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Numerical Simulation of Dental Composite Damage Caused
by Water Sorption

Shuiwen Zhu, Jianping Fan, and Cheng Wang
School of Civil Engineering and Mechanics Huazhong University of Science and Technology, Wuhan 430074, China

Abstract: Damage effects of water sorption on mechanical properties of the hydroxyapatite particle reinforced Bis-GMA/TEGDMA
copolymer (HA/Bis-GMA/TEGDMA) have been predicted using 3-D finite cell models. Three different cell models were used to
determine the influence of varying particle contents, interphase strength and moisture concentration on the debonding damage. The
stress distribution pattern has been examined and the stress transfer mode has been clarified. The Young’s modulus and fracture
strength of the Bis-GMA/TEGDMA composite were also predicted using the model with and without consideration of the damage.
The former results with consideration of the debonding damage are in good agreement with existing literature experimental data. The
shielding effect of our proposed model and an alternative approach were discussed. The FCC cell model has also been extended to
predict the critical load for the damaged and the undamaged composite subject to the 3-point flexural test.
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% 1 HA/Bis-GMA/TEGDMA w8414} 8914 &R
Table 1 Material properties of each phase in
HA/Bis-GMA/TEGDMA

Bis-GMA/TEGDMA HA Coupling agent

p (kg/m) 1134 3160 1000
Eo (GPa) 1.4 85 1.4
v 0.35 0.3 0.35
D (m?/s) 3.4x107" 0 3.4x107"°
B 0.21 0 0.021
EWS (%) 1.9 0 0
oy (MPa) 71 >71
E, (GPa) 0.8
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(a) Face-centered cubic (b) Body-centered cubic (c¢) Simple cubic
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Fig. 1 Schematic diagram of cell models
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Fig. 2 Variation of the interphase debonding damage of
HA/Bis-GMA/TEGDMA with PVF using different cell models
(interphase strengtho,=0.71MPa, ¢=1.9%)
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Fig. 3 Variation of the interphase debonding damage with
mositure concentration (20%PVF, interphase strength
op,=0.71MPa)
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Fig. 4 Variation of the interphase debonding damage with
interphase strength (20%PVF, c=1.9%)
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S, Mises
(Ave. Crit.: 75%)
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+1.65e+05
+1.26e+02

(a) 50% PVF with debonding(interphase strength ¢,=0.71 MPa,
c=1.9%; 6,,,x=9.91x10° Pa in matrix, 0,,,=5.04x10° Pa in
particle)

S. Mises
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(b) 50% PVF without debonding (interphase strength
0,=0.71MPa, ¢=1.9%; 0,,=8.5x10° Pa in matrix,

Gnax=3.91x10° Pa in particle)

S, Mises
(Ave. Crit.: 75%)
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(c) 50% PVF with high modulus interphase (Young’s modulus of
interphase is 10° time that of the particle; 6;,,,=8.0x10° Pa in matrix,
Onax=2.92x10" Pa in particle)
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Fig.5 Stress distribution in FCC models with two different
interphase strengths for comparison of the shielding effect
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Fig. 6 Variation of predicted Young's modulus of
HA/Bis-GMA/TEGDMA with HA particle volume percentage
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Fig. 7 Variation of predicted fracture damage of
HA/Bis-GMA/TEGDMA with HA particle volume percentage
using the cell models with and without consideration of damage
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Table 2 Prediction of the critical load for a three-point
bending specimen made of HA/Bis-GMA/TEGDMA

Critical load
(with damage)

Critical load
(without damage)

Particle volume
fraction

0% 18.9N 17N

10% 19.6N 17.1N
20% 20.2N 17.4N
30% 20.8N 17.7N
40% 21.6N 18.3N
50% 22.8N 19.3N
60% 29.9N 25.3N
70% 27.5N 23.7N
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