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ABSTRACT:Experimental based analysis has been widely used as a means to find out the response of individual elements of structure. 
To study these components finite element analyses are now widely used & become the choice of modern engineering tools for the 
researcher. In the present study, destructive test on simply supported beam was performed in the laboratory & load-deflection data of 
that under-reinforced concrete beams was recorded. After that finite element analysis was carried out by ABAQUS ACE 6.10 by using 
the same material properties. Finally results from both the computer modelling and experimental data were compared. From this 
comparison it was found that computer based modelling is can be an excellent alternative of destructive laboratory test with an 
acceptable variation of results. In addition, an analytical investigation was carried out for a beam with ABAQUS ACE 6.10 with 
different reinforcement ratio (plain, under, balanced, over). The observation was mainly focused on reinforced concrete beam behaviour 
at different points of interest which were then tabulated and compared. Maximum load carrying capacity was observed for over 
reinforced beam but on the other it was the balanced condition beam at ultimate load. 
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1. INTRODUCTION 

The use of computer software to model these elements 
is much faster and extremely cost-effective. This helps in 
refining the analytical tools, so that even without experimental 
proof or check the complex nonlinear behaviour of RC beams 
can be confidently predicted. Hence, wider attempts were made 
by various researchers to accurately predict the behaviour of RC 
beams till complete failure using various FE software. It has 
been found that due to quasi brittle material behaviour of 
concrete, many parameters are to be properly taken into 
consideration in order to obtain an accurate solution. Hence, 
numbers of trial analyses are carried about using ABAQUS 
ACE 6.10 by changing various parameters which influences the 
accuracy and convergence. Idealization of reinforcement in 
concrete, constitutive properties of concrete, mesh density, 
incorporation of boundary conditions for supports and 
symmetric planes, modelling of loading and support regions, 
effect of shear reinforcement on flexural behaviour, effect of 
convergence criteria, impact of percentage of reinforcement and 
other parameters which governs the analysis are considered for 
the present study. The results and discussion of the present 
study are compared with the findings available in the literature. 
Reinforced concrete (RC) has become one of the most 
important building materials and is widely used in many types 
of engineering structures. The economy, the efficiency, the 
strength and the stiffness of reinforced concrete make it an 
attractive material for a wide range of structural applications. 
For its use as structural material, concrete must satisfy the 
following conditions: 

 (1) The structure must be strong and safe. The proper 
application of the fundamental principles of analysis, the laws 
of equilibrium and the consideration of the mechanical 
properties of the component materials should result in a 
sufficient margin of safety against collapse under accidental 
overloads. 
 

 
 
 (2) The structure must be stiff and appear unblemished. 
Care must be taken to control deflections under service 
loads and to limit the crack width to an acceptable 
level.(3) The structure must be economical. Materials 
must be used efficiently, since the difference in unit cost 
between concrete and steel is relatively large. The 
ultimate objective of design is the creation of a safe and 
economical structure. Reinforced concrete structures are 
commonly designed to satisfy criteria of serviceability and 
safety. In order to ensure the serviceability requirement it 
is necessary to predict the cracking and the deflections of 
RC structures under service loads. In order to assess the 
margin of safety of RC structures against failure an 
accurate estimation of the ultimate load is essential and 
the prediction of the load-deformation behaviour of the 
structure throughout the range of elastic and inelastic 
response is desirable. Within the framework of developing 
advanced design and analysis methods for modern 
structures the need for experimental research continues. 
Experiments provide a firm basis for design equations, 
which are invaluable in the preliminary design stages. 
Experimental research also supplies the basic information 
for finite element models, such as material properties. In 
addition, the results of finite element models have to be 
evaluated by comparing them with experiments of full-
scale models of structural sub assemblages or, even, entire 
structures. The development of reliable analytical models 
can, however, reduce the number of required test 
specimens for the solution of a given problem, 
recognizing that tests are time-consuming and costly and 
often do not simulate exactly the loading and support 
conditions of the actual structure.The development of 
analytical models of the response of RC structures is 
complicated by the following factors: 
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• Reinforced concrete is a composite material made up of 
concrete and steel, two materials with very different 
physical and mechanical behaviour; 
• Concrete exhibits nonlinear behaviour even under low 

level loading due to nonlinear material behaviour, 
environmental effects, cracking, biaxial stiffening and 
strain softening; 
• Reinforcing steel and concrete interact in a complex way 

through bond-slip and aggregate interlock. 

