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ABSTRACT 
 

In this study, we intended to develop fastening seismic retrofit applicable to existing 
reinforced concrete (RC) columns. This retrofit is the method by which a high-strength bolt 
engages a T-type cross-section made of SUS304. The web of the cross-section is buried in 
the column, the flange wraps around the column, and the bolt engages to confine the 
concrete column. It was intended to conduct flexural stiffness evaluation of seismic retrofit 
using ABAQUS, a nonlinear finite element analysis program. The web buried in the column 
is expected to be the most inflexible factor to observe changes in maximum stress and 
ultimate strength depending on the size of the web and to identify visually where the stress 
is concentrated. Based on the analysis results, practicality and seismic applicability for 
production of actual prototypes were identified, and it was judged that quasi-static 
experiments with columns were needed. 

 
1. INTRODUCTION 
 
     Structures constructed before mandatory seismic design are not suitable for seismic 
design regulations. In addition, sufficient seismic performance is not displayed due to aging 
with a long service life. If such a structure collapses due to an unexpected earthquake, there 
likely will be heavy casualties and property damage. If a major structure collapses, it can 
paralyze a city. To prevent damage to columns caused by earthquakes, many researchers 
have been developing seismic reinforcement materials for concrete columns. 
     Mohamed (2014) evaluated the performance of fiber-reinforced polymer (FRP) rebar, 
FRP hoop, and spiral RC columns under axial load. As a result, carbon-fiber-reinforced 

 
1) PhD Student 
2) Professor 
3) Assistant Professor 
4) Post-Doctor 



The 2021 World Congress on 
Advances in Structural Engineering and Mechanics (ASEM21)
GECE, Seoul, Korea, August 23-26, 2021

polymer (CRFP) and glass-fiber-reinforced polymer (GFRP) behave similarly to a column, 
and a linear load-strain curve was observed up to 85% of the maximum load. Compared to 
plain concrete, CFRP increased strength by about 2.2% and GFRP by about 1.3%, and the 
ductility and confinement effect were slightly increased. Sheikh and Yeh (1992) found that 
the higher is the number of lateral reinforcements, the higher are the flexural strength and 
ductility. Furthermore, it was observed that reducing the spacing of lateral reinforcement 
increases strength and ductility, resulting in confinement and a 26% increase in bending 
capacity. Mander (1988) concluded that the most influential factor affecting the stress-strain 
relationship for all column cross-sections is the lateral reinforcement volume, and the 
strength increases as the volume ratio of the confining rebar increases.  
     According to studies in Korea, Byun (2020) found that, for RC columns with relatively 
insufficient lateral binding effects, ductility can be achieved in all cross sections of the 
columns if lateral reinforcement is continuous. Chae (2018) identified the modularization of 
rectangular columns reinforced by continuous lateral rebar in structures such as single-story 
houses, preventing loss of ductility by repeated loads such as seismic loads. Kim (1999) 
studied the effect of reinforcing steel plates on RC columns, demonstrating that 
reinforcement by partial retrofit adds 75 to 80% of the maximum strength of the entire 
reinforcing experiment. 
     In this study, we aimed to develop a new type of seismic retrofit applicable to RC 
columns. The type of retrofit is connecting of the steel of the T-shaped cross-section. It was 
intended to improve construction and economic feasibility by applying it to local plastic areas 
with weak seismic performance. A steel body with a T-shaped cross-section was produced 
using SUS304, a high-tension alloy material, and the body was fastened with a high-tension 
bolt to conduct a flexural rigidity evaluation through a bending test. Based on the 
experimental results, the patterns of load-displacement and stress-strain were observed, 
and the behavior and rigidity of the experiment were determined. Finally, we visually 
identified where stress is concentrated in modeling using ABAQUS, a nonlinear finite 
element analysis program. In addition, the accuracy and validity of the experiment were 
investigated by comparing and analyzing the analysis results with the experimental results, 
and the flexural rigidity of the seismic reinforcement was confirmed. 
 
