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Abstract— The main objective of the study is to investigate 

the behaviour of light gauge steel hollow, Plain Cement 

Concrete (PCC) and Steel Fiber Reinforced Concrete(SFRC) 

in-filled stub, columns subjected to uniaxial loads 

Experimental and Theoretical investigations have been 

carried out. Specimens were fabricated from light gauge steel 

tubes. For PCC in-fill, M40 grade concrete was chosen and 

for SFRC in-fills, in the same grade of concrete crimped and 

hooked end steel fibers with aspect ratio of 60 were used for 

the volume 1.00% of both fibers. The effects of in-fill and 

eccentricities of the applied loads on the load carrying 

capacities of the hollow and composite columns were studied. 

Load-Axial shortening and Load-Strain behaviour for all the 

specimens tested. The failure modes, stiffness, ductility 

factors of the columns without in-fills and with (SFRC) in-

fills were compared. Light gauge steel size (100 x 50 x 1500) 

and steel fiber size length 30mm dia 0.5mm.    

Keywords: SFRC, PCC, Light Gauge Steel 

I. INTRODUCTION 

Composite construction may be considered as a reliable 

choice of attaining proper balance between the advantages it 

offers and the cost. An extensive variety of composite 

columns available now days, but the concrete filled steel 

tubular sections are most commonly used a hollow tubular 

member is filled with concrete, used as columns that are 

reinforced concrete (RC) members in structural systems of 

tall buildings and bridges. This composite system utilizes the 

compressive strength of the concrete and the steel tube lies in 

the outer limits contributes a large portion of the stiffness and 

tensile strength, in addition, it provides required confinement 

to the concrete core, which increases the compressive 

strength of the column member. In compression, CFST 

column reaches their ultimate capacity when both the steel 

and the concrete reach their strength limit point, i.e., yielding 

of the steel and crushing of the concrete and the CFST slender 

columns are governed by stability and failed by either elastic 

or inelastic column buckling. The flexural behaviour of CFST 

member behaving much like hollow steel tubes. The 

contribution of the concrete to moment of resistance occurs 

due to the movement of the neutral axis of the cross section 

towards the addition of concrete. 

The applications of composite members consisting 

of concrete in-filled steel hollow sections have become 

increasingly popular in Civil Engineering structures in the 

last two decades. This is due to their advantages over the 

conventional structural sections in terms of strength, ductility, 

stiffness, easy construction procedure. The steel and the 

concrete in a composite member complement each other 

ideally. While the steel confines the concrete laterally, 

allowing it to develop the optimum compressive strength and 

ductility, the concrete in turn supports the steel shell laterally 

to prevent elastic local buckling.  

A. Composite Columns 

Light gauge steel rectangular composite columns, those with 

steel section in-filled with concrete and those with steel 

section encased in concrete are commonly used. Basic forms 

cross sections representative of composite columns. Concrete 

in-filled steel columns have been used for earthquake 

resistant structures, bridge piers subjected to impact from 

traffic, columns to support storage tanks, decks of railway 

bridges, columns in high rise buildings and as piles. Because 

the increased use of composite columns, a great deal of 

experimental and theoretical works have been carried out. 

One important advantage of in-filled columns is that the 

construction is accelerated through separation of trades. 

Initially, a bare steel frame is erected to carry the gravity and 

construction loads during construction. As erection of 

building progresses, concrete is filled from lower level of 

columns to form composite system that will resist the total 

gravity and lateral loads, thus considerable amount of labor, 

materials and construction cost can be reduced. For steel 

hollow sections with concrete in-fill, the contained concrete 

effectively prevents the inward buckling of the steel tube and 

the compressive strength of the concrete is in turn increased 

by steel tube which produces a axial state of stress. The 

enhancement in the structural properties of concrete filled 

steel columns is due to the composite action between the 

constituent elements, the presence of the steel box-section 

produces an increase in concrete strength due to the on 

finement effect. 

B. Light Gauge Steel Sections 

Light gauge steel structural members can lead to more 

economic design than hot rolled members as a result of their 

high strength to weight ratio, ease of fabrication and 

construction. Further their increased yield strength, their post 

buckling strength and their suitability for wide range of 

applications are the key advantages of light-gauge steel 

sections. Such members are susceptible to local buckling at 

relatively low compressive, shear, bending or bearing stress. 

However a considerable reserve of post buckling strength 

exits due to the possibility of membrane actions after local 

buckling. The use of light gauge steel structures has become 

increasingly popular in different fields of building 

construction. 

