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Low-temperature adhesive properties of sealant applied
in ballastless track under shear fatigue loading

XUE Hengxiao, TAN Yiqiu

(School of Transportation Science and Engineering, Harbin Institute of Technology, Harbin 150090, China)

Abstract ; To research the adhesive properties of polyurethane sealant under shear fatigue loading, a test method for
evaluating the adhesive properties of sealants was developed based on the in-situ working condition. Direct tension
tests at low temperature were conducted on the samples subjected to various shear fatigue cycles, the effects of
various sealants on the maximum tensile force, failure displacement and force-displacement curves were analyzed
and compared between experienced and un-experienced shear fatigue loading. The results show that the isocyanate
index R of the samples un-experienced shear fatigue loading presents the positive correlation with bonding strength ,
and negative correlation with deformation resistivity. However, the R value presents a negative correlation with
fatigue resistivity of sealants for the samples experienced shear fatigue loading. The adhesive properties and
discreteness of sealants were improved due to chain orientation within sealants at the initial period of fatigue cycles.
During the fatigue cycles, the stability of maximum force index is superior to the failure displacement due to the
discontinuous medium of sealant body. As the increase of fatigue cycles, the accumulation of damage breaks the
integrality of the bonding interface, which leads to the change of failure mode from brittle failure to ductile failure.
Based on the test results, the sealants with R values between 1.7~2.5 could present better shear fatigue resistance
performances.
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Fig.2 Parallelism validation on various loading systems
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Fig.5 Tension curves for various sealants
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Fig.6 Maximum residual rate for various sealants
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Fig.7 Residual rates of failure displacement for various sealants

800 P2y %

Lo 7.2x104%
|~ 3x7.2x10' %

) JE— 5%7.2x104 K

400 T

$i 1IN

\
200 58 i,
; NN
|

0 I 5 . 10 15 - 20
fiF%/mm
B8 AEYESMBRET SE hiff Lttt
Fig.8 Tension curves of SE sealant for various fatigue loading

cycles

3 %

1) X ARZE T VI 55 A ) S = R wE 4 I, R
{EL KGR B2 B2 TE AR 5G| 5 RS R OE 28 1 B 52 A
K. BTYIRE S5 AU, R ELBR A FE 48 i 1 BE 5 sl
LibSETE 3

2) BV SR, R (BN 14 2R A2 e o 4 e i

BURG B PERE /MRS = B O AR KBS, it £ 2
Bk 1A R A JCE T BE BEAERE 57 i 280 T T A R B
I6] 5 BT V1% 55 Inz8dYIa] , BAoRE A A 1 8 i
RILIHE IR ENEDL T RIS

3) ANIR] BT VI 57 T Rl B 6 o fe il £k
Xt HE R 45 0 ) SRR TR R R A | S S 4
JEORS BRI A BE 1 A, ELB AL 3 i gV iR
] FAOPERIR ; 6 T BRI 45 R e gy )
I 57 PERERL U B JCHE LB HEZE I R (B 1.7 ~2.5
Z Il

4) XL R, BT A 7 Uk v e
81X 3 AN [ JCHTE 21 T8 T8 2 JRC S B 1 E 22 5, LD B B
D9 55 0 A T A (] 98 4 O BB 1 B i JR i .
BB 57 g 44 F R, A4 RHBREOWE 55 AL EE 5 72 WL
T2 AT N R SRR IR R | 1 it — 2R

%% Xk

(1] W3, Mk e R E MR B K A R A FE [ D] AL db e
LT K2, 2010.



-38- /S =S B A N S ¢

5 50 %

PAN Shang. Study of polyurethane waterproofing system used in
high-speed railway bridge [ D ]. Beijing: Beijing University of
Chemical Technology, 2010.
(2] XUBKZE, BBE, X0 e JOATE 18 2 ) i AUIR 3w B 23 BT [T 8%
RS TRER 2011, 8(6) :1-6.
LIU Linya, LV Rui, LIU Hailong. Vertical high frequency vibration
response analysis of ballastless track [ J]. Journal of Railway Science
and Engineering, 2011, 8(6) :1-6.
MITCHELL M R, LINK R E, AL-QADI I L, et al. Development of

a crack sealant adhesion test (CSADT) specification for hot-poured

—
W
[

bituminous sealants[ J]. Journal of Testing and Evaluation, 2011,
39(2) :103108. DOI: 10.1520/JTE103108.

(4] FEFBEFRHRI 71 GB/T 13477.10—2002[ S]. 5T [
PRHEHRREE , 2002,

Test method for building sealant; GB/T 13477.10—2002[ S]. Bei-
jing: China Standards Press, 2002.

[5] Standard test methods for sealants and fillers, hot applied, for joints
and cracks in asphaltic and Portland cement concrete pavements:
ASTM D5329—09—2009[ S]. West Conshohocken; ASTM Interna-
tional , 2009.

[6] F0E, JEAE, . il i ki & s 2 AR R AE [T ]

TR R (ARBREIR) , 2006, 37(5) :942-947.

WANG Hui, GU Guohua, QIU Guanzhou. Evaluation of surface free

energy of polymers by contact angle goniometry[ J]. Journal of Cen-

tral South University ( Science and Technology ) , 2006, 37 (5):

942-947.

SAWALHA M, OZER H, AL-QADI I L, et al. Development of a

modified adhesion test for hot-poured asphalt crack sealants [ J].

—
-3
[

Transportation Research Record Journal of the Transportation Re-
search Board, 2017, 2612.:85-95. DOI; 10.3141/2612-10.

