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MECHANISM OF INTERFACIAL SHEAR FAILURE BETWEEN CRTSII
SLAB AND CA MORTAR UNDER TEMPERATURE LOADING

ZHONG Yang-long , GAO Liang , WANG Pu, LIANG Shu-juan

(School of Civil Engineering, Beijing Jiaotong University, Beijing 100044, China)

Abstract: Interfacial shear failure and large longitudinal displacement of track may occur under temperature
load, once the longitudinal continuity of CRTS II slab track is broken. The complex interaction relationship
between slab and CA mortar under temperature loading is kind of “bonding-debonding-contact”, which can be
simulated by surface based cohesive zone model (SCZM). A three-dimensional finite element model of interfacial
shear failure of CRTS II slab track was established, and the model was validated by the results of the longitudinal
shear test of slab track. Interfacial shear failure process and influence law of parameters such as shear strength,
shear stiffness and fracture toughness were analyzed particularly. The study shows that interfacial shear stress at
slab end where the slab is unconnected is the largest, and it gradually decays with the increase of the distance to
the slab end. The interfacial shear stress at slab end reaches shear strength firstly, and interface damage initiates
under 4.2°C temperature rising. When the increasing extent of temperature is 10.5°C, the interfacial shear stress at
slab end decays to zero and interfacial crack expands quickly. Excessive shear stiffness and small shear strength
lead to the initiation of interface damage easily. Improving interfacial fracture toughness and shear strength can
effectively control interfacial crack and improve the longitudinal stability of track.
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WA E 1 2016-09-28; & H H: 2017-01-03

HEWH: ExARBEIEETH (51578056); HE ki i A 7R 70 & 11k & 55 H (2015G001-L, 2015G001-B-1)

WWEE: & F(1968—), INARN, 8%, L, 9, MWFEPUEL )% 50 (B-mail: Igao@bjtu.edu.cn).

{E# i BhEH (1988 —), PUJIN, T4, MWELAEPIER FEPLEE & LS HFE 7L (E-mail: 14115338@bjtu.edu.cn);
F BE(1988—), WAEA, BUERFSUGL, W4, AEEHUE S )50 58 (B-mail: wpwp2012@yeah.net)s
EBAE(1991—), Wb, AR, MFHHE LT T (E-mail: 14121188@bjtu.edu.cn).

W 8



T ®

VAl 2 231

THEE B P B rEir. fHFa&K
PR RS TAE B/ NS il 02, fErpE
TR HARSZAE K SRk RS 2] 7Tz M
o CRTS I MRk A ICHEHIE /2 3 E mnd 2k eg (1) 3
BHESMERZ —, ZEHWEH. FE PuBi.
CA Wb B (MFAL)/ SR J2 (i ) 4 2H 1 (o
P 1) o H A T ) 0 AR o s LR S0 5 2 1 3
FROREENR o YOG LSRR IR B A A E N SRS N
P AR ORI EE 77 o a0 U A PN AN 21 57 5]
AR T A SR EDURE 9L P i T e it ORI 0
TR FEGHEIR S5 CA Wb 3K )2 18] BY LR R 1M 7 1%
Bk, JErEAERKIIANLRE, XS SRR E
PEF=LE RN AN 52

WG WP gy
CABTREN o/ o

JEE R | EL.
W] K
AR AR CIRRRERRE R
{ 2930 |

B 1 #HfLk CRTS I BUAR A HLIE
Fig.1 CRTS II slab track on bridge

B AR RE, JZ 1A 854 2N CRTS 11 244K
APUERH WIRE, 45 YUK ER 80%°, XN
kit @, EANYEIR T — RN 2T
T A B S YU AR IR AR . Sl iR
FEfr ks Wb ZHEE AT B3 S a8k LA S gk
REAR S PTRE5 S 30 CRTS 11 RUAR U3 I 254415
BB L EE R, HAH . X0 Ek
BEABALRES, UF AR R A IR 2 SR+
PAT RZE TR FHZ LN 2 NEERFK. X
B 0 ] OV i I L R TP ) DMK
FKHAEBRITED T 7 CRTS I AR R PG E IR FE R
FEAER TR 5%, fRBPUERIE. fRER
T RS 5 AR Ak A2 77 AR BIUIE 45 44 2 1) 5 3 2 4 1) o
FERR . BTV T RS B Y BUE RS L
K ERHEN A B N 2 B SR e AR A, AR H
BHIE AR 5 D 2 ) BY ) 9 R o 2 4% 7 AR IR 4 1 [
. TEMECEERHARTES T T HUBRE
FERBFEXTJZ A B 48 semd, FEERH T MHIHUER 5
W B A T RORE . A Ah, AEIEEED TN
zhu'', B 4R sl SR g L M
TP IR B AR IE S5 R BN 1 S R RE R R