C. Buckling of Light Gauge Steel Section 

Compared to conventional structural behaviour of hot-rolled 

columns, the pronounced role of instabilities complicates the 

behaviour and design of thin-walled columns. These sections 

are susceptible to instability in a variety of modes that can be 
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described generally as local, distortional and global buckling. 

Local buckling is particularly prevalent and is characterised 

by relatively short-wavelength buckling of individual plate 

elements. Global buckling embraces elastic 

Euler buckling and torsional-flexural buckling of 

columns and lateral-torsional buckling of beams. Distortional 

buckling occurs as a consequence of distortion of the cross-

section and is characterised by the relative movement of the 

fold-lines. The wavelength of distortional buckling is 

generally intermediate between that of local and global 

buckling. The influence of local buckling is taken into 

consideration in the design codes by using either an effective 

width or effective thickness for the plate element under 

consideration. When hollow light gauge steel members are in-

filled with concrete the entire buckling phenomenon will be 

changed, hence study on the buckling criteria for the in-filled 

columns were at most important aspect in the composite 

column design. 

D. Steel Fibre Reinforced Concrete (SFRC) 

When hooked end and crimped steel fibres are added to 

concrete mix, they are randomly distributed and act as crack 

stemmers. Concrete being a brittle material, hollow tensile 

strength and ductility. Steel fibre reinforced concrete, a two 

phase composite material, having uniformly distributed steel 

fibres, has better resistance against cracking, improved 

strength in shear, tension, compression and flexure with 

better toughness and ductility properties as compared to plain 

fibre concrete. The addition of randomly distributed fibres 

improves the fracture strength, toughness, impact resistance, 

flexural strength and fatigue resistance of concrete. 

Furthermore deboning and pulling out of fibres require more 

energy, giving a considerable increase in resistance and 

toughness under static or dynamic, monotonic or cyclic 

loading. SFRC in-filled columns also present better fire 

resistance than plain concrete composite columns because of 

the active confinement of the concrete due to the fibres. 

The applications of SFRC depend on the ingenuity 

of the designer and builder in taking advantage of its much 

enhanced and superior static and dynamic tensile strength, 

ductility, energy-absorbing characteristics, abrasion 

resistance and fatigue strength .Growing experience and 

confidence by engineers, designers and contractors has led to 

many new areas of use particularly in precast, cast in-situ, and 

shot Crete applications. Traditional application where SFRC 

was initially used as pavements, has now gained wide 

acceptance in the construction of a number of airport 

runways, heavy-duty and container yard floors in several 

parts of the world due to savings in cost and superior 

performance during service. 

The advantages of SFRC have now been recognized 

and utilized in precast application where designers are 

looking for thinner sections and more complex shapes. 

Applications include building panels, sea-defence walls and 

blocks, piles, blast-resistant storage cabins, coffins, pipes, 

highway kerbs, prefabricated storage tanks, composite panels 

and ducts. Precast fibre reinforced concrete manhole covers 

and frames are being widely used in India, Europe and USA. 

Cast in-situ application includes bank vaults, bridges, nosing 

joints and water slides. “Sprayed-in” ground swimming pools 

is a new and growing area of shot Crete application in 

Australia. SFRC has become a standard building material in 

Scandinavia.  

II. LITERATURE REVIEW 

Meier et al. [1] investigated the replacement of steel plates 

with FRP laminates for repairing and strengthening 

reinforced concrete columns. This paper encompassed 

externally bonding CFRP sheets to twenty-six concrete 

columns. Each beam was minimally reinforced with steel on 

top and bottom and included shear reinforcement. The 

maximum load increased over 100% compared to the control 

(unstrengthened) by applying a unidirectional CFRP laminate 

sheet to the tensile side of the specimens. Also, the deflection 

of the strengthened beam was 50% less than the control 

columns. The cracks in the repaired were small and closely 

spaced along the length of the member. This differed from the 

control beam, which showed a crack pattern of fewer and 

larger cracks. This study represented the first evidence that 

FRP laminates could help in the repair of deteriorated 

concrete columns. The failure modes related to FRP repaired 

beams were tensile failure of the CFRP sheets classical 

concrete failure in the compressive zone, continuous peeling-

off of the CFRP sheets due to an uneven concrete surface. 

Hamid Saadatmanesh et al. [2] presented a new 

technique for seismic strengthening of concrete columns. 

