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Abstract - The behaviour of any structural members is mainly based on its cross-sectional properties. The effect of
connections is mostly not considered in steel design except for the tension members. In this study, the behaviour of
cold formed column sections under compression with respect to fasteners were studied. A total of 6 cold formed built
up I-section columns with two different types of connections (bolted and welded) were tested under uniaxial
compression. In the failure mode, ultimate strength of the specimen was investigated. The test results showed that
the columns with welded connection resist more load than the bolted connection. Results are also compared with the
manual calculation. From results, it was observed that there is significance difference between manual calculations
and axial load capacity of tested columns. Under the application of axial load in bolted and welded connections,
initially local buckling failure occurred. The load carrying capacity of welded connection column is higher than the
bolted column. Comparison study shows that we can adopt this section as columns instead of using hot rolled
sections under light loads and when hot rolled sections proves to be expensive. This will reduce the cost of the
material and construction.
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1. INTRODUCTION 3. SLENDERNESS RATIO

In India construction using structural steel is still The maximum effective slenderness ratio for

in developing stages. Currently, we are mostly restricting
the use steel structures in industrial buildings alone. But
structural steel can be used for a variety of buildings
varying from to industrial plants to residential buildings.
In addition to hot rolled steel sections, cold- formed steel
structures also become increasingly popular in recently
years due to their superior strength to weight ratio and
ease of construction. In case of lighter loads where hot
rolled sections proves to be uneconomical, cold formed
built-up sections proves to be a better option both in
terms of strength as well as cost. In this regard a study
was made on the axial behaviour of cold formed built-up
column sections by using welded and bolted built up
sections. Axial behaviour of cold formed columns are
compared between bolted and welded sections.

2. MATERIAL PROPERTIES

A built up I section with using cold formed steel
sheet of thickness 1.6 mm is used in the study. Two
channel sections are connected back to back to form an I
section and in addition to that, flange plates are used at
top and bottom. The flange width and thickness of each
channel is 75mm x 1.6 mm. The web depth and thickness
of each channel 200mm x 1.6mm. The width of flange
plate is 150mm and thickness is 1.6mm. Height of
column is used in this study is 650mm. Two channels are
connected at top and bottom flanges using those flange
plates. One set of connection is made using bolts and
another set is made by using weld.

member carrying compressive load resulting from dead
load and imposed loads (KL/r) value should not exceed
180 ‘kL’ is the effective length of member and I’ is
appropriate radius of gyration based on effective section.
The slenderness ratio for the designed cross section
calculated as 20 as it is a short column section.
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Fig 1: Cross section with dimensions (mm)
4. CONNECTIONS

Two different types of connections are adopted in
this study namely

a) Bolded connection
b) Welded connection

A. Bolted Connection

Two channel sections are placed back to back to
form a I section. Two channels are connected at web and
flange. At flange connection plate is used to connect the
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channels. The thickness of flange plate is 1.6mm. In
bolted connection thirty-six bolts are used to connect the
channels for the formation of I section. The edge distance
and pitch distance spacing of bolts are taken from IS
800:2007. Eight bolts are place at 50mm apart from the
edge of each side of column in both top and bottom
flange. Then sixteen bolts are connected at top and
bottom flange for 110 mm spacing. Twelve bolts are
connected web at distance 37.5mm at top and bottom.
10mm diameter bolt are used for connection. For 10mm
diameter bolts, 12 mm holes are made in specimen. The
top view of [ section with bolted connection

Fig2: Flange plate

Fig 3: Flange plate with bolt holes

The following figures shows the bolt connection at

flanges and web.

