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Abstract: Concrete confined by stirrups has a greater ductility than unconfined concrete which is widely used in reinforced 
concrete (RC) structures and its behavior is a classic topic of discussion. Non-linear behavior of reinforced concrete is complex 
due to involvement of various heterogenic material properties and cracking behavior of concrete. It is very important to 
understand the response and failures of columns subjected to lateral loads in order to save lives and reduce the damage to the 
building components. ANSYS is widely used finite element analysis (FEA) software which has the tools to analyze structural 
elements and their non-linear behavior based on the finite element procedure The failure prediction of reinforced concrete 
elements is usually carried out using experimental testing, and the observations are recorded only at critical locations due to 
restriction at the cost of testing equipment and accessories. To avoid the destructive testing, cost-cutting of materials and labor, 
the behavior prediction of reinforced concrete elements is typically carried out using numerical methods like Finite Element 
Method which responds well to non-linear analysis as each component possesses different stress-strain behavior. In this study, 
reinforced concrete columns were modeled having different tranverse reinforcements and subjected to axial loads along with 
monotonic lateral loading, their behavior is studied in terms of deformation, stress, strain, crushing/cracking and force-
displacement curves. 
Keywords: Reinforced concrete columns, size effect, lateral loading, seismic analysis, ANSYS, finite element analysis 
 

I. INTRODUCTION 
A. Column 
A column is a vertical member that supports the beam, slabs and transfers loads from it to the next floor below or up to the foundation, 
and ultimately load is transferred to the ground. Basically, the column is a compression member because the load path is through its 
longitudinal axis. The bending moment may be induced in column about one or both of the perpendicular axes due to eccentricity, 
wind, earthquake or accidental loads. It is assumed to be the most significant structural member of a building as the safety of a 
building rest on the column strength. This is since the failure of the column would cause a progressive collapse in buildings whereas 
such an event would not occur when other members fail. The failure of horizontal members such as beams or columns will not be 
instant and will give people enough time for either moving out or even for repairing, however the failure of a columns may be 
sudden and lead to collapse of the building. Hence column needs to be designed and constructed with more care and proper 
supervision. 
 
B. Types of Reinforcement 
Concrete columns, especially those subjected to bending stresses, must always be reinforced with steel. In concrete columns, vertical 
reinforcement is the principal reinforcement. However, a loaded column shortens vertically and expands laterally; hence, lateral 
reinforcements in the form of lateral ties are used to restrain the expansion. Columns reinforced in this manner are called tied 
columns. If the restraining reinforcement is a continuous winding spiral that encircles the core and longitudinal steel, the column is 
called a spiral column. 
 

II. RESEARCH METHODOLOGY 
A. General 
The present work is divided into two parts. In the first phase literature review is done on effect of size on reinforced concrete 
columns subjected to seismic loading. The modelling of reinforced concrete buildings was done using ETABS software. 
In the second phase finite element analysis of columns was done using ANSYS software. 
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B. Problem Formulation 
1) Modelling of reinforced concrete building was done using ETABS software. 
2) Study the procedure to conduct finite element analysis using ANSYS 
3) Verify and compare the results obtained from ANSYS with various experimental studies. 
Finite Element Analysis of columns with different reinforcement spacings is done using ANSYS software to see the behavior of 
columns under the effect of axial and lateral loading in terms of cracking, crushing and stresses in reinforcements 

 
III. FINITE ELEMENT MODELLING & ANALYSIS  

A. Finite Element Analysis 
Ductility is calculated as the ratio of post-yield deformation to yield deformation of steel in reinforced concrete (RC) structures. 
Ductility is especially vital in structures because it ensures safety when structures are subjected to accidental, impact or seismic loads. 
In these cases, a ductile structure permits the stress redistribution and production of plastic hinges within the critical parts of the 
structure without severe loss of resistance capacity. It eventually avoids the total collapse of the structure by issuing a warning of 
imminent failure. 
 
B. Material Definition and Modelling 
For any Finite Element Analysis, selecting a proper element type is an important criterion. The concrete parts were modeled using a 
special element available in the library particularly for Concrete, called SOLID65 element. The reinforcements were modeled using 
LINK180 element. SOLID185element can be used to model steel plates to be used for loading or supports. The details of both the 
elements used in the analysis are explained below briefly: 
1) Concrete 
ANSYS utilizes an eight-node element SOLID65, which is used as non-linear model for brittle material such as concrete. SOLID65 
is used for the 3D modelling of solids with or without reinforcement bars (rebar). 
In concrete applications, the solid element may be used to model the concrete while the rebar is available for modelling the 
reinforcements. It is a solid iso- parametric element with three degrees of freedom at each node-translations in the node locations x, y, 
and z directions. The most important aspect of SOLID65 is the determination of nonlinear material properties. SOLID65 is capable 
of plastic deformation, directional integration point cracking in tension in three orthogonal directions, and crushing in compression 
crushing including plastic and creep behavior. The reinforcement element has uniaxial stiffness only and is assumed to be smeared 
throughout the element. 
 
