o526 B 4 W B2 Of oM B F R Vol. 26,No. 4
2023 4F 4 A JOURNAL OF BUILDING MATERIALS Apr. , 2023

XEHS :1007-9629(2023)04-0403-09

ETRFARNEENER-HRFE
m IR 5 R i

% MY, kR, UM, gk, K#Am®
(1.6 883 R+ ARHES TR S0, dbET 100044 ; 2. 354 K% LR TFEZA ,JLET 100084)

WE:- AL TR ZRGELE AR EBE BT ARREFERMER T EZ -2 o a4
ATy FE AT T R R AL AR R A B R R AT A 0 R AL R A R AR AR
TRIFIAELREERER FTEA-DROR@RGAT A BB ROROHRG LR T F £
K@t E R, LR GH i X TR A B EAE R R A @45 A& i % 48 3
A IF R e s T ARSI 3 K ik FR A AR R R ARG e A B R R K ¥ A e B R |
BYGRAERRFE DR BEERTFHAROHG T 25 FEREM .

EBW ARG R SERRE S AR AR HEEE N R TR
mESEE:TUT67.2 MERFR ARG : A doi:10.3969/j.issn.1007-9629.2023.04.010

Temperature Fatigue Characteristics of Tile-Mortar Interface
Based on Fatigue Cohesive Zone Model

WU Kai', ZHANG Yanrong"', KONG Xiangming’, ZOU Zhilong', ZHANG Chaoyang’

(1. School of Civil Engineering, Beijing Jiaotong University, Beijing 100044, China;
2. Department of Civil Engineering, Tsinghua University, Beijing 100084, China)

Abstract: A coupling model of fatigue damage evolution and cohesive zone equations was developed to simulate the
damage behaviors of tile-mortar interface under various temperature loadings. The effects of temperature variation
amplitudes, cyclic times and mortar thickness on the interface damage were analyzed. Results show that the proposed
fatigue cohesive zone model is feasible for the simulation of damage behaviors of tile-mortar interface under
temperature cycles. The interface damage is mainly caused by the shear movements between the tile and mortar. The
effect of cooling is much greater than that of heating on the interface damage. With increasing temperature cycles,
the interface damage initiates at the edge of tile, and extends to the middle of tile in a decreasing growth rate. Increases
of temperature variation amplitudes and a sudden thickening of mortar will accelerate the initiation and evolution of
interface damage. The damage generating by the sudden thickening of mortar mainly appears in the thicker side.
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Symbol description:

k; represents the cohesive stiffness, Pa/m;

t? represents the cohesive strength, Pa;

G¢ represents the critical fracture energy, J/m?;

0¢ represents the relative displacement at damage initiation, m;
of represents the relative displacement at complete failure, m;

i=n,s,t,corresponding to the normal and two local shear
directions.
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Fig.1 Traction-relative displacement behavior of
bi-linear cohesive zone model
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Fig.2 Traction-relative displacement behavior of
fatigue cohesive zone model
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specimen(size: mm)
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Table 1 Material parameters of fatigue cohesive zone model

Elastic . , . Thermal Thermal Specific heat
) Poisson’s  Density/ . . . . .
Material modulus/ G (ke-m~?) expansion conductivity /  capacity/(J- Cohesive zone parameter
ratio m
GPa & coefficient/C™" (Wem™C™Y)  kg“C )
Tile  68.9  0.200 2400  6.5X10° 2.09 1070 b —2% 10" Pa/m. 1°=5. 4X 10° Pa, GE=10J/
Mortar 21.6 0.212 1950 1.2X10°° 1.73 1050 m’, b, =5X10" Pa/m, 12, =2.5X10" Pa,
Concrete  32.5  0.200 2300 1.0X10° 2.94 960 GL=351/m’, =290, 6=0.18, =1
0.16 0.16
Numerical result
0.12- © Experimental data
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(a) Numerical result vs experimental data(y=1)
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(b) Degree of interface damage vs number
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Fig.5 Relationship between degree of interface damage and number of temperature cycles
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Fig. 6 Fatigue cohesive zone model of multiple tiles-mortar-concrete (size:mm)
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Fig. 10 Deformation of tile-mortar interface along central path of lateral direction when cooling 30 C
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Fig. 11 Effect of number of temperature cycles on tile-mortar interface damage distribution and damage indices when cooling 30 C
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Fig. 13 Effect of sudden thickening of mortar on the interface damage distribution and damage indices when cooling 30 C
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