This technique requires wrapping thin flexible high-strength 

fibre composite straps around the column to improve 

confinement and thereby its ductility and strength. Analytical 

results were presented that quantify the gain in strength and 

ductility of concrete columns externally confined by means 

of high strength fibre composite straps. A parametric study 

was conducted to examine the effects of various design 

parameters such as concretecompressive strength, thickness 

and spacing of the straps and type of strap. The results 

indicated that the strength and durability of concrete columns 

can be significantly increased by wrapping high-strength 

fibre composite straps around the columns. 

Tom Norris et al. [3] conducted an experimental 

program at the University of California at San Diego for the 

repair of earthquake damaged concrete members in high risk 

seismic zones. In this paper, an effective technique for 

repairing earthquake damaged concrete columns with FRP 

composites wraps was presented. E-glass uni-directional 

fibres were used. Four column specimens were tested to 

failure under reversed inelastic cyclic loading to a level that 

would occur in a severe earthquake. The columns were 

repaired with prefabricated FRP wraps and retested under 

simulated earthquake loading. The results of the repaired 

columns exhibited relatively larger lateral displacements at 

low load levels compared to original column sand it showed 

a significant impotents in the hysteresis loops of lateral load 

versus displacement. The results indicated that the proposed 

repair techniques highly effective. Both flexural strength and 

displacement ductility of repaired columns were higher than 

those of the original columns. 

Bazaa et al.[4] presented a research work based on 

optimizing the length and orientation of the CFRP to increase 

beam strength and ductility. Eight beams were minimally 

reinforced with steel and over designed for shear to cause a 

flexural failure. One beam was used as a control while the 
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others were bonded with three layers of CFRP. The sheets 

varied in length and orientation of the fibres. Four had 

unidirectional fibres with different lengths, and the other 

three had various fibre directions with regard to the 

longitudinal direction. The results of the deflection plots 

exhibited three different section modulus such as the start of 

the experiment to first crack, first crack to yielding of the steel 

began, and yielding of experiment showed an increase in 

strength and stiffness and a decrease in deflection as 

compared to the control beam. All failures occurred at a load 

at least 57% higher than the control beam. The stiffness was 

similar until the cracking moment. At this point, less 

deflection was observed in the repaired beams. The load 

versus the steel to failure of the member. However, the off-

axis CFR provided an improved warning of failure due to 

cracking sounds. 

Tom Norris et al [5] presented a paper and dealt with 

the results of an experimental and analytical study of the 

behavior of damaged or under strength concrete beams 

retrofitted with thin CFRP sheets. The CFRP sheets were 

epoxy bonded to the tension face and web of concrete beams 

to enhance their flexural and shear strengths. They concluded 

that CFRP sheets can provide increase in strength and 

stiffness to existing concrete beams when bonded to the web 

and tension face. Marco Arduini et al [6] presented a paper 

with experimental data obtained from strengthened, pre 

cracked, reinforced concrete specimens together with the 

results of material characterization. Strengthening was 

attained with the adhesion of carbon fibre- reinforced plastic 

sheets to the concrete surface. The CFRP was applied as in 

situ (i.e., working under the beam). Several variables were 

investigated, including: two types of CFRP material systems, 

two types of concrete surface preparations, two types of RC 

cross sections and the number and location of CFRP piles. 

For two specimens, the presence of applied load as well as 

external pre stressing during the adhesion of the CFRP 

reinforcement, were investigated. It is shown that the effect 

of CFRP strengthening was considerable, but the effect of 

some of the tested variables was modest. An existing 

analytical model was extended to simulate the load-deflection 

behavior as well as the failure mode of the pre cracked RC 

specimens. Different failure mechanisms from ductile to 

brittle were simulated and verified. Mohammad Shams et al. 

[7] investigated the state of the art of concrete-filled steel 

tubular columns including experimental and analytical. The 

main parameters were cross sectional shape, aspect ratio, and 

column length on the behavior of CFT columns. Tests were 

conducted on 286 columns under concentric axial loads. Six 

sizes of circular, square, and octagonal steel tubing with 

different wall thicknesses were used during the test. It was 

found that CFT columns can fail in two modes. In the case of 

longer columns, general buckling and in shorter columns, 

crushing of concrete was observed. The ultimate strength of 

CFT columns was considerably affected by the slenderness 

ratio and the thickness of steel tubing, as well as the cross-

sectional shape. A confining effect can be expected for 

circular columns, while for square columns there was no 

increasing axial strength due to tri axial effects despite small 

slenderness ratios and large wall thickness. From the results 

of bond effect, the bond strength has not significant effect on 

the flexural capacity of CFT columns, the flexural capacity 

considerably increases by increasing axial load, and steel tube 

has a significant effect on improving the compressive 

strength of concrete and preventing the brittle failure that is 

normally associated with unconfined high strength concrete. 

