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Abstract - Tubular hollow steel members have been widely
used as structural elements in civil infrastructure throughout
the last few years. Despite the likelihood of steel structures
being damaged during an earthquake due to their cyclic
features, few investigations have been made on the cyclic
strengthening of CHSs. The cyclic performance of carbon fiber
reinforced polymer (CFRP) enhanced CHS specimens is
investigated using a finite element (FE) modelling
methodology in this study. A previous investigation was used
to determine the material properties of CFRP and adhesive.
The CHS specimen dimensions and material properties are
taken from IS codes. A study was done to list out the
parameters which result on CHS member. The impacts of T-
CFRP/T-CHS and D-CHS/T-CHS on the cyclic performance of
strengthened CHS members are then evaluated in a detailed
parametric investigation. The comparison of FE results of Bare
CHS element and CFRP strengthened elements is done by using
the Backbone curve of the moment (kN.m) vs rotation
(radians), a Bar graph of the maximum moment (kN.m) of a
member, and stiffness (kN/m) of a member at a particular
rotation. The results show that these parameters have a
considerable impact on the cyclic performance of CFRP-
strengthened CHS components. Increases in the T-CFRP/T-
CHS, as well as the D-CHS/T-CHS specimens, enhance the
efficiency of enhancing strength of CHS members.

Key Words: CFRP; Finite Element Modelling; Circular
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1.INTRODUCTION

When the cyclic load is applied to tubular hollow members,
they become incredibly unstable. They've been widely
utilized in onshore and offshore civil infrastructure where
earthquakes, waves, currents, and wind may cause cyclic
loading. As a result, to handle both static and cyclic loads,
tubular hollow steel members may have to be strengthened.
In the present study externally-bonded carbon fiber-
reinforced polymer (CFRP) has been used to strengthen the
circular hollow section (CHS) steel specimens. As a result, a
detailed analysis of the strengthening of tubular hollow steel

members is essential. Although the carbon fiber-reinforced
polymer (CFRP) strengthening approach has demonstrated
its efficacy in improving the structural response of various
steel members, few studies of the structural response of
circular hollow section (CHS) steel elements reinforced with
CFRP have been conducted. By comparing the FE model
simulated outcomes, an effective finite element (FE) model is
first established throughout this study. The impact of the T-
CFRP/T-CHS, as well as the D-CHS/T-CHS on the structural
response of the strengthened component subjected to cyclic
loading, is studied in parametric research. The analysis
shows that these parameters have a considerable impact on
the cyclic performance of CFRP-strengthened CHS elements.
The effectiveness of enhancementisimproved by increasing
the T-CFRP/T-CHS and D-CHS/T-CHS specimen.

2.SCOPE

In this investigation, an effort is made to study and analyze
parameters that affect the strength of CHS retrofit with CFRP
under cyclic loading. The sections will be designed as per
Indian standard codes. The study helps out to reduce the cost
of material required for the parametric investigation of CHS
members under cyclic loading. The study also helps to
analyze and optimize the requirement of the CFRP material
required for strengthening.

3.0BJECTIVES

1. To develop finite element models of the circular hollow
steel sections.

Under cyclic loads, to analyse the effect of T-CFRP/T-CHS.
To study the behavior of the D-CHS/T-CHS under cyclic
loading.

Compare and conclude the results of Bare and CFRP
strengthened CHS steel members subjected to cyclic

loading.
4. MODELLING AND ANALYSIS OF CHS MEMBER
Steel section specifications are derived from IS code and

modelled using FE software with member’s specimen is 12
mm, an external diameter of 324 mm, and 5000 mm long.

© 2021, IRJET |

Impact Factor value: 7.529

IS0 9001:2008 Certified Journal

| Page 752



‘L International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056
]E-'IT Volume: 08 Issue: 07 | July 2021 www.irjet.net

p-ISSN: 2395-0072

The bond length of CFRP has been modelled for a length of
3000 mm from fixed support. The T-CFRP is 0.6 mm, and T-
Adhesive is 0.1 mm. The adhesive layer is plotted between
steel and strength enhancing CFRP material to find the
failure pattern.
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Fig-1: Model

4.1 Finite Element Model

Fig-2: Geometry

Fig-3: Meshing Bare and Strengthened Element

e Steel - 4-node shell element (S4R).

e Adhesive - 8-node 3D cohesive element (COH3D8) by
solid offsetting in the outward direction of orphan mesh.

e CFRP - 8-node shell element (SC8R).

e Meshing - Meshing of adhesive and CFRP is done by
solid offsetting in the outward direction of orphan
mesh. The size of the mesh is 50mm.

4.2 Input Engineering Data

I. Loading Protocol
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Fig-4 : ASCI Cyclic Loading Protocol

II. Material Properties

Steel:

Elastic Modulus - 210 GPa
Tensile Strength - 480 MPa
Yield Strength - 200 MPa
Poisson’s Ratio - 0.3

Adhesive: M-brace saturant

Modulus of Elasticity (E,) - 2.86 GPa

Tensile Strength (&,,,,) - 46.0 MPa

Normalized elastic modulus of adhesive in mode-
[ (Kyy) - 2.8 x 1013 N/m?

