4 1 oK & A= A
AR BB AR A, B AR A 5 TR B 0 B A5 M e R b
REBCR 1.0, boRE R IO T4 M . S 2L P
B AR 7 M AR SC 1.1 T 3R 1 M R A TR i s [R)
K.

R A5 5 A7 T2 I o i S T AR L, S 2 N T
FEMLAK 5 BE 2 FH 22 #00) (AN I T A8 it T B B e 12 53 4
R ), 15 2K Rl 4B $8 it ) TR S8, ik 3R .

®3 BEHEBIEESH

Table 3 Quantity parameters for maintenance measures

REEL WM BRET 450 HLES P it T

B AR/m® B/t 4E/m® K /kg PE/BRK BE/km JEID1/d
WOk 852 121 — — 18 200 25
WoHNEIR S — 8.7 — — 22 250 18
ik — 53 — 480 15 180 12
il FRP % — — 220 360 8 300 10

52 S BEWRMRULERST

FF NSGA- T 5, DAWr 3201 &2 B 50 K 4 3 g
AR S5 /b FUBs HE I S5 AR R AR AR H AR, SR B R 4R
4 i A2 BsF (] 0 4 16 15 i, Pareto 5 A6 M 42 40 & 3 B
TN o % R B R Y B B B w HE R L 4k B AR R T R
JIE 22 V) A A 1Y) 25 5 AN [ I8) fige xE g A AN TR Y 5
HE TR R0 AR P RE TR B e T AR R Y B 4 R
Y JroAfr 9 10 B AR R 55 KO

3 Pareto{LfRE

Figure 3 Pareto optimal solution set

H T Pareto I iR 45 0 1 )12, B2 RS i 4
YU E BN TR AR . Sk, AR SO
AR AL B AR T AN R ACE 3538 45 AU T /Y B
Y4 R ms , H AR R 43 O G0 AR A .

T 1 A BT 4 TR e, 2 D SR A T A )
F YA A SR/ WORE HA 1R R 0.6, 7] i 3 B
B HlE I i e /0N DA B T S B O ORI A K B 22 DR
N HAE 430 B 0.2 70 0.2,

B0 2 A T IR B R e, 2 WY 2 SR T 0 A 1)



264 Foogp

AT S 2026 5

T HE IS SR/ OB A R R R R 0.6, W] HE B A
KA S BA S AR A FE 43 )i Ok 0.2 F10.2,

T8 3 A 5 TR AR B L 3R BT U SR A 0 A )
T 0T RE B R, OB AU 8 R 0.6, 4E RS AS i
AR B HE 3 R /N P ACEE 43 53] 3 R 0.2 F11 0.2,

ERVRACE 2§ W3PS S PONIE S S PN 3
P71 A B AR S5 AR Bl HE S SR /N B A i L, K AL
O E N 1/3.1/3 /M 1/3,

R R G4 R AN ) TR 5 Al B 0 e O SR W 1Y S e
AW S % A 5 2 B br o SR 5T R L Ak
WOE T 4R BRI ACE 73 B T00, LASRAE PR
HX AV ISR AW ERE . B, R
4.2 iR 1) TOPSIS % AR 48 AN W] T80 &tk H
T JIE 6 07 () R e 91, DA Pareto fie 16 ik 45 vh 0 16 45 2]
AH I 08 f5 DL i, 3k 4 TR .

x4 FAEAIRTHHRREEPFRE
Table 4 Optimal maintenance strategies of bridges under

different working conditions

e 4/ HEA A/

Lt (10° kg) (10°J8) PRI
T (B RS ) 3.083 4 3.409 6 4.004 0
T8 2R BE5Y ) 2.813 3 3.684 1 3.9519
B0 3R PERE ) 3.4939 4.442 4 4.269 2
ERVRAQLIES A D) 3.2335 3.846 4 4.1117

e 515 W L R TR 6] PSR D 4R 45 B B 1 L
AU 56 2R 5 Z WS < Y M B 2 5 AL 5 B (R R
0.6) , 4E 3 AR 541K (3.409 6 X 10598 ) ,fH 2 T S 33X
— G UEE W AR FE AR AR A I 28 4.004 0, [R] B HE T
% 3.083 4X10° kg, 4 fi & ¥ 55 52 mA B (A H
0.6) , Bk HE 75 1 7T 3 22 R I (2.813 3X 107 kg) , HIX 72
DL AT 58 B2 46 A B 2 0 90 22 00 b B B AR E (3,951 9) LA
R AR 2 3.684 1 X 107G MM 1Y o 224 Ml & 1A Pk
RERT (AL 0.6) , A] A5 fe e O A SE B2 (4.269 2) fHAH

7 M T AR e K BR 8 AR A O HE il 3.493 92X 10°

kg) 52 AU (A 4.442 410990 ) o 1E [A] S5 AL &
BF (CRLEE & 2 1/3) , BT 15 5K B 14 45 T00 48 A (7T & B

4111 7, WA 3.846 4 10°70 , #k HE i 3.233 5X10°

kg ) B S 4k T b A B S i e 22 ) A — A 2 ]
E T HAR 9 o J7 S0 A B

R SE AR B A 25 TR A AE S U5 % K 4.5 )
B2 T A R 00T B R AEAE 2% 5 Bk HE i B
[Ea] P A2 AR 155 B

50

401

30+

A s 2 H/(10° J0)
S

YA I i /45

B4 HREEFAIFTE

Figure 4 Bridge maintenance cost analysis diagram
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