
Journal of Dental Science, Oral and Maxillofacial Research

Measurement of mechanical properties for veneered 
zirconia in dental application based on finite element 
analysis
Khawla H Rasheed,1 Auns Qusai Al-Neami,2 Mohammed Q Shabban3  
1College of Dentistry Ibn Sina University of Medical and Pharmaceutical Sciences. Iraq
2Biomedical Engineering Department/College of Engineering, Al-Nahrain University, Iraq
3Ibn Sina University of Medical and Pharmaceutical Sciences, Iraq

Correspondence: Khawla H Rasheed, College of Dentistry Ibn Sina University of Medical and Pharmaceutical Sciences. Iraq, 
Email eng.khawlarasheed@gmail.com

Received: February 07, 2020 | Published: June 08, 2020

Copyright© 2020 Rasheed et al. This is an open access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use, 
distribution, and reproduction in any medium, provided the original author and source are credited.

Submit your Article | www.ologyjournals.com/submit-article

 Ology
Press

Citation: Rasheed KH, Al-Neami AQ, Shabban MQ. Measurement of mechanical properties for veneered zirconia 
in dental application based on finite element analysis. J Dent Maxillofacial Res. (2020);3(1): 7−10. 
DOI: 10.30881/jdsomr.00040

Abbreviations: CAD, computer-aided design; CAM, 
Computer-aided manufacturing, FEA, finite element analysis

Introduction
The science of dental biomaterials is an important field for 
studying its biological and physical properties. Ceramics is one 
of the important biomaterials. Among all types of dental ceramics, 
it’s evident that zirconia is the material of choice in recent 
restorative materials in dentistry.1 Zirconia is expectable restorative 
dental material for its high success rate in a clinical trial and its 
translucency.2,3 Compared with metal, the zirconia ceramic crown 
has less fracture rate.4 It offers several advantages as aesthetic 
restorative materials, so it’s the first choice in the premolar region 
and the anterior teeth.5,6 To achieve the structural demand zirconia 
is doped frequently with stabilizers to attain high fracture toughness 
and strength.7 The structural ceramics used in military armor and 
aerospace were modified to fit the biocompatibility requirements.8,9  
 
The use of zirconia as restorative materials is increasing, leading 
to the presentation of Computer-Aided Design/Computer-Aided 
Manufacturing (CAD/CAM) that helps in the production of complex 
restorations with high dimensional accuracy.10,11 Since they have 
toughening capabilities among the dental materials, the zirconia is 
very common.12,13

 Mostly three-points bending tests and four-points bending tests 
used for the prediction of flexural strength of materials,14 they are 
model tensile and compression stress on specimens.15 Finite Element 
Analysis is one of the common methods used to solve complex stress 
analysis problems, and now it becomes easier to use FEA with the aid 
of much available software.16

 This study aims to determine flexural strength using a simulation 
of three points bending test of the zirconia Core material and Two-
Layered with different thicknesses of Core/Veneer Specimens to 
determine their mechanical behavior. This test was simulated using 
FEA using Ansys 17.1.

Material and method
The production of porcelain veneered yttria-stabilized zirconia crowns 
and bridges with CAD/CAM technique, analyzed by simulated three 
points bending test to investigate the flexural strength using Ansys 
17.1 program. the specimen was created using (AutoCAD 16) 
program, core/veneer specimens with eight different configurations to 
show the effect of zirconia to veneer ratio and the effect of applying 
force from veneer or zirconia side. 

Core veneer specimens with 8 different configurations: Eight three 
dimensional models of different thicknesses of veneer to zirconia 
created by Auto Cad 16 program. The specimens created with 44 mm 
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Purpose: Because the failure due to tensile stresses is the dominant case in 
many clinical trials, the combination of strength property of zirconia and 
the weaker veneer aesthetic porcelain results in stronger and more reliable 
restoration. The purpose of the current study is to investigate the mechanical 
properties of veneered zirconia in different thickness configurations obtained 
from simulated bending tests.

Materials and methods: To simulate the biomechanical behavior of porcelain 
veneered yttria- stabilized zirconia three points bending test based on finite 
element analysis performed on eight beams, eight three dimensional models 
of different thicknesses of veneer to zirconia created by Auto Cad 16 program. 

Geometric models imported to Ansys 17.1 program to perform static structural 
analysis.

Results: The results show that veneered zirconia is stronger in compression 
than in tension and increasing the veneer layer thickness weakens the 
restoration. 

