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I. INTRODUCTION 
 

Under static loading conditions, material failure can 

occur when a structure is stressed beyond the elastic 

limit. There are two types of material failures from 

static loading, namely, ductile failure and brittle 

failure. The main difference between the two failure 

types is the amount of plastic deformation a material 

experiences before fracture. As illustrated in Figure 

1.1, ductile materials tend to have extensive plastic 

deformation before fracture, while brittle materials 

are likely to experience no apparent plastic 

deformation before fracture.  

 

1. Ductile Failure 

In this section, two common theories on ductile 

failure, that is, the maximum shear stress theory (or 

Tresca Criterion) and the distortion energy theory (or 

von Misses Criterion), are reviewed. 

 

2. Concept of Buckling Failure 

 

 

 

 

 

 

Under compressive loads, slender members such as 

columns can become structurally unstable, leading to 

a sudden failure. The sudden loss of stability under 

compressive loads is referred to as buckling. Buckling 

failure usually occurs within the elastic range of the 

material. The actual compressive stress in the 

Structure at failure is often smaller than the ultimate 

compressive strength of the material. In buckling 

analysis, one may be interested in finding the critical 

load, that is, the maximum compressive load a 

structure can support before buckling occurs, or the 

buckling mode shapes, that is, shapes the structure 

takes while buckling. 

 

II. METHODOLOGY 
 

The above stated problem was solved with ANSYS 

Workbench simulation software and the step by step 

procedure for from design to solve, followed to get 

desired results. 

 

Abstract- Structures such as bridges, aircraft, and machine components can fail in many different ways. 

An overloaded structure may experience permanent deformation, which can lead to compromised 
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Fig: 1. Geometry. 

 

III. RESULTS AND DISCUSSIONS 
 

The defined problem was solved and analyzed using 

FEM based Ansys workbench simulation Software 

and the results are shown in figures below. 

 

The initial yielding in the test sample may be 

predicted by comparing the maximum von Misses 

stress in the specimen with the tensile yield strength 

of the specimen material. The Stress Tool is used 

here to show the safety factor results. 

 

 
Fig: 2. static structural Total Deformation of a Dog-

bone shaped specimen. 

 

 
 

Fig: 3. static structural Equivalent stresses of a Dog-

bone shaped specimen. 

 

 
Fig: 4. static structural Stress tool safety factor of a 

Dog-bone shaped specimen. 

 

From the static analysis results, it is apparent that the 

neck portion of the specimen will not yield if loaded 

statically. 

 
Fig: 5. static structural fatigue life of a Dog-bone 

shaped specimen. 

 

 
Fig: 6. static structural fatigue life safety factor of a 

Dog-bone shaped specimen. 

 

From the fatigue analysis results, the shortest life is 

at the undercut fillets (16,267 cycles) followed by the 

neck portion of the specimen. The neck portion of 

the specimen has a fairly small safety factor with a 

minimum value of 0.37923. The results show that the 

specimen will not survive the fatigue testing 

assuming a design life of 106cycles. 

 

 
Fig: 7. first mode shape –I. 
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Fig 8. Second mode shape –II. 

 
Fig: 9. Third mode shape –III. 

 

The deformation plot is used for mode shape 

visualization, with the actual values of deformation 

carrying no physical meaning. 

 

IV. CONCLUSIONS 
 

The following conclusions are drawn from the 

present work: The defined problem was solved and 

analyzed using FEM based Ansys simulation Software 

and the corresponding results are shown. 

 

In this study, the static analysis results, it is apparent 

that the neck portion of the specimen will not yield if 

loaded statically. From the fatigue analysis results, 

the shortest life is at the undercut fillets (16,267 

cycles) followed by the neck portion of the specimen. 

The neck portion of the specimen has a fairly small 

safety factor with a minimum value of 0.37923. The 

results show that the specimen will not survive the 

fatigue testing assuming a design life of 106cycles. 

 

The load modifier for the first buckling mode is 

found to be 0.41356. To find the load required to 

buckle the structure, multiply the applied load by the 

load multiplier. For example, the first buckling load 

will be 20.678 MPa (0.41356 × 50 MPa), thus the 

applied pressure of 50 MPa will cause the specimen 

to buckle. 

 

The following figures show the first three buckling 

mode shapes. The corresponding load multipliers for 

the first, second, and third mode shapes are 0.41356, 

0.78757, and 2.0141, respectively. 
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