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Unstressed state control method for cable-stayed construction of concrete-
filled steel tube arch bridges
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Abstract: [Purposes] This article aims to avoid the influence of temperature, temporary loads ,
and other factors on the cable force during the construction process of concrete-filled steel tube
arch bridges and achieve precise and efficient control of the large-span arch bridges constructed by
assembling cable-stayed buckles and hanging segments. [ Methods] A control method is proposed
to adjust the process state of arch bridges by replacing the the cable force with the unstressed
length of the cable. The calculation formula for the unstressed length of the cable considering the
sag effect and the tower deviation is derived, and the relationship between the increment of the

cable force and the change of the unstressed length of the cable is studied. [Findings] The
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engineering calculation results show that the maximum error of cable force based on the unstressed
state method is about 5%, and the maximum elevation deviation is 3.7 c¢cm. The calculation
accuracy meets the requirements, achieving precise and efficient construction control.
[ Conclusions] This method can eliminate the influence of temperature and temporary load
changes on cable force, reduce the calculation workload of intermediate state of construction, and
provide technical support for the assembly of large-span concrete-filled steel tube arch rib
segments.

Key words: concrete-filled steel tube arch bridge; unstressed state; unstressed length; tower

deviation; sag effect
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Table 3 (Continued) Table 5 Comparison of cable force
B A JoI IR T
Bt s m% | SRR AN MR
o B 11, 1TIR WK 650 kN, THE 1141 Bt FERIIN
1 G R K 2* 430 409 4.88%
20 10" Fi I8 36 2 19 0 1 7 4 B8 sk hir 51 437 3* 478 454 5.02%
) M B 12, 12290R P15k H 700 kN, A 12%0R it 4* 405 385 4.94%
A0 T I8 5* 626 595 4.95%
22 L1VHFT R Fi IR 36 2 1 0 1 7 4 B8 sk s 51 o7 6 533 s54 4.97%
2 53 # > SV # 2> S
2 2 B 13, 13" 1R 905K HE 700 kN, THE 1350 it i 593 563 5.06%
SRR 3 "
8 593 578 2.53%
24 A B
9* 829 788 4.95%
25 131448 6 3% 2 B 7 77 1K 3 sl r 1) 7
10* 1151 1 093 5.04%
26 M SRR, TR R R
11 1399 1329 5.00%
3.5 SWER 12¢ 1351 1283 5.03%
¥ W3 3 W T A0 TR E A7 1E 28 164K 15 2 AR 13 1306 1241 4.98%

TR B IC KB, ke 4 R o it )
S IC R 7 K BE AT H AR JC R A K LU R 3k

Fz6 THRHEATK

Table 6 Comparison of segmental elevation

P IEA 105% A TS 2ie F of g | B R | ottt |
AR 25 Y 5, KRN TR Hite
x4 MRBEREEALE 2f 1062.999 1062.962 -0.037 —-0.003 5%
Table 4 Unstressed length under initial tensioning 3 1069.393 1069.362 -0.031 -0.002 9%
. %ﬂgK;;,:‘i@jj N — 4: 1075.150 1075.185 0.035 0.003 3%
K JE/m 5 1 080.467 1 080.447 -0.020 -0.001 9%
2" 43.02 44.10 1.08 6" 1085.184 1085.169 -0.015 -0.001 4%
3* 45.98 48.69 2.71 7* 1089.399 1089.388 -0.011 -0.001 0%
4% 52.54 55.60 3.06 8" 1093.118 1 093.101 -0.017 -0.001 6%
5* 59.92 63.49 3.57 9% 1102.474 1 102.486 0.012 0.001 1%
6" 68.58 72.60 4.02 10" 1 104.825 1 104.840 0.015 0.001 4%
7* 76.82 81.33 4.51 1" 1 106.173 1106.189 0.016 0.001 4%
8" 86.56 91.73 5.17 12% 1106.543 1106.560 0.017 0.001 5%
9* 95.38 101.03 5.65 13" 1106.236 1106.212 -0.024 -0.002 2%
10° 11037 116.79 642 3.6 SEGMENTEFENITL
M 1223 727 SR AR SC TG 7 A WA T ANSY'S 59 15
12 139.32 147.26 794 JE 14 e 2475 B e R S DU AR ) s 22 %) LG UL IR 9
13" 148.88 Ak 8.6 Gy AT 2 B < SR FH TG 7 bR AR VA A 1) B YT

