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Abstract - The researchers were merely looking for the most
efficient way to reduce the usage of steel. Castellated beam is an
I beam subjected to a longitudinal cut along the web in
different patterns. It is considered as a best innovation of steel
beam as it is laid to increase the section’s depth to induce an
increase in the moment of inertia and the section modulus
without the slightest increase in the element weigh. It
also have superior strength, weight ratio, and aesthetic appeal.
Hexagonal opening is considered to be the best web opening
provided. Through web openings on the Castellated Steel Beam
(CSB) service pipes, electrical wires, and ventilation ducts could
pass through buildings and thereby reduce their floor height.

This paper aims to study all the features of castellated beam to
introduce a strengthening method by encasing castellated
beam in concrete with lacing. The optimization study on the
different parameters like size, angle, shape and loading of the
castellated beam were performed using FEA. All the studies
concluded that the introduction of castellated beam can
increase the strength of the structure.

Keywords: Castellated beam, I section, strength,
optimization, Vierendeel Mechanism, stress.

1. INTRODUCTION

“Castellated beam" is commonly used as a type of expanded
beam. It is prepared by expanding a standard rolled shape
into a regular pattern of holes in the web. As the word means
"built like a castle, having battlements, or regular holes are
made in the walls, like a castle". It is made by separating a
standard rolled shape into two halves by cutting the webina
regular pattern. The pattern of holes in the web presents an
attractive appearance for beams exposed to view. The web
holes are becoming ever more functional with the increase of
piping, conduits and ductwork in modern construction. The
greatestadvantage, however, is the economy effected by the
increased load carrying capacity and stiffness.
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Fig 1: Castellated Beam

Use of steel is gaining greater advantage in the construction
industry due to its high strength and ductility. Thus the
development of castellated beam has wider advantages over
conventional beam. Castellated beam is developed from
conventional hot rolled steel beam, by cutting into specific
pattern on the web of the WF steel beam profile into 2 pieces,
which will later be shifted and welded into one unit, so that it
can increase almost 50% of the original profile height. The
various advantages includes the beam after creation of holes
increases the height of the I section. It creates a T section
above and below the opening as shown in (fig.2). Increases
the capacity and stiffness of the beam. It provides various
applications for the construction techniques.
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Fig. 2: Tee- section
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Abstract - In recent studies, web opening are small openings
which is constructed with continuous reinforced concrete
beams (RC) to accommodate utility piping and cables. A web
opening reduces the strength and stiffness of the RC beams. To
ensure the safety of beams, strengthening system were
provided around the web openings. This paper investigates the
possibilities of strengthening continuous RC beams having web
openings with Fiber Reinforced Polymer (FRP ) sheets and they
were performed using Finite Element Method. FRP have

corrosion resistance, lightweight, and high strength. The use of

FRP sheets as external reinforcement leads to improve both
the capacity and ductility of the beams. FRP composites not
only possess superior mechanical properties, but also easy to
install, and maintain. Some Fiber Reinforced polymer types
can also used to strengthening the beams having web openings
such us Carbon Fibre Reinforced Polymer (CFRP), Glass Fibre
Reinforced Polymer (GFRP), Aramid Fibre Reinforced Polymer
(AFRP). From all the studies, we can concluded that
continuous RC beams having web openings were strengthened
using Fiber Reinforced Polymers and improvement of capacity
and ductility of beams were takes place.

Key Words: Web opening, FRP, Strengthening,
Continuous RC beams, CFRP

1. INTRODUCTION

For the passage of utility pipes and ducts in new reinforced
concrete (RC) structures, web openings in beams have been
widely used. Using web openings allows to avoid additional
storey heights for ducts and pipes, thereby reducing the
overall building height. Web opening tends to reduction of
the strength and stiffness of the beam. By the use of FRP
composites as external reinforcement lead to improved
structural performance and improve both the ultimate
capacity and ductility of the beam. The FRP is unidirectional
and the FRP material was modeled using a linear elastic
isotropic failure after reaching its ultimate tensile strength.
Fig 1 shows the web opening in beam and Fig 2 shows the
FRP wrapping [1]. Reinforced concrete structures are
strengthened by using fiber reinforced polymer (FRP)
sheets. FRP have a good non- corrosive characteristics and
the advantage of FRP reinforcement are good strength-to-
weight ratio, good fatigue resistance etc. FRP sheets helps to
prevent the crack around opening. FRP sheets are traditional
methods for strengthening the beam [2].

