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ABSTRACT 

Metallic material (steel) is one of the reliable and promising construction material encompassing 

tremendous performance characteristics compared to other materials. The profound understanding and 

study of such material aid a lot in concluding various engineering properties. Crack in any element is one of 

the major problems in construction as it can propagate and can cause ample stress causing any element to 

deform so precise and tactful study of those material is must in advance. There are various factors which 

cause the deformation such as material property and behavior of material in accordance with location of 

crack, size of crack and the pressure applied in element. In this paper, mechanisms of crack propagation 

along a weak interface under shear and flexural dominated loading are studied by static methods using 

ANSYS 11.0. Our main objective is to test if continuum critical zone can accurately predict the critical 

crack and location scales relative to loading observed in static simulations model. This paper also explains 

how crack propagation would occur in different loading with variation in location and crack size. Analysis 

is done considering same thickness plat with rectangular model under compression and tension states, the 

parameters of stress under certain pressure and comparative graphs are drawn for stress and applied 

pressure. Conclusions are drawn based on the obtained graphs and figures. 
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INTRODUCTION 

Steel plates are having flat structural element initially. Plates can be reflected in three groups; thin 

plates with small deflections, thin plates with large deflections and thick plates. 

Model can be visualize and can be reflected in a software so that it will assemble with the real 

world model and analysis can be held so as to conclude various engineering properties which aid a lot in 

construction and also aid in predicting tremendous possible outcomes and properties of material for which 

we can take possible precaution well in advance. A model may be defined from the Engineering point of 
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view as the simplified version of engineering Problems which can be analyzed for the effective 

implementation afterward. 

 Navier’s solution for simply supported rectangular plates was expected to be the first complete 

solution which was later on followed by levy. There are also several mathematical techniques for e.g., Ritz, 

Galerkin and other variation methods which have been widely used for prediction of various behaviors of 

plates of different shapes with various boundary conditions. Redesigning and proper analysis along with 

proper precaution can be taken which aid a lot in improving the impact resistance, Flexural strength, direct 

tensile strength, cracking resistance, wear, shock and shatter resistance and fatigue resistance in utmost 

extend. It also aid for the selection of different models and study of crack and its effect in the element as 

per the conditions. 

Potential applications of metallic structure are observed in those areas where the use of 

conventional concrete is having severe limitations and in those areas where other materials give less than 

adequate performance. The presence of crack can cause this situation to overturn so precise and tactful 

analysis is must in advance. Cracks are the main reasons to cause failure in any structure but analysis can 

minimize those types of failure. Used in bridge, tunneling and earthquake resistant structures are some of 

common usage of this steel among others. 

MODELLING PROCESS 

Model Preparation and Data Analysis 

Defining the problem along with its aims and objective would be the first step. All the sources of 

facts and data to be used in the software must be well defined. In this we are going to represent the real 

world problem or fact in term of model and that model must reflect the real world material and its 

properties to make it more solvable with sufficient accuracy. Then modeling can be carried on as per the 

circumstance i.e. it might be in a three- dimensional, two dimensional or one dimensional modeling so as to 

acquire the desired solution. We also must assure the model for time-dependent (dynamic) or time –

independent (static) case as per the situation. Reflection of result solely depends upon the Handling of data 

as per the nature of the problem so profound analysis of availability and quality of the data must be 

considered before the modeling procedure is preceded. 

Assigning Initial and Boundary Condition  

We can expect the solution only when there is astute combination of initial and boundary 

conditions. Boundary condition as per the demand of the circumstance must be assigned properly before 

the commencement of the analysis in the software. The boundary condition might be of natural and mixed 

boundary conditions and utilization as per the context in a correct manner is also one of the major work of 

the task.  
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 TAKING SOLUTION  

It is fact that analysis and solution methodology for concern problem must be decided, when 

mathematical formulation is ready then analysis can be either qualitative or quantitative. In the case of 

qualitative, the mathematical formulations are explored without expletively solving it in qualitative 

analysis, whereas Qualitative analysis can be considered with analytical, physical, and computational 

Methods.  

