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Abstract:This paper presentsan experimental studyon concrete 
filled tubular columns using varying steel materials under axial 
loading. A total of 12 specimens were casted and subjected to 
testing.Out of 12 specimens, 4 No’s is of specimens for stainless 
steel, 4 No’s is of Mild steel and 4 No’s is of cold formed steel 
were tested under axial loading. The main parameters used in the 
test are as follows:(a) Varying steel materials are Stainless steel , 
Mild steel and Cold formed steel , (b) Tube thickness of  2mm 
and 3mm,.(c)Diameter/thickness (D/t) ratio of  50 and 
75,(d)Length/diameter (L/D)  ratio of 4 ,(e) Concrete cube 
strength of 30MPa .The experimental investigations have been 
carried out for casting and testing the cube ,cylinders and 
Concrete filled tubular specimens. Duringtesting, the common 
modes of failures that have been observed in the columns are 
slight localbulking and weld failure.The presence of concrete 
infill provided additional stability of the tube walls against the 
influence of local buckling mechanisms.From the cost analysis, it 
is found that the rate of Stainless steel concrete filled tubular 
columns is costlier than Mild steel and Cold formed steel. 
Though economically the initial cost of mild steel and cold 
formed steel is lesser than that of stainless steel, strength of 
stainless steel column is far better than the other two. So it is 
preferable to use stainless steel columns in case of high 
performance requirement. 
Keywords:  Stainless steel, Mild steel,cold formedsteel, axial 
loading, local buckling, weld failure.  
 

1. Introduction 
Concrete filled steel tubular columns have been used in 

different areas of construction and becoming an attractive 
solution. The use of concrete filled tubular columns in high rise 
buildings has become popular in recent years as they provide 
several advantages over reinforced concrete and steel columns. 
Concrete has proven to be an equally viable material in the 
construction of large buildings. Concrete has shown to be an 
inexpensive material for large columns and shear walls. Due to 
the high compressive strength of concrete a column of moderate 
size can carry an extremely large axial load, especially with the 
development of high strength concrete. Composite construction 
is utilized to take advantage of both steel and concrete properties 
and is becoming more widespread. Concrete contributes its 
inherent mass, stiffness, damping, and economy, while steel 
supplies its speed of construction, strength, long-span 
capabilities, and light weight.  
.  

Concrete Filled Steel Tubes are used in many structural 
applications including columns supported offshore platforms, 
roofs of storage tanks, bridge piers, piles, and columns in seismic 
zones. Their usage provides excellent static and earthquake-
resistant properties, such as high strength, high ductility, high 
stiffness, and large energy-absorption capacity. Furthermore, it 
eliminates the permanent formwork, which reduces construction 
time, while the concrete core takes the axial load and prevents or 
delays local buckling of the steel tube.Moreover, high-strength 
CFST columns require a smaller cross-section to withstand the 
load. It provides not only an increase in the load carrying 
capacity but also economy and rapid construction, and thus 
additional cost saving. Their use in multi –storey buildings has 
increased in recent years owing to the benefit of increased load 
carrying capacity for a reduced for a reduced cross section. 
Moreover, using confinement in the form of a circular steel tube 

can greatly improve the ductility of normal or high strength 
concrete. 

2. Properties of materials 
 
Material testing was conducted to investigate the 

properties of the materials such as cement, fine aggregate 
andcoarse aggregate which are used for casting the specimens. 
Various laboratory tests were performed and the testresults 
obtained were compared with the Indian Standard values. The 
test results are listed in the below tables. 
 
2.1 Cement 

Ordinary Portland cement of 53 grades available in 
local market is used in the investigation. Cement used has been 
tested for various proportion as per IS 4031 – 1988 and found to 
be conforming various specification of IS 12269 – 
1987.Properties of cement obtained are shown in Table 1. 

Table 1: Properties of Cement 
 

Name of the 
Property 

Result Limits 

Specific Gravity 3.15 3.15 
Fineness Modulus 2.33 2.2 – 2.4 
Standard Consistency 32%, 30-35 
Initial Setting Time 35 mins. Should not be less than 

30 mins. 
Final Setting Time 360 mins. Should not be greater 

than600mins. 
 
2.2 Fine Aggregate 

 
Fine aggregate can be natural or crushed. The 

specification required that it should consist of hard dense durable 
coated rock fragrance and shall be free from injurious amount of 
dust, clay, slit, mica and organic matter, soft and flaky particles. 
In the present study the river sand was used and it conforms to 
zone II (As per IS 383 - 1970). Properties of fine aggregate 
obtained are shown in Table 2. 

