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Abstract  Titanium foam is considering an important competitive in bio-system applications, this is due to its 
compatibility as well as fascination. Getting good sufficient data about fracture and mechanical properties are 
needed demand for scientific and Engineering works in the field of biomaterial and bio-system.  Fracture toughness 
is measured numerically using J-integral finite element method based on crushable foam model. Three-point single 
notch bending specimen is used for the foam of 62.5 %, and 65 % porosity to measured surface release energy GIC . 
this test is considered a stander test for linear material. it is found to be (2.3), and (1.36) kJ/m2, for 62.5% and 65 % 
porosity respectively. this is usually used in human implants. The measured GIC is acceptable compared with that 
experimentally measured in other published paper. 
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1. Introduction 

Nowadays metal foam has an attractive and competitive 
role in many applications such as in aircraft, shock 
absorber, structural components, sound and damper and in 
bio-systems implants and heat exchangers [1,2,3]. The 
foam superior distinguished properties such as high specific 
stiffness, low density, and high specific strength put it in 
the front role of bio-material material and give its important 
[4,5].  

Titanium foam is one of most famous metal which play 
dominated role in biomedical implants where biocompatibility 
is a great demand. This is due to its high increase of interface 
coefficient of friction with between bones. While the titanium 
foam has the advantage of reducing the stress shield effect 
by varying porosities [5,6]. Finite element modeling 
implements in designing the dental locations, measured stress 
which may be subjected and stop on the defects may face 
the implant before it inserts in the human mandibular [7-11]. 

Tanwongwan and Carmai [12] implement crushable 
finite element model to obtain both compressive and 
flexural strength of titanium foams with different densities, 
the model gave acceptable results but not give complete 
information about plasticity behaviors. 

Korim et al [13] measured both compressive and flexural 
strength and stiffness using finite element analysis based 
on crushable damage model and gave a complete 
description for plasticity. The results were in good and 
acceptable. 

Many other models [14-17] work on either metal foam 
simulation using finite element method or titanium or 
even aluminum foams. 

The main goal of the present study is measure fracture 
release energy GIC of titanium foam for single edge notch 
three-point test specimen using crushable foam model 
implemented in finite element subroutine. The model 
description is completely detailed in this paper. 

The paper is structured as follows: firstly, the crushable 
damage model of foam material will be outlines, 
Secondary, finite element domain with problems, boundary 
conditions and mesh domain are explained. Finally, the 
model results and conclusion are summarized.   

1.1. Mechanical Behaviors of Metal Foams 
The foam material is distinguished by its microstructure 

other than solid material. Spongy microstructure in foam 
presented by pores or cells. At Microstructure level, metal 
foam characterized by relative density, cell shape, cell 
topology and cell size [17,18,19]. The mechanical 
response affects by the internal microstructure, the 
compressive behaviors of such metal give three regions; 
linear elastic zone, a stress plateau zone, and finally the 
failure zone. Metal foam can deform up to large strain 
before full densification occurs [20-30]. 

1.2. Elastic and Crushable Model 
The constative law for titanium foam is isotropic elastic 

combined by crushable foam hardening plasticity laws. the 
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elastic isotropic can state using the following stress-strain 
tensor [31]. 
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The elastic properties are completely defined by giving 
Young's modulus E, and the Poisson's ratio v. The shear 
modulus G can be expressed in terms of E and v as  
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The crushable foam model (see Figure 1) is useful in 
prediction plasticity foam shape under uniaxial loading 
compression or tension or more even tension. 

The p–q stress plane for crushable foam model is an 
ellipse of its center at the origin [21]. 

 2 2 2F q p Bα= + −  (2) 

Where F is a yield surface for the isotropic hardening 
model, p is the pressure stress, q is the Mises stress and B 
is the size of the (vertical) q-axis of the yield ellipse that 
obtained from equation (3) 
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Where α is the shape factor of the yield ellipse that defines 
the relative magnitude of the axes, pc is the yield stress in 
hydrostatic compression, and σc is the absolute value of 
the yield stress in uniaxial compression, and α is the shape 
factor that can be computed using the initial yield stress in 
uniaxial compression is given from  
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The flow potential for the isotropic hardening model is 
chosen as vp 

 2 2 2G q pβ= +  (5) 
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Where vp is the plastic Poisson’s ratio given by 
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The relative density pr is assumed to linearly 
proportional to the percent of porosity according to 
Imwinkelried [14] and is illustrated in Figure 2. 

 
Figure 1. Crushable foam model with isotropic hardening: yield surface and flow potential in the p–q stress plane [32] 

 
Figure 2. Relation between porosity and relative density 
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1.3. The Single Notch Three-point Bending 
Domain  

The single notch three-point bending test of Ti-foam is 
simulated with the material module listed in Table 1. Finite 
element domain of three dimensional of the single notches 
three-point bending test is constructed as shown in Figure 
3. The upper movable roller is loaded by 1mm 
displacement while the lower rollers are fixed. C3D8R 
(5238 elements): An 8-node linear brick, reduced 
integration, hourglass controls are used. The friction 
coefficient between the contact surfaces is set to be 0.5. 
The mechanical properties of Ti-foam specimen for three-
point bending test are taken from crushable model equations, 
which are listed in Table 1. Figure 4 illustrates the mesh 
domain of three-point bending test while Figure 5 shows 
the Boundary condition of the three-point bending test and 
Interaction module between supporting and load rollers is 
shown in Figure 6. 

Table 1. Mechanical properties of Ti-foam specimen with porosity 
(62.5%, 65%) for three-point bending 

 Porous 62.5% Porous 65% 
Young’s modulus, E (GPa) 9.9 8.71 
Yield stress σ 70 55.61 
Poisson’s ratio, v 0.33 0.3 
Compression yield stress ratio, k 0.98 0.98 
Plastic Poisson’s ratio, vp 0.34 0.34 

 
Figure 3. Single edge three-point bending specimen 

 
Figure 4. FE mesh domain of C3D8R (5238 elements) 

 
Figure 5. Boundary conditions of three-point single notch bending 

 



130 American Journal of Mechanical Engineering  

 
Figure 6. Boundary conditions of three-point single notch bending 

2. Result and Discussion 
Typical bending load-displacement curves for the three-

point single notch bending tests are shown in Figure 7. The 
bending stress strongly depends on the porosity of  
the titanium foam. It is illustrated that as porosity increase 
flexural strength decrease this is due to decrease of strength 
with the porosity increment. The stress distribution  
and the failure modes are shown in the contour image, 
which is shown in Figure 8. It is clear that stress is  
very high at upper and lower surfaces at interfaces 
between upper and lower machine platen. The value of  
J-integral is measured as nearly) (2.3), and (1.36) kJ/m2, 
for 62.5% and 65 % porosity respectively titanium foam 
(see Figure 9). 

 
Figure 7. Predicted load-displacement rela tion for three-point single 
notch bending 

 
Figure 8. Mises stress for titanium foam A) 62.5 % b) 65 % 
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Figure 9. J-integral displacement relation for titanium foam 

3. Conclusion 

It is achieved the finite element model to measure the 
fracture toughness of titanium foam for use in human 
implants. The J-integral method is acceptable in case of 
linear material behavior like foams and it is assumed  
to be equal to surface release energy of mode I GIC. This 
important fracture mechanics and the material characteristic 
parameter is well measured numerically and found to be 
(2.3), and (1.36) kJ/m2, for 62.5% and 65 % porosity 
respectively Also, the model predicts well the three-point 
bending test load displacement. 
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