M R T RS AR it T e AR
S PRIk BB UL 5. e KIR2E M 5%
ety AR m s R B

TCR 7 AR A4 i 45710 Bk 5 v R RN S0
FEXF H L3 60 1M SR JC I 7 R 25 0k 42 o A
TREE L HEMh 2600 T, &£ W B s iR 22/ K 3.7
em, T R B3R

B R 5 S0E ) O 25 B AR AL B i o SR
N FPARAS T, 4710 B R R 22 1 K 0.037 m, R
ANSYS AR T | 45 715 B R 1R 25 5 K 0.056 ms
A 2 AN AR AL i i, R 5 TR
JEE AR AR X 12 7 1 52 )
xmAm%m%%%L”%ﬁwwﬁﬁﬁ
EARRE = IR 26 0 IR K FERTHS . SRR

# A5 M 3k http://cslgxbzk. csust. edu. cn/cslgdxxbzk/home



138 SR e A =

FHROBAHFR)

202448 A

ESWPIRN S (SR RN P PR INAFS
aJ A I BB A A, TARRCR B

0.06 -
0.05 | o "
L ] L]
0.04 : . . " ‘ L
g 003f .
@002} ‘ . . "
% 0.01F \ w
1€ 0.00}
= -0.01 \
—0.02 e
_0.03 L | RIPRAS A R -IE
- . o fRALSI AT IR RS
2 4 6 8 10 12 14
MBS

B9 R AKEEF ANSYSHALF £ 2 Rk
Fig9 Result comparison between unstressed state method

and ANSYS optimization algorithm

AR SR TG 77 R A 45 9 9 B R F T A9 A
TR T HEAF B0 LD m 3 | [ 2 P 33 dn 7 K
A 50N RS R, ST R B HEAR R I T B DR 1
R, EEESS T .

1) B RAE ST 2% R i 07 R 55587 (4 1
RICN I TR T4 RO A4 o

2) MR TIRR NS TN S RK M
F, B R BE D S 10 O 25 5% B S Fn R JC R ) K
JE g 25 4 7 R AR

3)*%@%1&/%}?«2& PAFnZTC N S K B R

1R B AR TE R IR IR 22 TN, TAERCRE
i, A8 T SE PR TARE N H o

(&% 30k ]
(1] J4o, JABR, XUEMS, 45 . X T RGBSR HER 48
RIHHE RGBT, A%, 2023, 68(12): 107-
117.
YIN Tao, ZHOU Chen, LIU Zhipeng, et al. Structural
design of cable hoisting system for bridge with main
span exceeding 1000 m in mountainous areas (1.
Highway, 2023, 68(12): 107-117.
(2] w2k . i T4 300 B s D g O B 2
BERPRE AT KRIPH T R2E2%2 4R (H KRB 2E
BZ ), 2023, 20 (1) : 86-94. DOI: 10.19951/j.
cnki.1672-9331.20220427010.

[Fa] 25 4 fek ] B

(3]

(4]

[5]

(6]

(7]

YE Libin. State analysis of long-span space structure in
service stage based on long-term health monitoring [ J].
of Changsha

of Science &

86-94.

Journal University
Technology (Natural Science) , 2023, 20(1) :
DOI: 10.19951/j.cnki.1672-9331.20220427010.
JEE, B, BRI, 5B A E = Ry
Mr B M e (], Kb 3 TR 22 4R (A AR Bl 2F
M), 2020, 17(4) : 47-54. DOI: 10.3969/j.issn.1672-
9331.2020.04.007.

