4314 5 W N LA S T RER A Vol.31,No.5
20234F 10 H JOURNAL OF BASIC SCIENCE AND ENGINEERING October 2023

& S5 : 1005-0930( 2023 ) 05-1278-019 B2, U445.7 SCHRBRIRTS . A
doi : 10.16058/].issn.1005-0930.2023.05.017

ETERUEMNANHTRESHERRYESR
RERE X
wo#, F OB, E 4 kEs

CLURYI ST MBS O B A R 7R VAR 5180001 ;2. 7 s 3 T K 2% -+ A 15 3R 88 T B2 %, b )
s 999077)

BEAFR, REREHNRELR MREMEN L PO EEZHE, A REWH
RBAZE, BEHRALTEFRREER, BFARRNEoERATARK
AT, P O B SRR URIE R ER AN N A ERA T RRERA.
BRI ETEMEN B £ B B 63 i % (MAUFE) , 447 R 3% 47 AL X1
W% A RT AR AR AT £ B R AT JE A B R KR AL LSTM % 2
SRR AR A AR BN AL 0 R A S AT Al 4 R kSRR AR RAE 4 5% A B )9 MAUFE
ARG R I S ph AT AR AL UL % B M BUR i ORI R AR JU IR 2 2 A A B
5 R BRT FE SR VAR AT B L O OB AR B M R 0 SR B, R R B R 4 AT R A A
E HAT B A AN E I H (AHP-EW ) , 45 & 48] A 96 1 B 46 47 318 BOF 52k
LR P B AF s AR B AR TR AR A SE IR LN B 4R 2 6 B9 K Bh F Box AR M AR AT
WEHTOM ;2L 8 B R AR TR F oA REFEA XA REHE
HAKMB RL AR REENRR A Lo F 0B 05 ERATITE, R
AT 4 30 5 5 2 AT 38 B R T B AR R R AR 1E A B AT 5 2 RO AR SR A 4 JB M e
W vm, JE AT AR R 30a B I B B SR R A AT K B R R R W h T &
AR BRAKENRNESE, B GEERTERN R EET; FTNER
A AR R BOR S HAT R TN U7 SRR AN R BEAr i, R34 &
BRI RENERARTZ  ERAFEAREARFTEARARE
RAGRE & K.

KR 2 B REIENE MANE R E T ; DR RRE; KEHIZIZ LSTM; &
B8 %, S B Breds

B A RE (0 VR DA R SR D SR ORIE I IE B IRAE, A4 Ak 2 (2 55 B Y SC 2.
PR, X TR BRARAS B Al T AR B4R T30k B T S BCA 2427 3 BRI 5 o AR 3R [ B A
AP ETE b ZBOCTER B A BPIRES , BT IPANF8 AR AR 73 A /0. 36 AL

Y7 B3 .2022-02-24 ; 1&1T H#5:2022-11-28

E£ B RHEHPE R E SV AR5 E (2019YFB2102700)

YEE B MR W (1975—) 8 10+ U SR S T AR E-mail .

BEEE . KEZE(1994—) B 1574 E-mail : jlaxinnn.zhang@ connect.polyu.hk



No.5 BV LT 2R AU M 45 A M A AT S 1279

SR H RO A E I T Y FE IR L a2 5 AERCHE , % A R R
b e T B A5 PR 3R I XA AR A T ) AR T I A R A AT e T T, e = % &
LS ) S R IR B o S 22 1 CRITIC ' 45 % WL WU 3 3 % 1 s 5080 1 42 3
R E X G T W7 A Bt/ Xk B AR B A B 5 [ N A 22 B T
PO EWUERO A TRLG , LRI HAR SR AR TE PEA A 38 v 0 o S5 B R8s A B 11
H R

IO GE B B RE VAR T 2% 1 A B AL 2 2 B (L, X L, Bukhsh 85 34 1 i
BB IIRGE 35 9% PR R 2R a] 4 AR A5 1 2 IR Y Antoniou %R I £ )R
PRSI E XoF 75 S ) e o B 0 T P IR B P RE A T 17 P2 3 [ LV R Frangopol
I TRA 1) Dong # 4 F7 o A e T R F S5 055 N R B AP 1R bn b 455 28
MR BIS , XR  25 B PEREDPAG B0 138 2R R, AT (TP Al 4 bR T AT
WiE SRR B TERE G 9 E5 5 VPG 48 bn I AR A LA 52 B, 5 0 — 20 SR AR 3
X% TR B A HT . P DS JHE 251100 B X W S B HE O B 5 | ABSER 308 X HLHEAT T B — R b
Pl

