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Abstract 

 

The objective of this paper is to model and analyses an M60 concrete Beam 

using Abaqus for static load and verify the same using experiment. In recent 

years, Concrete having a compressive strength of 60 MPa and above is 

being used for high-rise buildings and long span bridges. The advent of 

various mineral and chemical admixtures has facilitated the production of 

high strength to high performance concrete. HSC helps in avoiding the use 

of unacceptable oversized columns on the lower floors, allowing large 

column spacing and usable floor space or increasing the number of possible 

stories without detracting from the lower floor. HSC reduces the dead load 

of bridge girders and piers enabling larger underpass clearance widths. 

ABAQUS is a suite of powerful engineering simulation programs, based on 

the finite element method (FEM) that can solve problems ranging from 

relatively simple linear analyses to the most challenging nonlinear 

simulations. In this paper an M 60 beam has been modeled with different 

reinforcement configurations and results has been compared. 

 

Keywords: Abaqus, FEM, High strength concrete beam, Compressive 

strength 
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INTRODUCTION: 

The advent of newer concrete making technologies has given impetus for making 

concrete of higher strength. As per  our Indian standard IS 456: 2000 concretes are 

grouped as ordinary concrete, standard concrete and high strength concrete as given 

in Table 1.  The code did not describe about UHSC, but the American Concrete 

Institute (ACI) categories the concrete as Normal Strength Concrete (NSC), High 

Strength Concrete (HSC) and Ultra High Strength Concrete. 

 

Table 1. Group of Concrete as per IS 456:2000 

 

Sl. No Name of Group of Concrete Grade Designation 

1 Ordinary Concrete M10 to M20 

2 Standard Concrete M25 to M55 

3 High Strength Concrete M60 to M80 

Note: M refers to mix and the number to specified compressive strength 

of 150 mm size cube at 28 days expressed in N/ mm2 

 

Closed-form solutions for the analysis offer in forced structural members are normally 

based online are elastic models. These are not capable of dealing with problems where 

gross material and geometric non-linearity’s exist. It is desirable to predict effects such 

as strain and stress variations within an RC beam with steel reinforcement while 

undergoing non-linear changes. One of the main approximations associated with non-

linear behavior of concrete is the modeling of concrete cracking. Under the application 

of load, concrete cracks in the tensions one and as a result the stress path becomes 

discontinuous and the load transfer changes at the cracked section. Adoption of 

appropriate material criteria and concrete elements that would model discrete cracking 

of concrete is an essential requirement. Infinite element analysis, various procedures 

have been adopted for predicting cracking in concrete. Smeared and discrete crack 

formulations are quite common. In smeared crack approach, cracks are simulated as 

local discontinuities which are smeared within the finite element; in discrete crack 

approach, cracks are introduced in the finite element model using interface elements 

between the concrete ones. The problem with smeared crack approach is that it tends 

to spread crack formation over the entire structure, which makes it difficult to predict 

localized failures. In spite of this short coming, the method is widely used for 

precisely predicting the load deflection and load strain behavior of concrete. The 

problem with discrete crack approach is that the position and direction of crack 

growth is predefined. However the method is being used for predicting the non-linear 

effects in concrete. The most commonly used finite element codes such as ABAQUS, 

ANSYS, LUSAS, DIANA and ADINA have more versatile material models capable 

of modeling concrete. 
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STEPS IN SIMULATION: 

 
 
The ABAQUSfinite element program was used in this study to simulate the behavior 

of the experimental beams. ABAQUS/Standard was selected for this simulation, since 

its interface is very easy to use and supports parametric modelling.  Geometry of 
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theconcrete beam was created using ABAQUS/CAE and the element type was 

applied to geometry by command prompt. Reinforcement in a concrete beam was 

created as 1D beam model with cross section specified in ABAQUS/CAE.  

 

 

ELEMENT TYPES 

Element type used for this study is listed in the table below. C3D8 element type 

gives more stable results. 

 

Table 1.3: ElementTypesforWorkingModel 

 

Material Type Element  

Concrete C3D8 

Steel Reinforcement BEAM 

 

 

MATERIAL PROPERTIES 

ABAQUS has vas set of material library in the engineering data section. Either we 

can select a material from the library or we can manually enter the properties of 

material in ABAQUS/CAE. The C3D8element requires linear isotropic and multi-

linear isotropic material properties to properly model concrete. EX is the modulus of 

elasticity of the concrete (Ec), and PRXY is the Poisson’s ratio (µ). The material 

model in Aaqus/CAE requires that different constants be defined. Those 9 constants 

are shear transfer coefficients for an open crack, shear transfer coefficients for a 

closed crack, uniaxial tensile cracking stress, uniaxial crushing stress (positive), 

Biaxial crushing stress (positive), ambient hydrostatic stress state for use with 

constants 7 and 8, biaxial crushing stress (positive) under the ambient hydrostatic 

stress state, (constant6), Uniaxial crushing stress (positive) under the ambient 

hydrostatic stress state (constant6), stiffness multiplier for cracked tensile condition. 