Table 2: Properties of Fine Aggregate 
Name of the 

Property 
Result Limits 

Specific Gravity 2.65 2.6 – 3.0 
Fineness Modulus 2.71 2.6 – 2.7 
Grading Zone Zone-II  
 
 
 
2.3 Coarse Aggregate 

 
The coarse aggregate is the strongest and least porous 

component of the concrete. Presence of coarse aggregate reduces 
the drying shrinkage and other dimension changes occurring on 
account of movement of moisture. Coarse aggregate contributes 
to impermeability of concrete, provided that it is properly graded 
and mix is suitably designed.The aggregates were tested as per 
Indian Standard Specifications IS: 2386-1963. Properties of 
coarse aggregate obtained are shown in Table 3. 
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Table 3: Properties of Coarse Aggregate 

 
Name of the 

Property 
Result Limits 

Specific Gravity 2.85 2.5 – 3.0 
Fineness 
Modulus 

7.41 6.6 – 8.0 

Water 
Absorption 

0.5% 5% 

Impact Value 17.3% Should not be ˃ than 45% 
forconcrete other than 
wearingsurface & 30% 
forpavements as per IS 283-
1970 

 
3. Experimental programme 

3.1 Introduction 
 A total of 12 specimens were casted and subjected to 
testing. Out of 12 specimens, 4 No’s is of specimens for stainless 
steel, 4 No’s is of Mild steel and 4 No’s is of cold formed steel 
were tested under axial loading. Concrete cube strength of 30 
MPa. 
3.1 Details of specimens 
3.1.1  Types of  Steels to be used for circular columns 

The varying steel materials to be used are Stainless 
steel,Mild steel and cold formed steel.The details of the specimen 
are given in the below Table :4 
 

Table 4:  Details of varying steel material Concrete filled 
tubular column 

 
S.N Type of 

steel 
No of 

specimen 
Length 

(L) 
(mm) 

 

Diameter 
(D) 

(mm) 
 

Thick
ness 
(t) 

(mm) 
1. Stainless 

steel 
2 600 150 2 

2. Stainless 
steel 

2 600 150 3 

3. Mild steel 2 600 150 2
4. Mild steel 2 600 150 3 
5. Cold 

formed 
steel 

2 600 150 2 

6. Cold 
formed 

steel 

2 600 150 3 

 
3.1.2 Grade of concrete 
 The nominal concrete strength of M30 grade of 
concrete was chosen and Ordinary Portland cement (OPC) of 53 
grades and the design mix can be computed as per Indian 
Standard Specifications IS: 10262-1982.The mix ratios and water 
cement ratios used for the experimental investigation are shown 
in the below Table 5 
 

Table 5: Mix proportions 
Materials  M30 

Cement (kg) kg/m3 380 
Fine aggregate kg/m3 694.52 

Coarse aggregate kg/m3 1141.95 
Water L/m3 191.58 
W/C - 0.40 

Mix ratio 1: 1.82:3  
 

3.2Test setup, Instrumentation and Procedure 
After the curing period of 28 days is over, all the 

columns was tested using the test setup. All the composite 
columns was carried out using a 2000kN load capacity 
compression testing machine. Compress meter were placed in the 
mid height of the specimen. We were note the deflection 
readings in the Compressometer  and then note the corresponding 
load in the Compression testing machine until to reach the 
ultimate load. Test setup figures for Stainless steel, Mild steel 
and Cold formed steel respectively were discussed below. 
 
 

 
 

Fig. 3 Test set up for Stainless steel 
 

 
 

Fig. 4 Test set up for Mild steel 
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Fig.16 Stress Vs Strain for different steel material of 3mm 
thickness of   CFT Specimen 

 
 
 

Table  7  Comparison of experimental value of load carrying 
capacity with varying steel material 

 
Specimen 

type Average value, Pu 
(kN) 

Increasing % of 
loadCarrying 

capacity for 2mm 
& 3mm 

2mm 
thick 

3mm 
thick 

 

Stainless steel 989 1393 40% 

Mild steel 721 1064 48% 

Cold formed 
steel 

869 907 4% 

 
The comparison of varying steel materials of 

experimental values and cost is shown in the above Table 7. 
From the experimental investigations, it is found that the 
increasing percentage of load carrying capacity are discussed 
below. 
Stainless steel material concrete filled tubular column for 3mm 
thickness increases by 54% than Cold formed steel CFT and 30% 
increases than Mild formed steel CFT. 

Stainless steel material concrete filled tubular column for 2 mm 
thickness increases by 14% than Cold formed steel CFT and the 
37% increases than Mild formed steel.  

Mild steel material concrete filled tubular column for 3mm 
thickness increases by 17% than Cold formed steel CFT. 

Cold formed steel material concrete filled tubular column for 2 
mm thickness increases by 20 % than Mild steel CFT. 

4. Conclusions 
This experiments are performed to study the  behaviour of 

concrete filled tubular columns with varying steel materials 
under axial load conditions. The following aspects are 

 
(1) The load carrying capacity of Stainless steel circular 

concrete filled steel tube is found to be higher than 
Mild steel and Cold formed steel circular concrete 
filled tubular columns.   
 

(2) The test results show that, if D/t increases the load 
carrying capacity also increases. Normally, for 
concrete filled circular sections, the confinement 
affects of concrete increases the concrete resistance, 
but at the same time reduces the axial resistance of the 
steel section. Therefore, high strength concrete can be 
used.  
 
 

(3) It was also found that the typical failure mode for all 
the tested concrete filled steel tubular columns was  
slight local buckling and weld failure mode which was 
in an outer direction because of the infill of concrete.  
 

