5 434555 2 1] 7R 2l R Vol. 43 No. 2
202644 A Journal of East China Jiaotong University Apr., 2026

NXEHS:1005-0523(2026)02-0087-08

BEEIET CRTS MBRRHERE
I IE 3

ARIBAE RIETR A B R ;Y

(1. AARZGE R X AR TR 2 4 S A [ i S0 3, VPG 9 5 330013;
2. AR IRASIE R AR PR SR 3l 5 W s 20 I AR S oL TP 19 5 330013)

T AP RS SRR T CRTS M A AR K FUAEHUE I8 5w 3, R L% X B0 7 o sh il OB AT K s
LR T RN BIEA R T B SR T AGEMIRE S A, ST T MR s, RERAN  ERESRIRT,
HUEARE 2R R AR P REIBE G TI@IRE AL £ 29 4 1.5~4.0 h, BAOP B8 A AT R K T AR
SEGR AR RN, EIREAS AR T, R R B LR FUR B AR T, m R, B T, sTHE A
vl R 5 SR AR R AT — R B RS A AR R 085 A L B B T T AR L vl o AR 3 RS )R E AR L
B3 e ¥ he BSR4 Z BB T CRTS A AR X A #F Huid i85 3 vl 7 T R AR Ib L s Ar 38 208, A iR S
BRI T o R T B RGBT T BRI,

KEBIA 4 502 CRTS M A AR X AE 5 I8 5 0l 5 X I AT 50

FESES U213.2 XHRFRED: A

ARSI B AR B4E, ks &, 24, 5. F 4 5E T CRTS I A AR X Huid i3 3 30 X 36 AT 20 [T]. 46 R 3038 K 2 594k, 2026, 43
(2):87-94.

Experimental Study on Temperature Warping of CRTS IlI Slab
Track Under Continuous High Temperature

Deng Zhaohui'?, Zhang Pengfei'?, Yu Lu'?, Xu Lang'*

(1. State Key Laboratory of Safety and Resilience of Civil Engineering in Mountain Area, East China Jiaotong University,
Nanchang 330013, China; 2. Engineering Research Center for Railway Environmental Vibration and Noise of the Ministry of
Education, East China Jiaotong University, Nanchang 330013, China)

Abstract: In order to study the temperature warping effect of CRTS 1l slab ballastless track under continuous
high temperature environment, the field test method was used to monitor the temperature and strain of track slab
for a long time. Based on the monitoring data, the temperature distribution law of the track slab under continuous
high temperature was studied, and the temperature warping effect of the track slab was analyzed. The results
show that the temperature of the track slab shows a wave-like upward trend in the continuous high temperature

environment. Among them, the bottom surface temperature lags behind the top surface temperature, the phase
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difference is about 1.5~4 h, and the positive temperature gradient time in the plate is greater than the positive
temperature gradient time at the edge of the plate. Under the positive temperature gradient load, the curvature is
positive, and the track slab is arched; under the negative temperature gradient load, the curvature is negative, and
the track slab warps downward. The linear function relationship between the warping curvature of the track slab
and the vertical temperature gradient is fitted. The fitting coefficient R’ is above 0.85, and the temperature strain
change value and the warping curvature value increase with the increase of the vertical temperature gradient. The
research results can provide experimental basis and data support for the temperature warping deformation of
CRTS III slab ballastless track under continuous high temperature environment, and provide important guarantee
for ensuring the safe, stable and efficient operation of high-speed railway.
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Fig.1 Layout diagram of temperature and strain sensors
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Fig.3 Vertical temperature gradient distribution law of
each measuring point under continuous high temperature
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Fig.2 The temperature distribution law of each measuring point under continuous high temperature
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Tab.1 The peak stress of the top and bottom surface of each measuring point in a single
day under continuous high temperature pe
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Tab.2 The fitting relationship between warping curvature and vertical temperature gradient of track slab under

continuous high temperature

A S Bl Cil 5,

H3 a b r a b R a b R
20244E8 H1H 0.681 -0.298 0911 0.615 -4918 0.854 0.374 -1.619 0.863
202448 H2 H 0.688 -0.487 0.914 0.640 -6.287 0.869 0.384 -1.908 0.895
202448 H3 H 0.700 -0.611 0.923 0.650 -7.205 0.873 0.403 -2.436 0.905




523

VAN, 45 45 E i N CRTS T AR X80 38 i s X e 5% 93

BRI 43 AT Sk L AN L SR F T A S
D5 AT T RE B X RS R AR T B AR P IR
FEAT AR WF T R v T Ay 26 U Al
SN MR AR B LR 458 .