Stephen et al [8] presented an experimental study on the 

behavior of short, concrete filled steel tubular column 

concentrically loaded in compression to failure. Fourteen 

specimens were tested, three were circular, five were square, 

and six were rectangular steel tube shapes to investigate the 

influence of steel tube shape and wall thickness on the 

ultimate strength of the composite column. The experimental 

parameters were thickness, cross section and length of the 

tubular section. Ultimate strength results were compared to 

specification governing the design of concrete filled steel 

tube column. Experimental results showed that circular tubes 

have a high post yield strength and stiffness compared to 

square and rectangular section. 

Weizizhang et al. [9] evaluated the strength of short 

and long concrete filled tubular (CFT) columns. Rectangular 

and square CFT columns were chosen. The applicability of 

American Concrete Institute (ACI) standard techniques for 

computing the capacity of short and slender CFT was 

investigated. The ACI standard approach fully predicted the 

capacity of short CFTs made with normal strength tubes filled 

with either by normal or high strength concrete, showed a 

close related values that arrived by employed a fibre analysis. 

Vijaya Rangan [10] conducted a test on high strength 

concrete filled steel tubular (CFST) columns. The primary 

parameters of testing were such as the load eccentricity and 

column slenderness. The objectives of CFST columns were 

therefore to study the behaviour of hollow section steel 

columns filled with high strength concrete. A total of 16 

circular CFST columns were tested in eccentric compression 

producing single-curvature bending. All columns were tested 

in a 2500KN capacity universal testing machine. The trend 

showed that column slenderness had a marked detrimental 

effect upon column strength, that too for low slender columns 

specifically. Low slender columns possessed greater 

strengththan very slender columns, therefore less ductile. 

Twenty five circular CFST columns were tested for double-

curvature tests, as of for single-curvature test procedure. 

Consistent with the behaviour or reinforced concrete 

columns, the strength and flexural stiffness of a CFST column 

was enhanced when bended to double-curvature. 

Amitvarma et al [11] experimentally investigated 

the behaviour of high strength square concrete filled steel 

tube (CFST) beam- columns. The parameters adopted for 

their investigation were the width to thickness ratio (b/t) ratio, 

yield stress (σy) of the steel tube and the axial load level. 

Several specimens of CFST beam-columns were tested under 

constant axial load and monotonically increased flexural 

loading. The test length of the beam-column specimen was 

taken as 4.0m. The axial load was maintained constant by 

22,000KN in a universal testing machine. The flexural 

loading was applied by imposing monotonically increased 

rotations at the ends of specimens by two 670KN hydraulic 

rams and loading beams. The initial and serviceability load 

section flexural stiffness of CFST beam-columns were 

tracked by  walled trans formed and cracked transformed 

properties. Mohanad et al . [12] investigated the experimental 

and theoretical treatment of coupled local and global buckling 
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of concrete filled steel columns. A series of three experiments 

were carried out to consider the effect of a slender cross-

section on the overall buckling capacity of a concrete filled 

steel column. The plate slenderness of the cross sections was 

36.0, 46.4, and 56.8. The tests were conducted on both hollow 

and concrete filled steel sections. All of the steel sections 

were fabricated from steel plate of 3mm wall thickness. Each 

of the tests was conducted in a self with a 5,000kN capacity 

loading jack. From the axial load lateral deflection it can be 

noted that the presence of concrete not only increases the 

ultimate load but the flexural rigidity as evidenced by the 

slope of the load deflection curves. And also, the local 

buckling effects depend on the slenderness of the component 

plates of the column and this plays a large role in considering 

the confinement effect provided by the concrete core. 

