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under Sustained High Temperature Environment

ZHANG Pengfei', YU Lu', JIANG Haoyu', ZHAI Lihua?, LIU Shuyu'

(1. State Key Laboratory of Rail Transit Infrastructure Performance Monitoring and Guarantee, East China
Jiaotong University, Nanchang 330013, China;2. Key Laboratory of Road and Traffic Engineering of the Ministry
of Education, Tongji University, Shanghai 201804)

Abstract: Based on the theory of heat transfer and the mechanics of beam-slab-rail interaction,a
refined thermo-mechanical coupling model for the bridge-mounted CRTSIII type ballastless track
seamless lines was established to simulate the temperature field, longitudinal forces,and
displacement variations of the track structure components under sustained high temperature
environment ranging from 2~10 days. The findings elucidate a direct correlation between the
escalation of sustained high temperature periods and the continual increase in temperature within
the track structure, with an accentuated phenomenon of heat accumulation at deeper vertical strata.
Additionally, there is a progressive reduction in the magnitude of the maximum positive temperature
gradient, while the maximum negative temperature gradient experiences a gradual increase.
Moreover, the longitudinal forces exerted on the steel rails and the longitudinal displacements of
the track structure exhibit a cumulative pattern with the extension of the high-temperature regimen.
In contrast, the longitudinal stresses within the track slabs, self-compacting concrete layers and slab

demonstrate a decremental trend in correlation with the duration days.
Key words: sustained high temperature; CRTSIII; ballastless track on the bridge; seamless track;
thermal response
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Fig.1 Schematic diagram of a 7x32 m simply supported beam bridge model
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Tab.1 Table of structural parameter

YE B Ay o He = "LLJ:{ / Ny Y Y
e wELEESE e TU anie apkRsec
HE — 2.1x101 7 830 0.3 1.18x10°°
LIBERIT C60 3.65%1010 2500 0.2 1x10°
H 3Rkt 2 C40 3.40%1010 2500 0.2 1x10°
JER JBEAR C40 3.40x1010 2500 0.2 1x10°5
PAITN C50 3.55x1010 2500 0.2 1x10°5

+ T — 7.8%10° 1300 0.47 1x10
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Tab.2 Calculation results comparison of longitudinal force of the structure

T AT S R/ MPa SCHR[22]7 545 SR/ MPa
PUBR IR 7 -3.470 -3.353
H 25 SR - ) 7 1.992 1.873
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Fig.2 Diagram of daily ambient temperature change
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Fig.3 Vertical temperature variation chronogram
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Fig. 4 Vertical temperature variation curve under sustained high temperature environment
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Fig.5 Chronogram of vertical temperature gradient variation under sustained high temperature environment
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Tab.3 Maximum extremes of negative temperature gradients influenced by varying durations °‘C/m
Fre R ¥ud HUBEAR PR PR TR A 2 ST VR R T il P

2 -36.57 -20.42 -9.53

3 -48.53 -30.78 -17.86
4 -55.17 -36.97 -23.36
5 -59.55 -41.12 -27.11
6 -62.46 -43.87 -29.61
7 -64.36 -45.67 -31.23
8 -65.58 -46.84 -32.28
9 -66.37 -47.58 -32.96
10 -66.88 -48.06 -33.39
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Tab.4 Maximum extremes of positive temperature gradients influenced by varying durations ‘C/m

BUEBCP RS PUBSURINR R A SCRE LRI Ul hch R

2 147.40 103.94 75.11
3 138.88 96.18 68.43
4 133.51 91.12 63.88
5 129.94 87.73 60.81
6 127.58 85.50 58.79
7 126.05 84.05 57.48
8 125.07 83.12 56.64
9 124.44 82.53 56.10

10 124.04 82.14 55.76
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Fig. 6 Longitudinal stress and displacement of track structure under sustained high temperature environment
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Tab.5 Maximum longitudinal stress values of various components

