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In the present research, behavior of self-compacting Concrete Filled Steel Tube (CFST) under cyclic load-
ing is investigated. The parameters chosen for the study are geometry of the specimen — circular section,

different L/D ratios, and different grades of self-compaction concrete infill. The study includes experimental investiga-

tion on a total of 36 specimens that includes nine hollow and twenty seven specimens filled with SCC of grades M20,

M30, and M40. The specimens include three L/D ratios [6, 12 and 16] and three diameters [33.7, 42.4 and 48.3mm]

having a common thickness of 3.2mm. The experimental results indicate that the load carrying capacity of the hollow

steel tubes is less than those filled with SCC, with increase in L/D ratio the load carrying capacity of the steel tube

decreases, load carrying capacity increases with increase in the diameter of the steel tubes and for higher grade of

concrete, the load carrying capacity of the CSFT is high. The experimental column strengths are compared with values

predicted by AlJ (2011) and with the analytical results obtained by conducting linear analysis using Abaqusé.10-1 soft-

ware.

1. INTRODUCTION

Concrete filled steel tubes (CFST) are widely used in mod-
ern structural systems and have turned the most successful
ones with excellent performance results. CFST columns are
a composite material system which employs the various
advantages of different materials; combing them together,
thus have distinct advantages over equivalent steel, rein-
forcement concrete, or steel-reinforced concrete columns.
The CFST members consist of steel at the outer perimeter
confining the concrete core. The outer steel shell performs
efficiently under tension and in resisting bending mo-
ment. The concrete core confined increases the compres-
sive strength of the steel tube. The modulus of elasticity of
steel is greater than that of concrete, increasing the stiff-
ness of CFST greatly, making greater contribution to the
moment of inertia. The external steel tubes is elastic-plas-
tic material and internal solid concrete cores is brittle, the
contribution of this composite material gives an effective
structural performance.[1]

The steel shell acts as longitudinal and transverse rein-
forcement. The steel shell also provides confining pressure
to the concrete, which puts the concrete under a triaxial
state of stress. Due to the stiffening of steel tubes by the
concrete inward bucking of the steel tube is prevented,
thereby increasing the strength and stability of the con-
crete column. The steel tubes provide a protective cover-
ing by reinforcing the concrete to resist the tensile forces,
shear forcing and bending moments and confinement to
concrete. [2] Steel tube acts as a permanent form work
hence labor cost and time consumption is reduced. Dur-
ing the construction process, the steel columns that forms
steel skeleton can be erect first; this can support the con-
struction loads and the dead loads. Subsequent concreting
increases the capacity, and the composite columns, which
develop when concrete hardens, efficiently resist additional
loads and dead loads. [1]

Circular tubular columns perform very well and more ad-
vantageous over other types of sections such as rectangu-
lar and square shapes when used as compression mem-
bers mainly because, they have a large uniform flexural
stiffness in all directions for a given cross sectional area. [1]

Instead of using empty steel tubes, infilling steel tubes
with concrete increases the ultimate strength of the struc-
tural member, with not much increase in construction cost.
CFST has a main advantage that it delays the occurrence
of local buckling of the member. Thus CFST's serves as a
most economic form of structural member, mainly as col-
umns for bridges and buildings.

Objectives of present study

e To study the behavior self-compaction concrete filled
steel tubes (SCC FST) under cyclic loading.

e  To understand the strength gain in steel tubes for dif-
ferent L/D ratios, D/T ratios and for different grades
of SCC infill.

e  To understand the variation of ultimate load for differ-
ent lengths.

e To know the failure mechanism of composite steel
and hollow steel.

2. MATERIAL PROPERTIES

Self-Compaction Concrete: Self-compacting concrete
[SCC] is a flowing concrete mixture that is able to consoli-
date under its own weight, suitable for structures with con-
gested reinforcement ensuring a good balance between
deformability and stability. The concrete remains homoge-
neous in a form during and after the placing process.

Superplasticizer: Conplast SP 430 is used as super plas-
ticizer, conformed by IS: 9103:1999 and 1S2645:1975 .The
specific gravity of Conplast SP 430 is 1.222.

Steel: The Tata steel tubes are available in different cross
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sections of length ém. Steel tubes of circular cross-sections
are used, have tensile strength of 500MPa, yield strength
of 310MPa, elastic modulus of 210GPa and a Poisson’s ra-
tio of 0.3. The steel tubes are cut down to specimens of
required dimensions shown in table 1.

Table.1 Geometrical properties of hollow steel speci-
mens

a‘am ) ;I'rnlrﬁl)(ness [T] D/T LD :.;rr;‘%th [L]

6 202.2
33.7 3.2 10.5 12 404.4

16 539.2

6 254.4
42.4 3.2 13.3 12 508.8

16 678.4

6 289.8
48.3 3.2 15.1 12 579.6

16 772.8

3. EXPERIMENTAL PROGRAM

SCC of grade M20, M30 and M40 of design strength of
24.21Mpa, 36.97Mpa and 48.45Mpa respectively was pro-
duced. The SCC of three different grades is filled in the
steel tubes, cured for 28days, and then tested under cy-
clic loading machine. Figure1 shows the cyclic loading ma-
chine setup and the SCADA software from where the re-
sults are obtained.