Kenji Sakino et al [13] investigated the confining 

effect of steel tubes on concrete strength and the restraining 

effect of the concrete fill on local buckling of the steel tube 

wall, and evaluated the ultimate load and load–deformation 

relationships. The main parameters of this tests were tube 

shapes (circular and square), tube tensile strength (400, 600, 

800 MPa), tube diameter width-to-thickness (D/t or B/t) ratio, 

and design concrete strength (20, 40, 80 MPa). An analytical 

model is also developed to estimate the ultimate strength of 

CFT short columns. A total of 114 specimens were tested in 

the experimental investigations on centrally loaded hollow 

and CFT short columns. The capacity reduction factor due to 

local buckling of the square steel tube wall was empirically 

derived based on the test results of Hollow Square steel tube 

columns with a thin wall, and then modified applicable to the 

steel tube in square CFT columns by considering the 

restraining effect of filled concrete on local buckling of the 

steel tube wall. Amir Fam et al 14] carried out experimental 

work and analytical modeling for concrete-filled steel tubes 

subjected to concentric axial compression and combined axial 

compression. The main objective of the study is to evaluate 

the strength and ductility of CFST short columns and beam-

column members under different bond and end loading 

conditions. Both bonded and unbounded specimens were 

tested. For the unbonded columns, the bond between the steel 

and concrete was prevented by a layer of asphalt applied to 

the inside surface of the steel tube. A length-to-diameter ratio 

of 3 was selected for the CFST short columns in order to 

ensure short column behavior. The short columns were tested 

using a 600 kips Universal Testing Machine. The test result 

shows that the axial strength capacity of CFST short columns 

occurred at axial strain ranges from 0.009 to 0.012, the 

strength was 65 to 75% higher than the strength of the 

composite section based on unconfined concrete strength. 

The maximum and residual axial load capacities of unbonded 

CFST short columns were slightly higher than those of 

bonded specimens, due to confinement effect. 

ArtiomasKuranovas [15] investigated the behaviour of 

composite steel-concrete elements loading stages. Their 

investigations discovered that the increase load-bearing 

capacity of CFST elements is mainly caused by the confining 

effect of steel tube on the concrete core. The different 

Poisson’s ratios of steel tube and concrete core were 

considerably affected by the structural behaviour of CFST 

elements. The theoretical and experimental investigations 

showed at the behaviour of hollow CFST elements is more 

complicated than that of solid ones, because of complex stress 

states none of stresses in hollow concrete core are evenly 

distributed through the thickness of its cross sections. The 

analysis of results shows that during multilayered 

centrifuging an interaction between components of CFST 

element appears and increases strength at least by 10%. These 

results were shown that composite effect of single layered 

specimens was 6%, for double-layered 12%. This increase in 

strength is explained by appearance of additional interaction 

between neighboring concrete layers under loading 

conditions. 

III. OBJECTIVES AND SCOPE THIS WORK 

The objectives of this investigation are: 

 To study the material properties of steel, PCC and SFRC 

and its bond slip characteristics when it is used as in-fills 

for the composite columns.  

 To study the behaviour of light gauge steel hollow and 

infilled columns under hinged end conditions subjected 

to axial loads, uni-axial eccentric loads . 

 To study the effect of flat width to thickness ratio of light 

gauge steel member on load carrying capacity with and 

without in-fills condition.  

 To achieve the above stated objectives eighty eight 

experiments have been conducted on light gauge steel 

hollow columns, PCC in-filled light gauge steel columns, 

SFRC in-filled light gauge steel columns. 

IV. MATERIALS AND METHODS 

A. Material Used 

The concrete with M40 grade mix is used with the following 

ingredients: 

1) Cement 

2) Fine aggregate (sand) 

3) Coarse aggregate (10mm metal) 

4) Steel fibre 

The properties of these used materials are discussed below. 

B. Material Properties 

1) Properties of Cement 

Cement is the most important constituent of concrete, it 

forms the binding medium for the discrete ingredients made 

out of naturally occurring raw materials and sometimes 

blended or inter-ground with industrial wastes. Cement 

comes in various types and chemical compositions. 

“Portland pozzolana cement” 53 Mega Pascal grade of 

cement is used for concrete. We used Dalmia cement for 

the project. The properties of cement were determined as 

per the IS 4031:1968 and results are given in the table. 

Properties Values 

Grade of cement 53 M pa 

Fineness 5% 

Initial setting time 30 minutes 

Final setting time 10 hour 

Standard consistency 29% 

Specific gravity 3.16 

Table 1: Properties of cement 
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2) Properties of Fine Aggregate: 

The material smaller than 4.75mm size is called fine 

aggregate natural sands are generally used as fine aggregate. 