BE A W 7 AT s 55 R A0 5 i 0458 1 K T 5
JE R 4% 0 JE AT TIRABEAL, R TR =S
ES Q7B YA Pt S ap S Sl S 7S b S SR i R SR 7

R E ST R PUEBIR LR, Xt ESCREI
AR L 51 RS A0 2 TR 2 ) B DDA 1) RS LD
JZ TR 1) BY DRI B 55 5 T 28 8 A= - 5 T W 2882
ik EESR A T AR, BB AR B P 51 R SRR
AR R Sk HERRRLILLE BA BAE R R 2T e
B R A ) BT DI o pr ) Bt . TR A
B (AR SCZM!™), Surface Based Cohesive
Zone Model)ifiid 5& X AT 18] () 22 5] J1-AE % AL
AR AN SR, FF R 0l o U 3B s 1 45
A, SRR ey e, R 1 E
NG A BE A, Ty Wb SN 1 ST SR AT A - S
W2 BE R A RE RO . EAT, FET RN R
SR C T N T R AR 2R SR
AR g SRR i SR RS KR
RNV (g FEH LS FE A3 T o A SCOR P BT 3RH
R PA) SR A B A0 I3 22 1) 2R 20 - Mt - foh ) R 2%
MEAEHK R, 57 CRTS I A TEHEIE 2 ]
R =LA BRoT o BrA By, )HERE 01E R
18 J2 (A BT ORI 78 AL 2 TR BT V)5 2 L B DI
AL W 200 2 55 2 B s M R AT 0 b o W 9T 45
RATJy CRTS 11 BUARGUTEAE HUE BTE A SR 4R B4R
SIS EL N

1 TAEENE R BIFAERRIA AR E

L1 ETREANARHRE
e TR N IR AL E 3L T AR T 22
] (A ELAE FE SR R U2, B2 5] 23 IR LR 6 R

(anE 2).
A5 7
T/MPa
Tu () --------+ — it E
|
L Nt
k } ///
_A7(1-D)k
T e 5
FEGRE T mRk AR B smm

B2 TR N R A5 - f8 0 R
Fig.2 Traction-separation behavior of SCZM
WIEBT B, A= 5] J A A RLRS 48 K T e i 1
K, RINLHNEENE, BE R BN 8N, Tt
W . A5 ik BE FHE T W (SR X2 X
B FOHE o), GitiFFiaF= A, G EE B % AR
XA RGN TN, DB S . 2 T kR



232 T 1%

¥

REIL B W R I FE IRME G, I (SN L7 38 B 5 K AL
®oy), BERIFZ. b, FAAKRESS i
i, Fe N B OC R

FEAT IR A2 W, 5 R i N7 2 B O 2 5 1 )
P, 251 13- HIXHLRE R R AR A R R IFROR:

t) [k, 0 075,
(=0 k 0ls (1)
t) 1o 0 ks

8 L NS NI A b 2 [N a7 | 1 )
WRASI D)k, ko kol &N T7 ) A
F2HG O,y O~ O, AMREREAT5 TR AR ALAS o

PHAR A — AR MR RETT 4618 1k, FER T
B 4R ST U7 AR R S 232 5] s fir
Wik Bt AL F i 2 A, Didi B k. AL
oA 5 W AR A SR R A SO e Y

(Quadratic nominal stress criterion):

2 2 2
() it o
e (ONBRIRAE: O R0 AT L
B, <o >3 RAE Al G A B Al R 45 R R S T AR
SRR . I 2 TR, CMBIREAAE, B
O L R R 2 VS PN Ak it N DN
VR D kR BRSO, Mo RpE T, A
SC AR B T L
D On(En™ =)
S (6 = 0p)
e S A WA P G SRR LR D
TUETEEN 0~1. 4 D=0, RIFUHGH: T
D=1, KWEEGE, BB, i
JE, AER] -HR RS 5 2 T A F A,
_{(l—D)k& 5, >0

€)

n-n? n

k.S 5 <0’

n-n?

n

t,=(1-D)ko,,
t,=(1- D)k, - “)
Pt AL R A B RE R AURER, PR AT DL
TR AEK 2 SR A 2 8] 2% A 2 A
W R REBUE b 55 T 42 51 - R XL 1l 2T i 6
(RO BT Z9E JUR T

1’ (6 (6]
PRTATTE

K, Gy GE v GE AR R () S

Y SRR R R (ST, SRS
K. MR, JZRE Bl E A . Bl
Z B BRIV AR A REF o v R R IR B
fill k) 5 R AE R C R, ASCRA “Wiff” 15
P2, Gy e R A R,
1.2 EHEHNEBRTESR