Fig.1Cyclic loading machine

Experimental Results and discussions

The experimental results are denoted as Pu__ and are shown
in the table 2. Figure 4 shows the load v/s deflection curves
for specimen of dia 42.4mm under cyclic loading. Figures.5,
6 and 7 shows the Plot of Load v/s L/D ratio for the speci-
mens of dia 33.7, 42.4 and 48.3.respectively, which show that
with increase in /D the Pu__ decreases. Thus with increase
in length the load bearing capacity decreases. Also the varia-
tion of Pu__ with D/T is shown in Figures 8, 9, and 10, which
show that with increase in D/T ratio the Pu_ increases con-
siderably. In this study the thickness remains constant; this
indicates that with increase in diameter the ultimate load car-
rying capacity increases. From the experimental investigation
it was found that the Ultimate load strength of SCC FST was
about 13-20% higher than that of the hollow steel tubes. The
load v/s D/T curves also indicate that with increase in grade
of concrete the ultimate load increases marginally.

Local buckling:

Figure 2 shows the hollow steel specimen bulged at the end.
The failure is characterized with local buckling at the centre
and bulging at the ends. Figure 3 shows the SCC FST after
failure. Failure is characterized with buckling at the centre and
no bulging at the ends. Thus in the CSFT local bucking is
delayed and sometimes prevented.
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Fig.3 SCC infilled steel tubes at failure
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Fig.4 load v/s deflection curve for dia 42.4mm
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Fig.5 Pu_,_ v/s L/D ratio for 33.7mm dia
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Fig.6 Pu_  v/s L/D ratio for 42.4mm dia
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Fig.7 Pu_,_ v/s L/D ratio for 48.3mm dia
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Fig.8 Pu_  v/s D/T ratio for L/D=6
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Fig.9 Pu__ v/s D/T ratio for L/D=12
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Fig.10 Pu_ v/s D/T ratio for L/ID=16
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Fig.9 11Puexp v/s grade of concrete
4. COMPARISON OF EXPERIMENTAL RESULTS

COMPARISON with AlJ code:

The AlJ code volumed deals with Design of CST [concrete
filled tube] system. The newest edition of SRC standard of
AlJ was published in 2011. This edition includes three types
of sections namely; concrete-encased steel tube, the CFT and
concrete encased and filled tubes. AlJ classifies the columns
based on the |,/D and the ultimate compressive strength is cal-
culated as follows.

For, |, /D < 4short column]

N =N+ (1+ng) N

cl ¢ ‘e s cu

For, 4<, /D < 12[intermediate column]
Nez= Noy = 125N, - N, /D)»-4}
For, |, /D >12[slender column]

N =N _+ N

cu3=c cr s o

Where, D = Outer diameter of the steel tube, | = effective
length of a CFT column, 11=0.27 for circular CSFT column,
cNcu = ultimate strength of a concrete column, N_ = ultimate

s a
strength of a steel column, N_ = buckling strength of a con-
crete column, N_ = buckling strength of a steel column and
N_, N_, N_.: ultimate strength of a CFT column. The predict-

cul, cu2, * “cu3”
ed values are denoted as Pu, , and presented in table.2. In the
table2 it can be seen that the predicted values and experimen-
tal results vary by 15-25%. Thus AlJ provides a good predic-

tion of the ultimate load carrying capacity of the CSFT column.

Comparison with Analytical results: In this study the linear
analysis is conducted using the ABQCUS6.10-1 software. The
analytical values are compared with the experimental results
for better understanding of the behavior of the SCC FST under
the loading and as a check. The ultimate load obtained from
analysis are denoted as Pu,,, and presented in table 2. The
Pu,,, obtained from the linear analysis are very much closer to
the Pu,,, validating the experimental investigation.

Table 2 shows the comparison between predicted values [Pu, ]
with Puexp and Pu,,,. The mean value of Puexp/PuAIJ is 1.25 i.e.,
experimental results vary by 15-25% from predicted values.
Also the experimental results are higher than the predicted
values, this indicate that AlJ provides good prediction of ulti-
mate load carrying capacity of CSFT column. The mean Pu,_/
Pu,,q =1.015.ie experimental results and analytical results vary
by 2%. Thus analytical results obtained from Abaqus software
serves as good means of validation. Figure 11 shows the

comparison of Pu, , Pu,_ and Pu,g, for different diameters.

