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[ Abstract] Under the traditional design scheme, the design quantity of main girder of the bridge erector is redundant and there are
many consumables, which will reduce the production efficiency, and the existing optimization methods have the problem of low
convergence accuracy. An enhanced beluga whale optimization (EBWO) based on quadratic interpolation strategy was proposed, and
lightweight design of main girder of the 600t bridge erector was carried out. Firstly, six test functions were applied to evaluate and
compare the effectiveness of the beluga whale optimization (BWO) , EBWO and three other prevalent optimization algorithms, focusing
on their convergence characteristics. Then, a mechanical analysis was conducted on the bridge erector girder under the real loading
conditions. An optimization model was established by combining bridge girder design specifications and mechanical requirements, and
the cross-sectional area optimization of main girder of the bridge erector was carried out. The results show that EBWO has the enhanced
stability and convergence characteristics. It is proved that the optimized main girder is reduced by 19.3% , and can meet the safety
requirements.

[ Keywords] beluga whale optimization( BWO) ; quadratic interpolation strategy; bridge erector; main girder; lightweight design
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Fig. 1  Process of beluga whale optimization algorithm

¥ F5 M HE - www. stae. com. cn



B R

Science Technology and Engineering

4988

5 TR
2025,25(12)

r, MBEHLEL ;sin(+) Fl cos ( +) R BEA% 185 1) 665 5 1)
JK T s even FI odd 437l s RN AT 44,

WA A Levy AT ME 2 /5 57k i e 8k
AeJ1, Al RN
XiTH = r3X:csl - r4XiT + ClLF<XrT _X,T> (4)
T
¢, =21 - . ) (5)

ma:

Py o W BEVLEL €, 0 BEHIL I AR UCEH) 28 1k 5
BT AR RBE T L NG Levy 20 AT HY
BERLEC X, 1 Hi T AR 5 X, X, 705 A AL
SEZR IR ZES S YDA

WIS ISR B, FI WA A8 B e Kk
AUH, B2 R A5 I o e P

X[ = rg X! =X 41X, (6)

X, = (U, =L, ) (7)

C, =2W,N (8)

Wr:O.l—O;BT (9)

K org rg ¥y A BENLEL X, TR W o R
A P i A T R SR 5 C, S 4 ol 655 7 9 B 1) o
SRR N AR T
1.2 EFIRBEERBEENASGMRLER

TR TR W B A5 6 AN 5 I 4 A R IR SR
FERRTEE T, 42 Sk e e v sk e it L Al
FH A AT A — 2 K A T 40 &, 72k
fiff S PR f () /MBS B S R rpr A IR A (E 2
TSR AS W 18 3T PR f(x) , BB AR B = B
fit, QN 207, M H AR BRECTE AN [A] 3 50 1Y pR &R
{ERE) 1—~5 J5E 3 PR f () ARG LAY IR 2 30X
p(x), LABRE p () MR A BD p(x) =0 AUAR ] 1E
S BATRRREL S (x) AR A

AR LA, EBWO 7E3% At # b, vl o
% (10) BB BT 7E L B

S LX) = X 1 (Xo) + [ Xl -
(XrTn3,/)2Jf(XrTm) + [(XrT,l3,/)2 - (Xz;zl,j)zJ X
f(X;,n2]> | [(inlj - Xr’nZ])f( ina) + (inzj -
XrTn3,j)f(XrTn1 ) + (XrT,a,j - XrTnl,j)f( XrTnQ,j> +
eps ] - (10)

K (10) o X, S TEFEAT 7 & SRR R A

X i Ko N 53 B0 B AN BE LA £ (XD,0)

F(X o D FIFCX ) 535010 3 AR AR 35 10 BE H s eps Ay

FEE AR i, RN — RN IEER, SRS REEUE N 0,

1.3 HEiEMRExt b o1

ARSI SR 2 B W SOME RE Je SHULRE T, 1K

1 by 6 WK R ET % BWO (EBWO AR

AL (grey wolf optimizer, GWO) | fi5i ff1 {4k 55 722

(whale optimization algorithm, WOA ) | RZE ML L5 1

(sparrow search algorithm , SSA ) #4715 & M

URHHER /D 30, e KRB AR KL 500 U, BRIz 1745

RUE 3 Frs,

A

)%

T+l _
Xt =

4

SX)