T AR S 32 ORI 1 5 B e 2 1) BY
VIWEIR ), AN FE N R Rb A sEm . ARk 45
ST, ARALRAE R SRR . AN, A
WilHRE, 2SR IER, B A S AR
BURAIAEDY, PRI, AR BB AR . CA AN
JES JEE AR 2L K

DR R, 20 5 4% B R A fERE R S
w22 M, bR 5 R AR R R e A M LA
gh. Blth, ASEPUER SHRKIE AR TR
PRI ST B, RbIR )25 a2 (8] H F 5
R NFEAY S AR A TR IR e BT Y2 A
BYP AR R IR B e, AR K B R K
HLRA % R EFENT, BRI KEL 65 m™), BB
AL (RN 170 3 42 J AR K HEAN 32 ) RGeSk UL & B
BREEHZ SR 2, 02 )32 AR/, Rk
AN RGN A R o AR R — i AN S5 A
o) FHEE LIS, 1 55— Ui AN 29 R CA A5 2R RIS HEAR
MR H HEE, SRESUIER B PEMS . 55k,
SE AL RS AR JES BT s R o TR R S R R
ME SRS, AN T AR -,
OB W IK 25 K BEAR AR 8 1 A SR B G A%
L, RS ITR SN 0.1 me BEAMERIIL 120801 4
AL, 82800 M. KRAAMRITTHA ABAQUS
H L) TG HE B TE 2 1) 3 45 AR o p A G 3
B o

W SRS CRR[7, 11, 241380, HAHLIERR
% 2.55m, /£ 0.2 m, #EALE 36 GPa, JAfALL 0.2,
2P 2400 kg/m®, HIIK R H1.0x107°°C CA B
WE% 2.55m, £ 0.03m, #YERE 8 GPa, M
EL 0.2, S5 2400 kg/m’®, HIEHK 2% 1.5x107°C s
JEFEMR FE 2.95m, J5 0.2m, FMEEE 255 GPa,
AL 0.2, S 2400 kg/m®, K R 1.5%
107°°C HUBIR ST )Z 2 18R 2 TR 1 A 5%
JIRERL, R NI R AIUE 255 SCk[25], V1A
NIy 2x 102 N/m?, VIR 5107 N/m®. S
o 55 B AR SCHR[24 13006 45 SR HL 5.4x10° Pa, B4 3%
PN 2.5%10% Pa. P WT 24115 2% SCHR[ 11, 26]



VAl 2 233

FEECA 10 J/m?~35 J/m?, % RiAHALf 0°~90°, 28]
JEHE ZBUIH 0.351%),

PUBRMNE
fFhr B

¢

T ) ZIRCARD I AN
JESBEAR A T LB

() BEARAREAY

A s

/. s
/ \
[ wawmr S\
i\ 1fiS2 ‘-i
‘\‘\ //l
Ve
~ /

(b) BT
K3 TCHEPEA R
Fig.3 Finite element model of slab track

1.3 1RAYHIE

IR E 3 LR B S ROBE JZ T8) 39 9] 88 1 56
FAAE T IR I 3K R BE Ay e AT N 156 2%
P B O S R A, S ME FEROR . SRR SRk 50t
RIARIE . A WTFE CA W2 S HIER S
BUDIREEEPERE, N AMTRE 1 — AR5 SRR 1 4
BG4, BRI 5 FE 1
TR T HUE RG22 13 BA B ANE, (B2 TRA
ERINLE R AR F . BRI, ATas SR 45
X RITE 2 TR R LA FRADL T i ) B BEAT U6 E
Horr, i A 2 ) () AR 6 5 SR OO g A
M) 32 R H T CRTS 1T B GUIE I it 50T 5T
H IS T2T RS HR R A0 5 1 S T AR A 2
WO BT . 2R E OISR, BRSO

KPR — A UL EAE R PSR, S50 —{
MR A 841, HAbSE M. TR R AL
B2 5 s o

1111

-

B4 HERRE
Fig.4 Longitudinal shear test of slab track!"