Fig 1.shows modeling of HSC beams 

 

Table 1.4: MaterialModelsfor C3D8 

 

Linear Isotropic 

EX 34,948 

Mpa 

34,948 

Mpa 

34,948 

Mpa 

PRXY 0.20 0.20 0.20 
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PREPROCESSING IN ABAQUS 

The concrete and reinforcements has been modeled in Abaqus 

 

 
 

Figure 1.a: Modeling of Concrete Beam 

 

 

 
 

Figure 1.b: Modeling of Reinforcement 

 

 

MESHING 

Meshing plays a vital role in the FEA since the properties and governing relationships 

are assumed over the discretized elements and expressed mathematically on the 

specified points called nodes. Hence increasing the number of elements in a Finite 

element model will increase accuracy but at the same point it will take more time to 

solve the equations. The below figure show the meshed models with solid C3D8 

element and Beam element. Figure 1 shows modelingof High Strength Concrete 

Beam. 
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Figure 1.c:  Meshed Concrete Beam 

 

 

Figure 1.d: Meshed Reinforcement with Cross Section 

 

 

Figure 1.e: Defining Load 

Figure 1. Modeling of concrete beams 
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RESULTS AND DISCUSSION OF FINITE ELEMENT ANALYSIS 

The six no’s of beam specimens tested under static loading and six no’s of beam 

specimens tested under cyclic loading were analyzed using the ABAQUS Standard. 

The results pertaining to the objectives of the study arepresented and discussed in this 

section. The finite element analysis results of the concrete beams specimens at 

different load levels are presented in Table 2.The six no’s of beam specimens were 

tested under static loading. The test results were analyzed by using ABAQUS non 

linear finite element analysis. The test results obtained experimentally and those 

obtained through non linear finite element analysis were compared and discussed. The 

beam S-A1 exhibit an ultimate load of 90kN, the corresponding deflection obtained 

through experiment (21mm) and FEA using ABAQUS (20.55mm) varied by 2.14% 

and stiffness obtained through experiment (4.29 kN/mm) and FEA using ABAQUS 

(4.38 kN/mm) varied by 2.19 %.The beam S-B1 exhibit an ultimate load of 100kN, 

the corresponding deflection obtained through experiment (28mm) and FEA using 

ABAQUS (25.69mm) varied by 8.25% and stiffness obtained through experiment 

(3.57 kN/mm) and FEA using ABAQUS (3.89 kN/mm) varied by 8.99 %. The beam 

S-C1 exhibit an ultimate load of 115kN, the corresponding deflection obtained 

through experiment (35mm) and FEA using ABAQUS (33.56mm) varied by 4.11% 

and stiffness obtained through experiment (3.29 kN/mm) and FEA using ABAQUS 

(3.43 kN/mm) varied by 4.29 %. The beam S-A2 exhibit an ultimate load of 85kN, 

the corresponding deflection obtained through experiment (19mm) and FEA using 

ABAQUS (18.84mm) varied by 0.84% and stiffness obtained through experiment 

(4.47 kN/mm) and FEA using ABAQUS (4.51 kN/mm) varied by 0.85 %. The beam 

S-B2 exhibit an ultimate load of 95kN, the corresponding deflection obtained through 

experiment (24mm) and FEA using ABAQUS (22.66mm) varied by 5.58% and 

stiffness obtained through experiment (3.96 kN/mm) and FEA using ABAQUS (4.19 

kN/mm) varied by 5.91 %. The beam S-C2 exhibit an ultimate load of 105kN, the 

corresponding deflection obtained through experiment (26mm) and FEA using 

ABAQUS (23.97mm) varied by 7.81% and stiffness obtained through experiment 

(4.04 kN/mm) and FEA using ABAQUS (4.38 kN/mm) varied by 8.47 %. Figure2 

explains Load Vs Deflection behavior of ABAQUS Vs Experimental values. 

 

Table 2. Static LoadFEA Test Results 

 

Beam 

ID 

Ultimate 

Load 

Ultimate Deflection Stiffness 

Expt. FEA Error Expt. FEA Error 

kN mm mm % mm mm % 

S-A1 90 21 20.55 2.14 4.29 4.38 2.19 

S-B1 100 28 25.69 8.25 3.57 3.89 8.99 

S-C1 115 35 33.56 4.11 3.29 3.43 4.29 

S-A2 85 19 18.84 0.84 4.47 4.51 0.85 

S-B2 95 24 22.66 5.58 3.96 4.19 5.91 

S-C2 105 26 23.97 7.81 4.04 4.38 8.47 
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Stress Contour of Beam    S-A1 
Static Load-Deflection Response of 

Beam S-A1 

  

Stress Contour of Beam  S-B1 
Static Load-Deflection Response of 

Beam S-B1 

 

  

Stress Contour of Beam  S-C1 Static Load Deflection Response of  S-

C1 Beam 

  

Stress Contour of Beam    S-A2 Static Load Deflection Response of   

S-A2 Beam 
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Stress Contour of Beam    S-B2 Static Load Deflection Response of   

S-B2 Beam 

  

Stress Contour of Beam  S-C2 Static Load Deflection Response of   

S-C2 Beam 

 

Figure 2. Load Vs Deflection values (ABAQUS Vs Experimental) 

 

 

CONCLUSION 

1. The failure Pattern of High strength ConcreteBeam satisfactory using 

ABAQUS and the failure load measured from ABAQUS in very close to the 

failure load predicted at the time of experimental works. 

2. When compared to Numerical Analysis values and experimental values the 

deflection is quite satisfactory and as per with in the allowable limits. 
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