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Optimization of initial tension of cable-stayed bridge
with mixed structure of special-shaped tower

WANG Penglu, FENG Chang
(Xi’ an Municipal Construction( Group) Co.,Ltd.,Xi’ an 710054 , Shanxi, China)

Abstract: In order to explore the reasonable initial tension of the cable-stayed cable of the mixed-structure cable-stayed
bridge with special-shaped tower,and further optimize the distribution of the internal force of the cable-stayed cable in the
state of the bridge,a span of special-shaped tower mixed structure cable-stayed bridge is arranged as(2 x30) + (2 x60) +
(2 x30)based on the principle of influence matrix, the initial tension of the cable-stayed cable is optimized and analyzed,
the reasonable initial tension of the cable-stayed cable is calculated ; while taking the designed bridge cable force and the
optimized initial tension as the initial tension of the cable-stayed cable,the response of the bridge structure under different
initial tension is compared and analyzed. The results show that the influence matrix method has a good effect on the
optimization of the initial tension of the cable-stayed bridge of the mixed structure of the special-shaped tower. The internal
force of the optimized cable-stayed cable tends to be designed as the bridge cable force,and after the initial tensile force is
optimized , the overall distribution of the bending moment of the main girder of the cable-stayed bridge with mixed structure
of special-shaped tower is more uniform, and the overall vertical displacement of the main girder is reduced by 38.2%
compared with that before optimization, which not only improves the structural force,but also plays a controlling role in the
bridge alignment. The results can provide a certain reference for optimization of the initial tension of cable-stayed cables for
the same type of bridges.

Key words: bridgeengineering; cable-stayed bridge with mixed structure of special-shaped tower; initial tension; cable-

stayed internal force; structural response

s B 2023 -08 -28
BEEUIE: PRy @i sl v B B (2022 - K54)
TEEE N EMH(1981—) U] g TR, MR RRES B T4



2024 455 5 1] TR, % FIPER

4
4

F RO dR gk 1 1A 23

AL D L B RN R . AR REIE 57 |
PEEAE ) 9 K UL K S A A B S AR 2R A
BLC RO T S5 ] P A R e R I SR T
ZFRRZ 1 o IR IR 4 45 R AR
PEg—Fop BRI MR 25 A R AR, LB PRI 2 o 2
BRI R4 [, RHILE A B H
R UTARAE S, S BRI R AL TR R DS
THMELLSIE ™, B AL 2R A B KL (i
FLAE R R ERHL R N D RETR 18 3R R BT BUpR
RIER

A ROFEE R Ak R ALTE I D PN 2= oy
ELFFIE KB FgE. WANG 256 I T 5 Wi 45 3%
$R T —Fhal A AL R B A BT R )
KTk, &%k, s B RHAR 32 0k 04 (5 1
BRI T 45% , ER52 TIN5 et
SO E B AR R, e B ST R it T AR R
SERIN T B F AR eRBOT R U R AR 5 AR
— W TR I AR, SRR R IT
P55 WP SRR 1 RIS & BT R B E &
MBS R Sy, Jfilid Sebs TR UE R B, T ix
TR R MES O R EEA -2, B
W AT R S A s R LR R
RS e NS A S R TR ) §i i L R
S TR, X UL IR R I
WHIE, SRR XI5 nTA R R B
Jy, Hat e 75 KR ZHANG %77 g
s L%, RILR RN NAR AN, T
ANSYS P B IALBE  Z B, — ik, xR
E#E N 120 m BYIRIE DU MR A BRI EAT AL
RN T, 49REW, UAL)s i EREN T
TSGR HR 25 A, HF R B L F PR REIL 3
TRERES

HAT, T RPITFR IR E, K205
BT R RN, TR TR R TR )
A BRAC AL 2 M e s s . N, AR SCES &
SEIEIE R A SRR S5 RS i, R P 2 I
LR S0 38 R 5 A5 F RHRLATR O ik 5K 3L 1 AT A
38T, AR RS #HLR N 5T R
KF, IR KRB AT A SR R A 45

RERLFRSS R e N HEAT X8 Fe o Hr, LA SR B IR

B EH RIS B A 5K A PR —E R fi 4 o
R IHL A AL TR EE

S MFUREL R 2 i AR 1) 8 FR) 2 Wi i) 7 A L7
AT A BRI B R . g
XM I, 5 MR B D A 6 A 2k B
HIFISE T, RHIF ERAEE . B N IEEH
Wi 17 PR ARHE 2R KA g e A B A A B T 7 A R
PSRRI o SR P S8 0 R 3 R TR A7
itg kR AT R, S BUE RELAR R R
VIRIKIL S Fo SUOHRNTRTT T H—2 RER
P RIS T RHBRLR  J1 5 B R )z 22
SERCMFERE, PRl R Fy, ERHIR N T
TRRILIET T, Bty Fo RATEAL S #9146
ATy BRI ESRRAR .