500 \
asol — IR

— AR
400f e

350}
5300-
250
# 200
150F
100f 7
50F

0 L L L L
00 03 06 09 12 15
WAL mm

K5 eSS RS H

Fig.5 The comparison of longitudinal shear test result

FATLAE Y, PITER ST S e 8 S HEAR I e
B BRI, . 3 T ) BT BB — B 34t
TR o> w4 AR 36 15 B e K BT U) BN
410 KNP, ARSI SES  412 KN, W B A .
TR A B B A7 LA R e 45 THUAHE 0 A /N Tk 6 45 R
2 B PR T — T T A AR v e P A R A A R
NI AN AAR Y, 0 5 S A VRt = A o At
77—, o —JrmliemEck 8o T T
T, THERT B AL BOA ok, i Bl fe T
FERT B I i 2 AR Ak o (355 7R B A 3 b ORAFIR
GFR)— 2. e DS, A SO SR 2 TR
SRR AT 5 IR 45 R & R, RIS
PR R S B AT AE 1

2 FRFHUERE YIRS IE S

YN BTE 1) AR BT B AR BRI
TER NS, 51 RIZRIBIUIRR . A S8
ETHERFIE, X CRTS 1T BN R T HESLIE 2 7] 5
DIRER I AT /00T o SRTE R SR AR BT LB AR A 17
KL% JZ BTN A3 2 845 B3 8 A ) 2 48 AR
CSQUADSCRT(HUHE 0~1, k%] 1 &, R Em
TR A A 2, TR AR ) AR A 4R



234 T T

¥

Fr CSDMG(HUE 0~1, & X5 1.1 Frifn A+
VEIE)E S

Bl o6 T 4 ANAFITHEEE Fr3uER S5
CA WHKIZZ BN Sy A B o IRERVN G 1 BY
B, )2 A) B S E B AR AR B A P o i B K, AR R
kN, Ho KBRS /N T30 . B, #
EERA . BEAEREEMGE 2 &),
Uiy 500 B B 7 e BY D) 5 B 1T T 202 R BU
WA, it Y N B 2 vk o T kST = (G 3
BB, i BY N 1IN AR, LB
Pt EmsE— 2 R, ZEaER kA . R
RE—ECE 4 B, ERFR, HEa4Ey &,
JE IR F EAK SR TS R VE R, SRk R

JEEV BB J) 7< T

\\\\\-__

OB ——
(a) JHE 1°C: L5

e

(b) THE 5°C: ALt

Tmax

(c) THE 10°C: FMHELY &

JE 73 15

(d) FHE 15°C: FEAR
K6 JTH RSB IBIA LR
Fig.6  The shear failure process of track interface under
temperature load

B ST AT RT A, 2 ) SRS HE T 3
TE FT AR B R B . DR, B R Bt 3 A T A TR
CSQUADSCRT #1 CSDMG, X})Z[A1Z8ifi 2

) B 5% 7= A W I 2030 AT 58 BT . TEAR S HORA
T, 15435 CSQUADSCRT #1 CSDMG Pl iz % 1)
Blh w7 fron. UHAHRIEES 4.2°CHE,
CSQUADSCRT=1, RZEEESIFIHIFE. Tt
HIREEAE] 10.5°CHE, EREEE 4. NZ R
B A 3 2 (8 204 6.3°C B THI IR BE 25 1A .

1.0+ ,\ 1.0

08 10.5C los
Z
8 0.6 10.6 g
< o
) <
> 041 104 o
1%
)

0.2 40.2

—— CSQUADSCRT
0.0 - - - CSDMG 40.0
0 5 10 15 20 25 30
THEBEE/(C)

K7 CSQUADSCRT # CSDMG it iff 5 45 1k, i £
Fig.7 The CSQUADSCRT-temperature and CSDMG -
temperature curves

K 8 HIENR N [ AL A% B L AR A 28 . AE
THIRIEZ N T 10.5°CRE, BB ) LR AR AL AR
g8, MTHEIREIAS] 10.5CH, J2E B84,
PUBR AL AE IR K, BB AR . 75 2
VI, HPUERMN A RIS, PUEBR SN
) 2 5 A 4 A B2 (AR SC R O TR K R ) DA 5%
SEPR CRTS T BB AHIE N 4L IIEL A, g
JEREK, RIS E K. K, B8 k™
A BB 7] R A A

20

—
w
T

JZ BB, e A

’//-/I().S‘C
0 5I 1I0 1I5 2IO 2I5 30
THEEEE/(C)
B8 AR ) A A% il P A 1 v £
Fig.8 The slab longitudinal displacement — temperature curve
EH # = MR W &b /
3 FESHEXEEFE RSN

FHSHELOEF MBI VINIE &« BIU15 5
t° LA TP R G, % . ARAEIE 2 haEE] J-4H

B 2% /mm
=

w

=3




T ®

VAl 2 235

LR AR K AR, W AR LA E 3 NS HE 5%
ESa

tO

o
G, =0.5:°5" (7)
o, BYPIsESE O S AAIRE 50 . BN SL AT
DUl RS 3175, FRdaa06). 2N(7) T LA 3 5
SH, BT BEA IR 45 RS20, e E Y S 2
HOUE BN E 1 fiR.
#1 RESHEETHE

k (6)

Table 1 Scope of interface parameters
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7.00x10* 5.4 10.5
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