It may be obtained from pits, river, lake or sea shore, but it 

should free from clay and silt. Sea shore sand may contain 

chlorides, which may cause efflorescence and may cause 

corrosion of reinforcement. Angular grained sand produces, 

good and strong concrete because it has good interlocking 

property, while round grained particle of sand do not afford 

such interlocking. 

Fine Aggregate Values 

Size Passing through 4.75mm sieve 

Fineness modulus 2.47 

Specific gravity 2.63 

Bulking 8.8% 

Table 2: Properties of fine aggregates 

a) Water 

Parameter Standards Limits Provision / remarks 

 

 

pH value 

 

 

IS456- 

2000[6] 

 

 

≥6.0 

- Water used for mixing and 

curing shall be 

clean and free from injurious 

amounts of 

oils,  acids,  alkalis,  salts,  

sugar,  organic 

materials or other substances 

that may be deleterious to 

concrete or steel. 

Table 3: pH value of water 

3) Properties of Coarse Aggregate: 

The material retained on 4.75mm sieve is termed as coarse 

Aggregate. Crushed stone and natural gravel are the common 

materials used as coarse aggregate for concrete. Coarse 

aggregate are obtained by crushing various types of granites, 

schist, crystalline and lime stone and good quality sand 

stones. When high strength concrete is required very fine 

grained granite perhaps the best aggregate. Concrete made 

with sand stone aggregate give trouble due to cracking 

because of high degree of shrinkage. For coarse aggregate 

crushed 10mm, normal size graded aggregate was used. The 

specific gravity and water absorption were found to be 2.85 

and 1.0% respectively. The grading of aggregate should be 

conformed to the requirement as per IS: 383-1970. Fineness 

modulus of coarse aggregate is given in the table. Well  sized  

and  graded  size  stones  are  used  as  coarse  aggregates 

Aggregates should be chemically inert strong, hard, durable 

and limited porosity. The properties of the fine aggregates are 

in table 4. 

Properties Values 

Size 

Passing through 19mm 

Sieve and retained in 4.75mm 

Sieve 

Fineness modulus 4.16 

Specific gravity 2.73 

Bulking 5.52% 

Table 4: Properties of coarse aggregates 

4) Super plasticizer 

Super plasticizer can increase the workability of concrete mix 

and reduce the amount of water needed. Therefore, it enables 

the use of very low water-to cement ratio and thus produce 

HPC. The principal active components in plasticizer are   

surface-active agents. During mixing, these agents are 

absorbed on the cement particles, giving them a negative 

charge which leads to repulsion between the  particles and 

results in a more uniform dispersion of cement rains. With the 

addition of super plasticizers, concrete can be successfully 

produced and placed with a water-to cement ratio as low as 

0.2. However, this value is not the lowest possible value in 

concrete.  Further lowering of water-to-cement ratio can be 

achieved by adding other mineral admixtures, like fly ash or 

silica fume. The super plasticizer used for this project is 

Ploycarboxlate ether. 

5) Polycarboxlate ether 

Ploycarboxlate ether (PCE) is differentiated from 

conventional super plasticizers in that it is based on a unique 

carboxylic ether polymer with long lateral chains. This 

greatly improves cement dispersion. At the start of the mixing 

process  an electrostatic dispersion occurs but the presence of 

the lateral chains, linked to the  polymer  backbone,  generate  

a  steric  hindrance  which  stabilizes  the  cement  particle’s 

capacity to separate and disperse. This mechanism 

considerably reduces the water demand in flow able concrete. 

PCE is a particularly strong super  plasticizer  allowing  

production  of  consistent  concrete  properties  around  the  

required dosage. 

Properties Values 

Appearance Pale brown 

Ph 6.5 

Specific gravity 1.007 

Volumetric mass 1.09 kg/litre @200C 

Chloride content <0.1% 

Alkali content 
<1.5g Na2O equivalent / litre of 

Admixture 

Table 5: Properties of Ploycarboxlate ether 

6) Steel Fiber: 

Fibres are generally used in concrete to control cracking due 

to plastic shrinkage and to drying shrinkage. They also reduce 

the permeability of concrete and thus reduce bleeding of 

water. Some types of fibres produce greater impact abrasion, 

and shatter resistance in concrete. 

Two types of steel fibres were used. 

1) Double end Hooked Steel Fibre 

2) Crimped Steel Fibre 

7) Double end Hooked Steel Fibres 

They were made of hard drawn steel wires having a mean 

section of 0.5mm diameter and length of 30 mm and aspect 

ratio as 60. 