»
»>
X

0 X X X X,

SR A M A F I PR K X, X, X, 559 5t
E RSO0 BEHLEEBY 3 A CURI (X, ) X)) (X)) TR
BRBLLT X7 4 p (o) BRI 1 X,7 ) Skt BB/ M
B2 RIG DA

Fig. 2 Quadratic interpolation principle diagram

F1 BEXMKRBRSEHEE

Table 1 Related test functions and parameter settings

M PR AR A #1145 Eiii A5t 7 ] e/ IME
e Gll]
A = 3, 5 30 [ -100,100] 0
i=1 =

—100 -100

¥ Mk . www. stae. com. cn



2025,25(12)

MR, 45 3 Tkt BWO SO ZEN L R AL B

4989
gxR1
T R B F A 1% 4% [ A f/ME
SR
10 000
RGN I £ 3000 30 [-10,10] 0
i=1 i=1
0
100
100
—100-100 RS
P2 edl]
fi(x) = X |, 30 [-1,1] 0
i=1
n i 2
filx) = ( x,) 30 [ ~100,100] 0
i=1 \j=1
-100-100
SH 73 )
Ss(x) =Max |y, |, 1<i<n 30 [ -=100,100] 0
—-200-200 I
S 7
n-1
fs(x) = D [100(x,, —27)” + (x, = 1)?] 30 [ -30,30] 0
i=1

ML www. stae. com. cn



B R 5 TR

4990 Science Technology and Engineering 2025,25(12)
10° K== 10°
Sres R 0 LT .
S - - - - O T e = = — — = N
\ N ~ e LY N, .
- Togre “~ SeSn O
'\‘ \"s__ i\s\ \'\-~ ALV N ‘\s
~, =~ . NS ~,
g 100-10} ‘.\ g . g 1007190 L R
= hN 2 o0 Mo 2 ~,
1 h3 o] L i ~
# N\ # N # N
o - = GWO N = - = GWo = - = GWO "\
1007270 | e WOA N\ . WOA 100-20f  mmeeme WOA \
........ SSA “\ weseress SSA weserens SSA N
- BWO ‘\ - BWO - BWO \‘
EBWO . 10020 | EBWO EBWO \,
100 200 300 400 500 100 200 300 400 500 100 200 300 400 500
(a) f,(x) (0)£,(x) (©)£,(x)
G e s = = = = = = — ===
Y et Mo - i - = GWO
~\~ ........ \~¢;ﬁ- ! e WOA
~, Nige. 1
. o, okt SSA
N,
., RCSREELTE i\ - BWO
o S x| N Foul W EBWO
2010t N i N A N ——
2l AN & 19000k ~, 2 g
i ~ ] ., gy 100°F
# ‘\‘ # N ##H
] - = GWO \, I - = GWO g
e WOA N, e WOA
e SSA s | e SSA |
1007°F e BWO '\ === BWO 1007
N0 N e [ TN T e
100 200 300 400 500 100 200 300 400 500 100 200 300 400 500
(d)£,x) (e) /(%) ® 1)

3 DR Bk A
Fig. 3 Test function iteration graph
3 BT EBWO FAAAL T Hofh 4 Fho %,
A A W2 1 52 T, O B AR 22 0003 pR 0
DL FE b, A 5 BR T Jr & dee A0 e, Aol 4 W S50
ey, DR8P 35 7 A L 5 s At ) B0
XA AL R AT A T
2 RS ERMURBLEZE
ML E R R AL BTy 2 4 s R AR
PEOUA TR BT, R A RE A AL S0k RE A8 i s ik X
sk, 24Xt LI IE, EBWO 53k HA 5 1) 5
DLARE 1, Wl T 2R A L 3= 22 i b A e e 2

S K4 ZEBHLITAERY
R Fig. 4 Bridge erector working site

2.1 ZEHNERENST
WiE 4 Fros, LL QLB600t ZEFFHL A, 2R HL 32
E RSN N L d N N

xR2

Table 2 Main performance parameters of main

BN ERMEZMRSH

girder of bridge erector

HOR A N, o RO T A 3 AE Y, it R

10 800 mm BN BT 41T 5 H 0 P o o

SRR 2 fx, SLPERL L MPa 2.1x10°
B R AR, % 1T AT, e

ORI H A, AP S B, % 6 R it s

5 E L A1 046 By 2 AT AL, B8 45 5 1 7

RS2, 28 5 T L0 8 A F A ) = 2a, + xx, + 2xm + vy, (1)