@
S
w
S
S

K R3ud Fi/kN Sis/MPa Ssce/MPa Sbp/MPa
2 125.254/-190.319 -6.874 2.817 4.197
3 138.940/-203.182 -6.270 2.547 3.320
4 146.533/-208.449 -5.854 2.391 2.705
5 151.102/-211.102 -5.589 2.298 2320
6 153.947/-212.592 -5.421 2.240 2.080
7 155.719/-213.490 -5.315 2206 1.931
8 156.855/-214.032 -5.248 2.185 1.836
9 157.575/-214.366 -5.206 2171 1.778
10 158.032/-214.576 -5.179 2.163 1.740

*o BMHNEMNBRAE

Tab.6 Maximum longitudinal displacement values of various components mm
Fr R Hud D; D Dsce Dy
2 2.907 4.987 5.124 5.188
3 3.077 5.510 5.633 5.686
4 3.135 5.784 5.895 5.937
5 3.161 5.946 6.049 6.084
6 3.175 6.046 6.143 6.173
7 3.183 6.109 6.202 6.230
8 3.188 6.149 6.240 6.265
9 3.191 6.174 6.264 6.288
10 3.193 6.189 6.278 6.302

HIE 6 F1R S, &6 I, FREmiRfE M T, BEEMBIN AN, W EiEpIE oS
L BR S IERI N R 32 T SR A AL, DAERME EAFAEAR A . oy, B INEOR AL
FRRRSE AR, AN ) 5 AN PUE S5 M RO AL A2 25 2L RAG T ES 28T, 5%,
PUBIR. BRI A N AE R, XS IR I 2 k. T
PUB IR AR B S AR B, WOR TR B i KA A2, LA S BR A
RTIT FE RA R P e K AR BN 5 55 S R ) AN BT G i 484 S A AR A BT A 2 TR JRE AR T2
JER, S EURERZIZE /N Ik, JUER . B % SR 2 AR AR 17 N e 2
U1 o

T RIAa 26 AR B 28 S0, LN IATAGIT B, - BB 45 M £ 52 1 AN A D5 T I R B
BORMIARACIRSE o SRT0, BEERPE RN RSN, XA g e i E, Bat—
RIS . LSS 2 Ry % 6 Ry 3 10 RIFELIR G, EAFRREEIER T, %56 K
PN g, BRIERN IAREL T3 2 RAp eI 1 23.2%, 21.1%, MM 10 RAFE T4 6 K



T 2.60%, 4.46%; 55 6 RANHIALIFS . PuBR A AHERT26 2 RGN T 9.22%,
21.2%, TEE 10 RAE T2 6 RGN T 0.57%, 2.37%.

L2 FANAR, fERSEEIRIE T, MF b CRTS 1 BUICHERE A2 BN J) . &8l
TEH G A A R B AT REUE KIS, PO B2 SRE L RN A B Bl
R B SE I ASW)N ORI 5 TR T AR 2R B I I I S 3R, R
HOURH L FRT AR ) G A T LA ORI 45 R B i 1

5 %518

1) Bl RRE IR A0, TORERE JoVkAE R 58 AR ZE NG 3R, 8 25408 Rt
Fhimio BEE ISR R RGN, RERRIEERHE, BEASREE R, BEA
g EAE 2.5~10.7 °C.

2)  FREEIRREEIE N, EORIEIR L RIS, Jl N EEBIIE Y 25.76%:
BRI PR P MM 1 K, 3 K LRI AR A A 250.37%. R 1R EE AR AL AE [ 25 Sy e b B
FUIERGIT IS 2 he

3)  BEE R SR ECR BB N, AN S B EE R AR A W R A,
SIURWHE N, PUEHR . B SRE . AR IR N ) B8 028 R E 184 n i A e
W, WOR ZE R v R TR N A TOHE U TS 28 i 1 ) 5 7R 4

SE M-

[LTBREEAR, S0/ R, 55 T A AR & R MR I 1oL 90 B T T I i B2 808 73 [0 AR A 2417, 2023,45(4):84-91.
CHEN Z L,Cai X P,Zhao L,et al.Analysis of temperature effect of ballastless track in bridge-tunnel transition
section based on thermo-mechanical coupling[J].Journal of the China Railway Society,2023,45(4),84-91.