(4) From the cost analysis, it is found that the rate of 
Stainless steel concrete filled tubular columns is 

costlier than Mild steel and Cold formed steel. Though 
economically the initial cost of mild steel and cold 
formed steel is lesser than that of stainless steel, 
strength of stainless steel column is far better than the 
other two. So it is preferable to use stainless steel 
columns in case of high performance requirement. 

 
References 
 

1. Lin-Hai Han (2013) : Fire Performance of concrete 
filled stainless steel                    
tubular columns,  Engineering Structures 56(2013) 
Pg.165-181 

2. Xu Chang, Zhong LiangRu , WeiZhou ,Yong-
BinZhang (2013) : Study on concrete-
filledstainlesssteel–carbonsteeltubular(CFSCT)stub 
columns undercompression , Thin-Walled Structures 
63 (2013) 125–133 

3. Mohamed  Mahmoud  El.Hewity (2012) : On the 
performance of circular concrete filled high strength 
steel columns under axial  loading,Alexandria 
Engineering Journal (2012),51 pg.109-119. 

4. O’Shea and Bridge (2012)  - “The strength of circular  
5. concrete filled steel tubes under several loading 

conditions”, International journal of Earth Sciences and 
Engineering, vol 05, No. 01. PP 169 – 179. 

6. Lama and Gardner investigated (2012): “The 
compressive behavior of concrete filled stainless steel 
columns”,  International Journal of structural 
engineering,VOL 3. 

7. Yu, et al (2012) – “ An experimental study on the 
behavior of circular CFST  columns  filled with self-
compacting concrete”,  Journal of Mechanical and 
Civil Engineering, vol 3, Issue 2. 

8. M.A. Dabaon, M.H. El-Boghdadi, M.F. 
Hassanein(2009) :  Experimental investigation on 
concrete-filled stainless steel stiffened tubular stub 
columns, Engineering Structures 31 (2009) 300_307 

9. Lin-Hai Hana,, Wei Liub, You-Fu Yangc,  Behaviour 
of concrete-filled steel tubular stub columns subjected 
to axially local compression,(Oct 2007), Journal of 
Constructional Steel Research 64 (2008) 377–387. 

10. Dennis Lam, Leroy Gardner , Structural design of 
stainless steel concrete filled columns, (April 2008), 
Journal of Constructional Steel Research 64 (2008) 
1275–1282. 

11. Sewel (2007) – “The structural behavior of concrete 
filled steel tube elements”, Journal of Civil 
Engineering and Management, Vol XIII, No 2, PP 131 
– 141 

12. Zhi-wu Yu, Fa-xing Ding, C.S. Cai(2006) : 
Experimental behaviour of circular concrete filled steel 
tube stub columns, Journal of Constructional Steel 
Research 63 (2007) 165-174 

13. P.K.Gupta (April 2006) : Experimental and 
computational studyof concrete filled steel tubular 
columns under axial loads,Cement and concrete 
composites 28(2006) 189-196 

14. Yan Xiao (2005) : Confined Concrete filled tubular 
column,, DOI: 10.1061/(ASCE)0733-
9445(2005)131:3(488) 

15. Ehab Ellobody, Ben Young(2005) : Design and 
behaviour of concrete-filled cold-formed stainless steel 
tube columns, Engineering Structures 28 (2006) 716–
728 

16. Ben Young, Ehab Ellobody(2005) : Experimental 
investigation of concrete-filled cold-formed high 



IJISET - International Journal of Innovative Science, Engineering & Technology, Vol. 2 Issue 5, May 2015. 

www.ijiset.com 

ISSN 2348 – 7968 

742 
 

 

strength stainless steel tube columns , Journal of 
Constructional Steel Research 62 (2006) 484–492 

17. Gengying Li ( October 2005) : Behaviour of concrete 
filled tubular columns incorporating fly ash.Cement & 
concrete composites 28(2006) Pg.189-196. 

18. J.Zeghichea, K. Chaouib ,An experimental behaviour 
of concrete- filledtubular columns (June 2004), Journal 
of constructional research 61(2005) Pg.53-66. 

19. Georgios Giakoumelis , Dennis Lam (2004) : Axial 
capacity of circular concrete-filled tube columns, 
Journal of Constructional Steel Research 60 (2004) 
1049–1068 

20. Huet al (2003) – “Nonlinear finite element model for 
concrete filled steel tubes using ABAQUS”, Journal of 
Structural Engineering. 

21. N.E. Shanmugam , B. Lakshmi, State of the art report 
on steel-concrete composite columns (June 2001), 
Journal of constructional research 57 (2001) 1041–
1080 

22. Martin D. O’Shea, Russell Q,Design of circular thin – 
walled concrete filled steel tubes, (Nov 2000) ,Journal  
of Struct Engg 2000.126,pg.-1295-1303. 

23. R.P.Johnson,Professor of civil engineeringUniversity 
of Warwick (1994) –“ Composite structures of steel 
and concrete”, Black well scientific publications, vol 2. 
 
 

 
 
 
 
 


