Proc. of the Third Intl. Conf. on Advances in Civil and Structural Engineering - CSE 2015
Copyright © Institute of Research Engineers and Doctors, USA .All rights reserved.
ISBN: 978-1-63248-057-6 doi: 10.15224/ 978-1-63248-057-6-51

Feasibility of Castella Composite Beam as a
Structural Element To Receive Earthquake Loads
Mara Junus , Parung Herman , Tanijaya Jonie and Djamaluddin Rudy

Parung Herman et al (2013) are given monotonic load.. Solid
steel profiles fabricated into castella beam is IWF 200 100 5.5
8. Research on the angle and length beam has been carried out
by Parung Herman et al (2013) are given monotonic load.
Solid steel profiles fabricated into castella beam is IWF 200
100 5.5 8. Research results show the opening angle of 60 0 and
aperture length e = 3b = 9 cm gives the best result of the angle
and length of openings for openings hexagon. To increase
capacity and avoid damage that commonly occur in castella
beam, then the beam castella beam reinforced with fresh
concrete between the flanges. Their results showed flexural
capacity of castella beam with concrete filler between the
flange increased 168.34% compared with the normal beam.
The purpose of this study was to determine the ability at the
end section of the castella composite beam to receive
earthquake loads

Abstract : The purpose of this study was to determine the ability
of castella composite beams can be used as a structural element
to resist earthquake load based on earthquake resistant building
regulations applicable in Indonesia. This research was carried
out through testing castella composite beams in the form of a
portal with cyclic loading. Solid beams steel used is profiles IWF
200 100 5.5 8 fabricated became castella beam. Test beam
consists of a solid beam (NB) as a comparison and castella beams
with concrete filler between flange or castella composite beam
(CCB). The results showed that in terms of the flexure capacity,
beam failure at the end of the load, partial ductility and full
ductility meet the requirements of SNI 03-1726-2003 on
Earthquake Planning Procedures for Building Resilience in
Indonesia so castella composite beam (CCB) can be used as a
structural element to receive earthquake loads.

Keywords : steel, beam ,castella composite, cyclic load

INTRODUCTION

II.

TESTING PROGRAM

A. Testing Principle

The need for shelter is increasingly rising day by day in
Indonesia in line with population growth. Besides, the land for
the construction of buildings or other buildings is more
difficult to obtain and the price is higher, especially in urban
areas. To save the land, then the solution is to build a multistorey building for office buildings, dwellings or other
buildings. Most of the building structure with steel material
uses solid steel profiles as advantageous solution in terms of
strength and material usage. Experts are trying to structure
how to increase the strength of steel elements without an
increase in self-weight of steel in order to obtain some new
methods that beams with openings entity known as castella
beam.

The principle of the test is based on the structure of the
framework that loaded by earthquake load as in Fig. 1(a). By
taking part beams and columns that are restricted to the joint
(s) Fig. 1(b). Due to horizontal load, the moment at mid beam
and column values will be close to zero. Therefore, the
position of the zero moment can be modeled as a HINGED,
column and beam sections tested are considered to represent
part with the end as a HINGE (the moment = ZERO).
H
column

Cyclic load

Mara Junus
Hasanuddin University
Indonesia

H

H
H

H

Specimen beam

Specimen beam

H

column

I.

H

Parung Herman
Hasanuddin University
Indonesia

H

(a)

(b)

Figure 1. (a) The moment area of a frame due to earthquake loads, (b)
Principle of the test beam element
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B. Test Beams
For specimens, a steel beam used is a profile IWF 200 x
100 x 8 x 5.5 with hexagon shaped openings. High aperture
0.6 H, a distance of 9 cm and the aperture opening angle 60 0.
The cross section of the test beam as in Fig. 2. Variations of
the test specimen consists of a solid beam (NB) as a
comparison, and castella composite beam (CCB). The
placement of the holes on the castella beam based on a
comparison of plastic moments between the solid section and
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Research on the angle and length of exposure to a high of
0.60 to a high aperture solid beam has been carried out by
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perforated section, assuming when a solid beam section in
yielding, then the hole section will also in yielding.
sec. a-a

