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Influence of High Temperature on Large Cantilever Construction Control of

Wide Extradosed Cable-Stayed Bridge

ZHU Haojie', ZHANG Xiedong'", LI Yong®, LIN Yuan’, WU Di’

(1.School of Transportation and Logistics Engineering, Wuhan University of Technology, Wuhan, Hubei 430000, China;

2.Hubei QiaoXiao Expressway Management Co., Ltd., Wuhan, Hubei 430000, China)

Abstract: In order to investigate the influence of temperature gradient on the construction of wide extradosed
cable-stayed bridges in the large cantilever construction stage at high temperatures, the solar radiation and
thermal boundary conditions of wide equal-height box girder were theoretically calculated, and the thermal
analysis finite element model of the wide equal-height box girder was established by Abaqus. The cross-section
temperature of the box girder was measured by intelligent string sensors and an infrared thermometer. The
temperature gradient and its distribution of wide equal-height box girder from sunrise to sunset on a certain day
in summer were calculated. The finite element model of the construction stage was established by Midas Civil,
and the influence of positive temperature gradient on the main beam alignment and stress under control
conditions of a large cantilever was analyzed. The results show that the results of the thermal analysis finite
element model are in good agreement with the measured temperature results. The temperature gradient effect at
the side and middle web of the wide equal-height box girder is the most significant. During the noon period at
high temperatures, the vertical temperature gradient and the range of action at the top of the side and middle

web of the wide equal-height box girder are higher than the specified value of the General Specifications for
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Design of Highway Bridges and Culverts (JTG D60—2015). The positive temperature gradient causes the

main beam to deflect, and as the cantilever increases, the deflection effect of the main beam is more

significant. Compared with no temperature gradient, the deflection of the cantilever end of the main beam

increases by 36.08 mm after the maximum cantilever segment pouring, and the deflection of the cantilever end

of the tail-cable tensioning main beam increases by 40.23 mm. The positive temperature gradient makes the

compressive stress on the roof of the main beam increase significantly.

Keywords: wide extradosed cable-stayed bridge; large cantilever construction; solar temperature field;

temperature gradient; bridge alignment and stress
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Figure 1 Elevation layout of extradosed cable-stayed bridge (unit:cm)
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Figure 2 Standard cross-section of wide equal-height section of main beam (unit:cm)
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Figure 3 Solar radiation intensity received by outer surface

of wide equal section box girder
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Table 1 Heat transfer coefficient of box girder surface
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Figure 4 Mesh division and path definition of finite
element model of wide single-box three-cell box girder
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Table 2 Thermal parameters of C55 concrete
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Figure 5 Intelligent string sensor layout
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Figure 6 Comparison between measured temperature and

theoretical temperature of numerical simulation
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Figure 7 Temperature on box girder surface
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Figure 9 Temperature gradient of six paths of wide equal-height box girder
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Figure 11 Finite element model of construction

stage-maximum cantilever stage
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Figure 12 Comparison of main beam deformation under control
conditions in large cantilever construction stage with positive

temperature gradient and no temperature gradient
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segment pouring and tail-cable tensioning main beam under

positive temperature gradient and no temperature gradient

I HL T 55 A 4 A DA THUTET ) R 328 3 sl /) | i T AR
AR DA TIE 7 09 SR i T A T AR 4 AR R 240 SRR 4 7
T TR BT T AL 5 B R TOUAR TR N g R

TE IR b B e il 2 BRI 5 R RS T A
Jit T 4 ) B FIUIY Y BE S A RORE DL AR TR 5 N
N G H R 7 B0 B e, O B DO T 7R
Hh I R S S XA R ERTE 5 N T 9 B

6 %

A SCAE B H HR R B b 5 S0 T R A Y
I, 38 55 Abaqus #E 57 #5 T A BR T A% BB 5T R TR R
AT I 20 B i A R S R T R R N K H Ay
i, Fi R I Midas Civil #5712 By BEAS 78 43 #r K 2
Jite T B s il T 00T G B B X R R 5 )
SRR ALTFS/INE N = 3 D B o

(1) K& 78 fig 5% AL I 2 5 20 A1 I 3R A3 S5 0 i
JEE R, T A R AR B 4 R 5 S I I R RO W
R, AT AR A o e b R A5 e e A R H IR E .

(2) B2 K0T 56 0 78 32 N A1 I AOm R T
R A TE A IR RS B, 11:00 = 15:00 P AN I AR TR B
Y o Y B P 3 /N 5 A S R 85 v b R S B
(B, 30 v M Al A A 1) Y R A B 5 UG AR 1SS 1) T R R
WAL 2,

(3) i W 4 3 AL R 1 A R it T B, IE
TRk B R A R b O B B R, T
PEARAN R 5 0 R B A L A B T B e A
Jei AF 3 B B o 2 R R i N R RS KT 36.08 mm,
FE KB E B b N BRI K T 40.23 mm. IE iR
JEE G B W G N T A BT A R ) o M DR T4
il s 1 HE B H AR R 3 ) 0 L 4 v it T RS I

SE Wk

References:

(1] $RR R P E R B Be A R 5 L2 B R st
YL ITG/T 3365-01—2020[S]. JL 5T : A R 52 i ) A Ad
A7 B2 71,2020,
China Merchants Chongqing Communications

Technology Research & Design Institute Co.,Ltd.. Code

for design of highway cable-stayed bridge: JTG/T

3365-01—2020[S]. Beijing: China Communications Press

Co., Ltd.,2020.



