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INTRODUCTION 

Reinforced concrete columns are among the most 

commonly used structural elements in building 

construction. Most reinforced concrete columns in 

buildings still use steel reinforcement to enhance structural 

strength. However, the utilization of steel rebar in concrete 

columns can pose several issues, such as corrosion and 

excessive weight. Therefore, alternative construction 

materials are used to address these problems. 

In recent years, Fiber Reinforced Polymer (FRP) 
reinforcement has been widely used as a substitute for steel 

reinforcement. FRP materials have emerged as an 

alternative reinforcement for concrete structures. FRP can 

be made from three composite materials: Carbon, Glass, 

and Aramid [1]. Among these three composite materials, 

GFRP is relatively cheaper [2]. GFRP is a polymer matrix 

composite material that uses resin and glass fibers. The use 

of GFRP rebar as an alternative to steel rebar in concrete 

offers many advantages over steel reinforcement, such as 

higher tensile strength and high corrosion resistance, even 

in harsh chemical environments [3] 

The GFRP reinforcement can lead to sudden and 
usually explosive damage. However, this failure can be 

avoided by meeting the required reinforcement ratio, 

potentially resulting in more progressive and less 

dangerous failure [4] [5]. FRP bars exhibit linear-elastic 

behavior up to failure, along with a relatively low modulus 

of elasticity [6], raising concerns about the efficiency of 

FRP structures in seismic zones. 

Research on FRP-reinforced columns subjected to 

lateral loading by [5], [7], [8], and [6] showed stable 

responses and high drift ratios at failure with acceptable 

energy dissipation levels, confirming the effectiveness of 
GFRP confinement as transverse reinforcement.  

 

All research on behaviours using GRFP rebar as 

longitudinal and transverse reinforcement in concrete 

columns has been conducted using experimental studies. 

However, due to limited funding and availability of testing 

facilities, further research on behavior-reinforced concrete 

columns using GRFP rebar on longitudinal and transverse 

reinforcement can be performed using the finite element 

method. The study of concrete columns using GRFP rebar 

on finite element method was rare performed. This paper 

will discuss the modelling of reinforced concrete columns 
using longitudinal and transverse rebar subjected to a 

loading combination between constant axial load and 

pushover displacement load. The specimens used as 

reference is G-1.3-10-100 from the research conducted by 

[10]. 

 

RESEARCH SIGNIFICANCE 

This research presents the prediction behaviour of 

reinforced concrete column using GRFP rebar as 

longitudinal dan transverse reinforcement using finite 

element method. The specimen is single curvature columns 

subjected under combination of constant axial load and 
monotonic pushover load. The analysis is performed on in-

house 3D-NLFEA finite element package. 

 

METHODOLOGY 

The research methodology presented in this paper 

consisted of four stages of preparation: A) Specimen 

Geometry, B) Boundary condition, C) Material properties 

and constitutive material, and D) The three-dimensional 

finite-element method. The 3D-NLFEA finite element 

package developed by [10] [11]was used. The package uses 

SALOME as a pre-processor and PARAVIEW as a post-
processor. The methodology is described in the following 

sections 
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A. SPECIMEN GEOMETRY  

The column specimen to be created consists of longitudinal 

reinforcement, transverse reinforcement, concrete cover, 

concrete core, and column base. The specimen used is G-

1.3-10-100 from the research conducted by [10]. The letter 

G indicates that the GRFP bar is used for longitudinal and 
transversal reinforcement for concrete columns. The first 

number, 1.3, showed the percentage amount the 

longitudinal reinforcement ratio. The second number, 10, 

stands for the level of axial load ratio. The last number, 

100, exhibited the spacing of transverse reinforcement in 

mm. The column dimension is a square of 350x350mm2 , 

and 1650mm in height. The dimensions of the bottom 

concrete block are 1400x 1400 x600 mm. Specimen 

geometry details are shown in Figure 1. 

The column was longitudinally reinforced with No. 16 

GFRP bars, each with a 15.9 mm diameter, and 

transversally reinforced with No. 10 stirrups, each with a 
9.5 mm diameter. The details of the reinforcing bars are 

shown in Table 1. 

 

..  

Table 1. Mechanical Properties of GRFP Reinforcing Bars 

Bar 

Type 

Bar 

diameter 

(mm) 

Bar 

area 

(mm2) 

Modulus of 

elasticity 

(GPa) 

Tensile 

strength 

(MPa) 

Ultimate 

strain  

(%) 

No. 16 15.9 198 62  0.6 1,184  

32 

1.89  

0.1% 

No. 10 9.5 71 50  0.7  1,022  

38 

2,04  

0.1% 

 

B. BOUNDARY CONDITION 

The applied boundary conditions are presented in Figure 2. 

