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Abstract- Nowadays the usage of concrete filled steel 

tubular column constructions is becoming popular due 

to their high strength, stiffness, durability, corrosion 

resistance performances and aesthetic appearances. By 

using the cement and fine aggregates, leads to the 

environmental pollutions. Therefore, in this study the 

replacement concrete involved. In this experimental 

study, the tubular columns were filled with control and 

replacement concrete mixtures. The M25 grade of 

concrete was involved for this experimental work. This 

investigation focused on the replacement of cement with 

5 % of metakaolin and fine aggregate with 25% of 

green sand. The type of concrete used and number of 

layers of glass fibre reinforced polymer wrapped 

around the outer core are the main parameters 

considered in this study. Experimentally, the ultimate 

load carrying capacity for the GFRP wrapped and 

unwrapped concrete filled columns were found. From 

the results, it is observed that the GFRP wrapped 

concrete filled tubular column specimens performed 

well under the compressive load and their performances 

was better than the unwrapped concrete filled tubular 

columns. Also, it was observed that the load carrying 

capacities of tubular columns were increased with the 

increase in the GFRP layer around the outer core of the 

concrete filled tubular columns 

 

Index terms- circular Stainless steel, Green sand, Glass 

Fibre, Vinyl Estar Resin 

 

INTRODUCTION 

 

In the past several decades, the concrete filled steel 

tubular columns have been used in a wide variety of 

structural engineering applications, particularly in 

bridges and high rise buildings. This increase in use 

is largely due to the structural and economic 

advantages offered by concrete filled tubes over open 

and empty sections, as well as their aesthetic appeal. 

Also, circular hollow sections possess many 

advantages over open sections, including aesthetic 

appearance and economy in terms of material costs. 

Stainless steel provides high corrosion resistance, 

aesthetic appearance, ease of maintenance, ease of 

construction and high fire resistance compared to 

traditional carbon steel. Due to the complexity of 

connections between steel beams and circular hollow 

sections, their use in structural steelwork is limited. 

This is because the use of standard bolting is not 

feasible and costly unpopular welded connections are 

the normal solution. 

 

REVIEW OF LITERATURES 

 

Serkan Tokgoz (2015), showed the experimental 

behaviour of plain and steel fibre concrete filled 

stainless steel tubular columns under biaxial bending 

and axial compression. The parameters such as 

concrete compressive strength, cross section 

capacities, load eccentricity, steel fibre material and 

slenderness was studied, and the ultimate strength 

capacities, load deflection relations and load axial 

strain behaviour were investigated. Concluded that 

the high strength stainless steel tube was very 

effective on behalf of concrete filled steel tubular 

column behaviour. 

Richard Liew J Y et al (2014), investigated the 

behaviour of tubular columns in filled with ultrahigh 

strength concrete at ambient and elevated 

temperatures. The test were conducted for the basic 

mechanical properties of the high strength materials 

and structural behaviour of stub columns under 

concentric compression, beams under moment and 

slender beam columns under concentric and eccentric 

compression. High tensile steel with yield strength up 

to 780 MPa and ultrahigh strength concrete with 

compressive cylinder strength up to 180 MPa were 

used to construct the test specimens. The test values 

were compared with the predictions using a modified 
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Eurocode 4. At high temperature, strength reduction 

is less for ultrahigh strength concrete than normal 

strength concrete, while more strength reduction is 

expected for high tensile steel compared to mild steel 

Muhammad Naseem et al (2006), investigated the 

behaviour of concrete filled steel tubular columns 

axially loaded in compression in failure. They carried 

totally 28 specimens with different cross - sections. 

In that specimen 16 columns were filled with the 

concrete and 12 columns were kept as hollow. The 

parameters such as length to diameter, tube shape and 

diameter to thickness ratio were involved. Finally 

concluded that the strength increases in circular 

columns more than in the square columns. Increasing 

strength of the circular columns was more than 60 %. 

Local wall buckling was recorded in the square 

columns in both the hollow and concrete filled 

sections. 

 

Stainless Steel 

An austenitic stainless steel with 2 to 3% 

Molybdenum which improves the corrosion 

resistance against halogens and imparts hot strength 

characteristics used for applications requiring 

resistances to pitting corrosion and in halogen 

atmospheres. 

 
Pictorial View of Stainless Steel Section 

 

Metakaolin 

The raw material in the manufacture of Metakaoline 

is kaolin clay. Kaolin is a fine, white, clay mineral 

that has been traditionally used in the manufacture of 

porcelain. Kaolins are classifications of clay 

minerals, which like all clays, are phyllosilicates, i.e. 

a layer silicate mineral. Metakaolin is neither the by-

product of an industrial process nor is it entirely 

natural. It is derived from naturally occurring mineral 

and is manufactured specially for cementing 

applications. metakaolin is white, amorphous, highly 

reactive aluminiumsilicate pozzolan forming stabile 

hydrates after mixing with lime stone in water and 

providing mortar with hydraulic properties. 

