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Abstract

The experimental investigation was carried out to study and investigate the behaviour of hollow, Plain Cement Concrete
(PCC) and Silica; Quartz replaced concrete in-filled medium light gauge columns subjected to axial loads. The cold formed
sheets were continuously welded at the middle along its length. The basic study for the in-fill materials were carried out
initially. For PCC in-fill M40 grade concrete was chosen. A total of 4 columns of 1.50m length were tested, without in-fill,
with plain concrete in-fill and with Quartz and Silica in-fill having a cross section of 100 x 50 x 2 mm. All the specimens
were tested to failure. Ultimate load, Load-Axial shortening and Load-Strain for all the specimens tested were plotted. With
the comparison of hollow columns the Quartz concrete in-filled columns take around 50% more ultimate loads when load-
ed axially. The in-filled column with Quartz withstands the maximum load; this is due to the fineness modulus property of
the material. The Euro Code 4 predicted the ultimate loads closer to that of the experimental loads. Thus Quartz sand can

be used as an alternate filler material.
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1. Introduction

The study of lightweight Cold-Formed Steel (CFS)
structural systems is increasing since the CFS members
offer one of the highest load capacity-to-weight ratio. The
use of in-filled columns is a new trend in composite con-
struction industry. Steel-concrete composite columns are
used extensively in modern buildings. Extensive research
on composite columns in which structural steel section
are encased in concrete have been carried out. The in-
fill concrete columns offer high classes of fire protection
and for seismic-resistant structures. In-filled composite
columns, however have received limited attention com-
pared to encased columns'. The strength and deformation
of the short and slender concrete-filled steel tubular col-
umn under the combined action of axial compression and
bending moment was experimentally studied®. A numeri-
cal model was also developed to study the behaviour of
column incorporating material and geometrical non-lin-
earity’. Due to the decrease in the availability of river sand
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asustainable alternate can be used. Study on concrete using
waste materials by partial replacement of aggregates was
carried out’. Tests on steel tubular columns of rectangular
and circular sections filled with normal and lightweight
concrete were performed to investigate the behaviour of
such columns under axial loadings’. The Silica sand and
Quartz sand are found as an alternate for river sand.

2. Experimental Investigations
2.1 General

The specimens were fabricated from cold-formed tubes
with a measured size of 100 x 50 x 2 mm and 1.474 m
long to keep the slenderness ratio as 70 respectively.
Tensile coupons test were carried out to measure the
material properties of steel. Two types of concrete Silica
and Quartz along with Conventional Concrete were used
to fill the hollow sections.The mix design was carried out
according to IS: 10262-1982.
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2.2 Concrete Properties

A nominal mix was designed according to IS: 10262-1982
for M40 grade of concrete. The specimens were casted
and the strength development was monitored for a period
of 28 days, from which the optimum percent of the Silica
and Quartz mix was found and used for the in-fill along
with conventional mix.

2.3 Steel Properties

Coupon test was carried out to in order to determine the
actual material properties of steel, three coupons were cut
from the sections and tested for failure under tension as
per ASTM A 370° specification. The Figure 1 shows the
details of specimen for Coupon Test. The properties of
steel such as Yield stress f = 270 N/mm? Ultimate stress
f‘1 =312 N/mm?; Percentage of elongation = 13%; Modulus
of Elasticity = 2.1 x 10°N/mm? were found. The Figure 2
describes the stress strain behaviour of the steel used.

2.4 Push out Tests

To study the bond strength between the steel sections
and the in-fill, push out tests were carried out. The test
specimen of 550 mm in length and the concrete was
filled up to 500 mm length leaving a 50 mm gap. The load
was directly applied on concrete through a steel plate
and the slip between concrete and steel was observed
using a deflectometer. The Figure 3 shows the Load vs.
Slip Characteristics for the in-filled specimens. The slip
was very minimal indicating high bond- strength up to
the ultimate load. The Quartz in-filled concrete showed

50 ram | \ S0mm | |

2 mrm
| | | 50 mm l_..H._

125 mm anm

| 200 min

Figure 1. Details of specimen for coupon test.
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Figure 2. Stress strain behaviour for the steel specimens.
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Figure 3. Load vs. slip characteristics for the in-filled
specimens.

higher bond strength properties when compared to other
in-filled concrete and this is due to the bonding nature of
quartz material.

3. Test on Medium Columns

The height of column not less than three times the largest
dimension of the section and not more than twenty times
the least radius of gyration as prescribed in the IS: 801-
19757 is called medium column. The column tests were
conducted on specimens to get their ultimate strength.

3.1 Test Procedure

The rectangular hollow, Conventional in-filled concrete,
Silica in-filled Concrete and Quartz in-filled concrete
were tested. The columns were tested under axial load
condition. A load level of 10 kN was applied so that the
platens of the testing machine were fixed to both ends of
the specimen. The axial load was then applied at a load-
ing rate of 0.30 mm/min. Deflectometer are placed at mid
height on all the sides to measure the lateral deflection.
A 30 mm thick plate was welded directly to the ends of
the specimen to create the simply supported end condi-
tions. The axial shortening and longitudinal strain of the
specimen were recorded at a load increment of 10 kN.

3.1.1 Load vs. Axial Shortening

Load versus axial shortening behaviour of the short
columns with the various in-fill are shown in Figure 4.
The test specimens showed a linear curve in the ini-
tial stage. After attaining the maximum load capacity,
the curve drops gradually for the hollow columns and a
sudden drop for the in-filled columns showing the reduc-
tion in capacity of column. The in-filled column with
Quartz withstands the maximum load; this is due to the
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fineness modulus property of the material. The Euro
Code 4 predicted the ultimate loads closer to that of the
experimental loads is shown if Table 1.

3.1.2 Load vs. Micro Strain

The loads versus micro strain for all the columns are
shown in Figure 5. For the hollow column the strain is
very less. The strain is very less for the in-filled columns
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Figure 4. Load vs. axial shortening.

Table 1. Experimental and theoretical load
comparison

SL Specimen | Experimental | Theoretical Load (P, )
No. Type Load (Pexp) (Eurocode4) (kN)
(kN)
1 Hollow 140 138.2
2 | Conventional 220 222.6
Concrete
3 Silica 250 258.4
4 Quartz 280 275.6
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Figure 5. Load vs. micro strain.
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but the corresponding load is high when compared to
hollow column. The strain hardening portion is greater
for the Quartz in-filled columns compared to the other in-
filled columns. This condition prevails due to the ductile
behaviour of the Quartz material.

4. Conclusion

With the comparison of hollow columns the Quartz
concrete in-filled columns take around 50% more ulti-
mate loads when loaded axially. The Quartz in-filled
columns take around more ultimate loads when the loads
act axially in comparison with other in-filled columns.
The Quartz in-fill column can withstand maximum
failure when compared to other columns. The experi-
mental loads show closer results in comparison with Euro
code 4%,
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