The applied load combined constant axial load and 

monotonic-incremental static lateral load. The load is 

divided into two stages. At the first stage, the column is 

subjected to 0.1 axial load ratio (𝑃 𝐴𝑔𝑓𝑐
′)⁄ . The second 

stage, when the axial load is applied constantly, is the 

monotonic static lateral displacement. The displacement 

load is applied through the sides of the upper concrete 

block. The specimen is supported by roll support on both 

the right and left sides at the bottom side of the concrete 

block. 

C. MATERIAL PROPERTIES AND CONSTITUTIVE 

MATERIAL 

The concrete compressive strength used in this research 

was 39 MPa. The confined concrete constitutive plasticity  

𝑓(𝜌, 𝜀, 𝜃) = (
√1.5𝜌

𝑓𝑐
′𝑞ℎ(𝑘)

)

2

+𝑚𝛼 [
𝜌

√6𝑓𝑐
′𝑞ℎ(𝑘)

𝑟(𝜃, 𝑒) +
𝜉

√3𝑓𝑐
′𝑞ℎ(𝑘)

] − 𝑞𝑠(𝑘) ≤ 0 

. where f’c is the uniaxial compressive strength of the 

concrete; k is the hardening parameter; qh(k) is a hardening 

function; qs(k) is the softening function; r(θ,e) is an ellipse 

function; e is the eccentricity; m is the friction parameter; 

a is the friction parameter axis; and (ρ,ξ,θ) are cylindrical 

coordinates. The parameter that characterize the 

constitutive model based above are summarized in Table 2. 

The value of parameters is used as input in 3D-NLFEA 

finite elemen software can be seen in Table 2. 

Table 2. Constitutive Parameters of Concrete Model 
Parameter Value 

Compressive Strength (MPa) 39.50 

Uniaxial Tensile Strength (MPa) 3.07 

Poisson Ratio 0.20 

Density (kg/m3) 2400 

Internal Length Scale (mm) 50.00 

Elastic Modulus (MPa) 27816 

Freeze Fracture Direction 1 

The stress-strain of steel rebar is modeled with bilinear 

relationship or perfectly elastic-plastic. The stress of steel 

with this bilinear model refers to a material model where 

two lines describe material behaviour. The first line 
represents the initial elastic phase, with the modulus of 

elasticity of steel, Es, as its value. The second line 

represents the plastic phase, characterized by material 

hardening, with its gradient being the strain-hardening 

modulus, Esh. In the context of perfect plasticity, when Esh 

= 0, the strain limit L indicates the limited ductility of the 

steel, as shown in Figure 2.  

One model of the GFRP stress-strain curve is an 

asymmetrical stress-strain behavior, as shown in Figure 3. 

According to research by [11], GFRP reinforcement has a 

threaded geometry that leads to a reduction in its tensile 

strength. The compressive strength of GFRP reinforcement 

decreases to 25% of its ultimate tensile capacity. 

 

 

Figure 1. Detail specimen geometry 

 

Figure 2. Stress – strain relationship of steel rebar 

 
Figure 3. Stress – strain relationship of GRFP rebar 
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D. FINITE ELEMENT 

The use of three-dimensional finite element methods is 

widely applied due to their advantages in efficiency, 

flexibility, and cost-effectiveness under certain conditions 

[11]. The numerical simulation uses 3DNLFEA program. 

This program series utilizes SALOME 9.3.0 as the pre-
processor and Paraview 5.9.1 as the post-processor tool. 

The 3D-NLFEA package uses hexahedral elements to 

model concrete elements, adopting Bar element technology 

(selective integration). In their research, [11] the steel 

plates were assumed to be modelled using the Von Mises 

criterion with a perfectly elastic-plastic model. The steel 

reinforcement was also modeled as perfectly elastic-

plastic. Material properties for the GFRP reinforcement 

used a non-symmetric stress-strain curve for compression 

and tension. 

 

E. BOUNDARY CONDITION 

Boundary conditions are used to simulate the model 

conditions during the experiment. The boundary conditions 

on the model will involve defining parts of the element for 

the application of loads and supports, with using the 

SALOME program. In this study, the load application 

includes a constant axial load of 0.1 Ag fc' and lateral load, 

it shown in Figure 4. In the 3DNLFEA program, the axial 

load is evenly distributed on the surface of the steel plate 

and divided into 50 steps.   