Z R TRHOR GTFETT T2, 75 JEA R BRI R 5 B S5 T e AL 4 R U %
[l 22 2 A BI5GB 44 3R 1 R 98 S B B ) 7, I T R 8 vl B
JE R bR BRI S5 B — PR TR b N7 B H bR AL ) A ) 4E 57 T R
T Dong 25| A Z @MU BR B I GR4E 35 1 22 AR R ) AT A AT, SR gt
TEREIIT 22 T P (B B AR pR U PSR [l BT T ORAsR A 22 B A i 4 SR AL
G WFFEE X R 1 S B S RE R AR TR T 2R BT S bR AN R AR Y PR
15 50 R RS A BT D, E bR S 2 RO 4 57 7 S8 ROCR RS2 Wl AT 18 T i, e S ok 8 o 22
Xt H bR RGORS AL AT rE R b TR, 7, (R I S BRI A 4 55 T Be AL &, I, SRS B
SRR 25 T ASE R A 5 D SRR R YA S 1) BE il AL S8 i 45 6 7 2 s R il Y 1R
AU 7 — P LA B JR AT SRABEAY Ay 3 5 el IR A e B MR B AUL G5 A 7E A TR S GOIR S T 1Yy
TG 135 TR AR B AR M & R 2T LS R B4R DLER S S R 2
SE G e 5 T ) 5t il £ Ty v e Y I S A RS T 2 v 7

FAEAR I T — PP XA R e T A N S5 S PR RE O PPAL B0 B R TR IR EOACIR L
PESE 42 A e B 2 TR AT R 3 U468 b5 , R FH AU eRECRE 8 R (B 16 7% B PR
AP RYSOTNE 385 R A 7 2k 22 R AU 5 8 AR A h £ 2 WSS & 12 IR
IR B WAL (AHP-EW ) TRAE | 85 S BOMIZE ST IE R R 258 5 PEREHEAT PRAL . T S
R S B W % 2 A g S0 58, S5 I AR R A5 bR B 2 g vy B SR T s AR R
HEATSR A A9 B [RI4E TR 75T RO 4E TR RN

1 HRZEEAHSTH

Z @ MR 4 M (Multi-Attribute Utility Analysis, MAUA ) 76 314 Bk G B B8 G
2 TSRO E U PRUE ST 45 SR A5 D7 TR AT B0 A Ik, 7 Ak 2 U e 1 22 08 .
TE Z I ZZ W IR TR RS Al o 2728



1280 7 AER 5 TRERR A4 Vol.31

11 SEERAEH
R PSP DR A B S R0 B0 R B 7 1 T3 oA 2 X0
ST BB, — B A AR BT 2>

Ui(xi):A_B'e_F; (1)
KWMSHOTHEWT
—min(x;)
e R
A=y (2)
e W — o R
1
B == (3)
¢ R — o KT
RT - CE 4
: _l (— 0.5U,(max(x;)) = 0.5U,(min(x;) +A) (4)
n
B

Hdr. U, HFE RIS bR @ BROHE ;A F B 3 5 A i 46 % 550 min (v, ) A1 max (w,) 53 51 4 2R
TR BRSO e /N Rl B RS Y FE ARMEL ; RT( Risk tolerance ) A XUBS: 25 FiE.
4 RT G, R KUBS: fi 4F 284 ( risk-prone ) PR3 RT g O 1, g KU P 57 RT 4 IE I,
S AU L RE TR (risk-averse ) PO XU ASEE RT 453K (5) a8 S5 CE( certainty equivalent)
55 85)
e 0.5 X e T 0.5 x e T (5)
BABYER) CE J&38 1M 3 A B A A e 25 36 HEM S2 e o TH B 0y Herh A4 4
A 50% sk HER Y % CE AR (S) JRA8E] RT A, W56 RT ACAR (1) BIAT 45
FI AU R AL
B —FE AR A REON PR ESIE S ISR AN 7 2Rl G 22 J8 RN R AR
U= Zki'Ui(xi) (6)
Horb ok, RAEHR @ SO pREL U, AR LR Yk, = 1.