200

s

N

2024 %

(2]

(3]

(4]

(5]

(6]

(7]

(8]

H AR B AR T A WERK A B SR IR B AT 5 3800 2020 4F 2
gLk (7], 1A 'ﬁﬂf*T$ S (h 9 30),2021,43 (4
T 1): 167-174.

XIAO Lin, CAI Junyu, YANG Yanqiu, et al. Research
progress of bridge temperature action and effect in 2020
[J].Journal of Civil and Environmental Engineering,2021,
43(sup 1): 167-174.

SONG X M, MELHEM H, LI J, et al. Effects of solar
temperature gradient on long-span concrete box girder
during cantilever Journal
Engineering,2016,21(3): 97-104.
SN R BE R R EE K BRSO B K
[D]. ARV Fe 223 K °%,2007.

PENG Yousong. Study on the theory and application of

construction[J]. of Bridge

FBFSE

sunshine temperature effect of concrete bridge structure
[D].Chengdu: Southwest Jiaotong University,2007.

R R 22 Ml X IR Bk B A IR EE 37 5 TR RO F 5
[D]. T K- Eﬂeiﬁjﬁ%‘é,zow_
WANG Cheng. Study on field

temperature and

temperature effect of concrete box girder in large
temperature difference area[D]. Chongqing: Chongqing
Jiaotong University,2019.

AR E T PR IR T T SR R IR B
LN K S 5541 [7]. 2R R K22 E 4 (B SRR ), 2021,51
(3): 378-383.

WEI Junling, WANG Hao,MAO Jianxiao,et al. Numerical
simulation and test verification for temperature field of
concrete continuous box girder bridges[J]. Journal of
Southeast University (Natural Science Edition), 2021, 51
(3): 378-383.

A5 AR TR I L SRR £ IR EE AR R A Y B ROR
JE 357 73 Bt (0], B DR TR 22 22 R Gl B 5 TR IR,
2022,46(2): 270-274.

FU Chunyu, YAN Peng, TANG Bo.Studies on temperature
field of concrete single box beam with multiple cells
under solar radiation[J]. Journal of Wuhan University of
Technology (Transportation Science & Engineering),2022,
46(2): 270-274.

X B —TE B - 2H A A B IR B 37 AR, BE O BF Y (D).
LR R E 2018,

LIU Cheng. Study on temperature field and temperature
effect of steel-concrete composite bridge[D]. Beijing:

Tsinghua University,2018.

(9]

(10]

(11]

[12]

[13]

[14]

[15]

[16]

NG S /NTT R AT TR T T R S R
B A RIT a8 3] oA #%,2018,38(3):216-221.
SUN Jin,FENG Xiaoqing, TANG Yan,et al.Finite element
analysis on temperature field of steel-concrete composite
girder bridge under high temperature asphalt paving[J].
Journal of China & Foreign Highway,2018,38(3): 216-221.
WANG Y B,ZHAN Y L,ZHAO R D. Analysis of thermal
behavior on concrete box-girder arch bridges under
convection and solar radiation[J]. Advances in Structural

Engineering,2016,19(7): 1043-1059.
PEAIR T . Sl i TN 3 ¥R 05 L it 2k TR UL B2 3 MR BE 28R

WF5E[D]. g 5 e i Ll K %,2015.
PANG Zhenyu. Study on temperature field and

temperature effect of urban prestressed concrete curved

beam bridge[D]. Nanjing: Nanjing University of
Technology,2015.

(FE)EILIR 530 5 . A B 4 S0 X A9 8 235 040 1) 5 il [ML]. X1 2% 2%
85,9 bt o E BRGH H R4, 1981

KEHLBECK F.Effect of solar radiation on bridge structure
[M]. LIU Xingfa. Beijing: China Railway Publishing
House,1981.

R I A AN I DG T %8 1) R R AR
[ 4 % ,2017(9): 73-78.

LI Wei. Research on domestic and foreign specifications

H R E AT L (1],

on vertical temperature gradient[J]. China Railway, 2017
(9): 73-78.
rh SE 2N B R BT BE AT BR 2 B L4 B AT i R

Y2 :JTG D60—2015[S]. 4t 5t : A R3S iR At e 0 A FR
v H],2015.
CCCC Highway Consultants Co., Ltd.. General

specifications for design of highway bridges and culverts:
JTG D60—2015[S]. Beijing: China Communications Press
Co.,Ltd.,2015.

American  Association of State Highway and
Transportation Officials. AASHTO LRED bridge design
specifications(2009) [S]. Washington, D. C.: American
Association of State
Officials,2009.

¥ %, KA .Eurocode i 3¢
o [ AR Tl 1 A 2016
YANG Chun, ZHANG Dawei. Eurocode bridge concrete
design[M].

Building Press,2016.

Highway and Transportation

R BE L &5 Bt M) dE 5t

structure Beijing: China Architecture &