Bow ) A1) Hrox, x40 000 A b 55 B D8 B AR B, mm

¥ Mk . www. stae. com. cn



2025,25(12)

WRBL, 45 B T RlotE BWO 5k i AR HIL 3 e AL it

4991

20y 0, 2 R R SRRSO B B4 v R AR mm ;s
o 301 SR TR A ) v RS mm o, v 50 1 M R
MOy ) )5 B K A58 B mm

TR A S EEHE R 3 FR,

k3

e
o
I —
X
le 4

] BAAL: mm
SR = T2 ]

Fig. 5 Schematic diagram of section parameters of main girder

#3 ERINASHEEEE
Table 3 The range of geometric parameters of main girder
HIE S5 X Xy X3 Xy Xs R73 X7 Xy
f/ME/mm 15 500 180 16 800 7 7 40
RME/mm 28 9000 320 22 1500 15 15 100

2.2 NFESH

TEES thad R b 32 520K 52 1Y 25 fe K, Gy = 52
TEIE BCF TN, 7R 325k @ %6 B ] 1Y e s 2
K6 i,

W) = A28 BTG N AR SZ S R
O (P + Pi) @, qu

4 8 (12)

K(12) Hr: o, HR FE LB B 1T vh i 2007 R %k, W
1. 050, MZEMHLEYRE T Bh a8 R A B 1. 1559 HiZ
TRAEYHEEN, N/mm; L B R85
&, mm,

[F] B FEAKSF- T 1) b i 5 o 25 R s 5 R an sl 7
FIi7s

M, =

P=P_ +P
crane lift

]

q AT A TGN ;L B E RIS P AL
TERE B 5 1) FARZ A P, AR E HE Py R E R
EHBUE R T A
Ko e m AN =532 i
Fig. 6 Simplified force diagram of the main girder in

Sl

the vertical plane

AR Mk www

ZRAFHILE B A K- J7 1) B 5 AR T 2 R
R R Ty ] Sl L A XS ke Ok F

THT A 7R 32 )25 RN
PinerL
My = T + Mwlnad ( 13 )
Piner = gD3PO£ (14)
LGPt gL’
. - — wind g 15
iner 2 4 + 8 < )

K. P, R T B &3 B T, N, h
F R ENALI KRS g (30 1) 500 B 58 7% i 45
FAJ B 2 J1 3500 2R B 1. 55 M, i R Amr 5 RS )
HON-mm; M, A BPE SRR S5, N-mm;a A5
BRALES SN (il 30 ) hns B, B 0. 064 m/s”; € IR
B 65P W TAERS TR AR, B 210 Paj
A SRR T i T A XU AR B 40 m

TE S v i 2% T 50 b s 32 R K A7 e K G BY
71, Z R BB 8 iR,

%—— P=P_ FPy

WL

L
2
. ) L —

F7 oK 55z fa

Fig. 7 Simplified force diagram of the main girder in the

horizontal plane

K8 B 2k To0 T 332 1 fif A
Fig. 8 Simplified force diagram of the main girder under

eccentric loading condition at the span end

DU = G AR A7 () B KB 1 1o
)
B
K(16) . Q. HERITF BTN J7,N; S by 1 1)
B, mm’ 58 AHEARAYIERE  mm ;1 oA F R R
2.3 HEMZR
2.3.1 ®mEEZER

ZERFAIL A 2 5 v A I T B K 32 1 SR R ik
AR Fi

(16)

T =

Mo oM _[o]
y W,y W, 1.48

x

o =

(17)

. stae. com. cn



I S S
4992 Science Technology and Engineering

5 T &

2025,25(12)

X(17) o HE R IIER S, MPay M, M, 535
R A —#R AL 32 5228 « JAT y FAY S AE(E N - mm;
W, Wﬁ?‘%’]j‘JXT x JHORD y Bl AR AR mm 5y,
v, 3R Ay Sl AT S K e R, &
FIERONFE R, MOy, =y, =1.05; [ o ] HIFH
Haiﬁ%ﬁﬂjﬂftmjj,l\/lpao
2.3.2 RFHAZK