(1) FET A ROCEEL, DURHIAT BT
Ui VAN R (S EIS TP

(2) BRI A E . I E HR U A
M, &85 A AT ML T WA RN, 3537
PR BFIRS T RHLR AT T

(3) MR LAHARAT, 5T, i —FHEH
A RERHL RS2 R 1 B M

(4) HRHAFRLR P | REBLR VIR KAL)
KA HASAL , AR K AEARNL N 128 4E D,
RISy 5w [

D,=(d,,d,,dy,,d,)" (1)
e d, 92555 1 IRBLRWI IR KAL) A A 8
eI, 55 n ARBLZAERAL A T84 n AR
o,

POy, R R) U6 5K 1S A D B n

1

AEZIm [ R D, Freda, B
D :Dl 7D2’D3"“5Dn =
_dll d21 d3l dnl i
dIZ d22 d32 dn2
dIS d23 d33 dn3 <2)
L dln d2n d3n dnn_
(5) MR UG KL S S D, &5
BV R M, AR R ) UG 5K AL ) it I 1

P, P45 n MURHRL R BB A KL 77 I BE {8



24 T %

56 A5

P=M-D"' (3)

(6) RHERPLRWIG KPS RBEE P, 456
e G kh S Fo, KB UEA S BRI 9146 5K B
N F,

F=F,+P (4)

(7) @R T, 5 T Z[HTRZE A, 5l
RHLRAXTIRZE R KIE A, o

A=IT,-TI/IT,| x100% (5)

(8) AL RVPLAT & BRA) 46 5K v o7 ) 5 fE ],
AP A, <0.01% . #7158 Fr 3 BRI W) 46 5Kk 2 )
FFEZR, AR AL RRES A, SLut R
kb I R ITR SR Iz, WEE L EiHED
BR(2) ~(7), EERHIHWIE K5 J7 % b 45 F i
JEFEER M IR o

2 REES

2.1 IRE=

HE SR A A5 A R SR FH 1k B8 s i 25
B, K4 240 m, A E N (2 x30) +
(2x60) +(2x30) m, HFEEFEEEN 28 m, HrEERE
B 2.5 m, HRERAAEIIIERIEIEA, i
SMER T m, WAER 14 m, FERELOESNREL
R 0.5 m, 4 MHNINAANFELL . 7S
FEFER 3 m, IR 2 AR DA B, PRI
BT 2.5 m A BIEIKAY 3.5 m, YIffi}
JER 41, RHIZCR R R IE A E, 2
24 RprZ, B LANE SRS 6 m, A [n]
[ERE R 2 m, 3& LSl ok 3 m, A8 ) A] B
1 m AFHECR A R v B, Bl EAR R 1.8 m,
2.2 BHRTHEE

KA BRICH A Midas Civil 57 IR ER G
SRR AR AL, Hop R RIS AR SR
ZERATT, RMLRER NS, S5k 560
AT RURD 526 AT, Hop BROE 502 4, AT 4R
It 24 4, R RGm SN E LWL, &AM N
Cl12, fAifhy C1, ABRICHAE G 1 BN,

3 ERSHE

3.1 HEWA AR
ARHRL ZAE KA T A R 2 ol L 2R A g A A RS

1 BREERSEMRHTERITRE
AN, DTS BRI R N 15 00 4R KT Z )
MR 22, MELL AL SR R T BT 2R . I,
i B LA B R R AR KL T, (ERHLR
P R S PR R Bt H bR (E. ARSI TR IP
SR A R A BROCEE Y, 255 R W AR 5
%, MRRLRYIG KA AT AR A, AR
K2 fros.