2. THEORETICAL BACKGROUND FOR PERFORMING ANALYSIS 
 

2.1 Confinement effectiveness 
In a columnar structure, lateral reinforcement secures the position of the main rebar 

and confines the core concrete to enhance ductility. These compressive members can exert 
design strength when there is sufficient confining stress in the direction of compression. To 
exert sufficient lateral confining effect, the hoop must be arranged tightly to prevent local 
buckling of the main rebar. However, since it is difficult to deploy additional rebars or hoops 
in previously constructed columns, seismic retrofit can be installed to compensate for poor 
lateral confinement. The lateral confinement effect can be obtained by KDS 14 20 20 (2021) 
using the following Eq. (1) 
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𝑓𝑐𝑘,𝑐 = 𝑓𝑐𝑘 +  3.7𝑓𝑐2                            (1) 

 
     In the event of an earthquake, the column repeatedly receives moments in different 
directions based on the neutral axis. This moment acts as a tensile stress and compressive 
stress on the column, causing nonlinear behavior of the column and failure of the concrete 
cover. If the rebar is buckled after removal of the cover, the core concrete loses its 
confinement effect, and the hoop fails. Failure behavior is shown in Fig. 1. 
 

       

Fig. 1 Axial compressive force-displace       Fig. 2 Primary, secondary, and total       
-ment curve of an RC column (Kim 2019)       moments of a column (Min 2013) 
 

In columns with seismic retrofit, secondary moments occur due to geometric 
deformation, as shown in Fig. 2, caused by the mass and horizontal seismic force of the 
upper structure. Thus, these forces are applied by the buckling rebar in the web of cross-
section buried in the column. Therefore, a four-point bending analysis was designed to 
simulate the behavior of the buckling of the rebar and apply it to seismic retrofit to determine 
the bending rigidity. 

 
2.2 Determination of cross-section of seismic retrofit 
In this paper, a bolt fastened type was developed as a new type of seismic retrofit 

favorable to constructability and maintenance. The cross-section of the retrofit is T-type and 
is installed after removing a part of the cover of the RC column based on the thickness of 
the web. This reinforcement method maximizes the unification of behavior by increasing the 
adhesion with the column through the internal web. In addition, it is possible to strategically 
reinforce local plastic areas rather than reinforcement of the entire cross section, enabling 
easier construction. When seismic reinforcement is fastened to a RC column, stress is 
expected to be concentrated on the web embedded in the column more than on the flange 
surrounding the column. Therefore, the width and thickness of the web were set as variables 
for analysis. 

Seismic retrofit in the form of a T-type cross-sectional bolt fastener consists of web, 
flange, fastener, and stiffener. The web is embedded in a column to increase constructability 
and flexural rigidity. The flange acts as a metal jacket surrounding the column and is 
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connected to the fastener. During the construction process, the fastener is combined with 
bolts to enclose columns, with the width of the flange increasing as the number of bolts 
increases. Therefore, expanding the cross-section of a seismic retrofit can hinder the 
aesthetic, increase the manufacturing cost, and cause over-reinforcement. However, it is 
difficult to secure stability of a seismic retrofit because addition of only one bolt can cause 
torsion. Considering these characteristics, only two bolts were used. 

The common thickness of the steel plate comprising the seismic retrofit is 10 mm. 
Considering the sizes of bolts and installation equipment used for fastening, the minimum 
width of the flange was set to 90 mm, and the minimum height of the fastening part was set 
to 50 mm. The shape of the stiffener was set to 40 mm considering the welding of the flange 
and fastening part. The control model sets the web thickness to 10 mm when a seismic 
retrofit is installed on the column. In addition, to determine the relationship between the 
thickness of the web and the performance of the seismic retrofit, a model with a 15-mm web 
was analyzed. Detailed schematics are illustrated in Figs. 3 and 4.  
 

 
 

Fig. 3 Installation method of a T-type cross-section fastening retrofit 
 

 
 

Fig. 4 Sectional and front views of a seismic retrofit 
 
3. NON-LINEAR FINITE ELEMENT ANALYSIS 
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3.1 Materials 
Seismic retrofit is a type of T-type cross-sectional steel fastened by two high-tension 

bolts. The steel used is stainless steel SUS304, and the high-tension bolt is SCM435. The 
detailed properties are shown in Table 1. 

