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Abstract- Steel casing around normal concrete column is knby the name concrete filled steel tubular
(CFST) columns. It has got lots of advantages sischood ductility, greater stiffness, improved fiesistance
and better load carrying capacity compared to nboolamns. This study investigates load carryingazaty of
short columns of rectangular and T- shape crogsssowith and without steel casing. For this, apeximental
study was conducted for rectangular and T-shaperetmnfilled steel tubular short columns havinigrgth of
375 mm keeping area of steel as same for bothrepesi. Numerical analysis was conducted using ANSX.S
for specimens corresponding to experiment modethowt steel casing. In order to extend the experiaie
study, numerical analysis was conducted on loayiog capacity of rectangular and T- shape sholtirans
with and without steel casing for various lengtilsas 375mm, 500 mm and 630 mm with area of comened
area of steel as same for both rectangular antddpes It was found that load carrying capacityhafrscolumns
with steel casing is more than that of short colsimithout steel casing for rectangular and T- shape

Index Terms- CFST; Steel casing; Load carrying capacity.

1. INTRODUCTION

Concrete filled steel tubular (CFST) columns argyve experimental investigation on short and slender
much popular in modern civil engineering fieldhtts concrete filled steel tubular columns Brian e{3].
so many applications in construction industry beeau found that performance of the concrete filled steel
of its variety of advantages over normal columnshsu tubular columns was quite good and they have the
as greater stiffness, good ductility, high touglspnespotential to be used as most effective structural
improved fire resistance and better load carryingnembers in many civil engineering applications.
capacity and so on. Steel casing act as laterakells Parameters selected for their study was slenderness
as longitudinal reinforcement and it contributes irD/t or B/, filling the hollow sections with condesor
total load carrying capacity of column. Steel ti#mé not and concrete cylinder strength. They have also
as permanent formwork thus reduces construction cagonducted comparisons with various available design
and construction time. codes such as Australian standard AS 5100, American
Extensive experimental and numerical anslyscode AISC, Chinese code DBJ/T 13-51-2010 and
were conducted in previous years on concrete filledurocode 4 (2004). They found that all the design
steel tubular (CFST) columns. Han [1] investigatesl codes are conservative in predicting load carrying
behavior of short columns of concrete-filledcapacity of short and slender concrete filled steel
rectangular hollow sections (RHS) subjected to laxidubular columns. S. Seangatith and j. Thumrong#t [
load experimentally and found that strength indea a studied behaviors and modes of failure of squaire th
ductility index were increases with increase ofvalled steel tubular columns subjected to concentri
constraining factor and decrease of width ratiolirDa axial load. Main variables considered in their gtud
Liu and Wie Min Gho [2] conducted an experimentaivere compressive strengths of the concrete, wall
investigation on 26 rectangular CFST short columnghickness of the steel tube and tie spacing. An
The test parameters considered for the study ieclug@xperimental study conducted by Tu et al.[5] onrsho
volumetric steel-to-concrete ratio, material stttsg and slender multi cell T- shaped concrete fillegebt
and cross sectional aspect ratio. They have donetubular columns reveals that ultimate load of caism
comparison of test results with available desigdeso increases with increase in thickness of steel tu
such as Eurocode 4(EC4), American Institute of IStealso it is difficult to buckle under axial compr&ss
Construction (AISC) and American Concrete Institutén their study they found that with an increase in
(ACI) and found that EC4 is unsafe to predict th€oncrete compressive strength failure load incease
ultimate capacity of concrete filled steel tubulawhereas axial ductility decreases.
columns made from mild steel and high strength ~ This study mainly focuses on load carrying
concrete, whereas AISC and ACI estimates the failucapacity of rectangular and T- shape short column
loads of specimen conservatively. After conducting Wwith and without steel casing. For that an expenirale
study was conducted for rectangular and T- shape
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concrete filled steel tubular columns having a tbng surrounding steel. Base plate of 8 mm thick is
of 375 mm. Steel casing is provided with 1.5 mnprovided at bottom and concrete mix is poured into
thickness. Then numerical analysis was conducteifter casting they are cured for 28 days. Afterirmgrr
using ANSYS 14.5 for rectangular and T- shapevas done another 8mm thick steel plate was weltled a
columns corresponding to experiment models withoubp and then testing was done on compression gestin
steel casing. In order to extend experimental studyachine of 2000 kN capacity. Specimens before and
numerical analysis was conducted for rectanguldr arafter loading are given in Fig. 2 and Fig. 3
T- shape steel columns with and without steel cpsirespectively.