[2175 5 f, B 9, PVEE 55 i R A 80T 3 488 2 A b TG L AR T R A 5 o 3 A D). BRI R 2 B TR A
#%,2021,18(9):2280-2288.

FENG Q S,LIAO C M,Sun K, et al.Influence of complex temperature load on ballastless track on continuous beam
bridge[J].Journal of Railway Science and Engineering,2021,18(9),2280-2288.

[BIE. Frsk it CRTS 1T BB TEHEHUE IR 32 52ma 1B i 7L 0], BRIEEH,2016(5):15-18.

Lin C.Experimental study on the influence of sustained high temperature on temperature field of CRTS II slab-
type ballasless track [J].Railway Construction,2016,(5),15-18.

[A1R 24, Wk [ 5, 0 R 5, 55 L B2 45 9 22 Ay B R v Sk B TEREBUIE o 2 Ve RERIE TR E JR (7], B SHI T
FEZEAR (PIE0) ,2023,45(5):125-146.

SONG A X,Yao G W,LIU,J W,et al.Research progress on mechanical properties of high-speedrailway ballastless
track under temperature and vehicle load[J].Journal of Civil and Environmental Engineering (Chinese and
English),2023,45(5),125-146.

(BI85 e, MRt A, E 2 V5 .CRTS 11 R AR X TCHE BUIE 2 (A% J0 LA 2 B S8 WA BT E D). BKIE 224K ,2018,40(8):
130-138.

CHEN L,Chen J J,WANG J X. Study on stress transfer and interface damage of CRTS II slab ballastless
track[J].Journal of the China Railway Society,2018,40(8),130-138.

(6. R Bk JOHE BUE 11 B s T s 5 B v A S A LA F T2 [D]. AR B K 22,2022,

JIANG H L.Study on deterioration prevention and structural optimization of CRTS II track slab system under
high temperature[D]. Southeast University,2022.

(7132 8 IR 5 A, 05 28 T804 ZR T MY b JC R PUIE B 85 1 UL P B P 0F A (0] 28 i RHEOR 22 22 4R (AR B2
Jii),2015,43(7):1-5.

DAI G L,WEN X H,SU H T .Study on horizontal and vertical temperature gradient ofballastless track on bridge



in cold season[J]. Journal of Huazhong University of Science and Technology (Natural Science
Edition),2015,43(7),1-5.

(813 A 3, 5 i 22, %) SO, 45 v Ui 2 49 M b 00 A 5T AR 2003 1) 2 20 A1 [0 PR 22 A 4R (B AR 2
Fi),2017,48(4):1073-1080.

DAI G L,SUH T,LIU W S,et al. Temperature distribution of longitudinally connected ballastless track on bridge
in summer([J]. Journal of Central South University ((Natural Science Edition),2017,48(4),1073-1080.

[9]1ZHOU J Z,LUO Y Y,LV G S and XIONG Y L.Simulation study on vertical deformation of CRTS III slab track
under ambient temperature and its upgrade to*“Green Maintenance”[J].Applied Sciences,2021,11:7830.

[10]SONG L,LIU H,CUI C,et al. Thermal deformation and interfacial separation of CRTS Il slab ballastless track
multilayer structure used in high-speed railways based on meteorological data[J].Construction and Building
Materials,2020,237(7):117528.

[11]LI D S,Dong L,Jiang Z,et al. Experimental study on temperature load features of CRTS 1I slab-type ballastless
track structure on bridge[J]. Railway Engineering,2015.

[12]OU Z M,SUN L,CHENG Q Q.Analysis on temperature field of ballastless track structure based on
meteorological data[J].Journal of the China Railway Society,2014, 36(1 1):106-112.

