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Study on Thermal-induced Effect and Anti-Crack Performance Optimi-
zation of Bridge Pylon under Strong Cooling Weather Conditions in

Hengduan Mountain Region of Western China
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(Department of Bridge Engineering, Southwest Jiaotong University, Chengdu 610031, China)

Abstract: The concrete bridge pylon may be at risk of surface cracking under strong cooling weather
conditions. In view of this, a study on thermal-induced effect and anti-crack performance optimization
of bridge pylon under strong cooling weather conditions is carried out, taking a long-span suspension
bridge in the Hengduan Mountain Region of Western China as an engineering background. Firstly, an
approach is proposed to identify and simulate the strong cooling weather scenario at the location of the
prototype bridge through analyzing the in-situ historical meteorological data. Secondly, a 3D finite ele-
ment (FE) model of the bridge pylon segment is developed. The established FE model enables the in-
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vestigation into the characteristics of the temperature field and the temperature induced stress of the
bridge pylon under various strong cooling weather scenarios. Lastly, two anti-crack measures are pro-
posed to mitigate the risk of surface cracking of the bridge pylon under strong cooling weather condi~
tions. Parametric studies are also conducted to seek the optimum parameters of the two proposed anti-
crack measures for the prototype bridge pylon. The simulation results show that the surface of the con-
crete bridge pylon without any anti—crack measures undertakes tensile stress up to 2.06 MPa, indicat-
ing there may exist a risk of surface cracking. After employing the two proposed anti-crack measures,
the tensile stress at the surface of the bridge pylon reduces significantly. In addition, according to the
parametric study on the two anti-crack measures, it is found that the white organic coating of the first
anti-crack measure has the best performance, and the UHPC (Ultra-High-Performance Concrete)
with a thickness of 0.04 m of the second anti-crack measure is the best.

Keywords: bridge pylon; Hengduan Mountain region; strong cooling weather; thermal-induced ef

fect; anti—crack performance optimization
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Fig.14 Numerical method for crack resistance optimization

of bridge tower concrete surface

PC ¥t , il i+ UHPC ¥.I0 5 RC B0 4% fih 1 (1) 3645
S o N =i S| DA R R s

41 REFNRBEL

NT TR SR AR T 38
AN T) B A 5 A 2% T U Rk X AT B B 2 1 AR Y R
Bl 15 25 T Pk i s B 38 1R 68 1 41 3% 1w fe K
N7 77 B AR . H B AT, SR FH A AL TR R IR R BB AT AR
Ree IS 5 A/ 2 1T 0 e KRR ) o A HILYR RL Y B
R R S ROBCR BOR S AR AR ] . A
e, 2R A A LR R AR B T O AR A R
R B /N, o 0.26, BRI IZ B 6 R R 9 P Ak AL
S A BE K W T B KB T B 2.06 MPa
% 1.91 MPa, /N T 7.3% . BbAh, M4 R A H AW
i B € B v RO AL S B B R BE B AN R R K
LRSI E A B BEAR T 5.8% (IR f6) F1 3.4% (I
KAL) o

§1“——mﬁﬂ$w%)
Zigl---040  fGEF¥
E l5h— 032

--=-0.26

24 36 48 60 72 84 9
A8 / b
F1S A HLEORHE RS W 5 B 1 g i 7

Time-history of maximum tensile stress of exterior

0 12

Fig.15

surface of cross section after organic coating

T o A B B A 2 T R KA B ) R S I
AR AR ST A TRRHIC AL IR 198 35 Sb
R KA S ARAH, WA 16 s o il AT RLR
B 55 A 2 T e R BB D A (L E 25 I e A R e AR
bR A NN 3 (N T I Sl (U R i O = L
BB A ASCR B

317



% 2.05

E 200 % 1.89

E\ | % // 1.944

B 19 %? /;
0 T

0.65 0.40 0.32 026
HHLIRE M R
P16 U8 I i o 1o 40 55 S 0 e 2 P oG R

Fig.16 Relationship between extreme value of maximum ten-

sile stress and radiation absorption coefficient

4.2 S8 UHPC L

h T4 AR S UHPC B e i A 1e 2 80, A&
T IBCT 5 R R A o R R B B AN A TR R
UHPC W}, RC K 1i /Y fre K7 0 I if &, an 181 17 JiF
o 17 R UHPC X738 RC 2 401 e K ir
N 7 B R 0 A A KA R (L B B ) 2 A G
B SZIR o 3K T AN 3 R AL UHPC J5 , M 3
RCJZMZ i FetE & AT 24, WE 17 s, 48
& 3 THT AN SR JRUAT: A DI A 365 it BsF A9 5 A0 3% 1D A Kz
N 77 B T e 2 T I R R A A I A A i B (TR
12). MR UHPC AL T )5  # 38 RCJZ AR 1
e RHE R 7 BLAE UHPC 52 3 d5e/Nhi B 7 B9 g %),
BP0 (&1 12) o 3 i THr 3 RCZ 2 2140
UHPC (% 25 5, DT fe K471 ) %% i UHPC 7K 41 .