 
Pictorial View of Metakaolin 

 

Green Sand  

It is a high quality silica sand with uniform physical 

characteristics. It is a by-product of ferrous and 

nonferrous metal casting industries. When the sand 

can no longer be reused in the foundry, it is removed 

from the foundry and is termed foundry sand. 

 
 

Glass Fibre Reinforced Polymer 

Fiber-reinforced polymer is a composite material that 

consists of a polymer matrix with fiber 

reinforcement. Glass and carbon are common fibers 

while the polymer is typically a vinyl ester resin. The 

vinyl ester resin is used to combine the fibers and 

connect the wrap with the structural member. The 

polymer is placed on the concrete surface, and then 

the FRP is wrapped around the column. In wet-

application, fibers are soaked in wet resin or polymer 

before Fiber-reinforced polymer application.  
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Vinyl Ester Resin 

Vinyl esters are stronger than polyesters and more 

resilient than epoxies. The flexible nature can 

withstand impacts and repeated flexing without 

developing cracks. Vinyl esters provide excellent 

resistance to water, organic solvents and alkalis.  

 

Fineness Test 

The fineness of cement has an important bearing in 

the rate of hydration and hence in the rate of gain of 

strength and rate of evolution of heat. Finer cements 

offer a greater surface area for hydration and hence 

faster development of strength 

Fineness modulus of cement = 1 

 

Consistency and Setting Time Test 

The aim of consistency test is to find out the water 

content required to produce a cement paste of 

standard consistency as specified by the IS: 4031 

(Part 4) - 1988. The principle is that standard 

consistency of cement is that consistency at which 

the Vicat plunger penetrates to a point 5-7mm from 

the bottom of Vicat mould. 

Consistency of cement = 29%  

 

TEST PROCEDURE  

The concrete filled steel tube specimens are tested for 

their load carrying capacity under axial compression 

on the 3000KN compression testing machine. The 

specimen of CFST is placed centrally on plates of 

compression testing machine and the load is applied 

gradually, then ultimate load values were noted at the 

failure condition. The actual test setup in fig 

 
Pictorial View of Loading Setup 

 

RESULTS AND DISCUSSION 

 

 COMPRESSION STRENGTH OF CONCRETE 

The cubes for checking the compressive strength is 

casted as per the proportions and tested as per IS 516 

- 1959. For each mix, 3 specimens were tested and 

the average result is recorded. 

The compressive strength of concrete is calculated 

from the formula, 

Compressive strength of concrete (N / mm2) = Load 

(KN) / Area (mm2) Standard dimension of the 

specimen = 150 mm x 150 mm x 150 mm 

Compressive Strength of Concrete 

The Compressive strength obtained for the normal 

and replacement concrete is observed as follows. 

 
 

CONFINED EFFECT 

The confined effect is calculated by using the ratio 

between experimental and theoretical values. The 

percentage variation for control mixed concrete are 

2.6% higher for single layered specimen, 3.8% higher 

for double layered specimen, 4.2% higher for triple 

layered specimen and 6% higher for four layered 

specimen than unwrapped specimen. The percentage 

variation for replacement concrete are 1.8% higher 

for single layered specimen, 3.3% higher for double 

layered specimen, 4.2% higher for triple layered 

specimen and 7.8% higher for four layered specimen 

than unwrapped specimen. 

 

CONCLUSIONS 

 

The present study examines the behaviour of the 

CCSST columns under axial compression. Based on 

the test results, the following conclusions can be 

drawn within the scope of the current study: 

1. The percentage variation of ultimate load for 

control mixed concrete are 49% higher than 

unwrapped specimen, 33% higher than single 

layer wrapped specimen, 22% higher than double 

layer wrapped specimen and 25% higher than 

triple layer wrapped specimen. 

2. The percentage variation of ultimate load for 

replacement concrete are 47% higher than 
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unwrapped specimen, 35% higher than single 

layer wrapped specimen, 28% higher than double 

layer wrapped specimen and 23% higher than 

triple layer wrapped specimen. 

3. The percentage variation of confined effect for 

control mixed concrete are 2.8%, 3.6%, 4.6% 

and 8% higher than unwrapped specimen. 

4. The percentage variation of confined effect for 

replacement concrete are 1.6%, 2.3%, 3.2% and 

7.6% higher than unwrapped specimen. 

5. Ring shaped bulging was observed in the hollow 

section. The ring shaped buckling in the concrete 

filled tubes were prevented by the steel and 

especially by the GFRP wrapping. 
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