2.1. Experimental Program 
When the maximum stresses in steel and concrete 
simultaneously reaches allowable value the section is 
called balanced section when the percentage of steel in a 
section is less than that required for a balanced section it 
is under reinforced section when the percentage of steel in 
a section is more than that required for a balanced section 
it is over reinforced section. An under-reinforced beam is 
one in which the tension capacity of the tensile 
reinforcement is smaller than the combined compression 
capacity of the concrete and the compression steel (under-
reinforced at tensile face). When the reinforced concrete 
element is subject to increasing bending moment, the 
tension steel yields while the concrete does not reach its 
ultimate failure condition. As the tension steel yields and 
stretches, an "under-reinforced" concrete also yields in a 
ductile manner, exhibiting a large deformation and 
warning before its ultimate failure. In this case the yield 
stress of the steel governs the design. An over-
reinforced beam is one in which the tension capacity of 
the tension steel is greater than the combined compression 
capacity of the concrete and the compression steel (over-
reinforced at tensile face). So the "over-reinforced 
concrete" beam fails by crushing of the compressive-zone 
concrete and before the tension zone steel yields, which 
does not provide any warning before failure as the failure 
is instantaneous.   
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2.2 Description OF Specimens
 

Two plain concrete beams, Six Reinforced concrete beams 
of M30 grade OPC concrete (1:1.34:2.88) used in this 
investigation program were it 100 mm wide x 200 mm 
deep x 1200 mm long. Two beams (Under reinforced) are 
casted with 2- 12Ø bars at bottom and 2-8Ø hanger bars, 
8Ø @135 stirrups are provide, And Two beams (Balanced 
section) are casted with 2- 12Ø, 2-8Ø bars at bottom and 
2-8Ø hanger bars, 8Ø @135 stirrups are provide, Balance 
Two beams (Over reinforced) are casted with 2- 16Ø bars 
at bottom and 2-8Ø hanger bars, 8Ø @135 stirrups are 
provide these details are mention in Table 3.1 
                                                       
  Table 3.1 Details of beams geometry 
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     Fig 3.1 various types of beams 
 
2.3Flexural Testing of Beam 

The experimental program consisted of testing of eight 
prisms of size 100x200x1200mm of M30 grade concrete 
subjected to three point loading which is used two prisms 
of plane concrete, two under reinforced concrete beams, 
two balanced reinforced concrete beams and two over 
reinforced concrete beams UTM machine where two 
roller supports are used as shown in Figure  

 

Fig.3.2 Three point loading test using UTM machin 

 
 

 Fig.3.3 Dial gauge arrangement for testing beam  
 
2.4 Analytical Model  
In most finite element software packages like ABAQUS, 
ADINA, ANSYS, COSMOS/M, DIANA, LS- DYNA, 
LUSAS and NASTRAN provide different types of 
elements for  one-,two- or three-dimensional problems 
such as plane stress, plane strain, three dimensional solid 

element, straight and curved beams, and shell elements. 
The finite element method is one of the techniques used 
for numerical solutions in the field of ordinary differential 
equations. Huebner (1984) explicate that performance of 
each finite element procedure can be summarized by: 

 Sub-divide the model: The first 
step is to sub-divide the element 
into tiny elements, in this case a 
variety of shapes such as triangular 
or rectangular. 
 

 Select interpolation function: The 
next step is to assign nodes to each 
element and then choose the type of 
interpolation function required to 
vary them. This vector can be a 
vector or higher–order of tensor. 

 
 Find the interpolation properties: 

After creating the model, the matrix 
equation which covers all the 
material properties can be 
presented.  

 
 Assemble the element properties 

to obtain a system of equations: 
At this stage the matrix attributed to 
every element will be assembled to 
achieve a global matrix in the 
system. 
 

 Solve the system of equations: In 
this case, on the basis of method of 
solution (linear-algebra), the system 
of equation will be solved 
simultaneously. 

 
4.2 ADVANTAGES AND DISADVANTAGES OF 
FINITE ELEMENT TOOL 
          Advantages 

 Includes a large library of finite elements to 
enable efficient and detailed modeling of 
virtually all modes of structural behavior. 