2B AT AT, SR A UHPC 46 77 %8 o fiE i 35 R I
ﬁfiéR(J);%i'%ﬁﬂ@mj@m“jﬁ&ﬁo LISk F A
0.1 m JEFE /) UHPC 24k 75 22 0 1, 7 8% RC 24
F M KPR S 2.06 MPalii/h 2 0.80 MPa, i /s
BN 61.2% . BUE T R A AR

b th oo =
| T RN T —

ol =l Rl
W oo e
Tog T

RCEFHE B iR )y / MPa

=
=
=]

B8/ h
K17 Wi &b UHPC Ji B R B A7 i

Fig.17 Time-history of maximum tensile stress of the cross

section after covering with a layer of UHPC

318

N T A AN UHPC 2R IR T A
[ 4h 41 UHPC JE B T, W5 3% RC JZ2 3% 1 35 KA )
AR, W& 18 i o f KT AT 0, 24 UHPC 2 19 5 B
1E 0~0.04 m i, HF 38 RC J2 403 1 e K i vy S i AE
Bifi S0 UHPC J2 J5 B A 34 fin i 1 s B AIK . b ) , B
% UHPC J5 B (38 I, M 3 RC JZ 403 1 19 $7 i )
WAH e . Wi, 4 UHPC 1Y B AF A — 1
I ARAE o X T2 SCR B R 55 5400 i 5 2 1 A
UHPC J& B B AL E 4 0.04 m,

ol by
=T N

o R R e R RO
5 b B &

RCEEFE IR %A / MPa

2
oo

0.93
I- 0%0320”

% % N l/l//‘IVT//A/

0.00 0.01 0.02 0.03 0.04 0.06 0.08 0.10 0.12
UHPCEEE / m

P18 WrBE AR e R B 5 UHPC & /Y 56 &

Fig.18 Relationship between extreme value of maximum ten-

\\

sile stress on the outer surface of bridge tower and
UHPC thickness

5 & i

R T VR AT 5 5 R TR i R R PR R
BRI, 4R T — ol oA i R A TR G U AN AL
Peo WEAN, LLFR VG RS T Lk b X RS K B R R R
R TRRTE 5, M T AR A i KT A TR
B 55 00 18 18 3 LA R il BB 7 g 40 A R AE o B T X
Sif o I R 0T TR MR B A 3 T A A T KU 11
Iia) L, MR A A0 A 2% R AR RL PR RE R DL B2 B T
B 38 1 22 T B 240 e AR Ak 7 B L 938 1 S 80U 4
HHELSE ., TEESUT .

(1) FE s B IR RS BF 85 40 R T IR JE 78 54 h
PN Bt B 29.4 CREMR 2 18.2 °CL B IR A 3 1
38% . WAL, 7 5k B U A 1Y), B B 41 3 I R S
R B BRIG BE TE . S A, AR B T R R
SO 2 00 AT R AE , AR B8 A1 2 T AR 1k e 51

(2) T WF 38 38 B2 b 76 7 38 22 100 0.5 m i FEL Y
AR AN Z L ARl IR B A, AR B IR B R ) de K
B 4315 T HF 85 43618 , N 2.06 MPa, ## 1t C55 1R §E
0 BB 5 B BT £(1.96 MPa) , % WA 35 %



T VR BB A AE T XS o R BEUEEA Y 2 , B R
e TN 0 2wl AN [T N 71 VA 195 05 = 8

(3) 2R FHAG HLR BL TR 25 A4 UHPC 95 R 1 1k
T E G, M TR B A 3 A R ) A (R
R0 AT AL R 2RI B AN 0.1 m R
UHPC B {4 1 38 2% 181 1) $5c P07 e 1B 53 1) B 1K
7.3% M61.2%.

(4) A7 HLTR B v 2 e 2200 Ak 5 52 19 1 AL RS- B
i 1 A1 2 T U R e G R A R I DN T 8 5 < AR S
SR B G BILUR R e S I R B IR (0.26)
PR BRFAE . XFT ML UHPC itk %, 4
UHPC JZ R 4 0.04 m i, f AL 8508 fe e

S %3k

[1] Elbadry M M, Ghali A. Temperature variations in con-
crete bridges [J]. Journal of Structural Engineering,
1983, 109(10) : 2355-2374.

