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Abstract: - As we know that, though there is no setting up
for the castellated beam in Indian standard, the use of
castellated beam is increased day by day mainly for the
industrial buildings because of the pro of the castellated
beam like reduction the weight of the beam cause
lessening floor weight. And decrease of floor weight
causes decrease in size and weight of the columns and
ultimately considerably reduction in cost of the
substructures. A study on the effect of the enlargement
ratio on the deflection of the castellated beam is described
in this paper. Finite element method is used using ANSYS
11 to define the performance of the castellated beam with
change of the expansion ratio. In this paper, the
enlargement ratio of different values for the ISMB 500 is
used for which, the depth is ranging from 700 to 800 with
enlargement ratio of 1.4 to 1.6. Here two support
situations one is both ends are fixed and other is both
ends are pinned are used and various parameters are
found out like maximum von misses stresses, deflections,
strain etc. Here there is variation have seen in deflection
with change in the expansion ratio. With increase in
expansion ratio, there is a decrease in deflection up to
certain limit and, then there is a increase in deflection. It
is observable that the deflection is inversely proportional
to the moment of inertia of the castellated beam about x-x
axis. But after certain limit there is an in deflection
though there is a surge in moment of inertia due to
escalation in depth of the section by increasing the
expansion ratio. It is because of web buckling due to
escalation in slenderness ratio, there is a possibility for
web buckling of the castellated beam. So the main aim of
the paper is to find the minimum deflection i.e. optimized
section of the beam by means of change in expansion
ratio.
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1. INTRODUCTION
Economy in construction of steel structure cannot obtain by
accumulative utilization of high strength steel for the
construction. Inexpensive construction can be obtained up to
certain extent by using modified steel structure design. So the
next way is to alteration of standard steel section i.e.
castellated beam for flexural member.

2. FABRICATION

Profile cutting is done in web of | — section in zigzag
manner as shown in fig.2. Than these two halves are
detached and slid by the length equal to half the width of
hollow portion. In this position these two detached parts
are joined as shown in fig.2. Remaining portion is
considered as wastage, which is shown by hatch lines as
shown in fig.2.
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Fig. 2 Fabrication of castellated beam
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3. VIERENDEEL ANALYSYS

A castellated beam having a span of L and overall depth D
is as shown in fig.3. It is subjected to uniformly
distributed load g Kg/m. For the design of castellated beam
it is required to find the maximum stresses in the beam
which may occur at any point in the length of the beam
within the region of T- section. For convenience of
calculation, the beam is analyzed as a vierendeel truss
where the longitudinal fiber stress is governed by both
the beam bending moment as well as vertical shear. The
following assumptions are made in calculating stresses.

o Yg/m

fmrazcisiail]

: : ==
II:/(\ L
- [ —\‘ /v/' \\
/ h/3 e 7 \.
L \ b 4 \\\ /"//’ i I L
/ \ / . [] =
[ ni3 lh/(i ni3 llm(,j i ‘r Fig. 3 Typical castellated beam under uniformly distributed superimposed
i loading.
Fig. 1 Castellated beam and opening geometry.
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T-section due to shear, point of contra lecture is assumed to
exist in the vertical centre line of the open section. Fiber
stress varies linearly and the maximum stress in the open
section is computed as an algebraic sum of both primary and
secondary stresses which are due to shear in the T-section
respectively A typical section of a castellated beam is shown
in the fig. 4(a) The stress distribution diagram is shown in
fig. 4(b). Fig.4 Typical section and distribution of stresses of
castellated b

;
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MAXIMUM FIBER STRESSES AT SECTION B-B
6b = bB + bV = MAl/lg X h + V.eldsqg. (1)
Maximum fiber stresses at section B-B.

6t = tB + tV = MBD/2ig + Ve/4sf ... (2)

The maximum longitudinal fiber stresses can occur at inner
edge of the tee web i.e. bending stress at top fiber of the tee
i.e maximum bending stress would occur at section A-A and
is computed by the equation 1. The maximum bending stress
would occur at section B-B and is computed by equation 2. A
castellated beam section is most proficiently used when
bending stress at section B-B is governing stress. However,
this is not always possible particularly on the short spans.

Shear Stress analysis

The shear capacity will be governed by the least area either in
the vertical web or in the throat length. Maximum shear stress
may generally occur in the throat length except in case where
the expansion ratio is high when it may occur in the vertical
section. The shear stress in the web elements are calculated as
follows. The different forces acting on the element are shown
in the fig.5. It is required to find horizontal shear at section X-
X which is obtained by taking moment at pointlc.