 
Fig. 1: Hooked end steel fibre 
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Description Values 

Length of the fibre used 30 mm 

Diameter of fibre 0.5mm 

Shape Double end hooked 

Aspect ratio 60 

Density (kg/ ) 7850 

Tensile Strength (Mpa) 532 

Young modulus (Gpa) 210 

Table 6: Physical properties of hooked steel fibre 

C. Preliminary Test on Material 

1) Test for Cement 

1) Specific gravity test 

2) 2   Test for consistency 

3) 3   Test for setting time 

2) Specific Gravity test of Cement 

Weigh the clean dry pycnometer with its cap. Fill the 

pycnometer one third  cement  and  determine  its  weigh  after  

screwing  the  cap.  Add kerosene to pycnometer after 

removing the cap, until the pycnometer is half full. And stir it 

with a glass rod, occasionally rolling the pycnometer to assist 

the removal of air and screw the brass cap. Add the kerosene 

till the pycnometer is full. Remove remaining air by shaking 

after closing the screw top with one finger clean the outer 

surface. So pycnometer and then determine its weight. Empty 

the contents So pycnometer and thoroughly wash it. Fill the 

pycnometer with kerosene till the surface. So kerosene is 

flush with the hold in the screw cap. Then weigh the 

pycnometer. 

3) Calculation 

 
4) Test for Consistency 

Procedure 

Weigh 400gms of cement on large non-porous platform and 

make it a heap with a depression in the centre. Find out the 

volume of water to give a percentage of 25 by weight of dry 

cement and add this amount carefully to the cement. Mix the 

cement and water together thoroughly. The process of mixing 

shall include kneading and threading. Fill the mould 

completely with the cement paste and strike off the surplus 

paste and level with the top of the mould. keep the mould 

under the vicat plunger such that plunger touches the surface 

of cement paste as support the moving rod by the plunger. 

After the plunger has come to rest, note the reading against 

the index. 

Weight of cement = 500g 

Weight of water added = 145 g 

The consistency of cement used was found to be 29% 

5) Test for Setting Time 

Weigh 400gms of the sample of cement on to a non-porous 

plat form. Calculate the amount of water required for gauging 

as 0.85 times the amount of water required to produce a paste 

of standard consistency. Gauge the cement and water together 

in a manner specified till the mould is completely filled.  

Strike the top level with the trowel. Place the mould under the 

vicat needle apparatus with 1mm square needle in position. 

Repeat the mould number 4at regular intervals of half minute 

till the reading becomesexactly5mm.Notethe time elapsed 

from the moment of adding water dry cement to the moment  

when the reading is 5mm. Now remove the 1mm needle from 

the rod and the special needle to determine the final set. 

Remove the needle can the appliances used and put them 

aside. 

S. No Height of Needle In (mm) Time In Minutes 

1. 0 5 

2 1 10 

3 2 15 

4 3 20 

5 4 25 

6 5 30 

Table 7: Test for setting time 

1) Initial setting time of cement: 30 minutes 

2) Final setting time of cement:10 hour 

6) Test for Fine Aggregate 

1) Specific gravity test 

2) Bulk density test 

3) Fineness modulus test 

D. Casting of Cubes, Cylinders and Composite Column 

1) Mixing of Concrete 

The cement, fine aggregate, coarse aggregate water and nano 

silica is taken in to correct proportion in mixing pan.Mix is 

thoroughly mixed with a shovel nano silica is added to 

required dosage and the materials are mixed until a good mix 

is  obtained 

2) Casting of cubes 

The moulds for the cube specimen are well cleaned and oil 

applied to the surface for the easy removing of concrete cube 

from the mould after setting.  Concrete is poured in to the 

concrete at 1/3 rd levels of the cube and tamped with  the 

tamping rod with 25 blows after 24 hours the cube is removed 

and then it is  cured for 28 days 

3) Casting of cylinder 

The cylinder moulds are cleaned and oiled and casted as same 

way as the cube casted 

 
Fig. 3: Casting of concrete cubes and cylinder 
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E. Testing of Cubes, Cylinders and Composite Beams 

1) Testing of Cubes and Cylinder 

Cubes are tested at 14 days , 21 days , 28 days cubes are 

placed in compression testing machine and load are applied 

till the crushing of concrete the crack pattern is noted and the 

ultimate load is obtained similarly 3 cubes and cylinders were 

tested and mean value of them were taken. 

