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Application of Sequential Quadratic Programming Method in Cable Force
Adjustment of Cable-Stayed Bridges

XU Yufeng, ZHU Mengyang, CHEN Si, XIE Yunfei

(School of Civil Engineering and Transportation, South China University of Technology, Guangzhou, Guangdong 510641 , China )

Abstract: When the construction of a cable-stayed bridge enters the completion stage, due to various factors,
there is a certain error between the actual alignment and internal force of the structure and the theoretical
completion state, and it is usually necessary to adjust the cable force. In order to calculate the cable force
adjustment of a cable-stayed bridge in the adjustment stage, a method based on an influence matrix and
sequential quadratic programming was proposed to solve the cable force adjustment. A large-span hybrid girder
cable-stayed bridge was taken as the background, and the alignment and internal force response values of the
structure with varying cable units were calculated to obtain the influence matrix of the cable force. Then,
suitable objective functions and constraints were selected to construct the calculation model of the cable force
adjustment. Finally, the sequential quadratic programming method was introduced to solve the cable force
adjustment, and the internal force and alignment state of the structure after the cable force adjustment were
obtained. The calculation results show that the method facilitates calculation, and the alignment and internal
force of the structure after the cable force adjustment can meet the construction control requirements.

Keywords: cable-stayed bridge; hybrid girder; cable force adjustment; influence matrix; sequential quadratic
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B BB g DR B8, T 30 B SR T TR O e TR A S B
AR Je 1% 4 11 L SHe A T e AU A A AR A 4
RARBHR S THEERAWE, FHILEA K20t L 70ETF 4G IR & R RHRLT LU R &5 (14 25 8

—
ay

-
| =

I 5 B #1:2023-02-23

E LT 2020 /=202 H = 2A0F0 H ) (975 - x2tjB8200430) 52019 4 H o 2 58 BLAR B b 5 9% BR 554600 H ([ 2R BH#25)
(%% :x21jD2192960)

YEE A ARARE, 53 1+ R B2 .E-mail : 1249582297 @qq.com



%48

IRARYE 5 P ) R sk A AR R A AP 8 B R AT R 149

AE 1 P b 30 B 52 ) R B B0 22 M RE A A A
ISR R BT A T R s BEAR R —

K5 FEIR A RN 52 T3 R A% e T 2
F T 2% b DR SR A B2 T 2 R S PR R IR S S B (E
FEAE—E B i 22, R AT 0 B JE AT 2R 00 3, LAARAIE
BER 2 RAOE P . X T 45K R T 9 9 B 5 Ak
[ U, 1l 55 R AR L O B s R R — DA
J178 o 5 T SR AR R R B R T A i R
M R P 3k o A /2 3 2 W R o 3 1o T 5 B T
R I A R T R ROR

Xt 22 HAR 89 R 1 98 B 1) AR 5 o A B
TR TR 25 1 BT B M A9 R R R DL St L
ROCRAR A )AL DRI, 0 20 2 38 o 52 T o 3k 55
Mo I7 LGS G, R AR R DAk Y 1R R 1k o K
PEACRETY K 254 8 T3 T AE o B AR ek &, 85 m
ZRAFEANE R R AL R 5L A A 2 AR &
PR R BT E A B SCHR B 5 A IR T A B
Bk A 1 A4, T X s T A o 9 R 7
TR N Z o B BA AR AR A SO K 5
RS R B 9 WF T8 X 5, 2 52w 4 B 3 3 53 o
LRI T WS LIE 5 N R R, 455 51 R
), WA R D0 AT TR B i 2 T R (45
14 52 B AR IR 25 4 30 B PR ZS

1S4 & R A S A9 = kA
%57

1.1 HEHEHM

TE R it T3 B B Be, 52 BR 25 A8 B MR IR 3
FETE DR 22 UG 00T L 456 52 W 46 R 3 5 7 81 kL
R SRR R R & DR R RS
1) Joe 2 AT IR S 4230 H AR IR S (LR R 1IR3
TR BN IR B REE BTRE) .
1.2 HmiEFE*