Fig.5 Free body diagram of top segment of the beam
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Vh=v1/2 X s/2+V2/2 X s/2= s/4(V1 +V2)

D/2 — H1 D/2-H1
1. V1=V2+V;
SI2 XV
Vh=D/2-H1
V=2Vh/s D/2—Hl)............. (3.3)

4. RESULT AND DISCUSSIONS

Problem & Definition

Here there is a study of the castellated beam by analyzing the
castellated beam with the help of ANSYS WORKBENCH
11. The problem is taken as a 10m span of castellated beam
with both end fixed and both and hinged means fixed beam
and simply supported beam and fixed beam respectively. The
beam is analyzed with 1000pa load on the upper flange of
the beam. There is a change in depth of castellated beam
from 700 mm to 800 mm with change in expansion ratio
from 1.4 to 1.6. The properties of the parent section of the |
ISMB 500 @ 86.9 Kg/m.

Sectional area a = 110.74 cm2.

Depth of the beam D = 500 mm.
Width of the beam Bf = 180 mm.
Thickness of the web tw = 10.2 mm.
Thickness of the flange tf = 17.2 mm.
Slope of flange = 98°.

Radius at root Y1 =17.0 mm.

Radius at toe Y2 = 8.5 mm.

Moment of inertia Ixx = 45218.3 cm4.
Moment of inertia lyy = 1369.8 cm4
Radius of gyration rxx = 20.21 cm.
Radius of gyration ryy= 3.52 cm.
Section modulus Zxx = 1808.7 cm3.
Section modulus Zyy = 152.2 cm3.

The results obtained are as follows.

Deflection of the castellated beam for the fixed beam as well
as simply supported beam for each expansion ratio.
Maximum von mises stresses for each expansion ratio of the
castellated beam for fixed as well as simply supported beam.
Maximum strain for each expansion ratio for the fixed beam
as well as simply supported beam.

The above results are used to generates,

The relationship between the deflection v/s depth of the
castellated beam means depth of the hole.

The relationship between the deflection v/s Expansion ratios
of the castellated beam

The relationship between the maximum von mises stresses
v/s depth of the castellated beam.

The relationship between the maximum von mises stresses
v/s expansion ratio of the castellated beam.

The relationship between the maximum deflection v/s angle
of inclination of the castellated beam.
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Fig. 7 Deflection v/s Depth of the castellated beam for fixed beam
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Fig.8 Deflection /S Expansion ratio of castellated beam for fixed beam
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Fig.9 Deflection V/S Angle of inclination of castellated beam for fixed beam
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Fig.12 Deflection V/S Depth of the castellated beam for the simply
supported beam
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Fig.13 Deflection V/S Expansion ratio of the castellated beam for the
simply supported beam
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Fig.14 Deflection /S Angle of inclination of the castellated beam for
the simply supported beam
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Fig.15 Max. stress /S Depth of the castellated beam for the
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Fig.16 Max. stress /S Expansion ratio of the castellated beam for the
simply supported beam

5. CONCLUSION
The main impartial of this thesis is to know the performance
of the castellated beam under static gravity loading, as well
as to calculate the minimum deflection of the castellated
beam corresponding to expansion ratio, depth as well as the
angle of inclination. The subsequent results have been gained
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for the castellated beam under static gravity loading for the
different and condition. First is the ends have restrained
against vertical as well as horizontal movements only.
Second is restrained against the vertical, horizontal as well as
rotational.

Table 3 Analysis result summary for Fixed beam

Deflection | Max. stress | Max.
(m) (MN/m2) strain
Mininmm 2.5870E-02 | 258700000 | 0.0034
00
Depth 7.8800E+D | 788.0000 7240000
2
Expansion ratio 1.5760E+0 | 1.5760 14480
0
Angle of 70823E+0 | 70.8234 65.9161
inclination 1

Table 4 Analysis result summary for Simply supported beam

Deflecion{m | Max. Max.
)| stress(N/m2 | strain
)
Mimmum 238000E-02 | 626360000 | 0.00313
000
Depth 132 798.00000 724
Expansion e | 1464 1.59600 1448
Angde of 66.6355 70.82336 71.4210
inclination

From the outcomes, it is perceived that, for the fixed end
beam and simply supported beam, the minutest deflection,
Max. von misses stresses and the Max. strain values of the
constraints like angle of inclination, depth and expansion
ratios are diverse. So to decrease the stress, strain or
deflection, it is evident to approve the particular parameters
like angle of inclination, depth and expansion ratio.

» Asitis pragmatic from the deflection vs depth curve
that the deflection is gradually declining with surge
in depth but after some value of depth it remains
constant for a particular force of load.

»  The similar trends can be perceived from the curves
of deflection vs enlargement ratio, and deflection vs
angle of inclination.

« It is observed that stress value attains higher
magnitude with higher values of depth of the beam.

«  The similar trend can be observed from the curve of
stress vs expansion ratio, and stress vs angle of
inclination.

» Defferent boundary conditions
deformation parameters of the beam.
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