12001

1000

800 )

600

KII/kN

400

200

OCI2CITCI0C9 C8 €7 C6 C5 C4 C3 C2 Cl
AR %S

1—{ALRT; 2—fAbs .

E2 WK AREEESRN A

M 2 A 25 BHL R AR RS T AHL R N
T E5EIT AR I A ZE YN 0. 1% , W 1K
TRF R 2k [, AHLER R S e Fi k.
RN A AR AR, BRI MRS B ik )E, &
PLRBE S AR N HA], ERPLIR BN TS Bk
TR R A 2ZE RN 0L T, ] 3 MO A
ZIVERE . X FTA A R AR MR kT T R
IR SRR I 5k 3 A B AL e
3.2 FRTE

SICIER A SR w1 sk b Akt g 3=
A RS AR A W 3. 4 iR, B 3 W]
M SRR A SR R RIS T
HRHE, SRS T R RE R 14 B54b, H
B4 w5 wIbGskh kG SRR A S5 AL
P AR ARAA R 23 717 kN -m, 4 FLAR AL HT$2 T
16. 8% ; 3 2245 4 fie/IME Sk —30 739 kN-m, #H LA



2024 455 S ]

TR, % FIEERGE

F RO dR gk 1 1A 25

(a)

(b)

(a) fLfkdn; (b) fft)a
B3 BREERGEMRERNGERNIRKIESERE

1\

4/ (10°kN-m)
bbb bio—-vwas

\2

0 50 100 150 200 250

FRAE/m
1—fbrn; 2—ifbE.
E4 REEREHEHARNTNS
K AR BIEEREE
FEHTEET 32. 1% o WGBS AL G 3 325 1R 4
DAL AT SE R 345), BRITE5H05%2 1.
3.3 FREEMUB
FRFERIIR KDL IR R G 25t RHAL
MR EIE 20, SHEAGET S SRS IR & 45t Rt
P ERAREHATRI LT, S5 RANE S R, B
KIS AT BPIRESTT BB IR G a5t R £ 2
R LS A7 T i85 T B BT 8 25 m 4bs AR
fb)a F R KRB N R - 14. 86 mm, S{LILETF
DR F% (- 16.55 mm) AL, FEAIK 10.2%
BEX AR, PGB k)G R AR R
W IR 38. 2% o 255 b, WIbRTkhr I Aext
SILIEIR G AR F R A W& MEEE
H, A ERLIE BT ISR

4

S & bEL o
—

BRI/ mm

-16|
-18

3ONLN

0 50 jzlgé)ﬁﬁl/érg 200 250
I—f ARt ; 22—tk .

E5 REERESHMRBFMREK
WARKEEERE @MU

4% B

=A

(1) SR FE L T SR I IR & 45 M R
it sk B AR oS, wrtn sk B Ak,
FHIRN I TR R 1, B2 4%
el

(2) Pitqak B I AL S8 35 1R & 45 Fa R
P ERERS M L LRTR T 16. 8% , ER R
NSRRI AL AT T 32. 1%, H 32 28 4 A
R T4H%Z 1

(3) Wig KB IO nT A R ) e B IR
LRI ERAIE LA, il 32 TR A 1) 10 7
TERV R TKAL T DAL FH EE A A R E R4 38. 2%
HERLI T SRS

SE WK

(1] CREABER) TS . o E R TR AR R LR
2021 1], HEA KSR, 2021,34(2) 1 -97.

(2] g, Bht . KEEEA SRR E
5L )], BRiRaik,2016,46(4) .85 91

[3] k&M, %%, k. BT REERMENKEZRHL
Wrpt R HT [T ] IR R 24 ( B ARBLE D)
2018,45(5) ;11 —18.

(4] SO, P0G RBERE 5 . R RSO IB AMTINED PC 4R
PRHAT PO SRR [T ] R Rk, 2022,
52(5):107 - 113.

(5] ik, B, m s, 55 . IRA NS E BRI R
J15r B RAL S LI ], L ol K2 4, 2022,
50(5) :524 —533.

(6] M, INAE, WECIG. KEEBESE AR AR S5
HURPE BT[] AR ,2011(6) ;38 —41.

(7] ZM8€, TAH BT, 5. KRz S IENIE AL
BrRLgRakhraEdI[J]. AR AR, 2022,39(10)
49 - 58.