 Encloses facilities to allow users to write user 
defined subroutines. 

 Enables modeling of many of the special features 
of structural behavior of buildings. 

 Provides technical support and adequate 
documents about using the program. 

           Disadvantages 
 Require substantial initial investment for buying 

the software and associated hardware, and 
training up a specialist analyst. 

 Costly maintenance for renewing the license and 
retaining the specialist analyst. 

In most finite element software packages like ABAQUS, 
ADINA, ANSYS, COSMOS/M, DIANA, LS- DYNA, 
LUSAS and NASTRAN provide different types of 
elements for  one-,two- or three-dimensional problems 
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such as plane stress, plane strain, three dimensional solid 
element, straight and curved beams, and shell elements. 

ABAQUS has been chosen for the purpose of modelling 
and analyzing the concrete beam with steel in this study 
due to its flexibility in creating geometry and material 
modelling. This chapter describes step by step of the 
modelling procedures, includes all the parameters in the 
analysis, from the geometrical modelling until the 
determination of the strain from the interface. ABAQUS 
(Version 6.10) has been chosen for the purpose of 
modelling and analyzing the concrete beam steel in this 
study due to its flexibility in geometry and material 
modelling. The chapter describes step by step of the 
modelling procedures, includes all the parameters in the 
analysis, from the geometry modelling until the 
determination of the strain from the interface.  
There are totally two FE models that need to be modelled 
and analyzed in this study. The first model is Reinforced 
Concrete beam  
Before starting to define this or any model, we need to 

decide which system of units we will use. ABAQUS has 
no built-in system of units. All input data must be 
specified in consistent units. Some common systems of 
consistent units are shown in Table 4.1. In entire this 
thesis followed units are in SI units in millimeters.  
Table 4.1 Consistent units 

 

4.7  SELECTION OF ELEMENT TYPE 

The numerical simulation of a reinforced concrete 
structure requires an accurate model of the structural 
elements and its constituent members acting as a 
composite made up of concrete and steel. A sketch of each 
section is created separately with ABAQUS, which can 
then be extruded in any direction; this is why a 3D solid 
element in “modeling space” using deformable type for 

beam was created. In order to develop concrete beam, 8- 
node continuum solid element was utilized. 
Figure 4.1 shows a three –dimensional view of the model, 
which was used to develop the concrete beam. According 
to the ABAQUS users’ manual, the eight-node continuum 
elements (C3D8R) are formulated based on a Lagrangian 
description of behavior where the element deforms with 
the material deformation. 

 

Figure 4.1: C3D8R-3D solid element (ABAQUS) 
The solid element has eight nodes with three degrees of 
freedom at each node – translations in the nodal x, y, and 
z directions. The element is capable of plastic 
deformation, cracking in three orthogonal directions, and 
crushing. Necessary partitions of the concrete beam (of 
size 1200 x200 x100) are made to facilitate load 
application and meshing as shown in the Figure 4.2 
 

 

Figure 4.2: Developed solid model 
The steel reinforcement of size 1150 mm is modeled as 
two –node beam elements connected to the nodes of 
adjacent solid elements. Each node has three degrees of 
freedom, – translations in the nodal x, y, and z directions. 
The element is also capable of plastic deformation. The 
geometry and node locations for this element type are 
shown in Figure 4.3 

 
 Figure 4.3: B31-3D Spar (ABAQUS) 
On the basis of the sections available in the ABAQUS 
commercial package library, any profile can be assigned 
by regarding their shape and dimensions. The orientation 
of the beam cross section is defined which is available 
default in ABAQUS. For simplicity, stirrups, which are 
used to ensure beams do not fail in shear during 
experiment, were not considered in the simulations. 
Figure 4.4. indicates the section chosen to develop 
flexural reinforcement. 
 