MAINTAINING THE PRE-PROCESSING AND POST-PROCESSING  

When finite element analysis is to be considered then in such a condition pre-processing, 

processing and post-processing will be carried on.  Pre-processing encompasses input parameters which are 

given as domain geometry, initial and boundary conditions, coefficients and constants for the astute 

handling of hinder. We also must assign the proper value for universal constants, formation of grid and 

other tantamount conditions as dimension analysis may be one, two, three dimension then after processing 

part is followed performing the real simulation of the problem with the particular numerical model. Lastly, 

post-processing part proceed where results so obtained are processed for the reflection of results in terms of 

tables, charts, graphs, contours, bar charts. Mesh generation is also one of the important tasks that are to be 

considered in this context which is one of the important parts of pre-processing which encompass 

discreatization of the concerned domain into elements or cells and determining nodal position. 

ANALYTICAL INVESTIGATION 

The steel is the material used in every part of life of human being. The application of steel is very 

wide and is going to be widening more in future. Each material has some properties so steel metal also does, 

which is main cause for change in behavior of material under different loading and boundary conditions. The 

profound analyses for metallic steel plates were carried out by Eigen value solution using ANSYS 11.0 

package. For astute analysis of the plate using ANSYS 11.0 package, the following operations were carried 

out sequentially and those are the creation of model, finite element incidences, end conditions, loads 

application, solution-analysis type, and analysis of the input and the extract of output of the results.  

 If the metal continuum contains crack within it, then how it propagates under applied 

loading?  Which location of crack creates sever effect to the continuum? What radius of crack and how much 

loading are the critical one?  

 For solving this problem creating a continuum of dimension 50mm X 100mm X 10mm and 

creating a crack of radius 2mm, 5mm, 8mm and 10mm on the location of  10mm, 20mm, 30mm, 40mm, 

50mm, 60mm, 70mm, 80mm, 90 mm for flexure and 10mm, 15mm, 20mm, 25mm, 30mm, 35mm, 40mm for 

shear. Studying the crack propagation i.e. stress variation in different nodes with the help of ANSYS 

software is going to be analyzed.  
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We have differentiate the cases under three conditions and analysis is done accordingly 

1.Same location with various crack size 

2.Same Crack size with different Location 

3.Same crack and crack location with different loading as per the circumstance. 

We can also change this parameter according to our research criteria. 

Plate size – 50*100*10 mm           

Modal analysis was carried on in order to determine the stress generated in the system. 

PROPERTIES OF MATERIALS  

Table 1. For Metallic Steel plate 

Properties Specification 
Type of analysis Static 
Material used Steel 
Elastic modulus 2 X 10^5 
Poison’s ratio .27 
Dimension of continuum 50mm X 100mm X 10mm 
Radius of crack 2mm, 5mm, 8mm, 10mm 
Location of crack on flexure zone(mm) 10, 20, 30, 40, 50, 60, 70, 80,90 
Location of crack on share zone(mm) 10, 15, 20, 25, 30, 35, 40 
Pressure applied (MPa) 300, 500, 700, 900, 1100 
Element type 20 node 186 

 
DISCUSSIONS OF THE TEST RESULTS 
 

The variation of crack size with respect to the same location and same pressure applied 
reflected in graph 1. The graph is for flexural case and with its aid, it is clearly seen that 
maximum stress variation is gradually increasing but in the case of location 20 when 
applying pressure of 1100MPa, stress drastically varies and also in the case of location 60 
while applying pressure of 900MPa and 1100MPa stress variation in crack size 2 is more 
than stress at crack size 4.  

By observing graph 4 it is clearly seen that, stress variation with respect to crack, 
maximum stress variation is gradually increasing but in the case when crack location at 20 
with applying pressure of 300MPa, 500MPa, 700MPa, 900MPa and 1100MPa in X-
direction stress variation is constant up to crack radius 5 and then maximum stress values 
varying gradually.  Also in the case of location 30 maximum stress variation while 
applying pressure of 300MPa at crack size 8 is matching with stress while applying 
pressure of 500MPa. 
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From these two observations, when crack size is small there is not much variation in 
maximum stress whereas while crack radius is more than 5, maximum stress variation 
changes suddenly. 

For flexural Depicts the variation of location with respect to same crack size and pressure 
applied as shown in graph 2. From graph, at location 10 stress variation is maximum as in 
location 90. In the case of crack 2 maximum stresses is observed in location 60 whereas in 
other cracks middle location’s stress variation is not that much as compared to the previous 
one. 