Conclusion: it is better to reduce the veneer layer thickness, as it is possible 
also to place the zirconia layer in the areas of compression. 
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in length and 4 mm width and 4 mm thickness.17,18 The specimens 
were divided into four fourths and labeled as VZZZ, VVZZ, VVVZ, 
VVVV, ZVVV, ZZVV, ZZZV, and ZZZZ. As shown in Figure 1, 
Where V represents veneer and Z is Zirconia, as shown in Figure 1. 
The test span was 40mm to achieve a span to depth ratio of 10:1,19 and 
the translation rate of 0.25 mm per minute.20

Figure 1 The eight specimens with different configurations.

The constructed models were meshed to attain the Finite 
Element Model (FEA) as shown in Figure 2. The FEM models 
involve many nodes and tetrahedral elements. The number of 
nodes and elements is shown in Table 1, Flexural strength was 
determined by performing simulated three-point bending test 
using ANSYS 17.1 program. The load was applied to each finite 
element model following boundary conditions shown in Table 2.21 

Figure 2 The meshed specimen.

Table 1The number of nodes and elements in each model.

Design Nodes Elements

VZZZ 30779 19056

VVZZ 28095 17458

VVVZ 21686 13956

VVVV 33243 21431

ZVVV 30779 19056

ZZVV 28095 17458

ZZZV 21686 13956

ZZZZ 33243 21431

Table 2 Boundary conditions. 

Material properties Porcelain 
veneer

Core (Yattria 
stabilized  Zirconia)

Density ρ gm/cm3 2.53 6.22

Elastic modulus (E) (Gpa) 64 196

Poisson’s ratio 0.27 0.34

Flexural strength, the minimum force required to cause failer, and 
strain energy obtained for each model. No statistical analysis was 
required for current work and the results were analyzed numerically 
using the software (ANSYS 17.1).

Results and discussion
The results regarding the simulated tests are illustrated in this section. 
The maximum principal stresses are reached when it exceeds the 
ultimate tensile stress of that material. The ultimate tensile strength of 
zirconia is about 1200 MPa and porcelain is about 290 MPa in tension 
and about 340 MPa in compression.22,23

The crack initiation and tensile frailer are the predominant cases in all 
specimens. Because veneering porcelain said to be the weakest link 
in many reconstructions, the specimens with zirconia core material 
facing the tensile stresses withstand higher stresses reaches eight folds 
than the specimens with porcelain facing the tensile stresses side, these 
results show that the materials on the bottom determine the flexural 
strength and failure mode.24,25 it’s clear from Figure 3 increasing the 
thickness of zirconia core material will lead to increasing the fracture 
load.

Figure 3 Fracture loads.

Veneered zirconia core recorded higher moduli of fracture (786-
794MPa) in comparison to glass –alumina- porcelain (340-
520MPa).17,18 So it’s reasonable that the zirconia-based prosthesis has 
a lower clinical failure and a wider range of clinical applications.

According to FEA, the flexural strength of any specimen is directly 
proportional to the elastic modulus of material under tension.26,27 
Because higher tensile stresses concentrated at the bottom of the 
specimen there for a higher flexural strength is attained when zirconia 
be under tension in any part of the prosthesis. Figure 4 shows the 
distribution of maximal principal stresses in all specimens. it’s clear 
that the stresses concentrated in the lower or tension side in most 
specimens except in specimen ZVVV that composed of three-quarters 
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of porcelain and one lower fourth of zirconia, in this specimen the 
stresses concentrated at the lower fourth of porcelain. 

Figure 4 Maximal principal stresses distribution in all specimens.

So whether the zirconia was placed facing tensile or compressive 
stresses, the strong zirconia core should be as thick as possible, 
and veneer be as thin as it’s possible. The complex shape of partial 
dentures and the complexity of human masticatory forces could 
cause the prosthesis loaded in many different ways.28 So increasing 
the thickness of core zirconia in all areas of high stresses is highly 
recommended. Also because the material facing tensile stresses is 
very important it’s better to make the stronger zirconia from tensile 
stresses side as it’s possible.

An increasing zirconia proportion will increase the capacity of load-
bearing of beams with the same dimensions (Figure 5). The VZZZ 
shows the best mechanical behavior and specimens ZVVV and VVVZ 
show approximate values of two energies (Figure 6). 

Figure 5 Failure force of each specimen.

This study shows that the investigation of dental biomechanics is 
more easily by finite element analysis by creating a three dimensional 
veneered zirconia bars models.

Figure 6 Strain energy at the failure point of each specimen.
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