[8] DANNENBERG H. Measurement of adhesion by a blister method
[J]. Journal of Applied Polymer Science, 1958, 5(14) .125-134.
DOI: 10.1002/app.1961.070051401

[9] FINI E, ABULEBDEH T. Bonding property of bituminous crack sealants
in the presence of water [ J]. American Journal of Engineering &
Applied Sciences, 2011, 4(1) :124-129.

[ 10] FE 2430, T8 I T S8 PP RHIG IR G B 0 5 125 RS ) 81 28 0F 52
[D]. WEIRIE  WR/RIE Tk K, 2014,

LEI Xuetong. A new test method and influence factors for low-tem-
perature adhesive performance of crack sealant[ D]. Harbin: Harbin
Institute of Technology, 2014.

(1] FAEe, TRM, BARL et B 5 s ek By uT i p 55
R[] SRR (B ARBIART) | 2011, 39(3) :421-426.
WANG Huafeng, WANG Hongyan, CHEN Junyi. Shear tension fa-
tigue behavior of bonded joint, weld bonded joint and spot-welded
joint [ J]. Journal of Tongji University ( Natural Science) , 2011, 39
(3) :421-426.

[12]ZHANG Y, VASSILOPOULOS A P, KELLER T. Stiffness degrada-
tion and fatigue life prediction of adhesively-bonded joints for fiber-
reinforced polymer composites[ J]. International Journal of Fatigue,
2008, 30(10/11) :1813-1820. DOI: https://doi.org/10.1016/].
ijfatigue.2008.02.007.

(I3]0, AT, BXRE , 5. St 55 B RPN BT SE[T].
WA SR Tl K241, 2003, 35(5) :608-610. DOL: 10.3321/j.
issn:0367-6234.2003.05.024.

FENG Sheng, CHENG Yanping, ZHAO Yali, et al. Linear fatigue
damage cumulation theory [ J]. Journal of Harbin Institute of Tech-

nology, 2003, 35(5) :608-610.

[14]SHAN L, TIAN S, HE H, et al. Internal crack growth of asphalt
binders during shear fatigue process[ J]. Fuel, 2016, 189:293 -
300. DOI; 10.1016/j.fuel.2016.10.094.

[15]CHO D W, BAHIA H U. Effects of aggregate surface and water on
rtheology of asphalt films[ J]. Transportation Research Record Jour-
nal of the Transportation Research Board, 2007, 1998(1) :10-17.
DOI; 10.3141/1998-02.

[16]CHO D W, KIM K K, LEE M J. Chemical model to explain asphalt
binder and asphalt-aggregate interface behaviors [ J]. Canadian
Journal of Civil Engineering, 2009, 37(1) :45-53. DOI. 10.1139/
L09-163.

(17103, B, FEHT, 5. REW TR BTENG 2 48 I 2T

PRI TERE SRONE AL [T]. Ea ek, 2017, 34(3) .
550-556. DOI; 10.13801/j.cnki.fthelxb.20160426.001.
GAO Xiang, WEI Ya, WANG Fuming, et al. Fatigue resistant and
microstructure evolution of polyurethane grout materials under unia-
xial compression [ J]. Acta Material Compositae Sinica, 2017, 34
(3): 550-556. DOI: 10.13801/j.cnki.fhclxb.20160426.001.

(1812 0%, XImhe , 2=k, A, 9020 5 =X 1 )2 v S5t T 5 7]

FREATRL)]. A TAEZER, 2013, 23(7):151-156. DOI;
10.15951/j.tmgexbh.2013.07.010.
LI Sheng, LIU Zhaohui, LI Yuzhi, et al. Experimental study on in-
terlaminar shear fatigue of rigid-flexible composite pavement [ J ].
China Civil Engineering Journal 2013, 23(7) :151-156. DOI: 10.
15951/j.tmgexb.2013.07.010.

(19 TS, MEAR I M B 5 ol MR RE PN AT X[ D). IR AR
I MR R I Tl R4, 2013,

XUE Hengxiao. Research on crack sealant stretching tester improve-
ment and performance evaluation in low temperature [ D ]. Harbin.
Harbin Institute of Technology, 2013.

[20]YANG X, LIU X, ZHOU S, et al. Vertical random vibration analy-
sis of track-subgrade coupled system in high speed railway with
pseudoexcitation method [ J ]. Shock and Vibration, 2016, 2016
(24) :1-12. DOI; 10.1155/2016/7064297.

[21 ]2, L CRTS T UM xCJCrFHLHE 2 10 3 7 2% 43 B &
ZHFFE[D]. 2 M 2B, 2012.

CHENG Junjie. Vertical dynamics analysis and parameter study of
CRTS 1 slab ballasted track on soil formation [ D ]. Lanzhou:
Lanzhou Jiaotong University, 2012.

[22] WM&, BiFh, B850, WS AR R AN [ 2 B4 JE A H0E 9 3l

BEAPHTT]. HLAR TR % 42, 2010, 46 (16):29-35. DOI; 10.
3901/JME.2010.16.029.
XIANG Jun, HE Dan, ZENG Jing. Investigation ondynamic respon-
ses of different type ballastless tracks under high-speed train[]J].
Journal of Mechanical Engineering, 2012,46(16) :29-35.DOI. 10.
3901/JME.2010.16.029.

(23] Thittidy. WU 435 A MR 2 B e o i 8 e PERBRF R [ D] MR RIS
IR Tl K2 ,2013.

MA Hongtao. Study on preparation and performance of two-compo-
nent polyurethane sealant [ D]. Harbin: Harbin Institute of Techno-
logy, 2013.

[24]5K% . XA AR B ) 4 B MEREDTSE[ D], MUK i
IR TR, 2014,

ZHANG Lei. Research on preparation and performance of two-com-
ponent polyurethane sealant [ D]. Harbin: Harbin Institute of Tech-

nology, 2014.

(HE AHi)