1.2 HFREEIEIR
1.21 HREEARARREE  HREARDIE bR — B T SO 22 0 Y5R35 1k %t
FPE R RN | N ER R A TR AT 53 B T AS S BOM AR FAS B0 G AR AR IPAG 3
AT E B R IPAS 2 BT IR R — R BCT B 1 32 B HE AR B #1747 43 9F
G KGR N R AR T RS R AT 1 2R S SR A A DA R, AR AR R A
B R X &AL A T VAL R 2 A B R R R AR AL, n=X (7)

BCI =BCI, - w, + BCI. ~w,_+ BCI, + w, (7)
Hrp, BCI N2 W ARRBUEAG 708 BCL, \BCI, 1 BCI, 43 51 h M & | EERES K F T
BFREEAG A BRIRFE AREL , w,, w, F w,, S8 BRI R | AR ASHFT SRE5 A AR | th e 43
54 0.40 ,0.40 .0.20.
122 2&aEH%ER M G2 1 4 7w S B 9 FH 22l H o 4R 9% R 2 L 4



No.5 AR T 2 R AR AT R G VE R TR D SRS 1 1281

1&2% FH B A R AR L A

Cop=C, +Cpy +Cpy +Cppp +C, (8)
Hp. €, HRIRAEDE ; C 0 B AEFR B C o\ AN 2 5 Crpp WARIE TR €, N TEAE
R WNRAE TR AL R S0 3 US40, INBs 1 B 56 S pR 2 1 2 4 774 ]
BN H o AE SR 0% RO EA T IO, — Ol UL, &40 1Y H 6 4k 37 2 FH L 55 I TR) A ¢
AL pRASC ) ARG 9 P S o A U it A A T, — A I AR A6 2R (9 7 L. A 9% TR
P4 T B BN A0 e 18 7 £E 2 HT B I BB R,

SEBRE (AnHLER (K ) AT DI IS o A, TR 4 7 i S BT N Y 2 A 2k KU T LA

For Y
N(tin)

C(t,,) = ;,Z. I(t,) - e (9)
Horb oo A dgan i N a3 an RN R E LA R L R E R FRUR 5y AT LR
1.2.3 FIHFEE ATHREMENARE AT AL SRR AR TR G Ak X T AR S AT R
S, — R FH 3G 15712 1 5 30U S i B ) e R

DT=d-ADT-§ (10)

Hort . d HASEIFE R ADT AT E S0 H Y Bt ; D WS IE B S S Geis i 4
] .

BT A RS M o BE A TR = RO A A S5 Y A TR SEBR T, BRI RE R
PFE B HE A A 52 e PR 26 DRIk A7 2 v S A PR S s v LA SR ZE i HE il it
AL ShAFEHE R

EN,, =ADT - D - d - |:Enp,/ (I—Tj+Enpl_ ,k-T} (11)
100 100
ENgp = (Enp g * Viea + Enppe = Vi) - RCR (12)
Hrr . Enp, 1 Enp, 53 SR ZEFUK 40 BRARCE  keg/km; T 9 H B s R
B Enp o F1 Enp,,,. 53 50 R AEAE 3 T vh A 575 AR 8 i 5 R A B AR IsC 5 VA VL
O3B A TR AR AR BE 1 O AR B RCR DA [R) 93 A5 90T O 4EAE Le 91,

T AT RRSLE — A K 3 B RR IR AT 4037 5 DA R R L eI 2 T, AT AR SR
TRt ST A DG BRI
2 BEMZEEEME

BOWI 25 5 PEUT A R B b i — b B 8 B, T T e P i R rh PR FE bR
A AREROR , 22 P B PE e DLE B AR 1), B ETE Tolk i 38 b S5 U AT 1 18 2 0
FHEOS SR 5 v gk SR B R R AR i B T B S PPN 2 IR BRI R B 7E
BrRLR A VEREITAG o BRI PEA 2 AN 18 1 B SO PPN 2 2 2 6 B AR)Z I B2 25
B PAAE bR SN Z AT TR AR A I AR VDN 25 I 2 B sl e bR SUBR AR