FEES i G OL T, A R 3 R Ao e
SR il R AR

T = Q}'iés < [j; (18)
KO8 H L[ f, | VP HBUBTREE
2.3.3 RMIEZEX

AR B R L e B AR A

PI’ L

S = 8k, =500 L/
K (19) W of HEERFALE RN EEHIEEE , mm; P oA
ERAESEFERZ AN E A2 HU R 3
B B2, 1 x 10° MPa; 7 Ayt rh e o 4l iy 15T 1k
Ji, mm* 5 [ f] RV FHRIEE
2.3.4 FBEEER

SR AT A ] % R A8 1] o 550 o s R — s NI
JEECST DU Al A A v R

;%+40 < x, (20)

80 22 < <050 (21)
o, x

S (21) o BRI IR 118 3 460 MPa,
R 2 2% M SR, 20 o 1 8% 16 R~
WA

(19)

f—;—x7 <0 (22)
B <

3 BRENERESH

KH BWO 5 EBWO X285 ML = 32 kA7 4k,
1A U AR/ 50, 3B 300, 75 H AR A
FEIE , & 9 iR, BWO 1E3£4% 300 s 3BR T )5
EREARA , T EBWO 7E £ 2 80 W5 SR 15 fe A
B TRE, 45REW, Mk BWO,EBWO 7
PRUECSIGE FE T 3E T A5 [ T R e LA

P 3R SR i 45 R 34 25 37 B FPRE R/ iR R
BARKE AR ) A A Ak 5 B AT B R 1 AR =R
o Rt —20uE B el Bk W T AT RS il ik
EAHEE N h 50 .80, SEACKEL T R 300,500, 4351l

1130 I, Geit oM a4 A, I RGP 290 K5
2%, Gt T A R AN 10 B
57
X — EBWO
551

50 100 150 200 250 300
ARG H

K9 kS
Fig. 9 Diagram of algorithm optimization iteration

6

[ IBWO
[ ]EBWO
AP 466 410 4 A 465 48 46

o~
T

Bk TR rHME/100

BWO [EBWO] BWO [EBWO] BWO [EBWO] BWO [EBWO
N=50, T=300 | N=50, 7=500 | N=80, 7=300 | N=80, =500

K10 SIEERIRZEER

Fig. 10 Error bar chart of optimization results

FH &L 10 1T %0, B 2 A 50OR 32 A v B0 35 T
PRSI B T 045 S T IkG i, EBWO 1 45 Fh i 150
USSR RE AT 2 BT, I BWO BIFREZEELK,
ARER TR E M R, PR E S8 Bl B
T ELSEE R BN =80, T =500 B #iz 4T 30 YK
/DR B AL R R AR A 56 800 mm® [
3 45 836. 72 mm* I LRIEF] 19. 3% ,

oAk 5 = g mm an 18 11 B, R ABAQUS
A AT BRICA AT, X Fe A AR w8 32 2 10 K
TG OL, AP 12 B 13 s, g5 SRR ik )E
TR I KRN ) B de KA T s 55 A GRE AL
P HIEY (GB/T 3811—2008) 12! Fide 485Kk |

4 #it

T [ AT AL B (0 i A i, DA 32 SR A
BT B AR R, 5 BE | I RE R R 1 A

¥ Mk . www. stae. com. cn



2025,25(12)

MR, 45 3 Tkt BWO SO ZEN L R AL B 4993

Ko fufs EREIIEAR

Fig. 11  Cross-sectional shape of the optimized main girder

S5 RN F1/MPa
CFHJ: 75%)
422X %0;

DRI LW,
NOBNR00—N00
DESA—atoQ
HKXXHKAKAK KKK
RLIARIARIIID

1
1
1
1
1
1
1
1

(a) PRALHT
LGN Sy /MPa
CP: 75%)
422X 10°

R TR e e
NOBNR 00— 00
DESI—aod
HKXXHKAKAKKXK K
LRI

ORI
B2 ek £ 20 2= X

Fig. 12 Comparison of stress nephogram of main girder

before and after optimization
KOMAREA, ¥ 4 3 R % L LB AL, IR H
FE T RN (B SR W 1 e I A R S T
iR N R W& LIRS A e B
WF FELER,