for lengths of 375 mm, 500 mm and 630 mm keepinr
area of steel and area of concrete as same so tl
ultimate load carrying capacity of concrete fillsiel
tubular (CFST) short columns as well as shor
columns without steel casing were investigatec
numerically.

e

2. EXPERIMENTAL INVESTIGATION

Experimental study was conducted for concretedfille
steel tubular short columns of rectangular and T
shape for a length of 375 mm having 1.5 mm thicl
steel casing with area of steel as same. M25 grac
concrete was used for infill concrete and mild Istee
plate was used for steel casing. Details of rectkmg
and T- shape short columns for experimental stsdy |
given in Table 1. Cross sectional details are given
Fig. 1.

T-shape Rectangular

. . . Fig. 2. Speci before loadi
Table 1. Specimen details of experimental study '9 pecimens betore loading

Shape Dimensions | Thickness, | Length, |
t (mm) (mm)
Rectangl | a=115mr | 1. 37t
b=82 mn
T- shap a=40 mm | 1.5 37t
b=58 mm
€c =58 mn
L
t Elfl T C
[
t } a — w
Rectangle T- Shape T- shape Rectangle
Fig. 1. Cross sectional details of concrete fikégkl Fig. 3. Specimens after loading

tubular columns

In order to find compressive strength of concret
concrete cubes of sizel50 mm x 150 mm x150 m
were casted and tested after 28 days of curing in
compression testing machine of capacity 2000 kN.
was found that compressive strength of concretesubFinite element modeling and analysis was conducted
was 32.215 N/mf Then concrete filled steel tubesusing ANSYS 14.5. Rectangular and T- shape short
were filled with M 25 grade of concrete within FB2 columns without steel casing corresponding to

NUMERICAL ANALYSIS

ﬁal Experiment models without steel casing
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experiment models were done. SOLID65 element t)pr shape

\ 60.7 \ 310 | 72.35 |

was used to model concrete. In order to carry out

meshing operation, 15 mm element edge length we

used. Small displacement static analysis was done
get results. Numerical analysis results of rectéargu

and T- shape short columns without steel casing a

shown in Fig. 4. and Fig. 5 respectively.
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Fig. 4. Principal stress diagram of rectangulartho
column without steel casing
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Fig. 5. Principal stress diagram of T- shape short
column without steel casing

Comparison of load carrying capacity of rectangalad

Ultimate load Vs specimen shape
: i
£ 300
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Shape of specimen

Fig. 6. Ultimate load Vs specimen shape for
rectangular and T- shape specimens with and
without steel casing

From Table 2 and Fig. 6 it is clear that load cagy
capacity of rectangular and T- shape short columns
without steel casing is less than load carryingacip

of corresponding short columns with steel casing.

3.2. Parametric study of rectangular and T- shape
short columns with and without steel casing

In order to extend experimental study numerical
analysis was conducted for rectangular and T- shape
steel columns with and without steel casing fogtas

of 375 mm, 500 mm and 630 mm keeping area of steel
and area of concrete as same. Then load carrying
capacity of short columns with steel casing as asl|
without steel casing was evaluated numerically.
SOLID65 element type was used to model concrete
and SOLID180 element type was used to model steel
plate. For meshing of models, 15 mm element edge
length was provided. Bottom end of steel plate is
provided with fixed support and top plate is kept a
free support. Small displacement static analysis wa
used for carryout model analysis. Details of specim
geometry are given in Table 3.