Fig 4: Bolted connection

B. Welded Connection

Spot weld is used to connect the two channel
sections to form a I section. Welding is possible in cold
form steel with reference taken from the experiments

conducted by Shivakumar Kesawan. Connections are
made at the junction of two channels and at end of
flanges and at top and bottom of web. Spacing are
provided similar to the bolt spacing for comparison.
Electrical welding that uses a welding power supply to
create an electric arc between an electrode and the cold
formed steel sheet to melt the metals at welding point.
They can be use either direct current or alternating
current and consumable or non-consumable electrodes.
Welded connection at flange and web are shown

Connections are made at junction by making hole
at the connection plate at the center where the junction
of two channels are located. The following shown the
connection plate

Fig 7: Connection plate

5. EXPERIMENTAL INVESTGATION

Experimental investigation for bolted and welded
cold formed steel columns is done by using universal
testing machine. Here specimens are divided into two
types based on their connection, one is bolted
connection and another one is welded connection. For
getting mean and accurate values three specimens
tested in bolted connections as well as welded
connections.
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Fig 8: Universal Testing Machine
A.Test setup

Universal Testing Machine (UTM) is used to
test the axial compression strength of the specimens.
The columns are placed at center of UTM. Plates are
placed at top and bottom of the column to distribute the
load uniformly throughout the specimen. Specimens are
placed at fixed end condition. Loads are applied to the
specimen by hydraulic loading. Load carrying capacity
is digitally displayed in universal testing machine.

Fig 10: Dial gauge

Dial gauge are used to measure the vertical and
lateral deflections. Totally three dial gauges are used to
measure deflections in specimen. One is placed
vertically to measure vertical deflection and remaining
two are placed laterally at the center of specimen to
measure lateral deflection. The least count of dial gauge
is 0.01.Loads are applied slowly to the specimen. For
each increment of 5 kN, deflections are measured
through dial gauge. There is only minimum amount of
deflection in lateral direction due to short column effect.
Maximum load carrying capacity of column is reached
when local buckling initiates.

Fig 11: Failure mode of Bolted column and Welded column

Further load is applied after the load carrying
capacity of column. Load carrying capacity decreases
with increase of deflection, crushing failure occur at the
top for welded column and for bolted column failures
occur at the bottom of column. The following figures
represent the crushing failure of welded and bolted
columns. The following figures represent the crushing
failure of welded and bolted columns

Fig 12: Failure of welded column

Fig 13: Failure of bolted column
6. NUMERICAL CALCULATION

The manual calculation was calculated as per IS
801:1975. Manual calculations are calculated without
considering the connections. The ultimate load of the
column obtained from this calculation is 80.26 kN.

7. RESULTS & DISCUSSIONS
A. Column Test Results

The cold formed built up column sections
consisting of both bolted and welded sections were
tested both by using experimental as well as analytical
methods of investigation. Following results are
tabulated.
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TABLE 1
Results
Type of Average % Increase
section (kN)
Manual 80.26 -
calculation
Bolted 102.75 28.02
connection
Welded 112.36 40.13
connection

The load deflection curve for the experimental
results are plotted

BOLTED CONNECTIONS

LOAD (kN}

Fig 14: Load vs Displacement curve for bolted connection

From these results we can easily identify the
significant variation in axial load based on the various
fasteners. So, when compared to manual design,
experimental results give more axial load carrying
capacity. Welded connection gives more strength than
bolted column and manual calculation. Under
experimental investigation, it was found that built up
sections with welded connections gives 40% more
results than theoretical calculation. Whereas bolted
connection gives 28% more strength than theoretical
calculations.
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Fig 15: Load vs Displacement curve for welded connection

Also, from the comparative study based on
different connections, for the light loads this cold formed
built up columns proves to be an effective and ecoomic
replacement for the conventional hot rolled I sections.

8. CONCLUSION

An attempt has been made to study the behaviour
of cold formed built upcolumn’s sections in axial
compression under the influence of fasteners. Six
columns each of three bolted and three welded cold
formed sections were used in the study, it was found that
both the columns give more results when compared with
the theoretical values. In both the type of fasteners,
welded columns provide more strength than the bolted
columns.
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