IWF 200 100 5.5 8 for the other columns Fig. 3. Testing
framework laid out on the floor and walls of reinforced
concrete. Equipment and testing instruments required are:
crane, strain gauge FLK 2.12, LVDT (Linear Variable
Displacement Transducer) with a precision of 0.005 and 0.01,
actuator (horizontal jack) with a capacity of 1200 KN, logger
data and switching box.

a

a
sec. b-b

(a)

b

33.52 cm

D. Testing Implementation

b

The cyclic loading is given in the form of displacementcontrolled at the upper end of the column. Method of loading
each cycle based on the Recommended Testing Procedure for
Assessing the Behavior of Structural Elements under Cyclic
Loads issued by the European Convention for Constructional
steelwork (ECCS). The testing stopped when loading cycles
plans reached Pfailure = 0.80 Pmax. (recommendation by ASTM
international, designation : E 2126-02a year 2002).
Displacement load- ram speed relationship that has been done
as shown in Figure 4

134.48 cm
192.5 cm

(b)
Figure 2. Beam test for the : (a) normal beam (NB), (b) castella
composite beam (CCB)
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III.

Figure 3. (a) Framework for testing and placement of testing
instruments, (b) testing installation

Displacement- ram speed relationship for the, (a) NB test
beam, (b) CCB test beam

TEST RESULTS AND DISCUSSION

A. The Maximum Load of the Test
Result

The testing requires testing framework. Testing framework is
designed based on the principle of test as in Fig. 1. Steel
beams used are H 250 250 9 14 for the middle column and the

Table 1 shows the load design (Pdesign) and the
maximum load (Pactual) achieved the maximum of each
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beam test in testing at the top of the middle column. The
maximum load achieved smallest NB test beam is 29.45
KN, and CCB beam is 84.5 KN. From Table 8 above
shows; for beams NB, design load is 31.04 KN greater than
the actual load of 29.45 KN, with a deviation of 5.13%.
Design load of CCB test beam is 87.70 KN greater than the
actual load of 84.5 KN with a deviation of 3.65%.
Table 1. Design load and the actual load of test beam

From the description above shows the beam is
weakening faster due to the imposition of back and forth so
that the actual load is smaller than the design load. The
maximum actual load data in the table shows, the all test
beam is already in full plastic condition.
The final load of NB test beam is 21.3 KN already
past the deadline for testing requirements are P failure = 0.80
Pmax. or equal 24.86 KN. The final load of CCB test beam
is 65,5 KN already past the deadline for testing
requirements are Pfailure = 0.80 Pmax. or equal 70,64 KN.

(b)
Figure 5.

The load-displacement curve relationship (P-∆) for, (a) NB
test beam, (b) CCB test beam

C. Flexural Capacity
Table 2. Resistance ratio of the test beam

B. Load-Displacement (P-∆)
Fig. 5, curve (P-Δ) with data from the load and
displacement of yield condition and final load. NB test beam
began yielding in the fourth cycle with load and displacement
respectively 24,68 KN and 3,82 mm at the positive region, and
24,86 KN, -3,72 mm at the negative region. CCB test beam
began yielding in the cycle to VI with load and displacement
respectively 54,5 KN, 4,22mm at the positive region and
54,75 KN, 4,36 mm at the negative region. The maximum
displacement of NB and CCB at the final load respectively
20,6 mm and 22,64 mm.
Displacement at the yield conditions and at the final load
conditions determine the partial ductility partial and full
ductility value that can be achieved both test beam

Tab. 2, The list of resistance ratio (ε = Pi/Py)for the test beams
at yielding and maximum condition. Based on the minimal of
Pmax. at maximum load conditions (cycle 6 and 8), the Pmax.
minimal of NB and CCB test beam respectively 29,45 KN
and 84,5 KN.
Based on these data, flexural capacity of CCB test beam
increased by 186.93 % compared to the test beam NB. So,
with the addition of the height castella beam without adding
steel weight and concrete filler between flange castella beam
can improve the flexure capacity of the beam.

(a)
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CCB will fail due to yielding. Evaluation is based on ASTM
international , designation: E 2126-02a year 2002, at Pfailure =
0.80 Pmax

D. Ductility
Table 3. Partial ductility of test beam

a.

The failure of NB test beam.