HEDU R Y 3 TG bR i i 22 Ja PR A5 o A s e i R I A ASORY ) T | O A 3 SR s J
R i@t AHP-EW J7 8 58 25 TR AR AR | #F A5 24T 225 G P RE A A SR & 32



1282 7 AER 5 TRERR A4 Vol.31

Wrksr b that

#r
i

3

ML E T ST L A BT A % & YRS ER H
B SRR LR S A AT 2R

Fig.1 Hierarchy of bridge multi-attribute evaluation

2.1 REERTRE

T2 ISR AN S T A 35 i S0, R i ok e a7 (LA SR8 B T DAOE
Hr @ R BN W —TT R w, BIAZE (v,) (RS R T B 09 DX A3, i A1) TSR e pR 2
FOR X T E 25 RN R bR X, HO TRORI 4 A 0YsR 8 BE—CR TBORMI e 1T B 43 A1
AFU BN GE T — Bt BRIy 2, TR A N R BRI S AT A 2 B S
TS BB GETT 751 T BRSO S T B SO O A1 J0 3o (B F5 A SR B2 Y 20 A 1 0L, 15 3 A
D7 AR SR i B, A SR R & DL Sigmoid 4341 BYIE X 4 nE 2 frs.

VRN

(a) /- fSigmoid pF £ (b) 47 flISigmoid b %1 (c) XU Sigmoided £

512 Sigmoid 437 (155 & R 4L

Fig.2 Membership functions of sigmoid distribution

2.2 AHP-EW %

AHP-EW 32 J&—Fofs 25 WAL A A A A 7 Al A AR O kb T F A R e =
ES VRTINS & SUNVE 7 S S i LN Y
2.2.1 BEXRSHE(AHP) JE R T 8 PSR 3 1) 22 3 W 45 1 f Ak, X E A (B
) G552 Z=m Lk = BB G DL T, SR I 728k S L 2 U 43 s vh 7 2% T
THE DU J2 010 25 TOUH o S 7 JORT L 05 (1 DRI R I )« AR 8 8 s 0 Bk P R AR AT LU, — A
M8 1.3.5.7.9 FEA7MRAE , BB RAR AT 59 — R AR 2 1 FoR [ i, A H
PEART 53— 48R, i 173 .1/5 1/7 . 1/9 4T IRAEL. A5 {1 4 BB 2R B 0T LA EA T P9 3.
A T ) e S DRI R R | Ik B KRR MR A, X I B AR A 17 B W R AT — BSOPE AR 56 158 UL
B, A7 AR P i — SO, R AIE ) 2 oA A [ i
2.2.2 @RGE(EW) TERAGE T 55 T 5 8 5 10 B Le. 6 bk S i) 15 2 12 B
K, AR BN B 145 FR bR it NN 8 — , T O — B, 75 X0 S5 6 B0 R AT b vfE A A 3L



No.5 O T ZRIERUT I R S TERELE SRR A 1283

KR EEs TAREIL S A9 B s 0L D — 25455, IG5 B0 00 3L, X248 0 B AR 945
I8

1 n
Ei :—m;pﬁln(l)g) (13)

/H\qupij = Yij/ z": Yi;n NFEAR B
8t HAEhE BT A AR RS b A E
Bi=—— (14)

Hodr . m MFEbR AL
223 ZEWNEMERAR P 22 19 2 AL E (objective weight ) F1H 2K 404
b E 1) WAL (subjective weight ) BlG A ZE A AL

oo Y B (15)

; o B
Hdr. o, B, 43 A PR I 3 & AL .
2.3 HHERE
T Ao ALIUFE s 114 S T R R B RN 25 A AR i o 25 DA 45 SR I AGR s

' T 0 Ty
Ty Ty v T
21 22 2n
B:W'R:<wl’w29"'iwm) . . . =(b1,b2,"',b") (16)
r ml rm2 rrrm