Table 1 Material properties 

Chemical composition (mass%) 

 C Cr Ni Si Mn 

SUS304 ≤0.08 18.0~20.0 8.0~10.5 - - 

SCM435 0.33~0.38 0.9~1.2 ≤0.25 0.15~0.35 0.6~0.9 

Mechanical property 

 Yield strength (MPa) Tensile strength (MPa) Elongation (%) 

SUS304 ≥215 ≥505 ≥40 

SCM435 800 1200 ≥14 

 
SUS304 is an alloy steel of nickel and chromium that is resistant to corrosion and 

erosion. It has excellent heat resistance, low-temperature strength, and mechanical 
properties. In addition, it has a high tensile strength that exceeds that of a typical rebar and 
has a low yield ratio and low yield strength, which are advantageous for machining.  

The high-tension bolts used for fastening are hexagonal bolts of F10T for friction 
bonding. This bolt follows KS B 1010 (2019) and has 900 MPa of yield strength, 1,200 MPa 
of ultimate tensile strength and no less than 14% elongation. 

Density, Young's modulus, and Poisson ratio were established to determine material 
behaviors of bodies and bolts through finite element analysis. Among the materials used, 
the density and Poisson ratio of SUS304 used values of general steel. For this steel, the 
specimen in the form of a dog-bone was produced to obtain the properties of the elastic 
and plastic areas to be used for analysis. The stress-strain relationship was shown through 
tensile tests. Young’s modulus was obtained by performing a press test on the tensile test 
specimen. Experimental pictures are shown in Figs. 5 and 6. 
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Fig. 5 Tensile test of SUS304        Fig. 6 Press test of SUS304 
 
SCM435 is a material commonly used for high-tension bolts and commercial off-the-

shelf products. It has universal density, Young’s modulus, and Poisson ratio. The 
properties of each material used in the test are shown in Table 2. 
 

Table 2 Material properties for ABAQUS 

Part Material Density 
Young’s modulus 

(MPa) 
Poisson ratio 

Body SUS304 7.85E-09 162,800 0.3 

Bolt SCM435 7.80E-09 205,000 0.3 

 
In general, overall deformation in the bending test is accompanied by elastic and 

plastic behaviors of the specimen. The entire stress-strain curve must be included in finite 
element analysis, allowing analytical behavior in the plastic area after the elastic area to 
be simulated similarly to the actual environment and more accurate analysis results. To 
increase the accuracy of analysis, we set the plastic option, which is commonly used for 
steel analysis. The plastic option requires yield stress and plastic strain values, which can 
be derived from the stress-strain graph of the material. For SUS304, the stress-strain 
relationship was determined through tensile test and for SCM435, the stress-strain 
relationship was investigated from Noda (2016). The stress-strain curve is shown in Fig. 7. 
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Fig. 7 Stress-strain curves of SUS304 and SCM435(Noda 2016) 

 
In the stress-strain relationship, the values of only the plastic area were extracted 

and entered into the options for establishment of the governing equation after the yield 
point. The relationship between yield stress and plastic strain of each material is shown in 
Table 3. 

 

Table 3. Yield stress-plastic strain curves of SUS304 and 
SCM435 

Yield stress (MPa) Plastic strain 

SUS304 SCM435 SUS304 SCM435 

240.6179 844.269 0 0 

300.1945 882.213 0.015094775 0.000704 

400.0033 991.304 0.069143234 0.0048507 

500.0500 1041.11 0.134446232 0.0095554 

600.0251 1057.71 0.201001434 0.0176967 

700.0995 1069.57 0.263251625 0.0238027 

800.0223 1076.68 0.322951672 0.0292066 

900.0079 1086.17 0.384609869 0.0349615 

986.1872 1100 0.452615865 0.04 

 



The 2021 World Congress on 
Advances in Structural Engineering and Mechanics (ASEM21)
GECE, Seoul, Korea, August 23-26, 2021

3.2 Model Establishment 
A T-shaped cross-sectional fastening seismic retrofit showed symmetry as a 

symmetrical model. Figure 8 shows full scale and half scale models. As shown in Fig. 8, 
the meshes and load and boundary conditions of the fastened type seismic retrofit FEM 
are set up. For this, 8-node solid elements (C3D8) are applied for fastening, and the jig for 
support and loading is a rigid body element (R3D4). The average size of the element is 3 
mm. The total number of elements is 12,135 for modeling with a 10mm web thickness and 
13,344 for modeling with a 15mm web thickness. 

