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Abstract- Concrete encased column which is developing
rapidly in the construction field because of its advantages
such as light in weight, faster in construction and no need of
bar bending. This paper presents the behavior of the concrete
encased steel tube column (CEST) by partially replacing the
fine aggregate with the quarry dust, further shear connectors
are also used to check whether they influence the strength of
the column. Experimental investigations are done. Result
showed that the partial replacement of quarry dust with shear
connectors proved to have good axial load carrying capacity
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I. INTRODUCTION

Composite columns are a combination of two
traditional structure forms structural steel and structural
concrete. As composite columns were generally developed
after steel columns and reinforced concrete columns, their
design based on either steel or concrete design methods .The
most common types of composite columns are Concrete filled
tubes, fully encased composite column and partially encased
column. Concrete encased columns have been widely used
extensively in bridges and building construction for many
years. Investigation showed that the composite columns lead
to the reduction in the weight and the deformation of the
structure. It involves the infilling of concrete within the steel
tube and outside the tube. Further it is Economical and
lightweight. Shear connectors on the top flanges of the steel
girders provide the means to achieve composite action
between the slab and the girders, thus increasing both stiffness
and strength. Concrete is prepared by using the river sand and
the quarry dust, to determine which has high effective axial
load carrying capacity. In the present work M20 grade was
used for casting the composite column. Cement used was 53
grade, uniform color i.e. grey with a light greenish shade and
was free from any hard lumps. Sieve Analysis of the Fine
Aggregate was carried out in the laboratory as per IS 383-
1970. The river sand and quarry dust was first sieved through
4.75mm sieve to remove any particle greater than 4.75 mm
sieve. According to IS 383:1970 the fine aggregate is being
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classified in to four different zone, that is Zone-1, Zone-Il,
Zone-1l1, Zone-1V. Sieve Analysis of the Fine Aggregate and
coarse aggregate was carried out in the laboratory as per IS
383-1970. It is sieved through 4.75mm IS sieve. Coarse
aggregate used in this work is 12.5mm chips and the shear
connectors used here 12.7mm. The building industry
frequently uses mild steel in construction because of its
ductility and malleability. Mild steel specimen used here has
yield strength of 240Mpa. Here mild steel is incorporated into
concrete instead of the reinforcing bar elements. Theoretical
calculations are done by using the code books IS 456:2000

I1. OBJECTIVES

The main objective of this experiment is to find the
behavior of composite column with shear connectors and
without the shear connectors and also when it is partially
replaced with quarry dust and compared with conventional
models.

Three types of shear connector models is prepared
i.e. (shear connectors with 50mm spacing, shear connectors
with 100mm spacing, without shear connectors) and their
compressive strength is determined.

The mix design and proper materials were collected
for this experiment.

11l. MATERIALS USED
A. Cement
Ordinary Portland cement (OPC) is the basic Portland
cement and is best suited for use in general concrete
construction. In this study OPC 53 grade cement is used. One

of the important benefits is the faster rate of development of
strength.
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Table 1: Test results of cement

5. mo Description Obtained value
1 Bpecific gravity 313
2 Finensss 247%
3 Standard 1%
consistsncy
4 Imitiz] sefting time 30
5 Soundness Sound

B. Aggregates

Aggregate properties greatly influence the behavior
of concrete, since they occupy about 80% of the total volume
of concrete. Fine aggregates used throughout the work
comprised of clean river sand with maximum size of 4.75mm
conforming to zone 1l as per 1S383-1970 [9] with specific
gravity of 2.32. Quarry dust can be defined as the residue
tailing or other non-voluble waste material after the extraction
and processing of rocks to form fine particles less than
4.75mm is used. Coarse aggregates used consisted of machine
crushed stone angular in shape passing through 16mm IS sieve
and retained on 4.75mm IS sieve.

Table 2: Test results of coarse aggregate

River | Quarry
sand dust

Coarse

Sno | Description
Pl RZETEZAtE

1 Finsness 3379

madnlns

[

3% 5561

Bpecific
Favity

N 39 271 R ]

Aggramts
impact test

s
[
[

Water
ahsogption

C. Water

Water is an important ingredient of concrete as it
actually participates in the chemical reaction with cement.
Thus the quantity and quality of water added to be noted
carefully.

D. Mild steel

Mild steel consists of iron alloyed less than 0.3%
carbon, most commonly used between 0.1 to 0.25%. The
building industry frequently uses mild steel in construction
because of its ductility and malleability. Some of the
properties of mild steel are Buckling, ductile, good tensile
strength, and tough. The test conducted for the mild steel is
brinell hardness number test and the result found to be 118.3
BHN
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IV. EXPERIMENTAL INVESTIGATION
A. Casting of specimen

The specimens are casted as square composite
column with M20 grade concrete. The dimension of column is
95x95x95mm and the mild steel tube size is 50x50mm. 24
specimens were casted. Casting schedule is prepared. Casting
is done for the with/without shear connectors. Two types of
shear connection is provided typel 100mm spacing, type2
50mm spacing, type3 without shear connection and type 4
conventional reinforcement.