A’ ABQ
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Fig.12 comparison of experimental results

Table.2 Results and comparison

o) E = ® - - -

z2| & |ol| & o€ k: 3 = g $3 gz 58

» a S a SE 5] A c¥ £¥ cd £c cd
1 337 |6 |105 |2022 Hollow 145 [12072  [140.44 1.20 1.16 1.032
2 337 |6 |105 |2022 M20 170 [13276  |166.54 1.28 1.25 1.021
3 337 |6 |105 |2022 M30 178  [13911  [177.15 1.28 1.27 1.005
4 337 |6 |105 |2022 M40 184 14482  [179.00 127 1.24 1.028
5 337 |12 |105  |404.4 Hollow 134 |112.28  |133.50 119 119 1.004
6 337 |12 |105 |4044 M20 155 |124.02  |151.89 1.25 1.22 1.020
7 337 |12 |105  |404.4 M30 163 |130.12  [158.12 1.25 1.22 1.031
8 337 |12 |105 |4044 M40 174 13558 |169.11 1.28 1.25 1.029
9 337 |16 |105 |539.2 Hollow 132 |103.84  [130.56 127 1.26 1.011
10 [337 |16 |105 5392 M20 150 [115.27  [146.98 1.30 1.28 1.021
11 33.7 16 10.5 539.2 M30 159 121.13 154.71 1.31 1.28 1.028
12 [337 |16 |105 [539.2 M40 167 12634 [161.78 1.32 1.28 1.032
13 42.4 6 13.3 254.4 Hollow 200 155.15 197.47 1.29 1.27 1.013
14 |424 |6 |133 |2544 M20 220 |176.10  [217.56 1.25 1.24 1.011
15 42.4 6 13.3 254.4 M30 227 187.14 223.54 1.21 1.19 1.015
16 |424 |6 |133 |2544 M40 238 |197.07  |233.45 1.21 1.18 1.019
17 42.4 12 13.3 508.8 Hollow 175 144.44 172.89 1.21 1.20 1.012
18 |424 |12 |133 5088 M20 209 |16494  |206.75 127 1.25 1.011
19 42.4 12 13.3 508.8 M30 215 175.61 211.88 1.22 1.21 1.015
20 424 |12 [133 [508.8 M40 229 |185.17  |224.64 1.24 1.21 1.019
21 42.4 16 13.3 678.4 Hollow 156 133.74 153.44 1.17 1.15 1.017
22 424 |16 |133 |6784 M20 179 15379 [176.78 1.16 1.15 1.013
23 |424 |16 [133 6784 M30 189  |16409  [185.56 115 113 1.019
24 424 |16 |133 |6784 M40 207 |17326  |202.77 1.19 117 1.021
25 483 |6 [133 [289.8 Hollow 235  [17850  |232.97 132 1.31 1.009
26 |483 |6 |133 [289.8 M20 265 |206.87  |262.35 1.28 1.27 1.010
27 |483 |6 [133 [289.8 M30 285 [221.83  |281.45 1.28 1.27 1.013
28 |483 |6 |133 [289.8 M40 301 |23528  |296.28 1.28 1.26 1.016
29  |483 |12 133 [5796 Hollow 210 |166.26  |208.12 1.26 1.25 1.009
30 |483 |12 133 [5796 M20 235  |19407  |231.75 1.21 1.19 1.014
31 |483 |12 133 [5796 M30 265 |20856  |261.42 127 1.25 1.014
32 483 |12 133 |579.6 M40 289  |22153  |284.15 1.30 1.28 1.017
33 |483 |16 [133 [7728 Hollow 189  |154.02 |188.32 1.23 1.22 1.004
34 483 |16 [133  |772.8 M20 225 18126  |222.15 1.24 1.23 1.013
35 |483 |16 |133  [7728 M30 238 |195.28  |234.55 1.22 1.20 1.015
36 483 |16 [133  |772.8 M40 250  |207.77  |245.15 1.20 1.18 1.020
Mean 1.25 1.23 1.015
CONCLUSION

The ultimate load carrying capacity of SCC infilled steel tubes is about 13-20% higher than the hollow steel tubes. [from load
verses deflection curves, load verses L/D ratio curves]
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The local buckling is delayed in CFST compared to the hol-
low steel tubes [shown in fig 2 and 3] and may it be pre-
vented.

With increase in grade of concrete the ultimate load in-
creases marginally by 4-5%. Thus the load verses deflec-
tion curve is shifted higher for higher grades of SCC.[from
load v/s deflection curve, Load v/s L/T curves, Load v/s
D/T curves]

As L/D ratio increases, the load carrying capacity of the
composite tube decreases by 7%-12%.[from L/D ratios]

As D/T ratio increases the ultimate load carrying capacity
increases by 38% and 62% for steel tubes of diameter 42.4
and 48.3mm.Thus with increase in diameter of the steel
tube the ultimate bearing capacity increases.

The Pu,, differs from Pu_ by about 15-25% thus; AlJ pro-
vides a good prediction of the ultimate load carrying ca-
pacity of the CSFT column and is a conservative design
method.
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