L4 A AR AHP-EW (1 MAUFE J5
AR T R R 3 R, | |

T PEX I AR AR BT E | A T i i| ‘E ‘ AHP-EW i LT ‘
WBUTATRS SR 3 MU BRREE R | — i
| |

RO £3 A PP I

AT, 5 A A 22 )@ R eR BOKE R P ! 7
P, T ARP-EW ety (L [ e |
SR R B AT AR B, e 8 it K3 MAUFEM LA iR

PATTTFE AR 1) 3R R B S I 27 5 A B E 2 Fig.3 The flow chart of MAUFE

ERALEEE S EIE IS
3 BRI

AR IR AR SR B A T R AT R AR AL RE A AL , 418 M 08 WU 13 38 28 57 0 SR AL I
R IRAEERE. PRI, K5 B2 A A R T A5 2 4 57 D SRS AR 1) (L . L S 7)) SR I I
LAY o B S A A A PR REIR ALY | T T X AT 22 ) RS P DR 285 L% I s 7
AT TN,



1284 7 AER 5 TRERR A4 Vol.31

3.1 SRATRKERETN

LhIR ] RALY S —Fh 2 B G AR A8 S /K al R EEALEIE b MR R RS R 5 3
TERPARZSA OG5 i RS TE . By IR AT RS2 Hy /R w] R B v i — A, 2 AR 3R 2 i ]
FLRZSHR 2 B HAY TR ] I i A Th /R ] i A v A A8 S (B PR AR, B Y 4 B MR {2 At
I B FROIRZS 2 (8] BEHL L & S BRSSP AL 5 A 5TT , X B ARSI 2 M
TUHLY 1 23 5 AR, I E) 2 802 B B I ) B (R B L R X, 11,2,3,4,
SELX, FURIT X, AR X, o> 1 DR 0 56 B MR SR I B T — > 5 B S B 4 . —
TR AL A P AT LAZRIR

r/(rp + 1) 1/(r, +1)
r,/(ry + 1) 1/(r, +1)
P = ry/(ry + 1) 1/(r; + 1) (17)
r,/(r, +1) 1/(r, + 1)
1

Th R AT R AR S 5 B, P AR AT S AU Y R PR RpIR S R85 AR A 22
T — AT GRAS AT HN TR R o) LA R AL BRSO R ot %2
3.2 REHIEIZHMEZM L (LSTM ) g Bz T3l

A Ry — A sk () P 28 R 4% KA 1212 R 4% ( Long Short-Term Memory , LSTM) #%)
12 T AL 27 > R I ) e 5 S0 oy AN ] 3 — M N TR I 255 388 I A 22 R 4% (RNIN) 5E
G375 T AR 8]y 3 vh i H SRR 2 18] AT RE A TR A I 4 S I [] B 90 5 7 O Al b
LSTM 25 T AbBAE YN ZRA% 5 RNN I ] 5] 18 31 9 458 KF FH 2% 80 B2 () R, 76 RNN 1 LAtk
b TERAEALE TSI 4 AR AR LT RNN, LSTM 1§ BR 254 Z [ R 3iE T — D FF A
BATTHIRRSEAL 3% | T 1 5 A A5 R Y 25 B ) A

v AN LSTM JZ iy BN PR A5 14 2 0L, g A
>(%) >(%)
®
. L]

c, RO AE R IR PR OB E T AR A 3K
FHTREL, M2 LSTM AT 75— A6 35 B
L, MG X 2SIt T3 an sl 4 Je

T w7, A LSTM H AT GBI K 1R ER
X, TORSH AL, £ 0 T REI T .
B4 1STM BAICEy FAT] R E 2T B 220 ) 4% 1) i A B 3
Fig.d A common LSTM unit TR

TR s FA R — I 20 3] 24 i s 28] AR 2
R
T A S TR A A

4 HEFRRMM

TERT GEAEFR RS | LLZE S PERE R e AL 5 | S 4T SR PRI R IE W 188 ST R
FERE 2 BT RO I AR, DRI N AR 22 2435 IO AT TS B A LU 52 I A ASEMM £ DAl 25
SRR F bR eR R, 4 SR A YRR SRR RS A st B oK .