[2] Moorty S, Roeder C W. Temperature-denpendent
bridge movements[J]. Journal of Structural Engineer-
ing, 1992, 118(4): 1090-1105.

[3] Branco F A, Mendes P A. Thermal actions for con-
crete bridge design[J]. Journal of Structural Engineer-
ing, 1993, 119(8): 2313-2331.

[4] Chen B, ChenZ W, SunY Z, et al. Condition assess-
ment on thermal effects of a suspension bridge based on
SHM oriented model and data[J]. Mathematical Prob-
lems in Engineering, 2013, 2013: 1-18.

[5] XiaY, Chen B, Zhou X Q, et al. Field monitoring and
numerical analysis of Tsing Ma Suspension Bridge tem-
perature behavior [J]. Structural Control and Health
Monitoring, 2013, 20(4): 560-575.

[6] Yang D H, Yi T H, Li H N, et al. Monitoring and
analysis of thermal effect on tower displacement in cable
-stayed bridge[ J]. Measurement, 2018, 115: 249-257.

[7] ZhuJS, Meng Q L. Effective and fine analysis for tem-
perature effect of bridges in natural environments[J]. Jo
urnal of Bridge Engineering, 2017, 22(6): 04017017.

[8] Ling M Q, Song Z J. Fine temperature effect analy-
sis — based time-varying dynamic properties evaluation o
flong-span suspension bridges in natural environments
[J]. Journal of Bridge Engineering, 2018, 23 (10) :
04018075.

[9] LiY, He S H, Liu P. Effect of solar temperature field
on a sea-crossing cable-stayed bridge tower[J]. Advanc-
es in Structural Engineering, 2019, 22(8): 1867-1877.

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[20]

[21]

Nandan H, Singh M P. Effects of thermal environment
on structural frequencies: Part I-A simulation study[J].
Engineering Structures, 2014, 81(15): 480-490.
Oskar L, Sven T. Estimating extreme values of ther-
mal gradients in concrete structures [J]. Materials and
Structures, 2011, 44(8): 1491-1500.
Bee L KRB AT H IR B 5 AR B RO T (D] i
# . PR ACH K2, 2010,
Duan F. Research on the sunshine temperatur field and
temperature effectson long-span steel bridge [ D ]. Cheng
du: Southwest Jiaotong University, 2010. (in Chinese)
Zhou L R, Xia Y, Brownjohn J M W, et al. Tempera-
ture analysis of a long-span suspension bridge based on
field monitoring and numerical simulation[J]. Journal of
Bridge Engineering, 2016, 21(1): 04015027.
Holman J P. Heat transfer [M]. New York: Mec-
GrawHill, 2010.
Kakac S, Yener Y, Naveira-Cotta C P. Heat conduc-
tion[ M |. Boca Raton: CRC Press, 2018.
NI, Bk E . H BAE T IR B AT BRIR i R
ZAEWEIELT]. A AR, 2016, 29(7): 52-61.
Zhao R D, Wang Y B. Studies on temperature field
boundary conditions for concrete box-girder bridges un-
der solar radiation [J]. China Journal of Highway and
Transport, 2016, 29(7): 52-61. (in Chinese)
R TR RV A N S A e ST AR B TR 3 43
[D]. 7% K2R, 2015.
Gao Y. Qingzhou channel bridge of the Hong Kong,
Zhuhai and Macao bridge flat steel box girder tempera-
ture field analysis [D]. Xi'an: Chang'an University,
2015. (in Chinese)
Huang X, ZhuJ, L1 Y L. Temperature analysis of steel
box girder considering actual wind field[J]. Engineering
Structures, 2021, 246(2021):113020.
Ri R R EE R PRIRERESH(D]. E
g« [ RF, 2007.
Lu Y Q. Research for meteorological phenomena on the
thermal load of concrete[ D ]. Shanghai: Tongji Univer-
sity, 2007. (in Chinese)
B A RO BE L 45 M B LS - TB 10092—2017
(ST dbmt. b [ gk i jit, 2017,
Code for design of concrete structures of railway bridge
and culvert: TB 10092—2017 [S]. Beijing: China Rail-
way Publishing House, 2017. (in Chinese)
Xing Z, Beaucour A L, Hebert R, et al. Aggregate's in-
fluence on thermophysical concrete properties at elevat-
ed temperature [J]. Construction and Building Materi-
als, 2015, 95: 18-28.

(RS H s i)

(T#%339m)

319