(1) 46 9 357 R 3 15 W 1 e e 1 B I b
YRR X [E] X BT oK 32 sR B T IR LG, =
P FE H REAE I S ey B e I A , ol an-pRe s S5 5
R EIA R T

(2) LR H 6 T R 2L, K EBWO 435 5
BWO .GWO ,WOA  SSA #E47%F 44, &8 T EB-
WO kB A e — e SR s By, RA R
I RERATERE

(3) Ml 127K Je TR RLE , SRR 45
A By L o AR i VIR RPN TR A8 S N S i BB
AT BWO 5 EBWO Bk 4L 45 2%, 1k 1
EBWO H7 9 5% 1) F-0L e S e etk difb s 42
AR RN T 19. 3% AR B35

>
&
®
g
E

OO === Ot
RLIYCOO = LAY
HXXX XX XXX XXX
ket ek e ek ek o ek
LRI

O LI A NN 00D ——

op
=
&

g

OO0 B

PN N IO LI
GSA=RARSDNGS
KHXAHKAXX XXX KK XX

STRANTHIINS Y- SRR

) AR
K13 fefbni)e R AR X

Fig. 13 Comparison of main girder deformation before and

after optimization

2 % x #t

[1] EmsE, 26k, Ve Bhd N-K BORAG & 4 0 45 SR ML T %

SRKE RSN (T]. hE %R, 2023, 33(9):
10-17.
Wang Haiying, Chu Lin, Xu Jian. Construction safety risk analysis
of bridge girder-erecting machine based on complex network integra-
ting N-K model[ J]. China Safety Science Journal, 2023, 33(9) .
10-17.

[2] =EA, P, £, % PRSI IS
PERFFE[J]. WROREE TARR A2, 2023, 44(3) : 345-352.
Yuan Zhijie, Mao Jianxiao, Wang Hao, et al. Test and evaluation
of the static and dynamic performance of the walking bridge erection
machine[ J]. Journal of Harbin Engineering University, 2023, 44
(3): 345-352.

[3] Z=EAEFF, STRER, MM, % HTZTHERMTANERE S

SRR B [T]. T 2R, 2023, 44 (11);
3529-3542.
Li Zuoxuan, Jia Liangyue, Hao Jia, et al. Lightweight optimization
design of unmanned vehicle body structure based on multi-working
conditions correlation [ J ]. Acta Armamentarii, 2023, 44 (11):
3529-3542.

[4] BB, THE. T CAE SEERIERAE B Mt iR i
PEBEH[ ], TRRIEBI, 2023, 51(10) : 8591.

Chen Yichao, Wang Hui. Lightweight design of automotive B-pillar
exterior panel based on CAE and genetic algorithm[ J]. Engineering
Plastics Application, 2023, 51(10) ; 8591.

[5] Bi—2&, skds, XVKREN, 55 BT oo R B Sk 42 30

FRER BT R [T]. AR (AR |, 2023,
44(2) . 223-232.
Chen Yixin, Zhang Ting, Liu Yonggang, et al. Lightweight design
method of girder hoist based on improved salp swarm algorithm[J].
Journal of Northeastern University ( Natural Science), 2023, 44
(2):223-232.

ML www. stae. com. cn



4994

B R 5 TR

Science Technology and Engineering

2025,25(12)

(6]

[10]

(1]

[12]

[13]