 In graph.5, with same variation of location which is case for shear maintaining same crack 
size and pressure applied also reflects that maximum stress is at location 10 and 40 
whereas for crack 2 maximum stresses is concluded in location 20. It is also reflected that 
in case of shear for crack 8 there is some increase in stress from location 20 to 30.   

It is concluded from the above graphs that in case of crack 2, if we will consider the same 
ratio for flexural as well as shear than it reflects that comparative ratio at .4 are the location 
of maximum stress in both cases, whereas in other crack this is not the case. 

In the case of graph 3, crack radius and location is made constant with variable loading. In 
case of flexure, there is linearly varying the stresses. Starting of variation of stresses in all 
cases is almost same. Variation of maximum stress in continuum is large in between crack 
radius 5 and 8.  And in the location 20 and 70, stress values of crack radius 2 and 5 are 
matching where as in case of location 40 and 80 stress variation of crack 2 and 5 are not 
varying more. 

In graph 6 which is the case of shear, maximum stress variation is linear in all cases. In 
location 20, stress variation of crack radius 2 and 5 are almost matching. There is large 
difference of stress variation in between crack radius 5 and 8.  

From this observation, with increasing crack radius and pressure stress values increases                        
linearly.  

Note:  Parameters for all cases are same and they are  

1. Pressure 
2. Crack radius 
3. Crack location 

And the size of continuum is (50X100X10)Cu.Unit and other design parameters, material 
properties mentioned in Table no.1. 
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RESPONSE OF THE PLATE IN GRAPHS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Graph.1. Flexural – same height same loading with varying crack size 
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Graph.2. Flexural same crack same loading with various location of crack 
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Graph.3. Flexural same crack same location with varying loading 
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Graph.4 Shear – same height same loading with varying crack size 
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Graph.5. Shear same crack same loading with various location of crack 
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        Graph.6. Shear same crack same location with varying loading 

  

      OPTIMUM RES 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Graph.6. Shear same crack same location with varying loading 
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PONSE FROM OBSERVATION 

 

Fig.1 Optimum response in flexure  
 

 

Fig.2 Optimum response in shear 

It shows that optimum value is 5mm which means up till 5mm crack in tested element doesn’t make 

much variation in stress whereas after the increase in crack size above 5mm shows tremendous increase in 

stress variation will be observed which may be applicable to other elements as well.  
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CONCLUSIONS 

Metallic materials are used in civil engineering construction in many ways but due to the crack 

and other fault encompassed, failure have been common so proper analysis of those is most through non 

destructive method. Mostly practical Engineering problems are complex in nature. Use of model to solve 

the problems and finding the most sophisticated way of implementation of those model in modern 

construction has been possible through FEM designing software like ANSYS which is very much suitable 

for the analyzer to conclude the profound properties prior to its implementation. It also helps to fulfill the 

non destructive methods for evaluation of structural reliability. From the above analysis it can be concluded 

that 

1. Large influence of response on element is observed while crack size is large and pressure is high so 

high pressure produces large stress in element which might induce a reason for deformation. 

2. It is also clarified that stress variation is high while the crack is in closer to the edge of the 

continuum. 

3. We also can see that the stress is maximum at the corner of the crack then in other part of the crack 

which indicates that there must be proper attention to those areas. 

4. Graph so obtain also shows that when the crack size is more than 5mm then the stress variation is 

drastically increasing whereas crack size below 5mm is not reflecting that much stress variation so 

minimum crack size do not vary the maximum stress whereas crack size increases then it would 

show lots of variation. 

5. When crack size is up till 5mm then stress variation due to applied pressure is not changing in that 

extend but certainly after the increase of crack size beyond this value ample amount of stress 

variation is observed. 

6. The observed indicates while keeping crack size and pressure constant with respect to varying 

location of crack maximum stress level is concluded, ratio of overall size to that of crack location is 

obtained .4 in case of flexural as well as shear. 

7. The optimum crack of 5mm is concluded from the observation which precise that up till 5mm there 

is not much variation in stress but after this there is much variation in the stress. 

Hence it all conclude that all these observation helps us to analyze the response of element in case 

of varying crack size, crack location and pressure applied which aid a lot to conclude lots of engineering 

properties which facilitate to predict lots about element. Further analysis is also recommended for profound 

analysis.   
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