Flange buckling occurs early on in the cycle to V with
the flexure moment (Mt.a) of 41.82 KN-m and strain (εt.a) 8936 for micro strain greater than the yielding strain (ε y) of
1200 micro-strain. Buckling process goes on until the end of
the loading with maximum strain value (εm.a) of -15 082 micro
strain and steel stress (fs) of 281.05 MPa. NB beam flange
buckling at the end of the loading is already a permanent
buckling. Figure 6 shows the maximum strain values obtained
from the test data and stress value calculated theoretically
based on the maximum load test results. Shear stress occurs
(Ƭ) of 25 MPa less than the yield stress (fy) of 240 MPa. This
shows the beam does not fail due to shear.

Tab. 3 list of partial ductility from yield condition to final
load. At the final load (Pfailure = 0.80 Pmax) partial ductility (µo)
of NB and CCB test beam respectively 6,6 and 5,6. These data
indicate partial ductility of CCB test beam smaller 17.86%
compared with test beam NB. This is caused by the increased
rigidity of the beam due to the concrete filler between the
flange beams castella so that minimize displacement value.

ε = (696 : -15.082) mic.s
fs = 281,05 Mpa

Column

Buckling zone

Table 4. Full ductility of test beam

1
Ƭ = 25 MPa

2
ε = (1.187 : - 1.127) mic.s
fs = 281,05 Mpa

Figure 6. Stress and strain maximum at NB test beam

b.

The failure of CCB beam test

Initial cracks of concrete on the bottom side due to
the thrust load cracking moment (Mcr.a) of 77.32 KN-m and
strain (εcr.a) -5979 micro stain or strain in the cross-section T
of 8775 micro-strain. Concrete cracks started from bottom side
creeping into the middle of the beam section. Concrete cracks
on the upper side starts from upper side creeping into the
middle of the beam section. The cracks pattern is vertical
caused by the flexural moment. The process of cracks along
the beam span lasts until the end of the loading with maximum
strain value (εm.a) of 7821 micro strain on the top flange of the
T beam and maximum strain value (ε m.a) of 12166 micro
strain on the bottom flange of the T beam with steel stress
(fs) 341.23 MPa. Figure 7 shows the maximum strain obtained
from the test data and the maximum stress is calculated based
on the maximum load test. Shear stress (Ƭ) in cross section
near the joint is 19.10 MPa, vertical shear stress (Ƭv) and
horizontal shear stress (Ƭh) on a solid web between two holes
castella respectively
29.5 MPa and 83.6 MPa, and web
buckling stresses (ftk) is 129.45 MPa. The third stress is still
lower than the yield stress steel (fy) 240 MPa. This shows the
failure of CCB beam was not caused by the three types of
stress

Tab.4. list of full ductility from yield condition to final load.
At the final load (Pfailure = 0.80 Pmax) full ductility (µ) of NB
and CCB test beam respectively 7.17 and 6.12. These data
indicate full ductility of CCB test beam smaller 17.16 %
compared with test beam NB. This is caused by the increased
rigidity of the beam due to the concrete filler between the
flange beams castella so that minimize displacement value.
According to SNI 03-1726-2003 on Earthquake Resilience
Planning Procedures for Building Article 3.1.2.3 states
structure should achieve full ductility (μ) of 5.20.
Full ductility test beam at 6:12 CCB greater than the
regulatory requirements that apply in Indonesia. Under the
provisions above, CCB beams can be used as a structural
element for receiving seismic load.

E. The Failure of the Test Specimen
Based on a local failure of the beam theory which states
that; if λG ≤ λp then the beam will failure due to yielding.
From Table 3 shows the beam NB, and CCB with λG of 6.25
is smaller than λp at 10.97. This shows flange beams NB, and
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CONCLUSIONS

From the discussion above, a number of conclusions as
follows :
[1] Fabrication normal beam into a castella beam with
concrete filler between the flange (CCB) does not add to
the weight of steel and can increase the flexure capacity of
186.93% when compared with the normal beam (NB)
[2] Partial ductility and full ductility value of the CCB beam
eligible in accordance with SNI 03-1726-2003 on
Earthquake Planning Procedures for Building Resilience in
Indonesia.
[3] Until the end of the limit load, CCB beam damage is not
significant and the damage in the form of concrete cracks
can be repaired
[4] Based on the conclusions 1,2 and 3 showed CCB beam can
be used as a structural element due to receiving seismic
load
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