ZHOU Feng, GAO Xiangyu, CHENG Gangjie, et al.
3D simulation analysis and structural improvement of
steel box cofferdam [ J]. Journal of Changsha University
of Science & Technology (Natural Science) , 2020, 17
(4) : 47-54. DOI: 10.3969/j. issn. 1672-9331.2020.
04.007.

JAK2%, FABREL, X R . L PR AR AR B I
T ANSYS H iy s 85 123 [0 ). H PR A R 2# 4 (A

SRBE2 AR ), 2023, 42(6) : 18-23. DOI: 10.3969/j.
issn.1674-0696.2023.06.03.
ZHOU  Shuixing, ZHOU Lingi, LIU Zengwu.

Implement method of coordinate correction of tangent
assembly of steel tubular arch in ANSYS[J]. Journal of
Chongging Jiaotong University (Natural Science) |,
2023, 42 (6) : 18-23. DOI: 10.3969/j. issn. 1674-
0696.2023.06.03.

BE, B, TS ARMERIERIIMAR
XURE R (D], R R i CH AR BE# R L 2023,
43 (5) : 51-60. DOI: 10.19721/j. cnki. 1671-8879.
2023.05.006.
HE Zhongying, LONG Yiming, WANG Genhui.
Double matrix method for optimizing cable force of self-
anchored suspension bridge [J]. Journal of Chang’ an
University (Natural Science Edition) , 2023, 43(5) :
51-60. DOI: 10.19721/j.cnki.1671-8879.2023.05.006.
SR, S g B BOSOR 548 T 1 g AR A 4 ik
A ) A 7 R ()], DR 4l (127
W), 2019, 52(10) : 885-890. DOI: 10.14188/j.1671-
8844.2019-10-006.
ZHANG Zhaohui, SHI Jiao. Study of basic static
equilibrium equation of unstressed state control method
in phased forming structure [J]. Engineering Journal of
Wuhan University, 2019, 52 (10) : 885-890. DOI:
10.14188/j.1671-8844.2019-10-006.

REW, B, S, F L ETEAR SN IR
AP BRI T AR e E k)] TR
% 5 OR, 2024, 56(3) : 83-89. DOIL: 10.15961/j.
jsuese.202300186.

A5 M 3k http: //cslgxbzk. csust. edu. en/cslgdxxbzk/home



F21E5 %4

X, F ME R

LEE £ B AR do 6 0 R R AR &

139

[10]

[11]

[12]

YU Yujie, LUO Yongqi, ZHOU Wen, et al. Combined
algorithm for the fastening stay force determinations in
cantilever construction by synthesizing the zero-
displacement and zero-stress state control methods [J].
Advanced Engineering Sciences, 2024, 56(3): 83-89.
DOI: 10.15961/}.jsuese.202300186.

[ SN 7% ST NI S (I S 20y TR E s B
B M TR 2019 4R LB T[T ). H ARG 3REE T
2 Hi (3 3C) L 2020, 42(5) : 98-105. DOI:
10.11835/j.issn.2096-6717.2020.119.

GAO Yufeng, YANG Yongging, PU Qianhui, et al.
State-of-the-art review of the theory of bridge
construction monitoring and control and its application
in 2019 [J].
Engineering, 2020, 42(5) :
issn.2096-6717.2020.119.
ZHEAE, Ba R T ION KB HARR AT A
AR R R B TT 5 LI ] P 2 B 4, 2017, 30
(2) 48-56. DOI: 10.19721/;. 1001-

7372.2017.02.007.

Journal of Civil and Environmental

98-105. DOI: 10.11835/j.

cnki.
LI Guoping, LI Jinxing. Tension strategy derived by
non-stress length of parallel steel strand stay cables[]J].
2017, 30
1001-

China Journal of Highway and Transport,
(2) 48-56. DOI: 10.19721/j.
7372.2017.02.007.