Fig -2: FRP wrapping

2. MATERIAL PROPERTIES

The concrete damage plasticity models (CDPM) were used to
modeling concrete element. In compression and tension ,
CDPM simulate both the elastic and plastic properties of
concrete. In tension and compression, the steel
reinforcement acts as elastic-perfectly plastic material [1].
Steel reinforcements and stirrups are developed using
bilinear isotropic material. Yield stress fy and the ultimate
stress fu are shown in table 1. [9].
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Abstract - Beam- column joints are the most seismically
affected element in a framed structure, hence seismic
performance of joint is of great importance for overall
structural safety. In order to make appropriate design
decisions for joints, it is necessary to know how joints behave.

Concrete-encased concrete-filled steel tubular (CFST) beam-
column joints consist of CFST inside and reinforced concrete
outside. Several investigations have been conducted on joints
with steel beams and RC columns and with steel beams and
CEST columns. This paper reviews the present state of
knowledge of properties and performance of concrete-encased
CFST beam-column joints.

Beam-column CFST, seismic

Key Words: joints,

performance.
1. INTRODUCTION

Earthquakes are violent tremors in the earth's crust that
generate shock waves in all directions from its point of
origin which is caused by a sudden release of energy in the
earth's crust that causes seismic waves. The intersections of
beams and columns at reinforced concrete structures are
called beam-column joints. Beam-column joints are the most
seismically affected element in a framed structure, hence
seismic performance of joint is of great importance for
overall structural safety. The connection between beam and
column in a frame structure is most likely to sustain damage
during a seismic disaster. In order to make necessary design
decisions for joints, you need to know how joints behave.

A composite memberis a structural member made up of two
or more materials having dissimilar properties. [6] As they
are made of multiple materials, they exhibit properties of
both and have superior properties to the individual ones.
One of the most popularly used composite members in the
structural engineering industry is steel-concrete composite.
As we all know concrete is good in taking compressive load
and weak in taking tensile load. Also, steel is strong in
tension loading. By combining both, it utilizes concrete’s
compressive strength and steel’s resistance to tension and
making it more efficient in construction. Concrete-filled steel
tubular structures are one among these types of concrete-
steel composite.

Concrete-filled steel tubular (CFST) structures have great
structural benefits, including increased strength and
resistance to fire attack, high ductility and energy

absorption. In some recent buildings, concrete-encased
steel-tube columns (CFST) have been used to connect with
reinforced concrete (RC) or steel beams. The concrete-
encased concrete-filled steel tubular (CFST) beam-column
joint is made up of core CFST and reinforced concrete (RC)
outside. As the composite column is more fire-resistant and
structurally durable than a typical CFST one due to the outer
RC part. Fig 1 shows typical cross section of concrete-
encased CFST columns. Concrete-encased CFST beam-
column joints are stronger, more ductile, and can carry more
weight than ordinary RC beam-column joints due to the
performance of their embedded steel tube. Moreover, the
composite joints demonstrated favourable seismic behaviour
and could be used in earthquake-prone areas. Concrete-
encased concrete-filled steel tubular (CFST) beam-column
joints consist of CFST inside and reinforced concrete outside.
This method has certain advantages over conventional
reinforced concrete (RC) columns, such as higher ductility
due to the contribution of the CFST, and faster construction
speed because the CFST can be constructed first to carry the
entire construction load by itself and concrete and
reinforcing bars for the outer walls can be poured or
installed later.
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Fig-1: Commonly used cross sections of concrete-encased
CFST columns.