1) IG5 A BB AR A5 I IR AR 2
Bl TR A W ) L I A R 0 (G R T
VA, IR B B IR TR R B . I
R B R I A R U 320 T YR R
A DO Nea | S S e N EE R g b2 A I R
AR IR B T I R A B WA LW A K, TE TR R R B
B TR ZR 2R D 7 ] S el i 3

2) BUTE ARSI A5 AR 2 JE A AR A R 3l
Tofs 88 R, I A AR A AR, T 7 AR AR AR AE 3 K
TR EB R AR AR AR, BUTE MR PR AR I (E 4K F
M3 r o AR VA, AR 2 e TR AR T g 7 A DG
AR TP TR Z AT

3) B AR oty 5 s e LR A R 1R G A& i
RIUE BB R IR T 0.85, B sl i 2 85% L
R e R B R R R g R R R
e S SRR, 2 T A 1 S A T ™
AR 2 4 IR AR st 1]

Sk

[1] M. FF2L e iR CRTS T AU T8 TR 5

AHRIRATFE[T]. BRIEHE S, 2016, 56(5): 15-18.
LIN C. Experimental study on influence of sustained high
temperature on temperature field of CRTS 1I slab- type
ballastless track[J]. Railway Engineering, 2016, 56(5): 15-
18.

[2] 27, BpE, 25645, 5. 3T GEV AR PG RE 1 )50

i IE R BRI AT S (7], Pl Ry 5 TR 4R, 2023,
20(3): 900-908.
LOU P, HUANG X D, LI C S, et al. Experimental study
on temperature of ballastless track in southwest plateau
by GEV model[J]. Journal of Railway Science and Engi-
neering, 2023, 20(3): 900-908.

(3] TEhGK, B IE, TR, I T RE S BB AR R ] I R
Tofs o U0 AR (7). A e TR 2 2E i (F AR B2 ),
2014, 42(12): 9-13.

YAN B, DAI G L, SU H T. A meteorological parameters-
based prediction model of vertical temperature gradient
of track plate[J]. Journal of South China University of
Technology (Natural Science Edition), 2014, 42(12): 9-

13.

(4] =Dk, XU, B 3%, A5, FeE A XCOIERE BB SR L

VR B B 3 R TR E A7 2B 2], B 244, 2016, 38(8):
81-86.
YAN B, LIU S, DAI G L, et al. Vertical nonlinear temper-
ature distribution and temperature mode of unballasted
track in typical areas of China[J]. Journal of the China
Railway Society, 2016, 38(8): 81-86.

(51 o B2, fariedtan, 25, 4. el 2= 1 B Al I BE SR

{14 BRI SE RO 3 BT[], 4R AR A2 38 R~ 47, 2022, 39
(3): 31-36.
FANGR W,HE Y L, LI Z W, et al. Analysis on heat flux
delay effect of track slab temperature model in high tem-
perature season[J]. Journal of East China Jiaotong Univer-
sity, 2022, 39(3): 31-36.

(6] FEIH, Z/NEE, FRPEAR, 2. BRIGE IR Z R0 T JCHERLIE G

JAE A A i BE AU D). TP R R e (A AR,
2024, 55(6): 2236-2246.
DONG B, CAI X P, CHEN Z L, et al. Temperature field
simulation of early-age ballastless track base plate under
influence of environmental factors[J]. Journal of Central
South University (Science and Technology), 2024, 55(6):
2236-2246.

[7] CAI X P, ZHANG Q, ZHANG L L, et al. Spatial tempera-
ture characteristics of CRTS Il slab track of railways on
plateaus[J]. Cold Regions Science and Technology, 2024,
218: 104091.