Table 3. Details of specimens for parametric study

T- shape short columns with steel casing as P@king ANSYS 14.5
experimental results and corresponding short cotumn

without steel casing as per numerical analysigjasen in
Table 2 . Graphical representation of results mshin
Fig. 6.

Table 2. Comparison of ultimate load for specimeiih
and without steel casing with equal area of steel

Shape Ultimate load Percentage
(KN) incr ease of
Without | With ultimate load
steel steel (%)
casing casing

Rectangular | 85.7 430 80.07

Thickness
Shape Ir_mer . of stedl, t Length, |
dimensions (mm)
(mm)
_ 375
Rectangle 2;2132555%?1 1.29 500
) 630
a=50.5 mm 375
T-shape | b=82.5 mm 0.75 500
c=82.5mm 630

Cross sectional details are to be referred with Fig

78



International Journal of Research in Advent Technology, Vol.4, No.8, August 2016

E-ISSN: 2321-9637
Available online at www.ijrat.org

Meshed view of concrete filled steel tubular short
columns of rectangular and T- shape are givengn Fi

7 and Fig. 8 respectively.

ANSYS
R14.5
A0S 2 2016
08:56:27

ELEMENTS

Fig. 7. Meshed view of rectangular CFST short
column with top and base plates

ANSYS
R14.5

ELDMENTS

Fig. 8. Meshed view of T- shape CFST short
column with top and base plates

3.2.1. Short Columns With and Without Steel
Casing of Length 375 mm

Table 4. Comparison of ultimate load for specimens
with and without steel casing for a length of 37 m

Shape Length, | Ultimate load Per cent
I (mm) | (KN) age
Witho | With increase
ut steel of
steel casing | ultimate
casing load
(%)
Rectangle| 375 98.65 366.75 73.10
T-shape | 375 113.54 340 66.61
Ultimate load Vs specimen shape
__ 400
2 300 -
*;‘— 200 -
3 108: Without steel
[} .
‘é §z§ ,qu, B With steel
= & By
5 4 «
QY
Shape of specimen

Fig. 9 Ultimate load Vs specimen shape with and
without steel casing for 375 mm length

3.2.2. Short Columns With and Without Steel
Casing of Length 500 mm

Rectangular and T- shape short columns with and
without steel casing for a length of 500 mm are
analyzed in ANSYS 14.5. Load carrying capacity of
specimens with and without steel casing for
rectangular and T- shape short columns with same
area of steel and area of concrete were foundTdnet.

results thus obtained were tabulated in Table 5.
Graphical representation of results is shown in El

Rectangular and T- shape short columns with and
without steel casing for a length of 375 mm areraple 5. Comparison of ultimate load for specimens

analyzed in ANSYS 14.5. Load carrying capacity ofyith and without steel casing for a length of 506 m

specimens with and without steel casing for

rectangular and T- shape short columns with sanjeshape

area of steel and area of concrete were foundTtet.

results thus obtained were tabulated in Table 4.

Graphical representation of results is shown in gig
From Table 4 and Fig. 9 it was found that load
carrying capacity of short columns of 375 mm length
without steel casing is less than that of shorticwis

of length 375 mm with steel casing.

Length, | Ultimate load Per cent

I (mm) | (KN) age
Withou | With | increasg

t steel steel of
casing | casin | ultimate

g load

(%)

Rectangle| 500 96.53 245 60.6
T- shape | 500 100.78| 300 66.41
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From Table 5 and Fig. 10 it was found that loadvithout steel casing is less than that of shorticwis
carrying capacity of short columns of 500 mm lengtlof length 500 mm with steel casing.

without steel casing is less than that of shorticwis
of length 500 mm with steel casing.

Overall results for rectangular short column watid
without steel casing for various lengths such as 37
mm, 500 mm and 630 mm are tabulated in Table 7.