2. COMPONENT BEHAVIOUR OF CFST

The widespread application of concrete-filled steel tubes
in engineering has led to large-diameter steel tube columns
being used in the ground floors of high-rise and super high-
rise buildings. By decreasing the cross-sectional dimensions
of the upper columns as the number of floors increases, the
dead weight of the structure will be reduced and engineering
costs will be saved. The column connections where the cross-
sectional sizes change become the crucial area that affects the
seismic performance of the whole structure. Typical sections
of steel used for CFST for filling concrete are circular hollow
section (CHS), a square hollow section (SHS) or a rectangular
hollow section (RHS). It is found that circular cross sections
provide the strongestlocked up to the core concrete, whereas
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Abstract - Concrete-filled double-skin steel tubular
(CFDST) Columns considered as a new type of Concrete Filled
Steel Tubular (CFST) Columns. It consists of an inner and outer
steel tube with the annulus between the skins filled with
concrete. The concrete is properly compacted and filled in
between the steel surfaces. CFDST are high performance
composite columns that are increasingly being used in bridges
and high-rise buildings as well as to reinforce CFST columns.
CFDST has many advantages over CFST such as improved
stability, section modulus, lighter weight and better damping
characteristics. The inner tube increases their strength and
ductility as compared to CFST. It is important to control the
inner tube thickness to prevent the premature failure. The
outer tube wall thickness increases the performance of the
column therefore it reduces the susceptibility of the square
tube to local buckling.

The hollow steel tubes can be chosen with any type of cross
section, commonly circular and square tubes are preferred.
This paper investigates the characteristics of square Concrete-
filled double-skin steel tubular (CFDST) columns with circular
steel tubes in the interior. Non-linear FE analysis is performed
in this paper on CFDST columns with SHS outer and CHS inner
tubes under axial compression.

Key Words: Concrete Filled Double Skin Tubes, CFDST

Square Columns, Axial compression, Hollow Ratio.

1. INTRODUCTION

The concept of CFDST has developed from the use of hollow
steel tubes and they were firstly used in offshore and inland
construction. Concrete- filled double- skin steel tubular
column is a composite construction in which two hollow
steel tubes are concentrically positioned and the annulus
between each tube is filled with concrete. Due to the
presence of inner steel tube, it increase strength-to-weight
ratio, bending stiffness, ductility, and seismic performance of
the column[1].The inner steel tubes eliminate the use of
external formwork during the process of concreting. When it
is compared to reinforced concrete and bare steel the strong
mechanical characteristics of CFST reduces the cross
sectional size of the column [2]. The choice of the cross
section and geometry is depending upon the requirements
such as the structural efficiency of the column, aesthetic
criteria ,material availability, cost and method of

construction . Commonly square and circular are preferred.
Fig 1 shows different configuration of CFDST column.
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Fig-1: Different configuration of CFDST column

CFDST columns widely used in the construction of high-rise
buildings, factories and bridges over past times. There have
been several investigations are conducted on CFDST
columns to understand the strength and behavior of CFDST
columns. As a result of these studies found that double skin
tubes have an improved ductility and strength due to the
“composite action” between the steel tubes and sandwiched
concrete.

2. STRENGTH OF CFDST COLUMN

A Series of test were conducted on concrete-filled double
skin steel tubes (CFDST) columns under long-term sustained
loads. The test was conducted by 2 stages , ie. Long-term
service test and ultimate strength test. In the study there are
six specimens such as two circular CFDST specimens, two
square CFDST specimens and two reference conventional
CFST specimens under concentrically long-term sustained
loads. Also for comparing prepares ten CFDST and CFST
reference specimens were tested. The test is conducted to
measure the ultimate loads without long-term sustained
loadings. It reduces the ultimate strength of the CFDST
column and improves its deformation [3]. The structural
characteristics of short CFDST columns under compression
with circular inner and outer steel tubes with the use of
finite element modeling. Due to the confinement provided by
the steel tubes, circular concrete-filled double-skin tubular
columns (CFDST) greatly increases the displacement
ductility and peak strength of sandwiched concrete [4] .
Tests was conducted on concrete filled double- skin steel
tube (CFDST) under axially partial compression. Test were
conducted on fourteen specimens with outer and inner steel
tubes of circular hollow section (CHS) and fifteen specimens
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