[8] ZHANG Q, CAI X P, ZHANG Y R, et al. Real-time tem-
perature field and thermal deformation of slab track on ca-
ble-stayed bridge[J]. Case Studies in Thermal Engineer-
ing, 2023, 51: 103582.

[91 ZHANG Q, CAI X P, ZHONG Y L, et al. Temperature
field and thermal effects of the longitudinal connected
slab track based on the measurement data and thermal-flu-
id-structure coupling analysis[J]. Construction and Build-
ing Materials 2022,343: 128121.

[10] CAI X P, LUO B C, ZHONG Y L, et al. Arching mecha-
nism of the slab joints in CRTS I slab track under high
temperature conditions[J]. Engineering Failure Analysis,
2019, 98: 95-108.

(1] JIBE, s s, AR, 45 ANIR]IELEE 3 A% 1 CRTS 11 2!
A TCHEHUE T EPERENTTE )], BRI 274k, 2024, 46
(5): 100-109.

ZHOU R, CHEN D G, ZHU X, et al. Study on thermody-



N

94 LS PEEE

2026 4F

namic performance of CRTS Il slab ballastless track on
bridge under different temperature change rates[J]. Jour-
nal of the China Railway Society, 2024, 46(5): 100-109.

[12] B85, B, Tt ST AR i A2 T R AE

35 B 5 (0], BROE )27 5 TR 24 40, 2024, 21(10):
4053-4064.
ZHAO L, JIANG D Y, SHI C. Experimental study on
warping deformation characteristics of unit bi-block bal-
lastless track[J]. Journal of Railway Science and Engi-
neering, 2024, 21(10): 4053-4064.

[13] XUEE, 5 HuAh, FhGEPY, 55, FRSTICHE B RIRLEE S0 25 43
AR SIRFE[T]. FaE 4R, 2023, 45(8): 118-128.
LIUY, JIANG D Y, SUN X D, et al. Temporal and spatial
non- uniformity of temperature field of unit ballastless
track bed[J]. Journal of the China Railway Society, 2023,
45(8): 118-128.

[14] SONG X L, ZHAO C F, ZHU X J. Temperature-induced
deformation of CRTS II slab track and its effect on track
dynamical properties[J]. Science China Technological
Sciences, 2014, 57(10): 1917-1924.

[15]YU Z W, XIE Y, TIAN X Q. Research on mechanical per-
formance of CRTS III plate-type ballastless track struc-
ture under temperature load based on probability statistics
[J]. Advances in Civil Engineering, 2019: 2975274.

[16] REN J J, QU C H, LIANG J, et al. Experimental study on
temperature field characteristics of CRTS Il prefabricat-
ed slab track in cold regions[J]. Archives of Civil and Me-
chanical Engineering, 2024, 24(3): 152.

[17] ZHANG K'Y, REN J J, YE W L, et al. The influence of
uneven frost heave and thermal conditions on the defor-
mation and damage of slab track in seasonally frozen re-
gions[J]. Engineering Failure Analysis 2024, 157: 107881.

[18] LIU D, SU C G, YANG R S, et al. Temperature field test
and prediction using a GA-BP neural network for CRTS

I slab tracks[J]. Railway Engineering Science, 2023, 31

(4): 381-395.

[19] ALLAND K D, VANDENBOSSCHE J M, MELO DE
SOUSA A. Daily cycles of temperature-independent cur-
vature in jointed plain concrete pavements[J]. Journal of
Transportation Engineering, Part A: Systems, 2017, 143
(8): 04017034.

[20] B WA, XTEHAE, A1 2%, 55, HLA/KIRIE T H JE TR BE AL
N [J]. R 5% K24 (A SRR ), 2022, 50(8): 1171-
1179.

LING J M, LIU H L, SHI R, et al. Effect of diurnal tem-

perature variations on airport cement pavement[J]. Jour-
nal of Tongji University (Natural Science), 2022, 50(8):
1171-1179.

E—1EE B (2000—) , 53, P EBF5E A, WF9E 7 1) 3
PSR T2, E-mail:2933128364@qq.com.

BAEMEE KIS (1975—) , 55, Bdz 1 1A 0,
WFFETT 8] Jg A b JCHERIE ToE 4 BT BE SOCHEHAR
E-mail: zhangpf4236@163.com,

(VARG % %)