(8] WA, 2Rl s, M, 5 . BE TR R R R RHRLAT

(T#% 30 )



30 T 2

% 456 % 455

HURR A P IR E PERE T 0BT, AR EILL TR EIE

(1) Wb LSk pa A7 et — PR T &
WHRBLRE S, FRl AR 3N 1 0. 039 m, [,
T REN AT BTNy, W20 £ S A B2 g A B
DA D B 1 H B

(2) WM ALE Z AT &k T &R,
Ve 9759 1 SR L R A DY S o8 S G 2 e DR
DUT e T G TR ¥0 i 1S 5 o 00 09 A3 3 A o
B, 25 RS LA A LA L 23 B T ) R Bl 9 f
AR LPR TR B HESE T L

(3) WMECREEBIT PRI R F 2N
FOBHRZE 5 40 U ok B SRR, i X s 42 EE /D
O] 2 IR R, e 3 0 i A FE R 4 T 6 B i
Ko B, TEFEREE MBIt h, 26 &M Rvrm
THOUT, oot mm M . BEE w42 L o
L, WEGR ARG, WHIBEE SR LY
, WE T EZE R . ik, 7EBHH
AW, W%k R LB R A5H o

Sk :

(1] sk, 4787 . B A 8 R 89 6 18 4 56 J i
HRBIIR[T]. FeFh4ite ,2015(4) .7.

(2] B, s, £ E . W E S5 & E )
WRET R[], VLA, 2011 (05) 37 —40.

[3] TENGJ G,SONG C Y, ROTTER J M, Imperfection-

sensitivity analysis of shells subject to partial axial com-

(L% 25 )
FHIR G B GRS By a#r [T ], A 22, 2021,
49(2) .78 -83.
[9] WANG L,XIAO Z,LI M. Cable force optimization of
cable-stayed bridge basedon multiobjective particle swarm
optimization algorithm with mutation operation andthe in-
fluence matrix[ J]. Applied Sciences,2023,13(4) :2611.
IV, T8 . TR R Y AR X FR A 2 R L
WR DALY ], hAMA K ,2016,36(3) 85 - 88.
0, Bl VA, S BT RS AR R (1 BUE RHL AT
HHBETPRSTIFELI]. A #,2017,62(2) .82 - 85.

[10]

[11]

[4]

(5]

[11]

[12]

[13]

[14]

[15]

pression International Journal of Solids and Structures,
2004 ,41(24 -25) .7155 - 7180.

ROTTER J M, TENGJ G. Elastic stability of cylindrical
shells with weld depressions[J]. Journal of Structural
Engineering, ASCE, 1989 ,115(5) ;1244 - 1263.
Erger ok . IR ANIY SN IRICREAE T G
HEFE s IR EIG FUE ) oA SersE L Cl/ /i
PSSR RS E 59 55 73 255 12 Ji (ASSF - 2010) °%
AR EHB AW 2R 3 . T3 [E A A5 48 B
4£x,2010.

R AR T B L : GBS0322—2011[S]. JExt:
PP IR R, 2011

Eurocode 3 ; Design of steel structures; DD ENV 1993 —
1-1:1992[S]. CEN; EuropeanCommittee for Standardi-
zation , 1992,

Eurocodel : Actions on structures: BS EN 1991 —4.2006
[S]. UK: Standards Policy and Strategy Committee,
2006.

WAy, X3 A, 55 . ORHEE ) 0 R
AN RBEIR AL B [ )], A0l TRE~A 41,2020,
36(8) :246 -253;325.

PREEEE LA, B, 45 . /NA A B R N 4R
FRIE S e ARWEFE )], B RE,2009,30(15)
86 - 89.

Eurocode 3 :Design of steel structures;BSEN1993 —1 -6 —
2007[ S]. UK: Standards Policy and Strategy Committee,
2007.

R HI . BT LSRR R RS B IR A AR
RNOMACLT ] TR R2E 224 (B ARBLA R 2014,
35(6) :722 - 726.

ZHANG T,BAI H F. Analysis of cable stayed bridge for
APDL-based  optimization[ J].
Research,2011(243) ;1567 — 1572.

RTE . VMBS RHL G T4 % 5 R Ir5E[ D). &
IR : E R RS R ,2012.

HIELE . RHINTETIE SR AR R T 5E (D). &
PR« H PRAS I R 2, 2019.

Advanced  Materials