Normalized elastic modulus of adhesive (k. =
k) -1.4x 101 N/m?

© 2021,IRJET | ImpactFactor value: 7.529

CFRP:

Modulus of Elasticity (E4.) - 75 GPa
Modulus of Elasticity (E,.) - 25 MPa
Tensile Strength (T1) - 987 MPa
Fracture Energy Fiber Tension (G¢,) - 91,600 N/m
Fracture Energy Fiber Compression (G¢.) - 79,900
N/m
Fiber Energy Matrix Compression (&,,.) - 1100
N/m
Fiber Energy Matrix Tension (G,,.) - 220 N/m
Longitudinal Tensile Strength - 987 MPa
Longitudinal Compressive Strength - 197.4 MPa
Longitudinal Shear Strength - 98.7 MPa
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Transverse Tensile Strength - 98.7 MPa
Transvers Compressive Strength - 98.7 MPa
Transvers Shear Strength - 98.7 MPa
Poisson’s ratio - 0.33

5. PARAMETRIC INVESTIGATION AND RESULTS

> Effect of the ratio of T-CFRP to T-CHS
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Fig-5: Moment Vs Rotation Backbone Curve
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bond length of 3000 mm to analyse the effect of T-CFRP/T-
CHS under cyclicloading. As the T-CFRP is constant so the T-
CFRP/T-CHS decreases with increase in T-CHS. The decrease
in this ratio affects the efficiency of strengthening.

> Effect of the Diameter-to-Thickness ratio of CHS
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Fig-7: Maximum Moment @ 0.04 radians
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Fig-8: Stiffness @ 0.04 radians

Table-2: Percentage increase in Maximum Moment

Fig-6: Stiffness @ 0.04 radians Capacities
Table-1: Percentage increase in Stiffness Diameter of CHS Percentage increase in Maximum
(mm) Moment Capacities
Thickness of CHS Percentage Increase in Stiffness 324 28.89 %
Specimen (mm) 424 34.15 %
3 35.88% 524 38.21%
10 31.39¢9 .
% The diameter of CHS members are 324 mm, 424 mm, and
12 28.89% 524 mm with constant thickness of 12 mm are modelled for

The thickness of CHS members are 8 mm, 10 mm, and 12
mm with common outer diameter of 324 mm are considered.
The members are enhanced with three layers of CFRP of

bare and CFRP enhanced model and analysed under cyclic
loading to determine the effect of D-CHS/T-CHS. The D-
CHS/T-CHS increases with increase in diameter of CHS
member. As we can see in Fig-7 the efficiency of
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enhancement of strength of strengthened member increases
with increase in diameter of CHS member. This technique is
applicable to optimise the cost of enhancing bare member.

6. CONCLUSIONS

In this study, the bare and enhanced CHS members are
analyzed under cyclic loads. A parametric study is done on
bare and enhanced CHS member and results are compared
and final conclusion is noted as follow:

1. The above technique of analysis is accurately predicting
the behavior of parameters and it will reduce the cost of
experiment.

2. The efficiency of CFRP strengthening improves as the
ratio of CFRP to CHS thickness rises.

3. The effectiveness of CFRP strengthening enhances as the
D-CHS/T-CHS increases, while the CHS specimen’s
compactness reduces as the D-CHS/T-CHS increases.

4. When compared to bare CHS specimens, CFRP
strengthened CHS specimens demonstrated reduced local
buckling because the enhanced CHS member help to
increase stiffness and distribute the stress efficiently.

ACKNOWLEDGEMENT

We would like to thank our institute, Walchand College of
Engineering in Sangli, Maharashtra, for providing us with a
supportive environment.

REFERENCES

[1] T.Tafsirojjaman, S. Fawzia, D. Thambiratnam, X.-L. Zhao,
“Behavior of CFRP strengthened CHS members under
monotonic and cyclic loading”. ]. Compos. Constr. 2019.

[2] T. Tafsirojjaman, S. Fawzia, D. Thambiratnam
“Investigation on the behavior of CFRP strengthened
CHS members under Monotonic loading through finite
element modelling”, Structure. 28 (2020), pp. 297-308.

[3] T.Tafsirojjaman, S. Fawzia, D. Thambiratnam, X.-L. Zhao
“Numerical investigation of CFRP strengthened RHS
members under cyclic loading”. ]. Struc. 2020.

[4] T. Tafsirojjaman, S. Fawzia, D. Thambiratnam,
“Numerical Investigation on the CFRP Strengthened
Steel Frame under Earthquake”. ICFCM. 2019.

[5] Kabir MH, Fawzia S, Chan THT, Gamage JCPH, Bai ]B.
Experimental and numerical investigation of the
behavior of CFRP strengthened CHS beams subjected to
bending. Eng. Struct 2016.

[6] 341-16, Seismic Provisions for Structural Steel Buildings
(ANSI/AISC) . 2016.

[7] IS 1161: 2014, Steel Tubes for Structural Purposes.
2014.

© 2021, IRJET | ImpactFactor value: 7.529

IS0 9001:2008 Certified Journal | Page 755