 
RESULTS AND DISCUSSIONS  

The finite element analysis of G-1.3-10-100 model 

provides the load-displacement relationship, the strain-

displacement relationship of the longitudinal bar and the 

strain-displacement relationship of the transverse bar. All 

the analysis results are compared with the results from 

experimental testing.  

A. LATERAL LOAD – DRIFT RATIO RESULT 

The comparison of the lateral load-drift ratio curves from 

modeling results and experiments is shown in Figure 4 for 
an axial load of P0 = 0.1 Ag f’c. In general, the lateral load-

drift ratio curve from 3DNLFEA model exhibits a similar 

pattern to the experimental result. The curve begins with an 

elastic phase, followed by the information of cracks until 

failure, likely due to the idealized assumptions in the 

model, such as material and the omission of imperfections 

at the interface. During the elastic phase, the 3DNLFEA 

model shows more stiffness compared to the experimental 

results due to the concrete tension strain not reaching the 

concrete crack strain.  This condition persists until the 

cracking point is reached, but at the peak load, the 

3DNLFEA model demonstrates a lower load than that 

observed in the experiments. At the peak load, the lateral 
load and drift ratio values from 3DNLFEA results are 

nearly indistinguishable from the experimental results. 

This specimen's predicted peak load using 3DNLFEA is 

132.602 kN, which occurs at a drift ratio of 6.562%. 

Meanwhile, from the experimental results, the peak load 

was obtained 140 kN at drift ratio 6.5%. The post-peak 

behaviours for both specimen and experimental show 

similar trend. 

For specimens G-1.3-10-100, crushing of concrete 

along with buckling and compression failure of the 

longitudinal bars between stirrups occurred simultaneously 

at 8.5% drift ratio. 
 

B. STRAIN-DRIFT RATIO RESULT 

Besides the load-displacement curve, the drift-strain curve 

illustrates the relationship between drift (the relative lateral 

displacement between floors or lateral deformation with 

respect to the height of the structure) and the strain 

occurring in the structural column elements when subjected 

to lateral load. In the 3DNLFEA model, this relationship is 

crucial for understanding how structural elements behave 

under earthquake loads or other lateral loads that cause 

lateral deformation in the structure. 
 In the column elements, drift is calculated as the ratio 

between the lateral displacement at the top of the column 

and the total height of the column. Meanwhile, strain is 

calculated based on the relative change in length of the 

element due to the applied forces. The relationship between 

drift and strain provides insights into the level of material. 

 Figures 5 and 6 show the comparison of drift and strain 

between numerical and experimental results. The 

numerical results from the 3DNLFEA simulation showed a 

similar drift-strain pattern during the early loading stages. 

Up to a 4% drift ratio, the numerical results indicated that 
the longitudinal strain produced was close to the 

experimental results, with minor deviations that were 

within acceptable limits. However, at higher drift ratios, the 

numerical results tended to show slightly lower strain 

compared to the experimental results. This discrepancy 

could be attributed to the limitations of the numerical 

model in fully representing the interaction between GFRP 

reinforcement and the concrete core, as well as the material 

idealization in the simulation. 

 Additionally, the numerical results successfully 

captured the effect of stirrup spacing on the strain 

distribution in the longitudinal reinforcement. With a 
stirrup spacing of 100 mm, the numerical model indicated 

better restraint of the lateral expansion of the concrete 

compared to specimens with larger stirrup spacing, 

resulting in lower strain at a given drift. This aligns with 

the experimental observations, which showed that 

specimens with smaller stirrup spacing exhibited more 

controlled lateral deformation. 

 

 

Figure 4. Specimen 3D Model and Applied Boundary 
Condition 



   

 Journal of Civil Engineering / Vol. 40 No. 1/ February 2025 67 

 
 

CONCLUSIONS 

This research showed a numerical prediction of the 

behaviour of concrete columns reinforced with GRFP Bar. 

The specimen is examined under combination of 

monotonic lateral and axial compression load. The model 

was performed using 3DNLFEA finite element software. 

In order to build the specimen, the open-source software of 

SALOME and Paraview were used as the processor and 

post-processor, respectively.  The analysis result exhibited 

that the prediction of model behavior corresponds well with 

the experimental results. The predicted peak load using 

3DNLFEA for this specimen is 132.602 kN , which occurs 

at a drift ratio of  6.562%. Meanwhile, from the 

experimental results, the peak load was obtained 140 kN at 

drift ratio 6.5%.  
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