 
Fig. 4: Compression testing of cube 

 
Fig 5. Split tensile test of cylinder 

F. Axial Buckling Load Test 

These tests are done in the column of size 1.6mm. Four CFT 

columns and hollow columns were tested to failure. The size 

of specimen are 100 x 50mm and 1500mm height. After 

curing, the specimens are tested for buckling load. 2.8.1 

Column Setup and Test Procedure All columns were tested in 

a vertical position and subjected to a compressive axial 

loading. Tests were performed on pin-ended long columns. 

The typical setting-up of long columns is shown in Figure. 

The column was rested on top of the bottom support plates to 

stabilize the column's base. In order to ensure the stability of 

the column following the top support having been fixed, the 

column would then be loaded with a small load from the load 

cell. The specimens were centered in the testing machine to 

ensure that the compressive axial load was applied without 

any eccentricity. Moreover, to guarantee the loading was 

applied uniformly, a preload test was conducted. The column 

testing frame is of 50 ton capacity. The top and bottom strain 

gauges were used to assess the uniformity of the load. Prior 

to performing the test, a small load of approximately 100 KN 

was applied to the specimens and the values of strain gauges 

around the cross section were observed and clarified. The 

measurements of both strain gauges were considered by 

comparing the values to their average strain measurement. 

Adjustments of the column were made until the differences 

between   the measured strain and their average value was less 

than 5%. The axial load and deflection of the specimen is 

noted. Repeat the procedure for remaining specimen. 

 
Fig. 6: column testing set up 

1) Column Supports 

Tests were performed on pin-ended long columns. Pin 

supports were constructed from groove plates and a steel ball 

in order to ensure rotations in every direction. So as to 

simulate this simply supported end condition, plates with 

spherical grooves at their centres as shown in figure were 

used to accommodate the steel ball and were then fixed at 

both ends of the long columns. The bottom ends  

were welded to a steel plate whilst at the other end, also plate 

was fixed and secured. The slotted plate arrangement was 

adopted for the purpose of accommodating a range of 

different section sizes, whereas the welded end plate was to 

facilitate the casting process. 

 
Fig. 7: End supports with pinned end 
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V. RESULTS AND DISCUSSION 

A. Experimental Analysis Cubes and Cylinders 

Curing period 14 days 21Days 28Days 

Nominal Concrete 

(N/mm2) 

20.29 41.2 46.4 

1% of hooked 

Steel fiber (N/mm2) 

21.22 43.9 48.92 

1% of crimped steel 

fiber(N/mm2) 

23 45.16 51.87 

Table 1: Compression Test on Cubes 

 
Fig. 8: Compression Test on Cube 

B. Axial Buckling Strength Results For Steel Fiber 

Reinforced Concrete In-Filled In Rectangular Light Gauge 

Steel Column. 

 
Table 2: Split Tensile Test on Cylinders 

 
Fig. 9: Split tensile test on cylinders 

 
Table 3: Buckling behavior of hollow column 

 
Fig. 10: Buckling behavior of Hollow Column 

C. Description of Hooked End Steel Fiber Composite 

Column 

The above 1% of hooked end steel fibre M40 column of size 

100x50mm and 1.5m long fails at a Maximum buckling load 

of 210kN and maximum deflection at the mid span of 

7.52mm 

 
Table 4: Cumulative Experimental Buckling of Column 

 
Fig. 11: Cumulative Experimental Buckling of Column 
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VI. CONCLUSIONS  

 Behaviour of hollow, PCC in-filled and SFRC in-filled 

stub, short and medium columns subjected to axial and 

eccentric compressive loads with pure moment 

conditions were studied.  

 The axial shortening of 1% SFRC in-filled stub columns 

at a load of 210 kN. 

 The effects of flat width to thickness ratio on the ultimate 

strength of the medium columns were also studied 

through experimental investigations. 

 The load-axial shortening behaviour, the load-lateral 

deflection behaviour and the load- strain behaviour were 

studied for the specimens tested. 

 Test results manifested good ductility performance of 

SFRC in-filled stub columns which was ascertained by 

the load strain plots. 

 The SFRC in-filled columns carried 2 and 1.13 times 

more load than the hollow and PCC in-filled columns 

respectively. The strength of SFRC in-fill with 1% fiber 

content is found to be more than the SFRC in-fills 

column. 

 The strain hardening portion for the SFRC in-filled 

columns were significantly pronounced compared to the 

PCC in-filled columns, exhibiting the ductile nature of 

the SFRC in-fill column. 
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