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Numerical Simulation of Fracture and Maximum Bearing Capacity under
Edge Constraints for Ceramic Slates

XIANG Ming, LIN Jiawei, FENG Hao, Liao Rui, SUN Peng, LI Gang

(Jingdezhen Ceramic University, Jingdezhen 333403, Jiangxi, China)

Abstract: To explore accurate numerical simulation methods for fracture of ceramic slates, their mechanical parameters were
obtained using three-point bending tests, thus leading to isotropic characteristics of mechanical properties on the plane. The
C3D6 unit was determined to be the calculation unit after comparing the three finite element simulation results. The
calculation results of six groups of ceramic slate were compared with the experimental data, with the maximum error to be
8.9%. The reliability of the model and the accuracy of the mechanical parameters are verified. Finally, the stress analysis of
ceramic slate under edge constraints was performed using this model and the variation rule of their maximum bearing capacity
was obtained, thus offering an analytical basis for the application of ceramic slates.
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Fig. 1 Diagram of three-point bending test
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Tab. 1 Dimensions of ceramic slates

S

No. [/mm Width/mm  Thickness/mm  Span/mm
1 300 100 6 280
2 440 100 6 420
3 300 300 6 280
4 400 300 6 380
5 500 300 6 480
6 600 300 6 580
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Fig. 2 Stress strain curve of the ceramic slate
(600 mmx300 mmx*6 mm)
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Tab. 2 Test results of the ceramic slates with different sizes

No Span/mm L/mm Width/mm F/N SMPa R/mm? Elastic modulus/MPa
1 280 300 100 426.26 1194 49.73 7340.60
2 420 440 100 289.68 1217 49.70 7337.00
3 280 300 300 1278.26 1193 49.71 7332.70
4 380 400 300 941.87 1193 49.71 7342.10
5 480 500 300 751.36 1202 50.09 7338.90
6 580 600 300 622.18 1203 50.12 7336.80
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Fig. 3 Load deformation test curves of five groups of ceramic slate
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—a— Stress-strain curve of ceramic tiles
—@— Stress-strain curve of ceramic slate
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Fig. 4 Stress strain curve of the ceramic slate and ceramic tile
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Fig. 6 Stress-strain curves of four groups of ceramic slate
with the same size
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Tab. 3 Summary of test results of ceramic slate with the same size

2

No. Span/mm [/mm Width/mm F/N SMPa R/mm Elastic modulus/MPa
1 260 280 130 596.50 1193 49.71 7339.30
2 260 280 130 598.00 1196 49.83 7340.90
3 260 280 130 597.00 1194 49.71 7340.20
4 260 280 130 600.00 1200 50.00 7342.10
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Tab. 4 Material parameters of three-point bending of ceramic slates

Material type Elastic modulus/MPa Poisson ratio

Density/(kg-m ) Compressive strength/MPa

200000
7338

0.30
0.22

Structural steel

Ceramic slate

7850
2600

500
1200
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Fig. 7 Three cell grids
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Fig. 8 Three point bending finite element model
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Tab. 5 Load amplitude and time interval
Time/s Amplitude/mm
0 0
0.00016000 0.136612
0.00020800 0.150000
0.00080000 1.000000
0.00080001 0
0.00100000 0
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Tab. 6 Three-point bending failure load simulated by using different element models

Grid cell type  Total number of cell grids Simulation time/s Simulated failure load/N Deviation from test/%
C3D4 1064791 4159 668.138 7.4
C3D6 1030176 679 670.707 7.8
C3D8R 1035000 825 671.159 7.9
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Fig. 9 Error curves of simulation results and test data for

different grid layers
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Fig. 10 Analysis result curve of the ceramic slate (600 mm x300 mmx6 mm)
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Tab. 7 Three point bending failure strength of the ceramic
slates with different length width ratios
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Tab. 8 Failure load simulation calculation and test value of
the ceramic slates

No. Length/mm Width/mm F/N
1 300 100 444377
2 440 100 301.216
3 300 300 1342.170
4 400 300 1025.530
5 500 300 785.159
6 600 300 670.984

No. Simulated Test failure Deviation
failure load/N load/N from test/%
1 444.377 426.26 4.3%
2 301.216 289.68 4.0%
3 1342.217 1278.26 5.0%
4 1025.530 941.87 8.9%
5 785.159 751.36 4.5%
6 670.984 622.18 7.8%
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Tab. 9 Simulation of maximum bearing capacity of the
ceramic slate desktop

No. Desktop size'm  Thickness/mm Max capacity/kg

1 1.0x1.0 6 250.6
2 1.0x1.0 8 389.7
3 1.0x1.0 9 463.8
4 1.0x1.0 10 538.7
5 1.0x1.0 12 608.3
6 1.5x1.5 6 191.3
7 1.5x1.5 8 330.7
8 1.5x1.5 9 400.5
9 1.5x1.5 10 479.4
10 1.5x1.5 12 547.1
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Fig. 11 Cloud chart of maximum stress on ceramic slate desktop
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Fig. 12 Maximum load bearing curve of the ceramic slate
with different thicknesses
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Fig. 13 Cloud chart of maximum stress at edge of the
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Tab. 10 Maximum load analysis of the ceramic slate edge

No. Desktop size/m I/m Max capacity/kg
1 1.5x1.5 0.20 118
2 1.5x1.5 0.15 137
3 1.0x1.0 0.10 166
4 1.0x1.0 0.07 177
5 1.0x1.0 0.05 186
190 —a— Maximum bearing capacity for different lengths L
180 .\.
o 170 - \
E‘ 160 -
§ 150
S
é 140
130
120
110 T

0.04 0.08 0.12 0.16 0.20
I/m
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Fig. 14 Curve chart of the relationship between 1 and the
maximum bearing capacity of the ceramic slate
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