No.5 AR T 2 R AR AT R G VE R TR D SRS 1 1285

4.1 HEFEERET

W G4 SR DR SRR A 5T RV 7R A e AR R A B IR 4 07 vk, B R Al Ak Ta) R
(¥ 0-1 BRI LA O-1 2B it oo, FRARAEAEA i XEFRAP I j RS A5, WX F4E0y ¢ Y
RUSAS €, ATRAE SR

C£=Zm:xij°cj (18)
Horse, ENVE j BT o B 10 4 5% AR, ﬁﬁ%i‘ﬁ'ﬁ%iﬁﬁﬁiﬂiﬁjﬁ:%fﬁfﬁﬁi, Jo & Hif 8%
=R
ey 1 N T IR O AR YRR HE T A
Ei=ixij'ej (19)
Horrze, ANV j & A A ROBRHE i AR 03 7 AR IR AR 2 BB — 4 77407
HRAE.
5 s SRR R YU K
Bs=iixij-bj (20)
Hoob, SR I5 s j BAESRAOH AR LSRN T HE SR RN 32 ST SR 4 O i R
RIS s AF I 4EFRRBUN S 1 BI5 s 4F A FR40 0 i A= i 2[Rl H.
25 b R A SRR A B A AR ] ST
max f(C,B,E)
Z C; < Budget

n(s) + B, < 100 (17)
FR(n(s) + B.,ML(s)) > 0.8

x; € 10,1}

Horp 458 Hin b Z @ SO PEAL 45 2R £ () Sy IZIZ AR AR BTG b | 4275 i Ji 1) 2% 1]
] REEE PRI R FL AR 2 o 28k B 457 9% 2 C, N R, & A iy 42

FARDLIE 53 (RY A SRR RE » (s) FFR L= A0 B, BIVEF BN ) AN P 45
AT 43, Horb A SRR A AL i T JR AT IR S TN AR RIS 5] 5 FR (- ) BRI PR AR A, ]
TR RIRE S BRI R S5 6 L R A P 2R A MR RB AL T — 28 X ).
4.2 BEEEKE

DX TFAE G B AL IRl ) 0-1 BRI AN | B2z A5 Hp 45 AR A G2 M RE 3 00 — 4
AL AR RN BRI A R A N T LT RO IA BRI N TR E A £ 1Y
IR A SR 53 308 Tt T EIEAFTE R T AR 0 B AR T S 2R 45 A A
DI A )T, — P 5 A B R BB A1 R AT 42 )R S DL e R oK At | b DAt A% 330 1 FH
i,i}-‘—[ﬂ]'

AL S AE W ) Ak AR P O B 45 TR S BRI 30 e R R IR 3 I
FERIANREAT L, E AT R QP E o Ve R | 38 ORI S S AR Ak, RS i se b i

s.t.



1286 7 AER 5 TRERR A4 Vol.31

SeBEHLAE B— 2 R, TSR0 o T IO i e B S, S O A o ) A AR R AT HE Y
R —HE PP R BGHE AT — YR AU X — i Fe b, A A TE] il RE 2B 78 14 2
WSS SR B A 5l o X — SR, S LA R R s AL 2 — U 2l
ZAEEE, RV RT A5 2 298 (0 IR R B A R AL, WP 5 .

Bt

v

BEEET
v

IR
!

s RS GIRAR) e e F R ST AR
it 4TS |
BB
| emERE R (U | Lokt

l

| R, A% R |

K5 s oR g
Fig.5 Solving flow of genetic algorithm

5 SEBRM B

5.1 MAUFE &&ZE8 4T
SCHR[ 24,42 | XA BB R T T Z2 YRR 0 i Je e R pe sk A AL, 03 SCHR AT %K
PG ATy 5, BA S BN R FATFE AR A TE XS4, Ik 1 R,

1 RGBS Y S L

Table 1 Parameters of the random variables associated with thecalculation

TEhRB SEE g St 2 SEE g
FAHH/(USD-m™?) 1292 [ 2 Gl HE B/ km 7.9  MEUESS A
BrRTEE/m 10.4 [t 2 1 LR EE/ (km-h™") 104 APECEASMi
R /m 69.2 5153 A TR/ (kg-km ™) 0.22  XPEIESM
AR L 1.56 I 5 {1 R (kg-km™ ) 0.56  XIEGEZSM
H S35 42 3 42 L il 9% 4 I# 5 fE TREEHRRHEE (kg-m™) 376 XEOEEIME
H P-4 i 5000  APEGERSM || AR (kgem™) 9749 XPEGEZ S