 

   
 

Fig. 8 Full scale and half scare models of a fastening type of seismic retrofit 
 

Web, flange, and stiffener will be welded together and are set as Tie models for 
general contact in modeling. To input the axial force of the bolt, the reference point (RP) is 
set at the center of the bolt's head to combine the bolt and coupling. 

To reduce the number of elements of the analytical model, we set it to half scale 
model to set the symmetry constraint ZSYMM. The lower jig constrained displacement and 
rotation in all directions for support. In addition, the Y-direction displacement of the free 
end of the model and rotation in all directions are constrained to enhance the Static 
General convergence. 0.05mm in the Z direction for axial force of the bolt and 100mm in 
the X direction displacement control for bending analysis are set in different steps. 
 

3.3 Analytical results 
Curve trends in 10 mm model and 15 mm model are similar. Models with a web 

thickness of 10 mm had an ultimate strength of 32.59 kN, while models with an ultimate 
strength of 15 mm had an extreme load of 51.67 kN, which was 63% higher. This figure is 
significant because the ultimate strength increased by 63 % as the thickness of the web 
increased by 50%. The load-displacement curves are shown in Fig. 9. 
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Fig. 9 Load-displacement curves of 10 mm and 15 mm models 

 
In Fig. 10, we visually represent the results of nonlinear finite element analysis to 

observe variations according to web thickness size. Both 10 mm and 15 mm models show 
no severe deformation in the bolts, and the analysis shows a tendency for stress to be 
concentrated on bolts and forced area. The maximum stress for modeling with a web of 15 
mm is 787.2 MPa, and the maximum stress for modeling with a web of 10 mm is 688.3 
MPa. As the web thickness increased, the ultimate strength increased by 158%, while the 
maximum stress increased by only 114%. Therefore, increasing the size of the web is 
effective in increasing the performance of seismic retrofit and has a significant impact. 

Also, no noticeable deformation occurred in the shape of the bolt. There is a 
tendency for stress to be concentrated in the screw section rather than in the head of the 
bolt, which is larger in models with a web of 15mm. Model with a web of 10 mm had a 
maximum stress of 256.1 MPa for bolts, while model with a web of 15 mm has a stress of 
579.8 MPa, which is 2.3 times greater. As the size of the web has decreased, it is believed 
that the load that bolt has to burden has increased. 
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Fig. 10 Visualization of Von Mises stress of 10- and 15-mm models 
 
 
4. CONCLUSIONS 
 

In this paper, we developed the shape of a new type of seismic retrofit, T-type cross-
section fastening retrofit. Four-point bending analysis was performed on this seismic 
retrofit to simulate geometric deformation caused by the mass and horizontal seismic force 
of the upper structure of the column, and its performance was determined. As a result of 
the analysis, the patterns and influence of load-displacement curves according to the 
thickness of the web were compared. When the web's thickness increased by 150%, the 
ultimate strength increased by 158% and the maximum stress increased by 114%. 
Therefore, it was effective to increase the performance of seismic retrofit by selecting the 
maximum dimensions considering concrete cover. Furthermore, no change in the shape of 
the bolts was observed regardless of the thickness of the web, demonstrating sufficient 
rigidity to engage the fastening seismic retrofit. Based on this research, it is expected that 
actual prototypes can be produced and contribute to the production of real product. A 
quasi-static experiment will be required to produce a real prototype in future studies and to 
simulate seismic loads by fastening to a column. In addition, it is deemed necessary to 
improve the applicability and practicality of fastening type seismic retrofit to the actual 
working environment and to further improve the seismic performance of RC columns. 
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