Gangwar T, Schillinger D. Thermodynamically consistent concur-
rent material and structure optimization of elastoplastic multiphase
hierarchical systems[ J]. Structural and Multidisciplinary Optimiza-
tion, 2023, 66 195.
Nguyen P C H, Kim Y, Choi Y. Lightweight design with metallic
additively manufactured cellular structures[ J]. Journal of Computa-
tional Design and Engineering, 2022, 9(1) : 155-167.
Zhong C T, Li G, Meng Z. Beluga whale optimization: a novel na-
ture-inspired metaheuristic algorithm [ J ]. Knowledge-Based Sys-
tems,2022, 251 109215.
BRoh, sk, EHEDG. BT Fuch WU BGH M 8L ML %
LRHLT]. LIRS RESE, 2024, 46(8) ; 1482-1492.
Chen Xinyi, Zhang Mengjian, Wang Deguang. Improved beluga
whale optimization algorithms based on Fuch mapping and applica-
tions [ J ]. Computer Engineering & Science, 2024, 46 (8):
1482-1492.
FIHE, RIRR, EFI, 5 B TIR IR ]2 ) MK Ak
SO B AR SRR [T ]. HHEEALR ST, 2024, 41(3):
729-735.
Wang YAhui, Zhang Huchen, Wang Xuebing, et al. Improved
beluga whale optimization algorithm based on chaotic inverse learn-
ing and water wave algorithm|[ J]. Application Research of Com-
puters, 2024, 41(3) : 729-735.
SCHAS, TRIRE, XSHER, A 5 R SRR R L OB A e 1 1
R Bk (1], /ANEU R B LR S8, 2024, 45(12)
2858-2866.
Wen Yujie, Zhang Damin, Deng Jiaxin, et al. Beluga optimiza-
tion algorithm with improved melon sensing and siege mechanism
[J]. Journal of Chinese Computer Systems, 2024, 45 (12):
2858-2866.
T E AR 22 by . T ML . GB/T 3811—
2008[ S]. dtat. o EbRifE L AL, 2008.
Standardization Administration of the PRC. Design rules for
cranes: GB/T 3811—2008 [ S]. Beijing: China Standards Pub-
lishing House,, 2008.
PRZSH, FBaAI, ZE0EE, 45 ST 5% 0 RFID
AR T]. BB, 2024, 51(3) : 317-325.
Chen Yijun, Zheng Jiali, Li Zhigian, et al. Improved beluga

[14]

[15]

[17]

[18]

[19]

whale optimization for RFID network planning[J].
ence, 2024, 51(3): 317-325.

W, XIT, ok, ORI T (B R R
EL1]. PR WS, 2021, 38(12) : 3651-3656.

Guo Yuxin, Liu Sheng, Zhang Lei, et al. Elite opposition-based

Computer Sci-

learning quadratic interpolation slime mould algorithm[ J].
cation Research of Computers, 2021, 38(12) : 3651-3656.
MW, HAR, B, L BT ATESERMTTRENL R
TAMFMBIT 1], PLAS T 5 0F5E, 2023, 39(3) . 222-
226, 231.

Xiao Hao, Xiao Lin, He Bin, et al. Safety optimization design of

Appli-

gantry crane main girder based on artificial hummingbird algorithm
[J]. Machine Design & Research, 2023, 39(3) . 222-226, 231.
BORH, AP, ZREEOR. R AL I B XU SR B e S
DAkt (1], IR TR, 2023, 55(12) : 123-133.
Huang Zhen, Wen Mengke, Li Weidong. Wind coefficient predic-
tion and structural optimization design of crane girder section[ J].
Journal of Harbin Institute of Technology, 2023, 55 (12):
123-133.

Tidk, WEesk, FRE, G5 BT ECHERE LA TS5
TRAB[ ). BrdoR ST, 2023, 23(27) : 11759-11767.
Fang Lin, Jiang Xiaolin, Zhou Qingfeng, et al. Structure optimi-
zation of holding pole based on improved aquila optimizer[ J]. Sci-
ence Technology and Engineering, 2023, 23(27) : 11759-11767.
THERT, WP, #F, . 200 R EUR =LA IR T
BB ARACET 1], BHEHEARS TR, 2021, 21(31) : 13334-
13341.

Yu Yannan, Qi Qisong, Dong Qing, et al. Finite element analysis
and optimal design of bridge crane under multiple working condi-
tions[ J]. Science Technology and Engineering, 2021, 21(31) .
13334-13341.

BERERE, TRk, HRaGHI, 4. FET Kriging Bk 5 PSO Bk
PIHTAEPLES AR BRI AL B ik [ 0], BBk
T#, 2023, 23(18) : 7758-7763.

Hou Gengshun, Xu Yongli, Xu Zhigang, et al. Intelligentoptimi-
zation design method of beam module of truss robot based on Krig-
ing algorithm and PSO algorithm[ J]. Science Technology and En-
gineering, 2023, 23(18) : 7758-7763.

¥ Mk . www. stae. com. cn