[1313 & M5 1L AR50, 5 R FHEE S X CRTS 1 240 xQIG A 4 TE 18 AR 3 il 2 52 e BRI 96 (0], B
TERF 5 TR %4R,2015,12(1):6.

Wan Z B,YANG R S,Ren B,et al. Experimental study on impact of solar radiation intensity on the surface
temperature of deck slab for CRTS 1 twin-block ballastless track [J].Journal of Railway Science and
Engineering,2015,12(1):6.

[14]LI Y,ZHAO C,ZHU S.Damage analysis of the CRTS III ballastless track slab under temperature load and
vehicle load[J].Journal of Wuhan University of Technology (Transportation Science &
Engineering),2018,42(6):956-961.

[15]Cai X P,Luo B C,Zhong Y L,et al. Arching mechanism of the slab joints in CRTS II slab track under high
temperature conditions[J].Engineering Failure Analysis,2019,98:95-108.

[1615K 8 7, Bk e, 9 2, &5 00 1) I A0 far 31 T 8 SCRMF £ CRTS 1L B2 /1 & TR [J]. b 5i 2838 oK 2% o
#%,2021,45(1):32-38.

ZHANG P F,Yao D,Tu J,et al.Stress and deformation of CRTS II track slab on simply supportedbeam bridge
under bidirectional temperature gradient load[J].Journal of Beijing Jiaotong University,2021,45(1),32-38.

[17]LIU H B,SONG L,LIU R,YU Z W.Temperature field and thermal effect analysis of CRTS III ballastless track
structure under the outdoor natural environment[J].Construction and Building Materials,2022,358:129383.

[18]#7 i i, S A, e 20, 45 .CRTS 11 24 T A U3 U P52 5ol oty 73 1 S L o0f 22 2 s g i 2 FR) S mir (], A8
2£.2016,33(4):210-217.

YANG J J,ZHANG N,GAO M M,et al. Temperature warping and it's impact on train-track dynamic response of
CRTS 1I ballastless track[J].Engineering Mechanics,2016,33(4),210-217.

[L9]X14E 78X [ %.CRTS 1T ZUAR X TCHE HUIE 45 44 J2 18] 7 11 25 4800t 70 [0]. 7 B P FL27,2013,34(4):1-7.

LIU Y,ZHAO G T..Analysis of early gap between layers of CRTS II slab ballastless track structure[J]. China
Railway Science,2013,34(4):1-7.

[201E AR, Fh3L, 22 Rk S, 55 TOHF IUTE S ARGIR, 52 DU 2 L5 3 58 2 7 73 M [J]. Bk LA 2241k, 2009,26(2):52-55.
Wang S R.,SUN L,LI Q Y,et al. Temperature measurement and temperature stress analysis of ballastless track
slab[J]. Journal of Railway Engineering Society,2009,26(2),52-55.

[21]#E 5 Hr £ CRTS 1l AR ATCHEPLIE T A2 L B I 1] 1B 7L [D]. B B AR AT K °7,2019.

GUI H. Study on longitudinal force of CRTS III slab track CWR on bridge[D].Nangchang:East China Jiaotong
University,2019.



[22] R 45 R b B 308, 55 O HE U IR P 3 T B30 B R 48 oo T R A M) 3 T 0] Bk 24 410,2019,41(7):127-134.
Kang W X,CHEN S,WEI C C,et al.Temperatures of ballastless track and effect of continuous hot
weather.[J].Journal of the China Railway Society,2019,41(7),127-134.

FEE: KR (1975—) , B, #uR, #L, WA, $FF07 RO L JCHESUE TosE LR M 1T
WA R .. E-mail: zhangpf4236@163.com.

WAEIEE: BRI (1979—) , 5, IE@PTRN, MEotsE, Bty moyfuiE ol TS O EEH AR .
E-mail: zhailihua@gmdi.cn.