Table 3: Number of specimens

Etezl mmbe | Steclmbe
Eeal with with Conve
Mlaterizls tube Ehear Ehear ntiona

connectar | conmectar

1 2
sand 3 3 3 3
OBz
Cement
(J-dnst
B. Curing:

After 24 hours of casting the moulds are removed and
specimens are kept for curing. Curing is done by immersing
the specimens in clean water for 28 days.

C. Testing of specimens
1. Compressive strength test

Compressive strength test is done by placing the
column in the compression strength testing machine and load
was applied. The ultimate load at which the specimen fails is
noted. The compressive strength is calculated and is given in

table 4.

Table 4: Compressive load test of river sand specimen

Bpecimen
nams Axial load carryine capacity
Theoretical | Experimental | Averzzs
load{kM) | Load (M) [agy]
CER11 142
CER12 160 160
CER13 171
CER21 1242 170
CER22 114 1527
CER23 164
CER31 148
CER32 1337 204 186
CER33 205
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Here the first two letters CE represents the concrete
encased column respectively and the third letter represents the
river sand

And the numbers 3.1, 2.1, 1.1 represents the type
no, and number of specimen respectively.

COMPARSION BETWEEN RIVER SAND
SPE CIMENS

Load (KM}

typel

typell typelll

River sand specimens

Figure 1: Compressive strength test graph between river sand
specimens

Table 5: Compressive load test of Q dust specimen

Bpecimsn
nams Axizl load carmying cpacity
Theorsticz]l | Experimental | Average
loadNy | Load (M) Lag)]
CEP11 184
CEP12 194 1834
CEP13 200
CEP11 1342 215
CEP212 121 202
CEP13 220
CEP3l 182
CEP32 1337 203 2003
CEP33 213

COMPARSION BETWEEN QUARRY
DUST SPECIMENS

250
200
150
100

50

load {KN)

type |

typell type

partial replacement specimens

Figure 2: Compressive strength test graph between Q dust
specimens
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Here the first two letter CP represents the concrete
encased column respectively and the third letter represents
the Partial replacement of quarry dust

And the numbers 3.1, 2.1, 1.1 represents the type
no, and number of specimen respectively.

Table 6: Compressive load test of river sand and quarry dust
typel specimen

Epecimen
name Axial load carrving capacity

Thearetical Experimentsl Averzme
laad i} Laozd () ()

CER11 142

CER12 164 160

CER13 171

CEP11 19412 184

CEP12 194 1934

CEP13 200

COMPARSION OF TYPE 1 RIVER SAND
AND QUARRY DUST SPECIMEN

[ %]
(%)
=

Load{KN)
]
L= TN § B ]
(=T = T =]

wn
[=]
I

=
I

RiverSand quarry dust

specimen

Figure 3: Compressive load test graph between river sand and
Q dust type 1specimens

Table 7: Compressive load test of river sand and quarry dust
type 2 specimen

Bpecimsn
name Axizl load cafrvine capacity
Thearstical Experimental Aveam
lozd (kM) Lozd (kM) 3
CER11 124
CER22 154 1527
CER213 17
CEP11 18412 121
CEP212 215 202
CEP23 220
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COMPARSION OF TYPE 2 RIVER SAND
AND QUARRY DUST SPECIMEN
300
g2 200 —
3 .
g 100 -
0 -
river sand quarry dust
specimen
Figure 4: Compressive load test of river sand and quarry dust
type 2 specimen
Table 8: Compressive load test of river sand and quarry dust
type 3 specimen
Epecimen
nams Axial load caryins capacity
Thearetical Experimental Averzme
lasd (kM) Laad (kM) [
CER 31 138
CER3 204 126
CER33 203
CEP31 1337 122
CEP32 206 2003
CEP33 213
COMPARSION OF TYPE 3 RIVER SAND
AND QUARRY DUST SPECIMEN
250
- 200
£ 150
E 100
50
0
river sand I Sand
specimen
Figure 5: Compressive load test of river sand and quarry dust

Table 9: Compressive load test of conventional river sand and

type 3 specimens

type 1 specimen

Epecimen
name Axizl load carrvine capacity

Thearstical Experimental Averags
loadk) Laad (k) )]

CCR41 132

CCR42 1333 158 154

CCR43 170

CER11 1244 148

CER12 160

CER13 171 160
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COMPARISION BETWEEN
CONVENTIONAL AND
(TYPE I RIVER.  5AND

180
1ad
140
120
100

80

load (KN}

G0
40
20

River sand

Canventioal

specimen

Figure 6: Compressive load test of conventional river sand and

type 1 specimen

Table 10: Compressive load test of conventional river sand

and type 2 specimens

Epecimen
nams Axizl load carrying cpadity
Thearatical Experimental Averzzz
load(k}) Load ) [ia)]
CCR41 132
CCR42 1333 159 154
CCR43 170
CER11 1244 124
CERI2 164 1523
CER213 170