SR 1 GO, 28 5 R AT E 0.2, AR A B2 1 000 ZHAE AR PR A T iy
P G AR A T VPAG LRSS b PP A B3 1 A A A8k

X 2% BRI B 140850 BRI 50, 388 3 e R A s e RSO 5 e /N AT | R R S5 1 1Y)
JRPMEAE B PREIEE(E EV( Expected Value) , #E 1fijif 153X (5) 75 2 KBS A B RT H, R A



No.5 O T ZRIERUT I R S TERELE SRR A 1287

(1) BTS2 545 b A R8OH s A T 2T T RO Z8OH R B0 S PR 10 ) 2]
(ELE5 2 M) B S 0 , PR A FE Bl (BB ELA [ — 7 1), BV (EDBROR , 245
BB 12 HEAF(ECI) o0 ) JE NS [, 1] O8O eRESE R 0 21 ph i BR85S0 v T 1R
Je PR . FR B PR RSB S R IR A 2 KT 1,58 VISR E A =
ANT ORI SR IANER VIS SR 2 R A, e TIET 2(a) L (b) B AU LA Sigmoid PREL,
TR SR IL IVIBFRER 2 (o) HTABGHL SRR 52 PR, 1 B e sF Js B e
XEFRBIZE G PR T B4 SRS FRAER, 16 1 2.2 15§ HH ) £ 205 19 AHP-EW J5
HEHE X T AHP J5k, T IRIER G SE T AL R 2R MRS 1Y 1515
B 9 AT AEAE TCIE PRAUE. X [ AL ST 30 A3 44 AHSC AU e 5 2 3R TR I & i 5, 45
FELL AHP J7ik ) b2 SRR 22 S S AR HEAT 2047, A RT 6 (a) BT, B S TR
PR B9 UL 5 X6 SRR 11,22 ] BTk Y 35 JERF R B BOACIR DL 2540 | 4= A7 o 301 98¢
B r] RPSEMESRARIEATE T, ANIET 6(b) IR 2545 EW J5 B M 5 2 48 b 1 20 WU . i R
M (15) BEATACE R, 48 5SS & B9 45 S5 bl & AU
b B ERHRE O HARRIIE © 2 MMM * TR

1.0r m] * @
5o o % o
08} * R
i * Oy o O m] *
= e o0 ® *, P °
£ 0B e® o A 75%‘ " &
& = o' 0% * o o o
i s leel g o 0 o
5 EUT e T o
: 02} L .
08 5 * *
- 04 . Lk F . .
gt oy 02 {”vsﬁ%ﬁﬁ 0 5 10 15 20 25 30 35
‘ 2 R4 5
(a) AHPHTIEBEAL TR (b) EWJr it H AR
K6 AHP-EW J7 kAL E T
Fig.6 Weight analysis by AHP-EW method
3 32 RIS A 80T M Y SR JE B R AR ) AR T T
" N o . k. . .o T
BOR AHP-EW 3502 AR IH R S3G]] B.
SPABOIBGR IR B 3 IR AR IR 0] 1
A5 BT B AT R ZR 5 PR RE BT JE 2], 07
PES W IE 2 G S VEEL |
PRREA JE A, X AT 2R S BT, L
B, e HIPE EE SR K 7 FR. 03}
HIE 7 ATDAE 2R Atk aE T 280 02 AR I D
\ . o OIf .
DIREPNE 2 SR CRERTIE L 7y O RO R A | O A O A O A
7, TV 2R G2 BT 6 57 B 1) BT i W1k BIE  BIE  BNE  BVE
PRt [RTRR AR SR AR SCOT VR4 2 A A W7 4 A AR BT A %

PLEG T 45 R A B 0 “ T8 45 Fig.7 MAUFE resulis of bridge different risk attitudes



1288 N IHEAl S TRERL 22 40 Vol.31

gy BB —AR bR i Rl AN 2 B EER G PPAG A5 R i 1] — O AP S R, U
ISR AL TR PR e HR AR G PEREA R LUE A e S 4, T IR b 1) 2 HH AN 22
FEERETERE R MPR PP A R LR & % BT R M EACIRDL | 57 MR FFLE RS54 | bt
T AIHEAR G | PO 4 I 2 A R R A 5 2.