S e R I 1 BE T 5 R U A2 1 B D 3 i
P2 L BA S T RN

[K{X}={D} (D

Ao K] R 52 e 56 B 5 (X it 0 1) 5 (D R 32
]

DL g A R D i A 1) L G5 R B 5 A
Rz W A RS IR R MR T L 45
LI5S N1 n A0 BAH , R

T

K.=[ly ky = k] (2)
04 B BT AT 3R 0 B L A Ak S BOSS F o R A 2
A BT B A LK, R
[K]=[K, K, -+ K,] (3)
1.3 FHHEETERR
1.3.1 Rffs
W F 7 R e A A T AR (8 R e A TR A
(TA={T. T. - T.,} (4)
X ATy RS T, AL SROE A

B,

1.3.2  Hirekk
R R HARSR I ) i 22 {8
(AT}={AT, AT, AT} =
(T)—Twm Th—Tw -+ Th—T.) (5
K AT, HE SR BWRRIEE T, N i TR
BRI T, ARG S SRR .
T # DUt /N bR 2548 0 B b pRER:

f(x):mini\ATJ (6)

1.3.3 R &4
PAZE R R IE SN F1AE R 2 o) 45 1

|Ad < d, (7)
|Ac|< 0, (8)
{ T} <{T,} +{T.}<{Tuu} (9)

AP A PRGN RIE R 2% 5 d, WETE R E R
{8 5| Ao [P TR 5 B SR 22 50, R B3 0 22 BRAKL 5
(T AR TR RS { T R I (T )
HEITBR{ T} AFE T LR

RN ANE RIS H AR R 11
ZEEAREZE o -

o= [23UAT —pr <r (10)

ni=
K AT HIBE 7 i AT, B B R ASVF B U
1.3.4 TEREA
254G bR H bR R BRI 2 ) R R MR T
HITAARRI T
£(z)=min Y| AT, |

stAd < d,
| Ao |<< 0,



150 ¥ 4k

N~ %

2024 5

(T} <{T,} H{T.}<{Twu}

a—/ ZAT nl < (11)

14 ¥ AFE
ﬁﬁ@@?ﬁ%i%%%ﬁﬂﬂﬁ%ﬁWM§
Matlab (4 4k T 545 1 (14 fmin con oA AT R R0
JSmin con PREFE AN
r=
/min c‘on(ﬁ,,,, X0 Ay b, Ay b4y Ly s n(mlcon)
A e, HAR R 2 R e R A BB BR (B A 1
bREMELN AR X Arae <b; A, F b, WL K
FX LA =00, ABEN TR 0, 8 HZR
BR snonlcon AR LM LA pREL
TE Matlab H g 29 o 5 F2 0

(12)

{T.}=/fmincon 2|AT,-\, T.,[K].{D},
o (13)

{Ton} = {1} {Ton) —{T.}s o7

TR AR LR
{ 57 Midas Civil £ 5 }
)
\mmm%%mw&%\

UG REARRIR ) 135S RN
3728 B H Y RN B K

[ 414 K38 E A K] |

v
[t it B R it i (7 |

=)
2 <..gﬁﬁﬁﬁjp>

%

5254 (9 289 B T PR S 1 R B

*HQ’JEE [ENVAZ DRk S ma R i
!

R IUA A 1 2 ok 4 1 |

[ 3 90— LRI T A k| T

=
<<&!.E@p.>

%FE

B1 ZHBAEBETEREE

Figure 1 Calculation of cable force adjustment
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Figure 2 Bridge elevation layout (unit:cm)

199 1825 1825 19?
. 1070 ; 1070 44
() JHE + B AR BB RO
?§ 1827 1827 ?i%
[P e siaiatas ittt st
g L] L