. ) Graphical representation of results is shown in ER
Ultimate load V's specimen shape _
Table 7. Comparison of rectangular short column
_ 400 with and without steel encasement
Z 300 - _
3 200 - Ultimate load (kN)
S 108 I Without steel Length | Without | Withsteel | Percentage
@ _ (mm) steel encasement | increase of
= & o W With steel encasement ultimate
£ S 2 load (%
= & & oad (%)
5 & 375 98.65 366.75 73.10
< Shape of specimen 500 96.53 245 60.6
Fig. 10 Ultimate load Vs specimen shape with and | 630 92.12 233.47 60.54
without steel casing for 375 mm length
3.2.3. Short Columns With and Without Steel Ultimate load Vs specimen
Casing of Length 630 mm Iength of reCtangUIar column
400
Rectangular and T- shape short columns with an Z
without steel casing for a length of 630 mm are I 200
analyzed and Load carrying capacity of specimen g with out steel
with and without steel casing for rectangular and T E;
shape short columns with same area of steel ared ar 2 0 . . W with steel
of concrete were found out. The results thus obthin | 5 375 500 630
were tabulated in Table 6. Graphical representaiion | = Leneth of .
results is shown in Fig. 11. ength of specimen (mm)

Table 6. Comparison of ultimate load for specimens
with and without steel casing for a length of 50&m

Fig. 12. Ultimate load Vs specimen length of

300

Ultimate load Vs specimen shape

rectangular short column with and without steel

encasement
Shape Ultimate load (kN) Percentage ) ,
Without | With increase of From. Table 7_ and Fig. 12 it was found that_ load
teel steel ultimateload | Carrying capacity of rectangular short columns wiith _
casing casing (%) steel casing is less than_ that of s.hort column# wit
Rectangle| 92.12 533 47 6054 _steel casing. Load carrying capacity decreases with
i i i increase in length of specimens whereas the
T-shape | 98.65 249.82 | 60.51 percentage difference between the ultimate load

carrying capacity with and without steel casing
decreases.

Overall results for T- shape short column with and
without steel casing for various lengths such as 37

= 200 - mm, 500 mm and 630 mm are tabulated in Table 8.
= i Graphical representation of results is shown in Egy
= 100
3 0 - Without steel Table 8. Comparison of T- shape short column with
] < ) . and without steel encasement
® RN \\Q,Q B With steel
E & 3 Ultimate load (kN)
5 q\?fg Length Without With steel | Percentage
Shape of specimen (mm) stel encasement |n(ir_ease of
Fig. 11 Ultimate load Vs specimen shape with and encasement Il:):dm(?/ze)
without steel casing for 375 mm length 375 11354 340 56 61
From Table 6 and Fig. 11 it was found that load 500 100.78 300 66.41
carrying capacity of short columns of 630 mm lengtk 630 98.65 249.82 60.51
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Ultimate load Vs specimen
length of T- shape

[4]

400
200

0 :i:l:l:[ with out steel

375 500 630

[5]

W with steel

Length of specimen (mm)

Ultimate load (kN)

Fig. 13. Ultimate load Vs specimen length of T-pha
short column with and without steel encasement

From Table 8 and Fig. 13 it was found that load
carrying capacity of T-shape short columns without
steel casing is less than that of short column$ wit
steel casing. Load carrying capacity decreases with
increase in length of specimens whereas the
percentage difference between the ultimate load
carrying capacity with and without steel casing
decreases.

5. CONCLUSION

e Load carrying capacity of CFST short
columns is found to be more than that of
concrete columns.

* There is at least 60% increase in load
carrying capacity of CFST columns
compared to concrete columns.

e Load carrying capacity of CFST columns
decreases with increase in length.

e Rectangular CFST columns are found to be
superior to T-shape CFST columns at low
values of length to cross sectional area ratio

» Percentage increase of load carrying capacity
of rectangular and T-shape CFST short
columns in comparison with short columns
without steel casing are found to be same
high values of length to cross sectional area
ratio.
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