Lopx . 5.2 HHRMERETIN

o s 521 SRAXKESEEEST DL

ot “REE T O S 0 K A O
¥ oo} T, SRR A, R e B R A T
M ~ IR MRS B 155 JOAR 5 T 5
= oab IHLATRIIEE M 2018 ~ 2020 4F 14 5 46 K s

02} 25 UK BRIy VA R ST, I 4

oy A3 FH T TR S 0 D A 2 1 AR

VST IS R0 R S A W A U,
& 8 .

5.2.2 LSTM #&&Ig31 DAY 3k
2% D L e T S SR AT R A AT A A
W TR R R 5, At
5 14 AR AL KO 5530 S A 8] 4 2020-09-25 ~2021-12-24 , K FE B B 1h. AR IEHL
v ) TRUINDRG B e B B 58 £, SR 3o HE TN K /NI 43 AT ot A 5 a0 A 7 B0 a0 Ak
L REARBIRIE LA 70%/30% 11 LG 53 B R 2R AP 4. LSTM AR 2 J2 LSTM |1 )2
Dropout } Dense JZZH A, £ LSTM JZ240 & 32 N80T, I 2R 72 M 25 R 22 InE 9 B,

B8 MRt Eh K n] JARAS T A6 1Y

Fig.8 Markov long-term state prediction mode
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Fig.10  Results of LSTM response prediction model
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Fig.12  Flow chart for maintenance decision-making
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Table 3 Parameters of the maintenance action
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Bridge Optimal Maintenance Using the Multi-attribute
Utility Assessment Method

LIN Tao', JIA Lei', DONG You’, ZHANG Jiaxin®
(1.Shenzhen Urban Transport Planning Center Co., Ltd, Shenzhen, Guangdong 5180001, Chinaj; 2. Department of Civil
and Environmental Engineering,Hong Kong Polytechnic University, Hong Kong 999077, China)

Abstract

With the rapid development of highway networks, the bridges not only need to meet the
safety requirement but also social and economic development goals.In order to plan maintenance
strategies to maintain the maximum performance of the bridge during its service life, it is
necessary to develop a methodology that evaluates the comprehensive performance of the bridge
effectively. In this paper, the multi-atiribute utility incorporating the fuzzy evaluation method
(MAUFE) is proposed to assess the bridge performance.Furthermore,the Markov model and
LSTM algorithm are utilized to build a bridge degradation prediction model.The optimal model is
established to maximize the MAUFE results. Various performance indicators are integrated by
using a multi-attribute utility function. The bridge condition, life-cycle cost, and sustainability
index are selected to assess the comprehensive performance of the bridge.The fusion weight of
the performance index is determined by combining the analytical hierarchy process and entropy
weight method ( AHP-EW ) .The fuzzy comprehensive evaluation method is adopted to construct
the fuzzy membership matrix of different indicators, and the comprehensive performance of
bridges is calculated. A data-driven framework is used to predict the bridge’ s performance
based on actual observation data. The mathematical model of bridge life-cycle maintenance
decision-making under specified objectives and constraints is established , which is solved by a
genetic algorithm to obtain an optimal maintenance strategy. Finally, the representative bridges
are selected to assess the life-cycle comprehensive performance.And the maintenance strategies
over thirty years of a particular bridge under different evaluation indicators as objectives and
constraints are planned by using the proposed optimal model. The results show that the
assessment method can fully reflect the decision-makers attitudes and cover many aspects within
the performance assessment process.The prediction model is capable of accurately predicting the
bridge’ s health status. The maintenance schedule that makes each evaluation indicator better
can be obtained with the objective of comprehensive assessment model. The maintenance
decision-making model can maximize the comprehensive performance of the bridge within the
limited budget.

Keywords ; multi-attribute utility ; fuzzy evaluation ; fusion weights; comprehensive assessment;
Markov models ;long short-term memory LSTM ; genetic algorithms ; multi-objective optimization ;

intelligent maintenance