2) SOLID65 Concrete Information 
The data listed in Table4.1is entered in the data table with the commands. Data which are not input will be assumed as zero, 
excluding default constants. Eight constants may be defined with the TBDATA commands following a temperature definition on the 
TBTEMP commands. The constants (C1-C9) entered on the TBDATA commands are: 

 
Table 4.1 SOLID65 Material Constants 

Constant Meaning 
1 Shear transfer coefficients for an open crack. 
2 Shear transfer coefficients for a closed crack. 
3 Uniaxial tensile cracking stress. 
4 Uniaxial crushing stress (positive). 
5 Biaxial crushing stress (positive). 
6 Ambient hydrostatic stress state for use with constants 7 and 8. 
7 Biaxial crushing stress (positive) under the ambient hydrostatic stress 

state (constant 6). 
8 Uniaxial crushing stress (positive) under the ambient hydrostatic stress 

state (constant 6). 
9 Stiffness multiplier for cracked tensile condition, used if KEYOPT (7) 

= 1 (defaults to 0.6). 
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C. Analysis 
The analysis of the columns has been solved analytically by using the software ANSYS 16.0. It solves the engineering problems using 
Finite Element Method (FEM). The analysis using FEM is said to be Finite Element Analysis (FEA). FEA comprises three steps to 
solve the problem.  
 
They are: 
1) Pre–Processing: The results of pre - processing are to develop a suitable finite element mesh, against appropriate material 

properties, and to apply boundary conditions and loading conditions. The finite element mesh subdivides the geometry into 
smaller elements, upon which are found the nodes. These nodes are really just coordinating in space, and are generally located 
at the element corners and sometimes near midpoint of element. 

2) Solution: The pre - processing and the post - processing stages of the finite element method are interactive for the analyst. The 
solution is often a batch process, and it requires computer resource. The equations are formed into a matrix and solved 
numerically. The equation production process depends not only on the type of analysis (e. g. static and dynamic), but also on the 
model’s element types, material properties and boundary conditions. 

3) Post-Processing: After completing and checking a finite element model, boundary conditions have been applied and the model 
is solved. Then, the results are studied. This output is known as the post-processing. The post - processing begins thorough a 
check for errors that may have occurred while arriving at the solution. Most solutions provide a log file, which should be 
examined for warning or errors. 
 

IV. ANSYS VALIDATION RESULTS 
A. Columns Subjected to Axial and Monotonic Lateral Loading 
The strength and deformation capacity of RC columns reinforced with plain and deformed rebars are investigated in this study. Two 
square columns having Plain and deformed bars were taken from paper entitled “CYCLIC BEHAVIOR OF NON- CONFORMING 
FULL SCALE RC COLUMNS” and subjected to monotonic loading and their experimental results were obtained. The same were 
modeled in ANSYS and the results were compared. 
 

 
(a) (b)

Figure 4.1 Concrete column (a) Experimental Setup (b) FEA Model 
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Figure 4.2 Experimental Setup Information 
 
 

  
Figure 4.3 Loading Data 

 
Table 4.1 Column Configuration and Material Properties 

 
Name 

 
Reinforcement 

 
Length 

 
Width 

 
Depth 

Concrete 
strength 
(fc’) 

Steel yield 
stress (fy) 

 
S-300P-m 

 
8# 12mm + 

8mm Stirrups 

 
1800mm 

 
300mm 

 
300mm 

 
22.71 
MPa 

 
330 MPa 

 
S-300D-m 

 
8# 12mm + 

8mm Stirrups 

 
1800mm 

 
300mm 

 
300mm 

 
22.71 
MPa 

 
520 MPa 
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The geometry of FEM models created in ANSYS using the data provided in reference paper; the boundary conditions, loading, 
displacements, etc were identical to the information provided in the research paper. The material properties and test data are 
available in Table 

 
Figure 4.4 Finite Element Model with Boundary Conditions 

 
1) Column with Plain Reinforcement Bars 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.5 F-D Curve for Column with Plain Bars 
 

From the F-D curve, we observed that a good relationship can be obtained using FEM software to determine the peak loads with 
reasonable accuracy. The results obtained from ANSYS show good agreement with the test data. 
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Figure 4.5 Compression Damage in Section 

 
In addition to force displacement curves, we can also obtain compression damage using FEM analysis. 

 
(a) (b)

Figure 4.6 Tensile and Flexural Cracking At (a) Peak Loads And (b) Peak Displacements 
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2) Column with Deformed Bars 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.7 Force-Displacement Curves for Deformed Bars 
 
Similarly, for the column with deformed bars, we obtained a fairly good relationship for force-displacement curves, the peak loads 
had a difference of about 10 percent which is great in accordance with structural analysis. We can also see that ANSYS is able to 
determine the falling slope of force displacement curves. 

Figure 5.23 Compression Damage in Concrete Column with Deformed Bars 
 
The compression damage in the column having deformed bars increased as it can be seen in the damage from experimental model, 
this can be explained by the fact that deformed bars take additional stresses which are transferred to the concrete and thus 
leading to higher crushing in the concrete. Similarly, if we obtain the cracking due to tension and flexural bending of column, higher 
cracks in the columns with plain steel bars whereas there is a reduction in cracks formed in the column with deformed bars. 
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(a) (b) 
Figure 5.24 Tensile and Flexural Cracking at (a) Peak Loads and (b) Peak Displacements 

  
V. CONCULSION 

From the above-mentioned results, it can be concluded that the simulations ran on ANSYS FEM software produces results with 
good accuracy which can be seen and compared with experimental results. Using ANSYS, we can also obtain results which are hard 
to experimentally evaluate or calculate, such as stresses, strains in reinforcement bars, tensile stresses in concrete at various 
sections, etc. From the inferences obtained through the testing of columns and beams, it is clear that ANSYS can be used for 
nonlinear finite element analysis of reinforced concrete material and the simulations provide large amount of data which can be used 
for deep analysis, this is not possible in physical experimental testing because of limited equipment availability, high costs and 
calibration problems. Hence finite element analysis is a very user-friendly tool to conduct analysis of reinforced concrete short 
amount of time, without the need to create physical models and less equipment. 
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