XE . KBS IR A B R AT AR
PRSI 0 T AR, 2017, 46 (11)
DOI: 10.7672/sgjs2017110029.

LIU Xiaobao.

cnki.

REEE PRI
29-31.

Study on the linear calculation of
cantilever assembly of steel box girder of cable-stayed
bridge with long span hybrid girder [J]. Construction
Technology, 2017, 46 (11) : 29-31. DOI: 10.7672/
sgjs2017110029.

AR, XUTVE, REE, % R T RN ITIRERD
RERLAT G B R R RO [I]. 2~ 8%, 2017, 62
(12): 128-133.

DU Shizhao, LIU Zhongyang, KANG Chunxia, et al.
Research on the technology of large scale cable
adjustment of cable-stayed bridge based on unstressed
state control method [J]. Highway, 2017, 62 (12)
128-133.

TRLAR . J0 N PR 5 4 1 325 A A7 SR 4% Al e 4
[J]. 228, 2016, 61(4): 122-126.

TAN Jun.

Application of stress-free state control

[13]

[14]

[15]

[16]

[17]

method in bridge construction control [J]. Highway,
2016, 61(4): 122-126.

BT, I, HYesE, 5 NS R MR T
JE R I RS WL LT A A, 2012, 32(6) -
203-207. DOI: 10.14048/). 1671-2579.2012.
06.077.

LI Kaixin, GONG Qingsheng, TIAN Weifeng, et al.

issn.

Stress-free state control method for cable hoisting
construction of arch bridge [J]. Journal of China &
Foreign Highway, 2012, 32 (6) : 203-207. DOI:
10.14048/}.issn.1671-2579.2012.06.077.

FEOANI, XA . BT ANSYS B2 fil 43 BT (1 HE B 5 [y
bt R [I). A TR, 2017, 42(3) : 170-174,
191. DOI: 10.3969/j.issn.1674-0610.2017.03.034.
TANG Bigang, ZHAO Yibin. Computation of stress on
the step-shaped foundation of arch seat according to
contact analysis by ANSYS[J]. Highway Engineering,
2017, 42 (3) 170-174, 191. DOI: 10.3969/j.
issn.1674-0610.2017.03.034.

it FIdRE , Tk, A5 B HE 2 B AR —
N A T i N B o e B e o O
2020, 20 (1) : 92-101. DOIL: 10.19818/j. cnki. 1671-
1637.2020.01.007.

ZHOU Qian, ZHOU Jianting, MA Hu, et al. Improved
algorithm of cable force for one-time cable tensioning
on steel tube arch ribs with segmental hoisting [J].
Journal of Traffic and Transportation Engineering,
2020, 20 (1) : 92-101. DOI: 10.19818/j. cnki. 1671-
1637.2020.01.007.

JEIR , FARERE , SR, A5 . KBS N R BE AR
HE b 7 R DT ik (0] MR R Tl R e i,
2020, 52(3): 82-89. DOI: 10.11918/201810177.
ZHOU Qian, ZHOU Jianting, ZHANG Jiacheng, et al.
Self-regulating loading pouring method of long span
CFST arch bridge [J]. Journal of Harbin Institute of
Technology, 2020, 52 (3) : 82-89. DOI: 10.11918/
201810177.

ZHOU Q, ZHOU J T, FENG P C, et al. Full-scale
experimental study on temperature field of large-
diameter CFST arch bridges under strong radiation and
large daily ambient temperature difference [J]. Journal
of Civil Structural Health Monitoring, 2022, 12(5) :
1247-1263. DOI: 10.1007/s13349-022-00604-1.

(RAELHE B, BXT k)

A5 M 3k http: //cslgxbzk. csust. edu. cn/cslgdxxbzk/home