ASSEMBLY 
An assembly is a collection of positioned part instances. A 
part instance is a usage of a part within the assembly. 
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Figure 4.9 Assembling of part instances 
All characteristics (such as mesh and section definitions) 
defined for a part become characteristics for each instance 
of that part—they are inherited by the part instances. Each 
part instance is positioned independently within the 
assembly. Linear pattern, translation and rotate tools are 
used to place the steel reinforcement, their respective 
position as in experimental beam. After assembling and 
assigning the properties, an input file is created which is 
then imported to create an orphan mesh. An orphan mesh 
contains nodes and elements but no geometry. This is 
useful for creating surfaces on concrete to apply load and 
also for applying boundary condition on nodes. Figure 4.9 
shows assemblage of all parts instances                

 
Figure 4.15 Meshing of concrete beam 

 
Figure 4.16 Meshing of steel bars 

                                      
Table 4.2: Details of mesh 
Results and Discussion: 

Two plane concrete beams, six reinforced concrete beams 
were tested to study the maximum deflections, stress in 
concrete, steel and crack propagations under flexure 
loading. The plane concrete beams are failed at minimum 
loads (10.31 KN) because a bottom fiber of plane concrete 
beam reaches maximum tensile stress and plane concrete 
beam have fully brittle nature. Next test the reinforced 
concrete beams those six beams are separated three groups 
according to percentage of reinforcement provide 
(balanced, under, over reinforced beams). The test was 
conducted until the beam fails and deflections were 
measured up to failure load.  The under reinforced 
concrete beams are tested by three point loading system, 
first crack was found at 30 KN load and ultimate load 
carrying capacity of section is 73.33 KN for balanced 
section first crack found at 34 KN, ultimate load carrying 
capacity of section is 88.8KN, and over reinforced section 
first crack found at 36 KN, ultimate load carrying capacity  
86 KN   From experimental testing over reinforced 
concrete beam section have more flexural cracks and its 
failed with less warning’s compare to other sections and 

balanced section gives greater warnings its means steel is 
yielding in under reinforced section. From analytical 
investigation we observed first concrete is reaches 
maximum tensile stress at first crack after first crack in 
beam maximum load is taken by reinforcement and under 
reinforced section steel reaches ultimate tensile stress but 
over reinforced beam section steel not reach ultimate 
tensile stress because concrete is failed.    

 
                                 Fig.5.1 Testing of Plane/Reinforced 
concrete beam by three point loading 
 

 
Fig: 5.2 Flexure Failure of under reinforced concrete 
beam 
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 Fig: 5.3 Flexure Failure of over reinforced concrete beam  
 

 
Fig: 5.4 Flexure Failure of over/balanced/under reinforced 
concrete beam  
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Fig: 5.5 Results of plane/over/balanced/under reinforced 
concrete beam 

 
Fig: 5.6 Deformation of Plane concrete beam 
 

 
 Fig: 5.7 (a) Stress in plane concrete beam  

 
Fig: 5.7 (b) Stress in steel bar in under reinforced concrete 
beam  

 
Fig: 5.8 Stress in steel node   
 

                                                    
Fig: 5.9 Stress concrete node  
                               

 

                                                     
Fig: 5.10 Stress in steel, concrete of under reinforced 
beam section   
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Fig: 5.11 Stress in plane concrete beam section                    
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Fig: 5.12 Deflection graph time(load) vs Deflection   
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Fig: 5.13 Stress in steel bar at each node 

0

20

40

60

80

100

0 2 4 6 8 10

Lo
ad

(K
N

)

Deflection(mm)

over reinforced beam

ABAQUS

Expermental

 

 
  Comparison of over/balanced/under reinforced beams 
from ABAQUS 

 
Comparison of over/balanced/under reinforced beams 
from Experimental  

 
Conclusion 

The following conclusions can be stated based on the 
evaluation of the analyses of the calibration model 
.Deflections and stresses at the centreline along with 
initial and progressive cracking of the finite element 
model compare well to experimental data obtained from a 
reinforced concrete beam. The ultimate load carrying 
capacity of Plane concrete beam is 0.14 times under 
reinforced beam The failure mechanism of a reinforced 
concrete beam is modelled quite well using FEA and the 
failure load predicted is very close to the failure load 
measured during experimental testing.  In under 
reinforced beam maximum elements reach ultimate stress 
compare to over reinforced concrete beam From the 
analytical investigation it was observed that under 
reinforced ratio is the best type of reinforcement ratio 
among the others since it shows greatest warning zone 
before failure.  From the analytical investigation, it was 
observed that under reinforced section reinforcement 
reaches ultimate stress (415 n/mm2), and over reinforced 
section reach 87% of ultimate stress. 
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