1069.4 10694 |

(b) 5 S b5 v B At 7 i
B3 #EHEAERECAA:cm)
Figure 3 Cross-sectional layout (unit:cm)
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Figure 4 Finite element model of bridge
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Table 2 Measured cable force state of bridge
- SR MBER RAR wEd - M MRE ROR REES
J1/kN  fI/kN /KN /% J1/kN J1/kKN 22 /kN /%
B20 4934 4775 159 3 701 3476 3 369 107 3
B19 4518 4590 —172 —2 702 2028 2108 —80 —4
B18 4 666 4641 25 1 703 1933 1989 —56 —3
B17 4693 4503 190 4 704 1929 1967 —38 —2
B16 4372 4 344 28 1 705 2020 2092 —172 —3
B15 4 307 4132 175 4 706 2015 2052 —37 —2
B14 3944 3871 73 2 707 2 088 1895 193 10
B13 3613 3603 10 0 708 2018 1915 103 5
B12 3491 3 387 104 3 709 2 008 1875 133 7
B11 3282 3073 209 6 710 2189 2009 180 9
B10 3647 3331 316 9 711 2 346 2 085 261 13
B09 3627 3432 195 6 712 2 269 2 208 61 3
B0O8 3696 3452 244 7 713 2 786 2779 7 0
BO7 3 656 3484 172 5 714 3235 3180 55 2
BO6 3 640 3 568 72 2 715 3618 3517 101 3
B0O5 3676 3630 46 1 716 3 780 3707 73 2
B04 3677 3672 5 0 717 4145 3968 177 4
B03 3 569 3 648 —179 —2 718 4026 4091 —65 —2
B02 3110 3272 —162 —5 719 3663 3654 9 0
BO1 4581 4 828 —247 —5 720 3 305 3303 2 0
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Table 3 Measured bridge stress state MPa
SN 3 BB N WL ST 1% 2%
i FRAEM EE RN/ ERSEEN S FR RN EEEN ERE i/
F RN BRI F R ERLY T BRIt FRIE AR

T1 —3.2 —3.7 —4.3 —2.6 1.1 —1.1

T2 —3.1 —3.9 —4.3 —2.6 1.2 —1.3

i T3 —17.9 —8.1 —7.1 —8.9 —0.8 0.8

T4 —7.6 —8.4 —7.1 —8.9 —0.5 0.5

L1 —6.2 —6.8 —6.0 —7.0 —0.2 0.2

L2 —10.4 —5.3 —8.7 —7.0 —1.7 1.7

B e L3 —18 —6.6 —31 —5.3 1.3 —13

L4 —8.2 —6.0 —8.0 —6.1 —0.2 0.1

L5 —6.9 —2.3 —6.7 —2.5 —0.2 0.2

L6 —38.3 —23.7 —30.0 —24.0 —8.3 0.3

— L7 —36.2 —35.9 —27.2 —27.1 —9.0 —8.8

L8 —12.9 —19.2 —20.7 —22.0 7.8 2.8

L9 —14.6 —19.4 —9.0 —12.6 —5.6 —6.8

x4 TMRHLEERS
Table 4 Measured bridge alignment state
A SEAE /m PR /m 12 /mm 7 & FPAE/m IR /m 12 /mm

B T4 31 —0.048 —0.007 41 FEREMIIL 22.301 22.377 —176
FEMI 20.344 20.344 0 FEMI2 22.367 22.429 —63
FR-M2 20.550 20.558 —8 FHEMI13 22.420 22.449 —29
FHRM3 20.856 20.872 —16 FEMI14 22.417 22.434 —17
F 3 M4 21.128 21.159 —31 FREMI5 22.395 22.383 12
FEHM5 21.376 21.420 —44 FPMI6 22.302 22.294 8
F 4 M6 21.600 21.653 —53 FPMI17 22.160 22.167 —7
FHEM7 21.790 21.857 —67 FPMI8 22.015 22.000 15
FHM8 21.951 22.032 —81 FEPEMI19 21.860 21.794 66
FHEMI 22.080 22.177 —98 FEEM20 21.593 21.547 46
FEMI0 22.184 22.293 —109 FHM21 21.283 21.264 19
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Figure 5 Main tower stress test section Figure 6 Main beam stress test section (unit:cm)
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Figure 7 Cable force values before and after adjustment
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Table 5 Main tower top offset calculation results

T W/ mm JHEE/mm W5 R 22 /mm
8 20 41% 42 —59 —17
W 1041% 42 —54 —12
W5HR 42 —42 0

PR B D R TR 22 AR A B R R B 406 AT
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(2) WER T M S5 R J3 28 AN K I8 5% Jif ) TR 5E
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1o
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