CONVENTIONAL AND RIVER SAND

COMPARISION BETWEEN

(TYPE2) SPECIMEN

180
150
140
1z0
100

20

LOAD (kN)

&0
40
z0

(4]

River sanditype 2)

Conve ntional

SPECIMEMN

Figure 7: Compressive load test of conventional river sand and

type2 specimen

Table 11: Compressive load test of conventional river sand

and type 3 specimen
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Epecimen
nams Axizl load carrying capacity
Thearstical Experimental Averazz
load (k) Load () [iady]
CCRAT 157
CCR42 1333 159 154
CCR43 170
CER31 1944 148
CER32 204 184
CER33 205

COMPARSION BETWEEN
CONVENTIONAL AND RIVER SAND

(TYPE3) SPECIMEN

LOAD {kN)

conventional

river sand {type 3}

SPECIMEMN

Figure 8 : Compressive load test of conventional river sand

Table 12: Compressive load test of conventional Q sand and

and type3 specimen

typel specimen

Bpecimsn
nams Axizl load carrying capacity
Thearstical Exparimental Averzss
load )y Lozd ) a5
[N 1805
[ =] 1333 184 154
CCR43 186
CEP11 1914 186
CEP12 194 1934
CEP13 2040

DUST SPECIMEN

COMPARSION BETWEEN MSAND
CONVENTIONALAND TYPE 1 QUARRY

203

200

195

150

185
180
175
170

load (kM)

Quarry

dustconventional

Specimen

Typel

Figure 9: Compressive load test of conventional Q sand and
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Table 13: Compressive load test of conventional Q sand and
type2 specimen

Epecimen
name Axial load carrving capacity

Thearetical Experimental Averazz
lozd{ch) Lozd () e

CIF41 1803

CIP42 1333 184 154

CIP43 186

CEP11 1244 131

CEP212 215 202

CEP13 220

COMPARSION BETWEEN MSAND
CONVENTIONALAND TYPE 2 QUARRY

DUST SPECIMEN

250

200

150

Load (kM)

100

50

conventional

type 2

Figure 10: Compressive load test of conventional Q sand and
type 2 specimen

Table 14: Compressive load test of conventional Q sand and
type2 specimen

Epecimen
name Axizl load carrving capacity
Theorstical | Experimental | Averas
lo2d (3 Lozd (kM) 3
CIP41 1803
CIP4l 1333 184 154
CZIP43 184
CEP31 1244 182
CEP32 2046 2003
CEP33 213
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CONVENTIONALAND TYPE 2 QUARRY
DUST SPECIMEN [1] DExperimental investigation of textile reinforced

engineered cementitious
composite (ECC) for square concrete column
confinementAli N. AL-Gemeel, Yan Zhuge School of
Natural and Built Environments, University of South
Australia, SA 5095, Australia

[2] Compressive behavior of CFRP-confined post heated
square CFST stubcolumnsYu Chena,b, Kai Wangb, Kang
Hea, Jiangang Weia, Jun Wanb

[3] Axial compression performance of composite short
columns composed of RAC-filled square steel tube and
profile steel Hui Ma a,b,, Jing Dong a , Guangbin Hu a,
Yunhe Liu ab a School of Civil Engineering and

Spesiriorn Architecture, Xi'an University of Technology, Xi'an,
China b State Key Laboratory of Eco-hydraulic
Engineering in Arid Area, Xian University of
Technology, Xi'an, China

[4] Axial compressive behavior of square ice filled steel
tubular stub
columnsAuthorlinksopenoverlaypanelYanleiWangaGuipe
ngChenaBaolinWanbHaoLina

LoadikM}

Conventional Type3

Figurell: Compressive load test of conventional Q sand and
type3 specimen

V. CONCLUSION

Based on the above experiment result obtained, we
conclude that the

e When comparing the m Sand specimens with the
river sand specimens the load carrying capacity of the
quarry dust specimen is 0.34% higher than that of the
river sand specimen.

e Regarding with the shear connectors, columns with
shear connectors are having 0.16% high axial load
carrying capacity than that of the reinforced
conventional columns.

e When the comparison is done within the river sand
specimen having shear connectors it is found that the
specimens without shear connectors i.e. type 3
specimens is having 0.44% high axial load carrying
capacity than that of other specimens.

e When the comparison is done within the quarry dust
specimen having shear connectors it is found that the
specimens with shear connectors at 50mm spacing
i.e. type 2 specimens is having 0.2% high axial load
carrying capacity than that of other specimens.

e Hence from the above discussion it is concluded that
the partial replacement of the quarry dust has yielded
the good strength when compared to that of the river
sand. And the concrete encased steel tube has good
strength than that of the conventional.
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